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Natural Products and Atherosclerosis – An 

Overview

ABSTRACT 
According to World Health Organization Cardiovascular Diseases are listed first among the 

major causes of worldwide mortality. Among the main underlying causes of CDV development 
is atherosclerosis. Knowledge of the atherosclerosis pathogenesis of has evolved since the last 
century and the initial proposal that only lipids disruption was involved in disease is over passed. 
Actually, a set of classical and emerging risky factors like circulating lipid accumulation, production 
of reactive oxygen and nitrogen species, synthesis and cell proliferation, and inflammation have 
been correlated and are responsible for plaque formation or fatty streaks. Since atherosclerosis is a 
slowly and progressive disease, the therapy should be long-term, resulting in tachyphylaxis, long-
term toxicity and cost, which can cause problems with adherence to conventional medications. 
Thus, drugs based on natural products can be a good therapeutic strategy. Although culturally 
different populations throughout the world utilize many natural products, only in recent years 
controlled clinical studies showed scientific evidence on the vasoprotective benefits of these 
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compounds. In general, clinical trials show that the natural products exert their effects on several 
important aspects involved in the atherosclerotic process, including serum lipid profile, endothelial 
function, inflammation, oxidative stress, and platelet aggregation/coagulation. Evidence suggests 
that the rational use of some natural products as an add-on therapy can preserve endothelial 
function and prevent the accumulation of atherosclerotic plaque that can contribute to heart 
attack, stroke, and other cardiovascular diseases.
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GENERAL BACKGROUND
According to World Health Organization (WHO) Cardiovascular Diseases (CVD) have been 

listed first among the major causes of worldwide mortality for over 15 years. WHO data also 
indicate that in 2011, approximately 17.3 million people died worldwide as a result of CVD, 
most of which (80%) recorded in westernized countries. An alarming statistic indicates that this 
number could reach 23.6 million in 2030 if effective interventions will not have been proposed 
[1].

Among the main underlying causes of CVD development is atherosclerosis. The term, from 
Greek origin, consists in two parts: atherosis, characterized by fat accumulation accompanied 
by macrophages; and sclerosis, featured by fibrosis layer comprising smooth muscle cells, 
connective tissue and leukocyte [2]. Atherosclerosis is a multifactorial, slow and progressive 
disease, endpoint of a series of highly specific molecular and cellular reactions in response to 
endothelial aggression that results in formation of atherosclerotic plaques in the blood vessels, 
affecting mainly the intima of medium and large-caliber arteries [2-4].

The incidence of atherosclerosis increases exponentially in adults over 45 years and is 
considered a non-modifiable disorder, although some studies have found atherosclerotic plaques 
in young adults, suggesting that this disorder can also occur earlier [5-12]. However, actually it is 
established that atherosclerosis is not a simple and inevitable degenerative consequence of aging, 
but an inflammatory condition that can be converted into a clinical and acute event caused by the 
rupture of the plaque and thrombus formation [13].

THE FORMATION OF ATHEROSCLEROTIC PLAQUES
Knowledge of atherosclerosis pathogenesis has evolved since the last century and the initial 

proposal that only lipids disruption was involved in disease is overpassed [14]. Actually, a set 
of classical and emerging risk factors like circulating lipid accumulation, reactive oxygen and 
nitrogen species (ROS/RNS) production, synthesis and cell proliferation, and inflammation 
have been correlated and are responsible for plaque formation or fatty streaks, which usually 
cause obstruction [8,15-17]. Although any artery can be affected, the main disease targets are 
the large arteries, such as the aorta, coronary and cerebral, leading to thromboembolic clinical 
manifestations, including coronary artery disease, intermittent lameness of lower limbs and 
cerebral vascular accidents [18-20].
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Three central pillars are involved in atherogenesis process: 1) fatty streaks formation, 2) 
atheroma formation, and 3) atherosclerotic plaques formation and atherothrombosis [21].

Fatty Streaks Formation 

Animal and human studies pointed fatty streaks as the first sign of atherosclerosis [21]. 
Lipoproteins, especially low-density lipoprotein (c-LDL) plays a prominent role in the 
atherosclerosis etiology, though, many individuals develop cardiovascular disease in the absence 
of abnormalities in the lipoprotein profile [8].

Atherogenesis begins with the aggression on the arterial wall mediated by one or more risky 
factors, which facilitates the c-LDL penetration in the intimal tunica. In general, this process is 
dependent on oxidative modification that occurs in molecules of LDL-C (ox-LDL) due to contact 
with ROS/RNS, which makes them reactive and immunogenic [2,22].

The LDL-ox molecules are retained in the tunica intima by a process mediated by cytokines 
synthesized by vascular endothelium, including tumor necrosis factor (TNF-α), interleukin-1, -4 
and -6 (IL-1, IL-4 and IL-6, respectively) and interferon gamma (IFN-γ) [23]. These cytokines 
promote the expression of leukocyte adhesion molecules on the endothelial surface, especially 
vascular cell adhesion molecules (VCAMs), intercellular adhesion molecules (ICAMs) and 
E-selectin. These also called acute phases of adhesion molecules are responsible for lymphocytes 
and monocytes attraction into the arterial wall’s intima [23-25].

Through stimuli of induced chemotactic proteins, like monocyte chemotactic protein-1 (MCP-
1), granulocyte-macrophage colony-Stimulating factor (M-CSF) and IL-8, monocytes migrate 
into the sub endothelial space and differentiate into macrophages [8]. Then, the macrophages 
recognize ox-LDL molecules through “scavenger” receptors and realize phagocytosis. Finally, 
filled with lipid inclusions, macrophages become foam cells, common characteristic of the initial 
atherosclerosis macroscopic lesions [8,26].

Atheroma Formation

During the maturing of atherosclerotic plaque it occurs smooth muscle cells migration of 
tunica media to tunica intima of arteries, which induces extracellular matrix production that 
form part of the fibrous atherosclerotic plaque cap. Under fibrous cap, there is a necrotic center 
comprising lipids and cellular debris released as a result of foam cells deaths [13,27]. The 
atherosclerotic plaque grows slowly and, occasionally, may completely block the artery. This 
process is mediated by cytokines and growth factors that are secreted by tissue macrophages, 
allowing the development of atheromatous lesions in their mature form [13,27].

Atherosclerotic Plaques Formation and Atherothrombosis

Macrophages present in the necrotic lesion center secrete metalloproteinases, such as 
collagenase and elastase which can degrade the extracellular matrix of the fibrous cap causing 
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rupture of the coating. With the fibrous cap rupture, the highly thrombogenic contents are 
exposed, initiating the coagulation process, recruiting platelets and subsequent formation of an 
overlying thrombus. This process, also known as atherothrombosis, is a major atherosclerosis 
determinant, which can lead to major acute cardiovascular events such as myocardial infarction 
and stroke [8,20,28] (Figure 1).

Figure 1: Pathways involved in atherothrombosis pathogenesis and targets to natural products. 
As a result of increasing levels of LDL and endothelial dysfunction, oxidized LDL tends to natural 

products. 
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As a result of increasing levels of LDL and endothelial dysfunction, oxidized LDL tends to 
penetrate on the endothelial surface and be absorbed by the endothelial cells. Macrophages 
recognize ox-LDL molecules and realize phagocytosis. Then, filled with lipid inclusions, 
macrophages become foam cells, forming a plaque between the intima and media. With plaque 
increase and progression, a projection to lumen occurs, resulting in reduced blood flow. Epithelial 
cells can rupture and activate the platelets to form fibrin strands, leading to a thrombus formation 
that blocks blood flow through the artery. Natural products can act in several atherothrombosis 
pathogenesis formation, represented by 1) anti-lipid effects; 2) enhancement of endothelial 
function; 3) regulation of inflammatory process; 4) platelet aggregation and 5) coagulation.

Involvement of Oxidative Stress

Oxidative stress is both a cause and a consequence of atherosclerosis and some ROS are related 
to vascular dysfunction through the initiation of several signaling and transcriptional pathways 
[29,30]. Exacerbate ROS and RNS production can lead to oxidative damage to cells, proteins 
and lipids, which contributes directly to endothelial dysfunction and leads to hypertension 
and atherosclerosis development, mainly due to oxidative modifications in LDL particles 
[31,32]. Macrophages and endothelial cells have several oxidizing enzymes, identified in early 
atherosclerotic disease, that participate in smooth muscle cells proliferation and can produce a 
wide range of ROS/RNS [33]. Among these enzymes are highlighted NADPH oxidase, xanthine 
oxidase, lipoxygenase, myeloperoxidase and nitric oxide synthase [17,34,35].

During atherosclerotic process, a strong involvement of endothelial (NOS-3 or e-NOS) and 
inductive (NOS-2 or iNOS) nitric oxide synthase can occur. The eNOS uncoupling, due to the 
absence of L-arginine or tetrahydrobiopterin (BH4), important cofactors for NO production, causes 
the reduction of O2 to O2•-, leading to simultaneous changes in O2•-, NO and ONOO-, an effective 
oxidant that contributes directly to endothelial dysfunction and consequently atherogenesis 
[36]. These redox imbalance makes blood vessels and myocardium NADPH oxidase a substantial 
source of O2•-, promoting oxidative stress [31,34].

In a general way, biological system has a balance between ROS/RNS production and 
neutralization, maintained by an efficient enzymatic and non-enzymatic antioxidant system. 
superoxide dismutase (SOD), catalase (Cat), and glutathione peroxidase (GPX) are extremely 
important enzymes that act in an integrate and efficient H2O2, which can be degraded in H2O by 
catalase or GPx [37,38]. The non-enzymatic antioxidant system is constituted by way to reduce 
oxidative compounds and prevent lipoperoxidation. To exemplify, SOD promotes O2•- dismutase 
into a great variety of substances such as glutathione, vitamins, minerals and various polyphenolic 
compounds, that may be endogenous or obtained from diet [37,38].
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ANTIATHEROGENIC EFFECTS OF NATURAL PRODUCTS
Since atherosclerosis is a slowly and progressive disease, the therapy should be long-term, 

resulting in tachyphylaxis, long-term toxicity and cost, which can cause problems with adherence 
to conventional medications. Thus, drugs based on natural products can be a good therapeutic 
strategy [39]. Several natural products have been tested in different animal models, and many of 
them have shown to be effective in atherosclerosis prevention and treatment. Moreover, studies 
in human patients are more restricted, but they demonstrate an important role of these agents in 
the prevention and treatment of this pathology. In general, clinical trials show that the available 
natural products exert their effects on five important aspects involved in the atherosclerotic 
process: 1) serum lipid profile, 2) endothelial function, 3) inflammation, 4) oxidative stress, and 
5) platelet aggregation/coagulation.

Anti-Lipid Effects

Several clinical studies have been performed to assess the anti-atherosclerotic effects of natural 
products, especially on lipid disruption. Through HMG-CoA reductase and cholesterol synthesis 
blocking, Allium sativum L., resveratrol and Nigella sativa L.  increases c-HDL, reduces serum 
levels of triglycerides, cholesterol and c-LDL, as well as c-LDL oxidation [40-43]. Beyond that, 
Ko and collaborators [44] explored the clinical effects of ginseng (Panax ginseng C.A. Meyer) on 
serum lipid profile and founded decreased levels of triglycerides, cholesterol and c-LDL, besides 
c-HDL augment in patients with hypercholesterolemia, through lipid accumulation suppressing 
and increase of adiponectin expression. However, lipid-lowering mechanism of some natural 
products like Cynara scolymus L. are not totally elucidated, but it seems to involve regulation of 
lipid catabolism genes [45].

Enhancement of Endothelial Function

Endothelial dysfunction is due to a number of changes in the mechanisms that regulate 
the dilation of blood vessels caused by unbalanced diet, sedentary lifestyle, smoking, diabetes, 
high blood pressure and high cholesterol levels. It is now known that endothelial dysfunction 
is a key step in the development of atherosclerotic lesions. Several clinical studies suggest that 
many natural products can reduce the formation and evolution of atherosclerotic lesions through 
improved endothelial function. In fact, previous studies reported the vasodilator and circulation 
beneficial effects of Ginkgo biloba L., through eNOS expression modulation [46]. Allium sativum L. 
also improve endothelial function, inhibit endothelial celldamage, and transform smooth muscle 
cells [47-49]. On the other hand, many studies have shown that polyphenols from several natural 
products also ameliorate endothelial dysfunction through increasing serum levels of nitrate and 
NO [50,51]. 
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Regulation of Inflammatory Processes 

Currently, it is well established that atherosclerosis is not a simple and inevitable consequence 
of degenerative aging, but an inflammatory condition that can be reduced through the action of 
many secondary metabolites present in various natural products. In fact, in the last decade, we 
observed consistent data on the anti-inflammatory properties of natural products during the 
development of atherosclerosis in humans. As an example, Terminalia arjuna Wight and Arn., 
an important medicinal specie cited by Ayurveda as a treatment for heart disease since the 7th 
century CE, promotes anti-inflammatory effects in patients with coronary artery disease through 
suppression of TNFα, VCAM and ICAM [52]. In the same way, the beneficial modulating effects of 
Allium sativa L. in atherosclerotic patients were confirmed in the in vitro study by Rassou et al. 
[53] that related antiinflammatory effects through inhibition of VCAM and ICAM and consequent 
reduction of leukocyte migration to vascular endothelium. Similarly, Curcuma longa L. has also 
presented antiinflammatory effects on cardiovascular diseases, in a NF-κ B inhibition mechanism 
[54].

Antioxidant Function

For many years it is known that natural products, especially those rich in polyphenol 
compounds show significant antioxidant properties. As for the genesis of atherosclerotic disease, 
cholesterol oxidation is a limiting step, it is to be expected that different metabolites present in 
natural products can play significant vasoprotective effects. The main natural products antioxidant 
mechanisms of action are through ROS concentration decreasing or production blocking and 
lipid chain oxidation inhibiting [21]. Antioxidant protection is linked to reduction of lipoproteins 
oxidative change and lipid peroxidation prevention, since it is considered an atherosclerosis key 
event [21]. The most antioxidants effects of natural products are attributed to phenolic compounds 
and their moderate consumption have additional benefits in the atherosclerosis, prevention and 
development decreasing blood pressure and reducing platelet aggregation [21,51,55]. Ramirez-
Tortosa et al. [56] and Khoo et al. [42] found that extra-virgin olive oil and Allium sativum L. 
increases the LDLresistance to oxidation. Similarly, by reducing the lipid peroxidation and 
superoxide anion production, a mixture obtained from Panax ginseng C.A. Meyer and Crataegus 
monogyna Jacq. (Lindm.) was able to significantly reduce blood lipids in human patients [44]. In 
fact, this cannot be considered an isolated event. In a double blind controlled clinical trial Zingiber 
officinale Roscoe was also able to cause lipid-lowering effects dependently of their antioxidant 
activity [57]. On the other hand, although experimental studies indicate a promising effect of the 
vitamin E (a classic antioxidant) in reducing atherosclerosis, clinical trials are controversial [58-
60].

Platelet Aggregation/Coagulation

No less importantly, the protective effects on the late atherosclerosis stage, i.e. the prevention 
of atherothrombosis, became the focus of much research involving natural products. In fact, it 
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is now known that through suppression of NADPH-oxidase and oxidative inactivation of SH2 
domain-containing protein tyrosine phosphatase-2, resveratrol inhibits collagen-induced platelet 
stimulation [61]. In the same way, the effects of Allium sativum L. under activity fibrinolytic, 
platelet aggregation and thrombin formation were described by Bordia et al. [62]. Finally, besides 
its well recognized antioxidant effects, polyphenols can act synergistically in inhibiting platelet 
recruitment by a NO and O2- dependent mechanism [63].

CONCLUDING REMARKS
In recent years several clinical evidences describe the benefit of natural products in preventing 

and reducing the atherosclerosis development. Although culturally different populations 
throughout the world use a lot of natural product, only in recent years controlled clinical studies 
showed scientific evidence on the vasoprotective benefits of these compounds. If we look at a 
horizon not so far, we see that the rational use of some natural products and their phyto-derived, 
can become important add-on therapy options to conventional drugs, adding to the efficacy and 
safety of these compounds, an important ethno-cultural appeal transmitted from generation to 
generation.
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