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Introduction

Atherosclerosis of major human arteries causes cardiovascular diseases, including

myocardial infarction and stroke. Atherosclerosis develops in the arterial wall and

remains asymptomatic until ischemia of distal organs is evident. Thus, first events are

often fatal. Treatment of the clinical manifestations of atherosclerosis is largely aimed at

reducing symptoms or affecting the hemodynamic response, and it often does not affect

the cause or course of the disease, namely, the atherosclerotic lesion itself.

In epidemiological studies, hypercholesterolemia (a high level of plasma

cholesterol) and a high concentration of plasma low density lipoprotein (LDL) have

been significantly associated with the development of premature atherosclerosis [1].

Cholesterol accumulation in the arterial wall is the primary sign of atherosclerosis. It is

generally accepted that LDL is the major source of cholesterol deposits in the vessel

wall. Furthermore, the anti-atherosclerotic effects of statins (lipid-lowering drugs), that

have been revealed in many clinical trials should also be considered. However, statins

were never indicated simply for the direct treatment or prevention of atherosclerosis. 

They are used predominantly in the course of hypolipidemic therapy, and the effects of

treatment with statins are estimated by success in reaching the target level of LDL

cholesterol and not by the regression of the atherosclerotic lesion or intima-media

thickness. The latter should be considered a beneficial effect, which is mainly due to

pleiotropic mechanisms of action. In the case of direct anti-atherosclerotic therapy,

treatment strategies should be concentrated on the prevention of atherosclerotic lesion

growth, reduction in lipid core mass, and stabilization of the atherosclerotic plaque.

Taken together, these approaches could theoretically result in the regression of lesions. 



Chapter 1. 

Clinical Studies on Atherosclerosis Regression

Atherosclerosis can remain asymptomatic for a long time. New insights into the

disease process are difficult to obtain, and the rapid evaluation of direct anti-

atherosclerotic therapies is impossible unless techniques to assess early atherosclerotic

changes are used. Imaging trials constitute the only approach in the development of anti-

atherosclerotic therapy to test drug efficacy. 

1.1. Atherosclerosis Imaging

There are multiple imaging methods used to assess atherosclerosis [2].

Traditionally, quantitative coronary angiography has been the predominant imaging

modality used to assess the progression or regression of atherosclerosis. With

quantitative coronary angiography, the cross-sectional coronary anatomy is depicted as a

planar silhouette of a contrast-filled vessel lumen. Both modalities are highly relevant in

a clinical setting, but do not provide useful information on the early stages of arterial

wall thickening before lesion formation. Intravascular ultrasound (IVUS) is an invasive

imaging method that reveals both the arterial wall and lumen for the identification of the

true regression of atherosclerosis. Carotid intima-media thickness (CIMT) can be

measured non-invasively. The method has been well validated in histological and

epidemiological studies [3]. Magnetic resonance imaging (MRI) of carotid arteries also

allows for the noninvasive visualization of the arterial wall and lumen without exposing

the patient to radiation, albeit with a lower image resolution compared to IVUS. MRI

can also provide information about the composition of plaques. Positron emission

tomography (PET) assessment of 18F-fluorodeoxyglucose uptake in the vascular wall,

using computed tomography (CT) as a roadmap, can reveal the metabolic activity of

cells and, potentially, inflammation in the arterial wall [4].



1.2. Carotid Intima-Media Thickness (CIMT)

Atherosclerosis affects most vascular beads, and the noninvasive imaging of

superficial arteries by ultrasound has been recognized as a surrogate measure of

atherosclerosis in numerous studies. Extracoronary atherosclerotic lesions can be

quickly and safely evaluated in the carotids, femoral arteries, and the abdominal aorta.

The grade of atherosclerosis in extracoronary sites correlates with a greater number of

standard risk factors and, more importantly, with greater cardiac risk [5]. Of the

peripheral arterial surrogates, carotid atherosclerosis has been the most closely

correlated with coronary artery disease [6-9]. Peripheral arterial ultrasonography is

regarded as a sensitive tool for the detection of early atherosclerosis and may be useful

in assessing the response to therapy. The thickening of the intima-media of the arterial

wall is the earliest detectable anatomic change in the development and progression of

atherosclerosis. High-resolution B-mode ultrasonography is widely used for the

noninvasive quantification of carotid IMT as a measure of subclinical atherosclerosis

[10]. CIMT is believed to be a marker of generalized atherosclerosis and is predictive of

clinical cardiovascular events [7, 9, 11-16]. Thus, ultrasound imaging of the intima-

media thickening in carotid arteries is an applicable method for the monitoring of

atherosclerosis during long-term treatment.  

To compare the effects of different anti-atherosclerotic therapies, we selected

those studies that measured the CIMT using similar design and ultrasonographic

protocols. The results of these studies are described below. 

1.4. Drugs Affecting Lipid Metabolism

Most studies of atherosclerosis imaging were conducted with drugs known to

affect lipid metabolism. This is explained by the fact that the only hypothesis that has

received confirmation in the clinic is the cholesterol hypothesis. This hypothesis was











effectiveness trial showed that the use of extended-release niacin caused a significant

regression of carotid intima-media thickness when combined with a statin (simvastatin

or atorvastatin) and that niacin is superior to ezetimibe (Fig. 6).

Figure 6 The anti-atherosclerotic effect of niacin.  

1.3.2 HDL-Therapy

It is now widely acknowledged that designing pharmaceuticals to increase high

density lipoprotein (HDL) levels is likely to be beneficial for the treatment of

atherosclerosis. This hypothesis relates back to the initial finding from the Framingham

Heart Study in which plasma HDL independently and inversely correlated with

cardiovascular disease, irrespective of LDL levels [39]. Increasing levels of circulating

HDL constitute an attractive therapeutic target.  

HDL-raising therapy (HDL-therapy) may involve infusions of HDL, HDL-like



particles, or apoA-1 mimetic peptide, as well as treatment with cholesteryl ester transfer

protein (CETP) inhibitors. However, clinical trials with apoA-1 Milano/phospholipid

complexes (ETC-216) [40], a complex of native apoA-1 with phosphatidylcholine

(CSL-111) [41] and delipidated HDL [42], did not reveal statistically significant anti-

atherosclerotic effects when compared to placebo. 

Another approach to raising HDL cholesterol levels is CETP inhibition. CETP

transfers cholesteryl esters from HDL to the apoB-containing lipoproteins LDL and

VLDL. The theoretical rationale for inhibiting CETP is based on the fact that HDL

cholesterol in HDL fractions cannot cause atherosclerosis. LDL, on the other hand,

delivers cholesterol to all tissues, including the vessel wall, and excess cholesterol in

LDL fractions is a recognized causative factor of atherosclerosis. So far, all attempts to

demonstrate the anti-atherosclerotic effectiveness of CETP inhibition were unsuccessful

because all known clinical trials related to the inhibition of CETP were stopped

prematurely for various reasons. 

1.4. Non-Lipid Anti-Atherosclerotic Therapy

1.4.1. Calcium antagonists

The incentives for pursuing atherosclerosis imaging studies with calcium antagonists

included the data on the anti-atherosclerotic effectiveness of calcium antagonists in

animal models [43, 44]. However, the first-in-man trials with calcium antagonists were

unsuccessful [45, 46]. In hypertensive patients, neither isradipine nor verapamil induced

the regression of atherosclerosis, nor did either of them significantly differ from the

diuretics used as control drugs (Fig. 7).



Figure 7 Anti-atherosclerotic effects of calcium antagonists. 

Figure 8 Anti-atherosclerotic effects of nifedipine.



The only successful trial with nifedipine [47] demonstrated the regression of

atherosclerosis in hypertensive patients and a significant difference between treatments

with nifedipine and diuretics, which were used as control drugs (Fig. 8).

1.4.2. Angiotensin-converting enzyme inhibition

Experimental and epidemiological data suggest that the activation of the renin-

angiotensin-aldosterone system plays an important role in atherogenesis and that

prolonged angiotensin-converting enzyme (ACE) inhibition may be beneficial [48]. 

Indeed, long-term treatment with the ACE inhibitor ramipril had a beneficial effect on

atherosclerosis progression [49]. Ramipril significantly slowed the progression of

atherosclerosis compared to placebo (Fig. 9).

Figure 9 Anti-atherosclerotic effects of ramipril. 



Chapter 2. 

Development of Natural Anti-Atherosclerotic Drugs Preventing Cellular

Cholesterol Retention

We believe that natural products have the potential to become the basis for

creating anti-atherosclerotic drugs. On the one hand, atherosclerosis develops over many

years, so anti-atherosclerotic therapy should be long-term or even lifelong. On the other

hand, tachyphylaxis, long-term toxicity, and cost, amongst other issues, may present

problems for the use of conventional medications over the long term. Thus, drugs based

on conventional natural products can be a good alternative.

The success of clinical studies on the regression of atherosclerosis caused by

statins and other drugs provoked us to develop anti-atherosclerotic drugs on the basis of

natural products and to assess the effectiveness of natural drugs in atherosclerosis

imaging clinical trials. The development of natural anti-atherosclerotic drugs was based

on the results of our basic research of mechanisms of cellular lipidosis (cellular

cholesterol retention) in human atherosclerosis. 

2.1. Cellular Cholesterol Retention and Mechanisms of Atherosclerosis

Cellular lipidosis, the accumulation of cholesterol and other lipids in arterial cells,

is the most prominent manifestation of atherosclerosis at the arterial cell level. In

addition to lipid accumulation, the elevated proliferative activity of vascular cells and

the enhanced synthesis of the extracellular matrix are characteristics of cellular

atherogenesis. Collagen and glycoproteins are the main components of the extracellular

matrix that form a fibrous plaque.

Intracellular lipid accumulation can be induced by LDL; however, native

lipoprotein usually does not increase the cholesterol content of the cell [50]. On the



other hand, the incubation of cell cultures with chemically modified LDL results in a

massive accumulation of cholesterol in the cells [50]. In vitro studies have revealed a

number of atherogenic modifications of LDL, i.e., modifications that lead to cellular

lipidosis [50]. These findings suggest that modified, but not native, LDL is the source of

lipids that accumulate in arterial cells. Arterial intimal cells that populate atherosclerotic

lesions are overloaded with lipids, and their cytoplasms are almost completely filled

with lipid inclusions [51]. These cells are referred to as foam cells.  

Modified LDL circulates in the bloodstream. We have discovered modified

(desialylated) LDL in the blood plasma of patients with coronary atherosclerosis [52-

55]. This LDL induces the accumulation of cholesterol in arterial cells [52-55]. Naturally

occurring modified LDL has lower sialic acid, triglyceride and cholesterol contents;

smaller particle size; greater density and negative charge; higher aggregative activity;

and some other specific features [56]. We have discovered an enzyme, trans-sialydase,

that is responsible for the desialylation of LDL particles in the blood [57]. 

In addition to desialylated LDL, more electronegative LDL and small dense LDL

have been detected in human blood [58, 59]. We have provided comparative studies of

LDLs that are modified in vivo. A cooperative study with an Italian group showed that

the more electronegative LDL isolated by ion-exchange chromatography is desialylated

LDL [60]. Desialylated LDL isolated from patient blood [52-55] is more electronegative.

These findings suggest that both desialylated LDL and electronegative LDL are similar,

if not identical. 

We have found that a particle of desialylated LDL is smaller and denser than that

of native LDL; that is, this LDL is a small dense lipoprotein [61]. On the other hand, La

Belle and Krauss showed that small dense LDL has a low content of sialic acid, i.e., it is

desialylated [62]. These findings point to a similarity between the two types of modified

LDL.

Glycosylation is another type of in vivo LDL modification. Glycosylated LDL

was found in the blood of patients with diabetes mellitus [63]. This LDL is also



atherogenic, as indicated by the fact that it induces intracellular lipid accumulation [64].

Oxidation is likely a type of atherogenic modification of LDL in vivo. However, there is

no direct evidence of the presence of oxidized LDL in blood [65]. 

Autoantibodies are produced in response to the appearance of modified LDL in

the bloodstream [66-68]. Autoantibodies to desialylated LDL react with both modified

and native lipoproteins, the latter with a lesser affinity [66, 67]. The interaction between

anti-LDL autoantibodies and the lipoprotein results in the formation of LDL-containing

circulating immune complexes [69]. Desialylated LDL, which enters the cells as a

component of immune complexes, possesses a higher atherogenic potential compared

with free lipoprotein; that is, it induces a more intense cholesterol accumulation in the

cell [69, 70]. The interaction with anti-LDL converts native non-atherogenic LDL into

an atherogenic form, as indicated by its ability to induce intracellular cholesterol

accumulation, which is accompanied by enhanced cell proliferation and extracellular

matrix production [69]. We have found circulating immune complexes consisting of

LDL and anti-LDL autoantibodies in the blood of most atherosclerotic patients [71-73].

A positive correlation between the levels of LDL-containing immune complexes and the

severity of atherosclerosis has been demonstrated [71-75].

We have demonstrated that LDL is able to form complexes with cellular debris, 

collagen, elastin, and proteoglycans of the human aortic intima [76-81]. The addition of

these complexes to cultured cells was shown to stimulate the intracellular accumulation

of lipids. Experiments with iodinated LDL showed an increased uptake and decreased

intracellular degradation of lipoproteins in complexes [80]. 

We showed that LDL that was modified in vivo or in vitro spontaneously self-

associates under cell culture conditions, while native LDL does not self-associate [79].

A positive correlation between the atherogenic activity of modified LDL and the degree

of LDL self-association has been established [79, 80]. Lipoprotein associates isolated by

gel filtration were shown to induce a dramatic increase in lipid accumulation by cultured

human aortic intimal cells. The removal of LDL aggregates from the incubation medium



intracellular lipid accumulation [80]. Thus, self-association increases the atherogenic

potential of LDL. 

We can conclude that the formation of large complexes (self-associates, immune

complexes, and complexes with connective tissue matrix) by modified LDL leads to

intracellular lipid accumulation through enhanced cellular uptake and slow intracellular

degradation of lipoprotein particles.  

2.2. Anti-Atherogenic and Anti-Atherosclerotic Drugs

Taken together, our data allowed us to identify possible targets for anti-

atherosclerotic therapy. The first target (target 1) is atherogenic modification

(desialylation) of the LDL particle in blood. The prevention of LDL modification may

be an approach to anti-atherosclerosis therapy. The second approach may be the

selective removal of modified LDL from blood (target 2). The third approach may be

based on the prevention of modified LDL accumulation in arterial cells (target 3).

Additionally, another approach is the removal of excess lipids from foam cells (target 4).

Figure 10 schematically represents these four targets. We have used all four approaches

to anti-atherosclerotic therapy and believe that the most suitable approach is the third, 

namely, the prevention of modified LDL accumulation in arterial cells. Below, we

describe the application of this approach for the development of anti-atherosclerotic

therapy. 

Agents capable of preventing atherogenesis are anti-atherogenic drugs, and agents

that promote the regression of atherosclerotic manifestations are anti-atherosclerotic

drugs. The prevention of intracellular lipid accumulation accompanied by the

stimulation of arterial cell proliferation and massive extracellular matrix production may

be regarded as anti-atherogenic (preventive). In terms of arterial cells, any drug effect

that does not directly prevent the conversion of a normal cell into an atherosclerotic cell





2.3. Cellular Model

In our model, we use primary culture of human aortic cells for the screening of

potential drugs, the investigation of their mechanisms of action, and the optimization of

anti-atherosclerotic drug therapy.  

Cells are isolated from the subendothelial part of the human aortic intima, the part

of aorta that is localized between the endothelial lining and the media [82]. The intima

of the adult human aorta is a well-marked formation. The thickness of a normal intima

[82]. Such a thickened intima is called a diffuse intimal

thickening [82]. This term underlines its essential difference from very thin intimas of

animal and adolescent arteries. An unaffected intima of the adult human aorta contains

10-12 lines of subendothelial cells [82]. 

Using collagenase and elastase, cells are isolated from the subendothelial layer of

the intima of both normal and atherosclerotic parts of the aorta [83-85]. Employing

formal criteria, the cells cultured from the intima can be classified as cells of smooth

muscle origin. These cells are stained with antibodies to smooth muscle myosin [83-85].

For further identification of cultured cells antibodies to smooth muscle alfa-actin we

used [86]. According to our calculations, primary culture of subendothelial aortic cells

contains approximately 90% of smooth muscle cells that interact with antibodies to

smooth muscle alpha-actin. In addition, cells cultured from the subendothelial part of

uninvolved intima have ultrastructural features that are characteristic of smooth muscle

cells, namely, the basal membrane and filament bundles with dense bodies [83-85]. The

culture on which our experiments are performed is represented by a mixed population of

typical and modified smooth muscle cells previously characterized in the human aorta

[82]. 

Cells of the subendothelial intima isolated from atherosclerotic lesions retain all

major characteristics of atherosclerotic cells when cultured. Cell cultures from fatty

streaks and fatty infiltration zones have an enhanced proliferative activity [87], higher



than that of cells cultured from unaffected intima [87, 88].

Table 1 Substances tested on cellular model. 

Agent References

ANTI-ATHEROSCLEROTIC

Cyclic AMP elevators 88, 90-93

Prostacyclin 88, 94-98

Prostaglandin E2 88, 94, 99

Artificial HDL 100

Antioxidants 88

Calcium antagonists 88, 97, 101-104

Trapidil and trapidil derivatives 105, 106

Lipoxygenase inhibitors 99

Lipostabil 88

Mushroom extracts 107

PRO-ATHEROGENIC

Beta-blockers 103, 108

Thromboxane A2 97, 98

Phenothiazines 88

INDIFFERENT

Nitrates 103

Cholestyramine 88

Many cells cultured from atherosclerotic lesions are so-called foam cells, which

contain numerous inclusions, likely lipid droplets, that fill the entirety of the cytoplasm

[84]. The bulk of excess lipids in foam cells consists of free cholesterol and cholesteryl



esters [84]. It should be noted that the content and composition of lipids in cultured cells

within the first 10-12 days in culture remain unchanged and correspond to the respective

indices of freshly isolated cells [84, 88].  

Cells cultured from the subendothelial intima are capable of synthesizing

collagen, proteoglycans and other components of the extracellular matrix [89]. 

Thus, cells isolated from an atherosclerotic lesion of the human aorta retain all the

main properties that are characteristic of atherosclerotic cells when grown in culture.

They exhibit an enhanced proliferative activity, contain excess cholesterol in the form of

intracellular inclusions, and synthesize the extracellular matrix. These characteristics

allow us to regard a culture of atherosclerotic cells as a convenient model for the

investigation of the effects of various agents on atherosclerotic manifestations [88]. The

investigations are carried out directly on exactly those cells that require a therapeutic

action in vivo.  

Using this model, we have examined the effects of different drugs and chemicals. 

By now, many substances have been tested [88]. The effects of several substances are

summarized in Table 1. Some of the substances elicited anti-atherosclerotic effects in

culture, others proved ineffective in this respect, and still others stimulated the

development of atherogenic processes.  

2.4. Effects of Cardiovascular Drugs in Cellular Model

Three classes of cardiovascular drugs, calcium antagonists, beta-blockers and

nitrates, have been tested using our cellular model. These drugs are widely used in

clinics in the therapy of various disorders that resulted from atherosclerosis of different

arteries. We attempted to uncover how calcium antagonists, beta-blockers and nitrates

affect atherosclerotic indices of arterial cells.  

We examined the effects of calcium antagonists on major atherosclerotic indices.

We found that the calcium antagonist verapamil had a positive effect on all



atherosclerotic cellular indices. Within 48 hours, verapamil added to culture reduced the

total intracellular cholesterol level 3-fold, sharply decreased the incorporation of

[3H]thymidine into cellular DNA (that is, suppressed cell proliferative activity), and

inhibited the synthesis of collagen by cultured cells [101, 102]. Thus, this drug has a

direct anti-atherosclerotic effect at the arterial cell level. 

Several calcium antagonists, including nifedipine, darodipine, isradipine,

nicardipine, nitrendipine, felodipine, tiapamil, gallopamil, diltiazem, papaverine, and

nicardipine, were also tested. Verapamil and nifedipine proved to be the most effective

[97, 103]. Within 24 hours of incubation with cultured cells, all calcium antagonists

substantially inhibited [3H]thymidine incorporation and reduced intracellular cholesterol

levels [102, 103]. Thus, calcium antagonists produce a direct anti-atherosclerotic effect

on the vascular cells, normalizing the major atherosclerotic cell parameters.  

In addition to anti-atherosclerotic effects that induce the regression of

atherosclerosis, the anti-atherogenic effects in culture that induce the prevention of

atherosclerosis were also studied. Table 2 demonstrates the major differences between

these two approaches. In the case of anti-atherosclerotic effects, the regression of

atherosclerosis is induced, whereas in the case of anti-atherogenic effects, its prevention

is induced. In the first case, the cells obtained from an atherosclerotic plaque are used,

while in the second type of experiments, the cells are derived from an unaffected intima.

When the anti-atherosclerotic effect is examined, cells are cultured in the presence of

standard fetal calf serum, while experiments on anti-atherogenic effects utilize

atherogenic sera obtained from coronary heart disease patients. These sera induce the

accumulation of cholesterol and stimulate other atherogenic manifestations in cultured

cells [109-112]. In the case of anti-atherosclerotic effects, the efficacy of a drug is

judged by its ability to decrease an elevated content of cholesterol in cultured

atherosclerotic cells. However, in the case of anti-atherogenic effects, drug efficacy is

judged by the ability to prevent the deposition of intracellular cholesterol in normal

cells.  



Table 2 Anti-atherosclerotic and anti-atherogenic drug effects in culture.

ANTI-ATHEROSCLEROTIC ANTI-ATHEROGENIC

Regression Prevention

Atherosclerotic plaque Uninvolved intima

Standard (nonatherogenic) serum Atherogenic patients' serum

Cholesterol fall Prevention of cholesterol accumulation

A four-hour preincubation of cultured cells with verapamil led to the complete

prevention of the serum atherogenic effect [113]. Thus, verapamil possesses not only an

atherosclerotic effect in culture, causing the regression of atherosclerotic manifestations

at the cellular level, but it also demonstrates an anti-atherogenic, i.e., preventive, effect, 

eliminating the atherogenic potential of the serum. 

The effect of several calcium antagonists on primary cholesterol accumulation in

cultured cells induced by the patients' sera was tested. Verapamil and nifedipine

completely inhibited the accumulation of intracellular cholesterol induced by the sera,

while other calcium antagonists, such as diltiazem, nicardipine, isradipine, and

darodipine, substantially reduced cholesterol accumulation [113]. The examined

calcium antagonists demonstrated anti-atherogenic action in vivo by inhibiting the

development of experimental atherosclerosis in animals [114, 115]. Thus, our in vitro

data obtained using the cellular model correspond to the in vivo observations. One can

conclude that calcium antagonists possess not only anti-atherosclerotic but also anti-

atherogenic (preventive) effects at the arterial cell level. 

Nitrates and beta-blockers have been tested to examine their effect on

atherosclerotic cellular indices. Nitrates had no effect on the proliferative activity of

atherosclerotic cells and only minimally affected cholesterol levels [103]. In contrast, all



the examined beta-blockers, i.e., propranolol, alprenolol, metoprolol, pindolol, and

timolol, increased atherosclerotic manifestations, i.e., all of these drugs exhibited

atherogenic activity in culture [103, 113]. If beta-blockers have a similar effect in vivo, 

one may assume that these drugs are atherogenic and induce their atherogenic effects at

the arterial cell level. Apparently, nitrates do not follow a similar trend. 

The influence of cardiovascular drugs on the atherosclerosis-related effects of

each other has been studied [103, 113]. The study was focused on metoprolol, 

nifedipine, and nitroglycerin, drugs that are widely used in clinic. Metoprolol caused an

elevation of intracellular cholesterol, and nifedipine reduced the cholesterol level. 

Furthermore, nitroglycerin did not have an effect on this index. The use of nifedipine in

a background of metoprolol did not modify the anti-atherosclerotic action of the calcium

antagonist. In this combination, the atherogenic action of metoprolol was not revealed. 

The application of metoprolol in combination with nitroglycerin led to the elimination of

the  atherogenic effect of the beta-blocker. Nifedipine used together with metoprolol and

nitroglycerin was just as effective as in the absence of these drugs. Thus, nifedipine

produces its anti-atherosclerotic effects both by itself and in combination with widely

used nitrates and beta-blockers. These data suggest one important conclusion: the

atherogenic action of beta-blockers can be inhibited if a beta-blocker is used in

combination with a calcium antagonist or nitrate. This finding allows us to hope that it

will be possible to develop beta-blockers that are devoid of atherogenic side effects. 

Thus, three classes of cardiovascular drugs exert a different influence on the

cellular manifestation of atherosclerosis. Calcium antagonists exhibit anti-atherosclerotic

actions. In contrast, beta-blockers are atherogenic. Nitrates do not have an effect in this

context. Our data obtained using the cellular model are consistent with the results of a

clinical study. Loaldi et al. [116] reported that long-term perioral administration of

propranolol aggravates coronary atherosclerosis in patients with angina of effort

compared with the calcium antagonists nifedipiene and isorobide dinitrate. Nifedipine

produced the best effect on coronary atherosclerosis by suppressing the development of



existing atherosclerotic lesions and preventing the appearance of new lesions. Isosorbide

dinitrate was less effective in this respect, while the situation was the worst with

propranolol therapy. These clinical observations encourage us to develop an anti-

atherosclerotic therapy using our cellular model.  

2.5. Ex Vivo Model

All of the above conclusions and hypotheses are based on the data obtained in in

vitro experiments. Naturally, the question arises whether the anti-atherosclerotic effects

of calcium antagonists and the atherogenic effects of beta-blockers can be manifested in

vivo, and what is the optimal anti-atherosclerotic therapy based on calcium antagonists

and other drugs?

To optimize anti-atherosclerotic and anti-atherogenic drug therapies, an ex vivo

model was developed. In the ex vivo model, instead of drugs, blood sera taken from

patients after oral drug administration is added to cultured cells.  

The calcium antagonists verapamil and nifedipin and the beta-blockers

propranolol and pindolol were examined using the ex vivo model [103, 104]. Within 2-4

hours after nifedipine or verapamil administration, the patients' sera had anti-

atherosclerotic properties, i.e., the sera reduced the intracellular cholesterol and inhibited

atherosclerotic cell proliferation. In contrast, the sera of patients who received

propranolol or pindolol were pro-atherogenic. Its pro-atherogenic properties manifested

themselves at the arterial cell level via the rise of intracellular cholesterol and the

stimulation of cell proliferation. This finding allows us to assume that not only in vitro, 

but also in vivo, calcium antagonists and beta-blockers are anti-atherosclerotic and

atherogenic drugs, respectively.  

The effect of nifedipine on serum properties during a prolonged course has been

assessed [113]. A patient was on nifedipine for 7 days. He received 20-mg doses three

times a day at an 8-hour interval. Twenty-eight days after regular nifedipine therapy, the



initial atherogenicity of the patient's serum was substantially lower than at the beginning

of the therapy. Directly after a dose of nifedipine, the atherogenicity was almost

completely eliminated. In contrast, because of a prolonged therapy with the beta-blocker

propranolol, the patient's serum acquired stable atherogenic properties. At the beginning

of the course, the serum of this patient was nonatherogenic; however, 28 days of regular

propranolol therapy led to the emergence of atherogenicity, revealed even before the

drug administration. Thus, a single dose of beta-blockers induces temporary

atherogenicity of serum. Prolonged therapy with beta-blockers leads to the emergence of

stable atherogenic properties of patients' blood sera.

Table 3 Cholesterol content and proliferative activity of atherosclerotic cells cultured

with lovastatin. 

Drug concentration, M
Total cholesterol content,  

[3H]Thymidine

cell protein

0 (control)       

10-6

10-5

10-4

Cells cultured from human atherosclerotic plaque were incubated during 24 hours with

lovastatin, then atherosclerotic parameters were measured. 



2.6. Indirect Anti-Atherogenic Effect of Lovastatin

The above-mentioned observations exemplify the use of cultured human aortic

cells in an in vitro model for a mass screening of potential drugs and the investigation of

their mechanisms of action. Cell culture can be employed in an ex vivo model to

examine an indirect anti-atherogenic action of a drug and to optimize anti-

atherosclerotic (anti-atherogenic) drug therapies. Using in vitro and ex vivo models, we

have investigated the atherosclerosis-related effects of lovastatin.  

The lipid-lowering drug lovastatin produced no effect on the atherosclerotic

parameters of cultured human aortic cells isolated from an atherosclerotic lesion (Table

3), implying that the drug has no direct anti-atherosclerotic activity.  

After a 6-month therapy with lovastatin (40 mg daily), the total blood cholesterol

and LDL cholesterol levels decreased by 25 and 34%, respectively. These decreases

were accompanied by a lowering of the cholesterol content of circulating immune

complexes (Table 4), which reduced the atherogenic potential of the patients' sera. Sera

obtained after treatment with lovastatin inhibited the accumulation of intracellular

cholesterol compared with that induced by the sera before the therapy (Table 4). In some

cases, lovastatin treatment completely eliminated serum atherogenic potential. 

Thus, lovastatin possesses no direct effect on the atherosclerotic parameters of

arterial cells; however, it exhibits indirect anti-atherogenic activity. This indirect action

is realized as a reduction in the blood LDL level, which provokes a decrease in the LDL

content of circulating immune complexes. Immune complexes with lower LDL content

induce a lower accumulation of cholesterol in arterial cells, which should be considered

as an indirect anti-atherogenic action of lovastatin.  



Table 4 Effect of lovastatin treatment on cholesterol and low density lipoprotein levels, 

cholesterol content in circulating immune complexes and atherogenic potential of

patients' blood serum. 

Serum,

#

Before treatment After treatment

Total

CH

LDL

CH

CIC

CH

Cell

CH

Total

CH

LDL

CH

CIC

CH

Cell

CH

1 319 253 44.9 234 159 15.9

2 377 296 33.6 262 168 13.6

3 365 272 42.5 259 177 14.7

4 274 202 49.1 214 122 16.1

5 322 256 40.3 239 154 11.7

6 274 210 46.3 195 121 16.2

7 283 217 42.1 208 126 14.1

8 342 261 43.2 241 163 13.7

Patients were on lovastatin (40 mg/day) during 180 days. Values are expressed as mean

of 4 determinations (

treatment" are significant (p<0.05).

Total CH, total cholesterol content in blood serum (mg/dl); LDL CH, low density

lipoprotein content (mg/dl); CIC CH, cholesterol content in circulating immune

mg cell protein. 



2.7. In Vivo Model

In vivo models are necessary to confirm the results obtained on in vitro and ex

vivo models and for developing new approaches to anti-atherosclerotic drug therapy.  

We believe that some results obtained using our cellular model are applicable to

clinical practice. To confirm these data by in vivo observations, we used rabbits with

local lesions in the aorta induced by balloon catheter injury. This in vivo model is

widely used as a simple approach to imitate human fibrous atherosclerotic lesions [117].

Using this model, we attempted to confirm the atherogenicity of beta-blockers and

examine the possibility of eliminating this atherogenicity by combining a beta-blocker

with a calcium antagonist. First, we showed that the oral administration of beta-blockers

induces atherogenicity in rabbit blood serum, as also occurs in human patients. After

oral administration of propranolol, methoprolol, athenolol, pindolol, or thimolol, blood

was taken from the rabbit, and the blood serum was added to a culture of mouse

peritoneal macrophages. All sera taken after beta-blockers considerably stimulated

intracellular cholesterol accumulation, indicating that all these agents induce the

atherogenic potential in the blood of rabbits (Table 5). For a detailed investigation of the

atherogenicity provoked by beta-blockers, propranolol was chosen. This choice was

motivated by its potent stimulating effect on intracellular cholesterol accumulation

(Table 5). 

After oral propranolol administration, the atherogenicity was manifested in 1

hour, reached the maximum in 2 hours, and remained elevated for at least 4 hours. 

Propranolol was given 3 times at 4-hour intervals. Second and third doses induced some

increase in blood atherogenicity, which was elevated after the first dose. Twenty-four

hours after the first dose followed by two additional doses, atherogenicity did not

disappear and was maintained at an essentially high level; new doses produced only a

slight increase in atherogenicity.  



Table 5 Cholesterol accumulation in mouse peritoneal macrophages cultured with blood

serum of rabbits treated with beta-blockers. 

Drug
Dose, mg

Cholesterol accumulation, % of

control

None (control)       - 100

Propranolol 20

Metoprolol 50

Atenolol 100

Pindolol 5

Timolol 2.5

                  

*, significant difference from control (p<0.05).

Blood was drawn 2 hours after oral drug administration and blood serum was added to

cultured mouse peritoneal macrophages. Four hours later cell cholesterol content was

measured. 

In our study, rabbits received propranolol three times a day for a 21-day period. 

This dosage imitated the 3-week course of a beta-blocker therapy. The blood serum

became atherogenic after the first dose. Furthermore, the atherogenicity remained high

throughout the 21-day period and was not elevated significantly by subsequent doses. At

the end of the experiment, the animals were sacrificed, and the aorta was excised. On

average, the neoinitma of propranolol-treated rabbits was 2-fold thicker compared with

that of the controls (Table 6). Thus, oral propranolol administration evokes

atherogenicity in the blood sera of rabbits. As in the case of atherosclerotic patients, 

prolonged treatment with this drug causes stable atherogenicity. In rabbits, 



atherogenicity is accompanied by the stimulation of neointimal growth in the injured

aorta. Therefore, the in vitro observations of propranolol atherogenicity in human cell

culture and the ex vivo findings in a human model were confirmed by an animal model

in vivo.  

Table 6 Influence of papaverine on propranolol atherogenicity (% of control).

Parameter
Propranolol, 

20 mg/day

Papaverine,

20 mg/day

Propranolol + 

papaverine

Intima : media

ratio

Cell number     

Cholesteryl esters

Free cholesterol

Triglycerides

Collagen

*, significant difference from control (p<0.05). 

To confirm another very important result obtained on our models, namely, the

ability of calcium antagonists to eliminate the atherogenic potential of beta-blockers, we

examined a propranolol-papaverine combination. Papaverine was chosen because it

exhibits a moderate anti-atherosclerotic activity [97]. Therefore, this drug can be

regarded as a neutral or weak supplement to the beta-blocker.

Simultaneous administration of propranolol and papaverine eliminated the beta-

blocker-induced blood atherogenicity. In contrast to the blood sera of rabbits given only

propranolol, the sera of rabbits treated by a propranolol-papaverine combination



exhibited no increase in intracellular cholesterol. Throughout the 21-day period of

propranolol-papaverine therapy, the rabbit blood sera displayed no atherogenicity, while

the sera of propranolol-treated rabbits exhibited considerable atherogenic potential. 

Papaverine completely eliminated the stimulatory effect of propranolol on neointima

formation (Table 6). In addition, the effects of propranolol and a propranolol-papaverine

combination on other atherosclerotic indices of the rabbit aorta were studied. 

Propranolol increased the number of cells in the intima and stimulated the accumulation

of triglycerides and esterified and free cholesterol, as well as the collagen production in

the injury zone (Table 6). Papaverine produced no effect on these parameters (Table 6).

In combination with papaverine, propranolol lost its atherogenic potential (Table 6).

This phenomenon is not a result of the simple addition of the propranolol atherogenic

effect to papaverine anti-atherogenic actions because papaverine by itself does not

prevent the development of atherosclerosis in the injured rabbit aorta.

Thus, we have shown that papaverine eliminates the atherogenic side effect of

propranolol. These results confirm our findings obtained in human models in vitro and

ex vivo. We hope that the combination of a beta-blocker and an agent that eliminates its

atherogenic potential will be helpful in the development of new drugs without

atherogenic side effects. 

2.8. Optimization of Dietary Therapy

The cellular model can be used not only to test drugs but can also be used to test

foodstuffs as well. We have investigated the anti-atherosclerotic (therapeutic, causing

regression of atherosclerosis) and anti-atherogenic (preventive) activities of certain

mushroom species and sea products.  

We have shown that alcohol and water extracts from 20 Korean mushroom

species exhibit anti-atherosclerotic and anti-atherogenic activities in cell culture [107].

Thirteen of the 20 extracts tested were anti-atherosclerotic in culture, i.e., they caused a



decrease in the cellular cholesterol and/or inhibited the proliferation of atherosclerotic

cells. Ten of 20 tested extracts displayed anti-atherogenic activity in addition to anti-

atherosclerotic effects. Four mushroom species were chosen for the study of anti-

atherosclerotic effects ex vivo. The cultivation of atherosclerotic cells during 24 hours in

the presence of sera from healthy subjects who had had mushroom meals resulted in a

21-30% decrease in the cellular cholesterol level, that is, caused an anti-atherosclerotic

effect [107]. The atherogenic sera obtained from atherosclerotic patients after dietary

mushroom consumption partly (30-41%) lost its ability to increase the cellular

cholesterol content [107]. Thus, the tested mushrooms exhibited anti-atherosclerotic and

anti-atherogenic effects in an ex vivo model. 

Among sea products, mollusk and krill meat have been tested. Specifically,

patients were given canned meat of a mollusk belonging to the genus Buccinum. Two

hours after a single dietary load, the patient's blood serum acquired marked anti-

atherosclerotic properties (Table 7). The addition of this serum to cultured

atherosclerotic cells led to a fall in intracellular cholesterol levels. Four hours later, the

anti-atherosclerotic properties of the serum became even more prominent (Table 7). 

Table 7 Effects  of sea products  on  atherosclerosis-related properties of patients'

plasma.

Product
Control 0 hours 2 hours 4 hours

Buccinum 196+17 204+16 181+19 150+16*

Krill 37+5 86+4 71+7 49+4*

*, Significant difference from 0 hr (p<0.05).



Patients of another group had initially atherogenic sera, causing more than a 2-

fold increase in cholesterol content of cells derived from normal intima (Table 7). These

patients received a single dietary dose of Antarctic krill meat. Two hours later, the

atherogenicity of their blood sera decreased, and four hours later, it was practically

absent  (Table 7). Thus, krill meat exhibits a preventive anti-atherogenic action on

arterial cells. 

The results obtained suggest that the krill meat can be employed in diets aimed at

the prevention of atherosclerosis. To develop a dietary therapy based on the krill meat, 

the effective dose and proper regimen should be established. As the first step to develop

a dietary therapy, the following study was undertaken to determine the effective dose.  

The patients' blood sera were analyzed for atherogenicity. Patients whose blood

sera had an atherogenic potential were included in the study. The blood was collected

from each patient before and 2 and 4 hours after a dose of krill meat. This protocol was

repeated the next day with another dose of krill meat. Blood serum samples were added

to a culture of subendothelial cells isolated from uninvolved human aortic intima, and

intracellular cholesterol accumulation was assessed in each case. The anti-atherogenic

activity of krill meat was evaluated by the ability to reduce serum atherogenicity, which

was manifested in cholesterol accumulation in cultured cells. The dose-effect

dependence was revealed by comparing the efficacy of the two doses. The efficacy of

each dose was evaluated by the analysis of at least 6 sera obtained from different

patients. It was observed that krill meat possesses anti-atherogenic effects at a dose of

10-20 g, half-maximum effect was reached at a dose of 30 g, and the maximum effect

was achieved at a dose of 50 g.  

We believe that this approach will be useful in the development and optimization

of anti-aterhosclerotic and anti-atherogenic dietary therapies.  



Table 8 Anti-atherogenic effects of natural products. 

Atherogenicity decrease, %

Spirulina platensis 51

Allium cepa 21

Beta vulgaris 31

Triticum vulgaris 70

Glycyrrhiza glabra 55

Salsola collina 11

Allium sativum 77

Pinus sylvestris 52



Chapter 3. 

Natural Products for Anti-Atherosclerotic Therapy

The anti-atherogenic effects of dietary products promote the development of anti-

atherosclerotic therapies based on natural products. Atherosclerosis develops over many

years, so anti-atherosclerotic therapies should be long-term or even lifelong. For such

long-term therapies, conventional medicine will not work. Drugs based on natural

products can be a good alternative.

blood atherogenicity or the their capacity to prevent intracellular cholesterol

accumulation caused by atherogenic blood sera from patients. Table 8 presents only the

effective natural products. Naturally, the tested agents included anti-atherogenic, pro-

atherogenic, and neutral products. Among the anti-atherogenic natural products, the

most effective was garlic.

3.1. Mechanisms -Atherosclerosis Effect

We extended the investigation of the in vitro effect of garlic extract on lipids of

cultured human aortic cells. We previously showed that lipid accumulation in human

aortic cells is accompanied by the stimulation of other cellular manifestations of

atherosclerosis, namely, proliferation and extracellular matrix synthesis [89, 111]. Thus, 

closely related to the

-atherosclerosis effects. 

Smooth muscle cells cultured from grossly normal intima and atherosclerotic

plaque differed markedly in their contents of major lipid classes. Phospholipids, free

cholesterol, cholesteryl esters, and triglycerides were much higher in atherosclerotic

cells compared to cells derived from normal intima (Table 9). The addition of sera from

patients with coronary heart disease to a culture of normal cells induced an intracellular



accumulation of all lipid classes except phospholipids (Table 9). After 24 hours of

incubation with atherogenic serum, the content of cholesteryl esters increased 3.2-fold, 

and the of triglycerides and free cholesterol contents increased 1.7-fold, which amounted

to 60-80% of the corresponding lipid contents of cells cultured from atherosclerotic

plaques (Table 9). The addition of garlic prevented the serum-induced accumulation of

free cholesterol and triglycerides and reduced the accumulation of cholesteryl esters 2.8-

fold (Table 9). Additionally, in cells isolated from plaque, garlic lowered the levels of

triglycerides, free cholesterol, and cholesteryl esters by 21%, 31%, and 35%,

respectively (Table 9). Garlic had no significant effect on the total phospholipid content

of smooth muscle cells cultured from grossly normal intima or atherosclerotic plaque

(Table 9). In addition, it did not change the contents of sphingomyelin, 

phosphatidylcholine, phosphatidylinositol, phosphatidylserine, and

phosphatidylethanolamine in either normal or atherosclerotic cells.  

LDL is the main source of free and esterified cholesterol that accumulates in

arterial cells. Arterial smooth muscle cells can bind, internalize, and metabolize LDL. 

The intracellular metabolism of LDL-derived cholesteryl esters was studied using

lipoprotein labeled with [3H]cholesteryl linoleate. The major proportion of LDL-derived

cholesteryl esters was degraded to free cholesterol and reappeared in the culture medium

(Table 10).

The LDL circulating in patients with coronary atherosclerosis is a modified

lipoprotein. In contrast to native LDL of healthy subjects, the modified LDL induces the

intracellular accumulation of cholesteryl esters. The uptake and degradation of

cholesteryl esters supplied to the cell by the modified LDL was considerably greater

than that of cholesteryl esters supplied by native LDL (Table 10). Garlic reduced the

internalization of cholesteryl esters supplied by native and modified LDLs by 32% and

56%, respectively (Table 10). As a result, the intracellular accumulation of cholesteryl

esters caused by native and modified LDLs was lowered almost 2- and 4-fold, 

respectively (Table 10).



Table 9 Effect of garlic powder extract on lipid composition in human aortic intimal

smooth muscle cells. 

Phospholipids Triglycerides
Free

cholesterol

Cholesteryl

esters

Normal cells

Control 10.5+0.5 7.8+0.7 10.4+0.3

Atherogenic

serum  
92.3+6.4 17.5+0.7a 12.9+0.7a 33.1+1.2a

+ GPE,  

1 mg/mL
84.4+3.0 12.8+0.4b 8.3+0.3b 18.4+0.7ab

Atherosclerotic cells

Control 136.1+8.3 24.6+1.2 16.0+0.6 56.0+3.3

GPE,  

1 mg/mL
131.8+8.0 17.0+1.0a 12.7+0.7a 34.2+1.5a

Data represent mean of three determinations + SEM from three separate experiments. 

Normal smooth muscle cells derived from grossly uninvolved intima and atherosclerotic

cells derived from atherosclerotic plaque cultured in standard conditions served as the

control. Atherogenic blood serum pooled from patients with coronary atherosclerosis

was added to cultured normal cells to induce intracellular lipid accumulation. Cells with

all additives were incubated during 24 hours. 

GPE, garlic powder extract

a, Significant difference from the control, p<0.05. 

b, Significant difference from atherogenic serum, p<0.05. 



Thus, garlic suppresses LDL uptake and the intracellular degradation of LDL-

derived cholesteryl esters, leading to a decrease in the intracellular accumulation of free

and esterified cholesterol in arterial smooth muscle cells.  

Table 10 Effect of garlic powder extract on the metabolism of low density lipoprotein

derived cholesteryl esters in intimal smooth muscle cells. 

Intracellular Extracellular

Cholesteryl esters Free cholesterol Free cholesterol

Native LDL          92+4 62+3 4872+119

Native LDL +

GPE        

49+3* 47+2* 3344+203*

Modified LDL      194+14 83+5 7400+503

Modified LDL +

GPE    

55+6* 60+4* 3295+289*

Smooth  muscle cells cultured from  uninvolved  intima were incubated  for 24 hours

with

with [3H]cholesteryl linoleate.

GPE, garlic powder extract
*,  Significant effect of GPE, p<0.05. For other details,  see Table 9.



Figure 11 Effect of garlic powder extract on acyl-CoA:cholesterol acyltransferase

(ACAT) activity in aortic smooth muscle cells cultured from atherosclerotic lesions. 

differences (p<0.05)

asterisk. 

The effect of garlic on the enzymes responsible for the intracellular metabolism of

cholesteryl esters was studied by measuring the activities of acyl-CoA:cholesterol

acyltransferase (ACAT), the enzyme involved in cholesteryl ester formation, and

cholesteryl ester hydrolase (CEH), which hydrolyzes cholesteryl esters. Enzyme

activities were determined in homogenates of normal and atherosclerotic cells. The

ACAT activity of atherosclerotic cells was 3-fold higher than that of normal cells. At

concentrations of 0.1 mg/mL and greater, garlic powder extract significantly decreased

the enzyme activity in homogenates prepared from both atherosclerotic and normal cells

(Fig. 11). The CEH activity of atherosclerotic cells was almost 2-fold higher than that of



normal cells. At a concentration range of 0.01-1.0 mg/mL, garlic powder extract

significantly increased the enzyme activity of both normal and atherosclerotic cells (Fig. 

12). The dose-dependent effect of garlic had a bell-shaped pattern. The maximum effect

was attained at 0.1 mg/mL; at higher and lower concentrations, the effect was less

pronounced (Fig. 12). Thus, garlic inhibits ACAT, which participates in cholesteryl ester

formation, and stimulates CEH, which degrades cholesteryl esters. 

Figure 12 Effect of garlic powder extract on cholesteryl ester hydrolase (CEH) activity

in aortic smooth muscle cells cultured from atherosclerotic lesion

Details are the same as in the legends to Figure 11. 

-atherosclerotic effects included an ex vivo

study and an animal model study. Both types of studies confirmed the in vitro effects of

garlic [118]. Finally, we developed a drug based on garlic powder and carried out a

clinical study of the effects of this drug on atherosclerosis regression. 



3.2. Allicor (garlic)

As described above, garlic possesses direct anti-atherogenic effects, preventing

cholesterol retention in arterial cells. We have developed and registered garlic powder

tablets, currently produced by INAT-Farma, Ltd. (Russia). The AMAR study

(Atherosclerosis Monitoring and Atherogenicity Reduction) was designed to estimate

the effect of two-year treatment with the time-released garlic-based drug Allicor on

the progression of carotid atherosclerosis in asymptomatic men in a double-blinded, 

placebo-controlled randomized clinical trial (ClinicalTrials.gov Identifier, 

NCT01734707). The primary outcome was the rate of atherosclerosis progression, 

measured by high-resolution B-mode ultrasonography as the increase in CIMT of the far

wall of common carotid arteries [119].  

Figure 13 Anti-atherosclerotic effects of allicor.

Asterisks show a significant difference from the placebo group. 



Allicor reduced CIMT compared to baseline and the placebo group. The

difference in the CIMT changes between the allicor and placebo recipients was

-square 9.788, P=0.020). Thus, while spontaneous

atherosclerosis progression prevailed in the placebo group, allicor beneficially affected

early carotid atherosclerosis, significantly increasing lesion regression and reducing the

net number of progressive lesions. The trend toward CIMT reduction in allicor

recipients was observed after first 3 months of the study, and the CIMT measures were

significantly different from the baseline measures and from the placebo group after the

first 12 months of treatment [119]. At the end of the two-year study, the difference

between the placebo and allicor recipients increased and remained statistically

significant. The overall lesion progression was clearly different in the treated and

untreated groups (Fig. 13) e a mean

allicor-treated

patients at a rate of - allicor

was more pronounced in year 1 (- tistically

significant in year 2 (-

The results obtained in our study are generally consistent with the data from a

double-blinded, placebo-controlled randomized study by Koscielny et al. [120]. It has

been demonstrated that 4-year treatment with the garlic-based drug Kwai inhibited the

increase in volume of atherosclerotic plaques in carotid and femoral arteries by 5-18%. 

The age-dependent analysis of the plaque volume showed an increase between 50 and

80 years that was diminished under garlic treatment by 6-13% every 4 years. Therefore,

with garlic application, the plaque volume in the whole collective remained practically

constant within the age-span of 50-80 years [120]. 

The decrease in CIMT that was achieved during the AMAR study is comparable

with the results of most successful trials with other compounds [121-126] (Table 11). 

However, these studies employed potent lipid-lowering agents or calcium antagonists, 

whose beneficial effects of treatment were attributed to reduction in LDL cholesterol, 



the major risk factor for atherosclerosis development, or arterial wall stress.  

Table 11 The comparative data from clinical trials on carotid atherosclerosis regression. 

Trial Medication

Mean annual IMT

change, mm Reference

placebo treatment

PLAC II Pravastatin 0.068 0.059
Crouse J.R. et al., 1995

[121]  

KAPS Pravastatin 0.029 0.010
Salonen R. et al., 1995

[122]  

ASAP Simvastatin - -0.009
Smilde T.J. et al., 2001

[34]  

PREVENT Amlodipine 0.011 -0.015 Pitt B. et al., 2000 [123]

ASAP Atorvastatin - -0.020
Smilde T.J. et al., 2001

[34]  

CLAS
Cholestipol,

niacin
0.010 -0.020

Blankenhorn D.H. et

al., 1993 [124]; Hodis

H.N., 1995 [125]  

MARS Lovastatin 0.015 -0.028

Blankenhorn D.H. et

al., 1993[126]; Hodis

H.N., 1995 [125]  

VHAS Verapamil - -0.028
Zanchetti A. et al., 1998

[46]

AMAR Allicor 0.015 -0.022
Orekhov et al., 2012

[119]



A direct influence of garlic on atherosclerosis has been discussed [127-131]. The

anti-atherosclerotic effect of garlic has been attributed to its hypolipidemic activity.

Experimental and clinical data have clearly demonstrated that garlic reduces blood

cholesterol and LDL levels [131, 132]. The cholesterol lowering effect of garlic results

from the inhibition of hepatic hydroxymethylglutaryl coenzyme A (HMG-CoA) activity

[133]. In contrast to these studies, rather than examining the hypolipidemic effects of

garlic, we examined the direct anti-atherosclerotic and anti-atherogenic effects of garlic, 

that is, the ability of garlic to act directly on the atherosclerotic process in the vessel

wall. To investigate anti-atherosclerotic-related (therapeutic) effects, we used smooth

muscle cells cultured from atherosclerotic plaques of the human aorta. To study anti-

atherogenic-related (preventive) effects, we imitated atherogenesis in primary cultures of

smooth muscle cells derived from grossly uninvolved human aortic intima by adding

atherogenic blood sera of patients with angiographically assessed coronary

atherosclerosis. Garlic decreased the triglyceride, cholesteryl ester, and free cholesterol

contents of cells cultured from atherosclerotic plaques and prevented the atherogenic

serum-induced accumulation of these lipids in cells cultured from grossly normal aorta.

In other words, garlic possessed direct anti-atherosclerotic-related (therapeutic) and anti-

atherogenic-related (preventive) effects. Garlic inhibits ACAT and stimulates CEH, thus

displaying a direct influence on the synthesis and degradation of cholesteryl esters in the

cell. This finding may explain the direct anti-atherosclerotic effects of garlic.

On the whole, the results of our study demonstrate that long-term treatment with

the time-released, garlic-based drug allicor provides a direct anti-atherosclerotic effect

on carotid atherosclerosis. As it is a remedy of natural origin, allicor is safe with respect

to adverse effects and allows even perpetual administration, which may be quite

necessary for the prevention and treatment of subclinical atherosclerosis. These results

promoted the start of clinical trials of two other drugs based on natural products:

Inflaminat, which possesses anti-cytokine activity, and the phytoestrogen-rich drug

Karinat, which is designed for postmenopausal women.  



Figure 14 Anti-atherosclerotic effect of inflaminat. 

3.3. Inflaminat (Calendula, Elder, Violet)

Atherosclerosis is regarded as a pathological process with elements of local

aseptic inflammation, and inflammatory cytokines play a role at every stage of

atherosclerosis development [134-136]. In this regard, drugs with systemic anti-

inflammatory action may be effective for the prevention of atherosclerosis. The use of

natural drugs is suitable for the early prevention of atherosclerosis because they have

almost no side effects and exert regulatory effects at physiological limits, allowing

longer, almost lifelong, medication. In this study, we investigated the atherosclerosis

violet. These plants are widely used in herbal medicine as anti-inflammatory agents. In a

pilot study (ClinicalTrials.gov Identifier, NCT01743404) of inflaminat using a protocol



similar to that of the AMAR study, inflaminat demonstrated atherosclerosis regression

effects and a statistically significant difference from the baseline as well as from placebo

group [119]. Figure 14 demonstrates the atherosclerosis regression effect of Inflaminat

in asymptomatic men. 

3.4. Karinat (Phytoestrogen-Rich Combination)

Atherosclerosis prevention in postmenopausal women is a striking problem

because modern medicine does not provide an effective approach. Hormone replacement

therapy has been rejected as a tool for atherosclerosis prevention in women due to the

negative results of clinical studies, including WHI, PEPI, and HERS [137-142].

Therefore, the development of novel approaches is highly necessary. Phytoestrogens are

often regarded as a possible alternative to hormone replacement therapy, but practically

nothing is known about their effects on atherosclerosis.  

We screened many natural phytoestrogen-rich components for their

antiatherogenic activities using the above described ex vivo test system. The most

promising of these compounds were garlic powder, extract of grape seeds, green tea

leaves, and hop cones, all of which produced significant anti-atherogenic effects. Based

on their combination, the novel isoflavonoid-rich dietary supplement Karinat was

developed. It produces an efficient anti-atherogenic effect in cell culture models and is

characterized by an improved phytoestrogen profile, providing additional amounts of

biologically active polyphenols, including resveratrol, genisteine, and daidzeine, which

are claimed to exert effects on atherosclerosis development. Karinat also contains

a - -tocopherol and ascorbic acid to provide the

necessary daily intake of antioxidants. 

Randomized, double-blinded, placebo-controlled pilot clinical studies on the anti-

atherosclerotic effects of Karinat were performed in healthy peri- and postmenopausal

women to characterize the risks and benefits of phytoestrogen therapy in relation to



atherosclerosis progression (ClinicalTrials.gov Identifiers, NCT01741974 and

NCT01742000). The primary endpoint was the annual rate of changes in common

carotid artery intima-media thickening, and the secondary endpoint was the dynamics of

climacteric syndrome, which is monitored only in perimenopausal women. Figure 15

demonstrates the effect of karinat treatment on the dynamics of carotid atherosclerosis in

postmenopausal women. In the placebo group, an increase in the average IMT of more

women was extremely high: the average increase in IMT was 13% per year, and the

growth of atherosclerotic plaques was 40% per year. In the karinat group, a completely

different picture was observed. The average CIMT was not changed (statistically

f

existing plaques by 27% per year was detected. 

Figure 15 Anti-atherosclerotic effect of karinat.



The results of quantitative measurements of the degree of atherosclerosis in

dynamics have shown that the use of the phytoestrogen complex in postmenopausal

women almost completely suppresses the formation of new atherosclerotic lesions, and

it slows the progression of existing lesions 1.5-fold [119].

Figure 16 Anti-atherosclerotic effect of pomegranate juice.

3.5. Pomegranate Juice

A randomized, double-blind, parallel trial assessed the influence of the

consumption of pomegranate juice on CIMT progression rates in subjects with a

moderate risk of coronary heart disease [143]. Several CIMT-related parameters were

measured; only one parameter among them demonstrated a significant anti-



atherosclerotic effect compared to placebo (Fig. 16). In general, the study showed no

significant influence of pomegranate juice consumption on CIMT progression. 

However, the results from post hoc exploratory analyses suggest that the rate of CIMT

progression may have been slowed in subgroups characterized by more rapid CIMT

progression, including those with increased levels of triglyceride-rich lipoproteins, low

levels of HDL cholesterol, and greater oxidative stress [144].



Conclusion

The results of numerous clinical trials with statins and other drugs have

demonstrated the possibility of the prevention and regression of atherosclerosis by

pharmacotherapy. 

This review illustrates the use of cultured human arterial cells for the following:  

1) the mass screening of drugs and chemicals (cyclic AMP elevators, calcium

antagonists, prostaglandins, - blockers, antioxidants);

2) the investigation of the mechanisms responsible for the atherosclerosis-related effects

(calcium antagonists and lovastatin);  

3) the optimization of anti-atherosclerotic and anti-atherogenic drug and dietary therapy

-blockers, calcium antagonists, mushrooms, krill meat).

The in vitro and ex vivo cellular models can be employed to reveal and investigate the

following:

- direct anti-atherosclerotic activity the regression of atherosclerosis (calcium

antagonists, prostaglandins, antioxidants, lipostabil, mushrooms, mollusk meat);

- direct anti-atherogenic activity - prevention of atherosclerosis (calcium antagonists, 

mushrooms, krill meat);

- indirect anti-atherogenic activity (lovastatin);

- -blockers, thromboxane, phenothiazines).  

Natural products can be considered to be promising drugs for anti-atherosclerotic

therapy. Two-year treatment with allicor (garlic powder) has a direct anti-atherosclerotic

effect on carotid atherosclerosis in asymptomatic men. Inflaminat (calendula, elder and

violet), which possesses anti-cytokine activity, caused the regression of carotid

atherosclerosis in a 1-year treatment of asymptomatic men. The phytoestrogen-rich drug

Karinat (garlic powder, extract of grape seeds -carotene,

-tocopherol and ascorbic acid) prevented the development of carotid atherosclerosis in

postmenopausal women. 



Our basic studies have shown that cellular lipidosis is the principal event in the

genesis of atherosclerotic lesions. Using cellular models and natural products, we have

developed an approach to prevent lipid accumulation in arterial cells. This led to the

regression of atherosclerosis and/or the prevention of its progression in patients. 

Therefore, our basic findings were successfully translated into clinical practice. Because

of this translation, a novel approach to anti-atherosclerotic therapy was developed. 

Based on our knowledge, we developed drugs that possess direct anti-atherosclerotic

activity. Our clinical trial confirmed the efficacy of both the novel approach and novel

drugs. 

Unfortunately, natural products that possess anti-atherosclerotic therapeutic

potential are not prescribed by medical practitioners as anti-atherosclerotic agents. 

However, the potential of these substances allows us to consider them as mainline

additional supplements or prescriptions [144].  

Acknowledgements

This work was supported by the Russian Ministry of Education and Science.



References

[1]  Martin SS, Blumenthal RS, Miller M. LDL cholesterol: the lower the better. Med

Clin North Am 2012; 96: 13-26. 

[2]  Tardif JC, Lesage F, Harel F, Romeo P, Pressacco J. Imaging biomarkers in

atherosclerosis trials. Circ Cardiovasc Imaging 2011; 4: 319-33. 

[3]  Verhamme P, Kerkhof F, Buysschaert I, Rietzschel E, de Groot E. Carotid intima-

media thickness: more than a research tool? Acta Cardiol 2010; 65: 59-66. 

[4]  Arsenault BJ, Kritikou EA, Tardif JC. Regression of atherosclerosis. Curr Cardiol

Rep 2012; 14: 443-9.

[5]  Simon A, Giral P, Levenson J. Extracoronary atherosclerotic plaque at multiple

sites and total coronary calcification deposit in asymptomatic men. Association

with coronary risk profile. Circulation 1995; 92: 1414-21. 

[6]  Mitchell JR, Schwartz CJ. Relationship between arterial disease at different sites. 

Br Med J 1962; 1: 1293-301.  

[7]  Craven TE, Ryu JE, Espeland MA, Kahl FR, McKinney WM, Toole JF,

McMahan MR, Thompson CJ, Heiss G, Crouse JR 3rd.Evaluation of the

associations between carotid artery atherosclerosis and coronary artery stenosis. A

case-control study. Circulation 1990; 82: 1230-42.  

[8]  Geroulakos G, O'Gorman DJ, Kalodiki E, Sheridan DJ, Nicolaides AN. The

carotid intima-media thickness as a marker of the presence of severe symptomatic

coronary artery disease. Eur Heart J 1994; 15: 781-5.  

[9]  Geroulakos G, O'Gorman D, Nicolaides A, Sheridan D, Elkeles R, Shaper AG.

Carotid intima-media thickness: correlation with the British Regional Heart Study

risk score. J Intern Med 1994; 235: 431-3.

[10]  Crouse JR 3rd, Craven TE, Hagaman AP, Bond MG. Association of coronary

disease with segment-specific intimal-medial thickening of the extracranial

carotid artery. Circulation 1995; 92: 1141-7.



[11]  Blankenhorn DH, Hodis HN. George Lyman Duff Memorial Lecture. Arterial

imaging and atherosclerosis reversal. Arterioscler Thromb 1994; 14: 177-92.  

[12]  Hodis HN, Mack WJ, LaBree L, Selzer RH, Liu CR, Liu CH, Azen SP. The role

of carotid arterial intima-media thickness in predicting clinical coronary events. 

Ann Intern Med 1998; 128: 262-9.  

[13]  Salonen JT, Salonen R. Ultrasound B-mode imaging in observational studies of

atherosclerotic progression. Circulation 1993; 87: 1156-65.  

[14]  Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR, Clegg

LX. Association of coronary heart disease incidence with carotid arterial wall

thickness and major risk factors: The Atherosclerosis Risk in Communities

(ARIC) Study, 1987-1993. Am J Epidemiol 1997; 146: 483-94.  

[15]  Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common carotid

intima-media thickness and risk of stroke and myocardial infarction: The

Rotterdam Study. Circulation 1997; 96: 1432-7.  

[16]  O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK Jr.

Carotid-artery intima and media thickness as a risk factor for myocardial

infarction and stroke in older adults. Cardiovascular Health Study Collaborative

Research Group. N Engl J Med 1999; 340: 14-22. 

[17]  Davignon J. Methods and endpoint issues in clinical development of lipid-acting

agents with pleiotropic effects. Am J Cardiol 1998; 81: 17F-24F.  

[18]  Bellosta S, Bernini F, Ferri N, Quarato P, Canavesi M, Arnaboldi L, Fumagalli R,

Paoletti R, Corsini A. Direct vascular effects of HMG-CoA reductase inhibitors.

Atherosclerosis 1998; 137 Suppl: S101-9.  

[19]  Werner N, Nickenig G, Laufs U. Pleiotropic effects of HMG-CoA reductase

inhibitors. Basic Res Cardiol 2002; 97: 105-16.  

[20]  McFarlane SI, Muniyappa R, Francisco R, Sowers JR. Clinical review 145:

Pleiotropic effects of statins: lipid reduction and beyond. J Clin Endocrinol Metab

2002; 87: 1451-8.  



[21]  Comparato C, Altana C, Bellosta S, Baetta R, Paoletti R, Corsini A. Clinically

relevant pleiotropic effects of statins: drug properties or effects of profound

cholesterol reduction? Nutr Metab Cardiovasc Dis 2001; 11: 328-43.  

[22]  Takemoto M, Liao JK. Pleiotropic effects of 3-hydroxy-3-methylglutaryl

coenzyme a reductase inhibitors. Arterioscler Thromb Vasc Biol 2001; 21: 1712-

9.  

[23]  Gotto Jr AM Jr, Farmer JA. Pleiotropic effects of statins: do they matter? Curr

Opin Lipidol 2001; 12: 391-4.  

[24]  Farmer JA. Pleiotropic effects of statins. Curr Atheroscler Rep 2000; 2: 208-17. 

[25]  Probstfield JL, Margitic SE, Byington RP, Espeland MA, Furberg CD. Results of

the primary outcome measure and clinical events from the Asymptomatic Carotid

Artery Progression Study. Am J Cardiol 1995; 76: 47C-53C.

[26]  Mack WJ, Krauss RM, Hodis HN. Lipoprotein subclasses in the Monitored

Atherosclerosis Regression Study (MARS). Treatment effects and relation to

coronary angiographic progression. Arterioscler Thromb Vasc Biol 1996; 16: 697-

704. 

[27] McTavish D, Sorkin EM. Pravastatin. A review of its pharmacological properties

and therapeutic potential in hypercholesterolaemia. Drugs 1991; 42: 65-89. 

[28]  Byington RP, Furberg CD, Crouse JR 3rd, Espeland MA, Bond MG . Pravastatin, 

Lipids, and Atherosclerosis in the Carotid Arteries (PLAC-II). Am J Cardiol 1995;

76: 54C-59C.

[29]  -Sarataho E, Salonen JT. The Kuopio

Atherosclerosis Prevention Study (KAPS): effect of pravastatin treatment on

lipids, oxidation resistance of lipoproteins, and atherosclerotic progression. Am J

Cardiol 1995; 76: 34C-39C.

[30]  De Groot E, Jukema JW, Montauban van Swijndregt AD, Zwinderman AH, 

Ackerstaff RG, van der Steen AF, Bom N, Lie KI, Bruschke AV. B-mode

ultrasound assessment of pravastatin treatment effect on carotid and femoral



artery walls and its correlations with coronary arteriographic findings: a report of

the Regression Growth Evaluation Statin Study (REGRESS). J Am Coll Cardiol

1998; 31: 1561-7.

[31]  The Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID) Study

Group. Prevention of cardiovascular events and death with pravastatin in patients

with coronary heart disease and a broad range of initial cholesterol levels. N Engl

J Med 1998; 339: 1349-57. 

[32]  Baldassarre D, Veglia F, Gobbi C, Gallus G, Ventura A, Crepaldi G, Fisicaro M,

Rimondi S, Ricci G, Mancini M, Bong MG, Collatina S, Sirtori CR. Intima-media

thickness after pravastatin stabilizes also in patients with moderate to no reduction

in LDL-cholesterol levels: the carotid atherosclerosis Italian ultrasound study. 

Atherosclerosis 2000; 151: 575-83. 

[33]  Crouse JR 3rd, Raichlen JS, Riley WA, Evans GW, Palmer MK, O'Leary DH, 

Grobbee DE, Bots ML; METEOR Study Group. Effect of rosuvastatin on

progression of carotid intima-media thickness in low-risk individuals with

subclinical atherosclerosis: the METEOR Trial. JAMA 2007; 297: 1344-53. 

[34]  Smilde TJ, van Wissen S, Wollersheim H, Trip MD, Kastelein JJ, Stalenhoef AF. 

Effect of aggressive versus conventional lipid lowering on atherosclerosis

progression in familial hypercholesterolaemia (ASAP): a prospective, randomised,

double-blind trial. Lancet 2001, 357: 577-81.

[35]  Taylor AJ, Kent SM, Flaherty PJ, Coyle LC, Markwood TT, Vernalis MN.

ARBITER: Arterial Biology for the Investigation of the Treatment Effects of

Reducing Cholesterol: a randomized trial comparing the effects of atorvastatin

and pravastatin on carotid intima medial thickness. Circulation 2002; 106: 2055-

60.

[36]  Taylor AJ, Sullenberger LE, Lee HJ, Lee JK, Grace KA. Arterial Biology for the

Investigation of the Treatment Effects of Reducing Cholesterol (ARBITER) 2: a

double-blind, placebo-controlled study of extended-release niacin on



atherosclerosis progression in secondary prevention patients treated with statins. 

Circulation 2004; 110: 3512-7.

[37]  Taylor AJ, Lee HJ, Sullenberger LE. The effect of 24 months of combination

statin and extended-release niacin on carotid intima-media thickness: ARBITER

3. Curr Med Res Opin 2006; 22: 2243-50.

[38]  Taylor AJ, Villines TC, Stanek EJ, Devine PJ, Griffen L, Miller M, Weissman NJ,

Turco M. Extended-release niacin or ezetimibe and carotid intima-media

thickness. N Engl J Med 2009; 361: 2113-22.

[39]  Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR. High density

lipoprotein as a protective factor against coronary heart disease. The Framingham

Study. Am J Med 1977; 62: 707-14. 

[40]  Nissen SE, Tsunoda T, Tuzcu EM, Schoenhagen P, Cooper CJ, Yasin M, Eaton

GM, Lauer MA, Sheldon WS, Grines CL, Halpern S, Crowe T, Blankenship JC,

Kerensky R. Effect of recombinant ApoA-I Milano on coronary atherosclerosis in

patients with acute coronary syndromes: a randomized controlled trial. JAMA

2003; 290: 2292-300. 

[41]  

-Cabau J; Effect of rHDL

on Atherosclerosis-Safety and Efficacy (ERASE) Investigators. Effects of

reconstituted high-density lipoprotein infusions on coronary atherosclerosis: a

randomized controlled trial. JAMA 2007; 297: 1675-82. 

[42]  Waksman R, Torguson R, Kent KM, Pichard AD, Suddath WO, Satler LF, Martin

BD, Perlman TJ, Maltais JA, Weissman NJ, Fitzgerald PJ, Brewer HB Jr. A first-

in-man, randomized, placebo-controlled study to evaluate the safety and

feasibility of autologous deliidated high-density lipoprotein plasma infusions in

patients with acute coronary syndrome. J Am Coll Cardiol 2010; 55: 2727-35. 

[43]  Catapano AL. Calcium antagonists and atherosclerosis. Experimental evidence.

Eur Heart J 1997; 18 Suppl A: A80-6.



[44]  Weinstein DB, Heider JG. Antiatherogenic properties of calcium antagonists.

State of the art. Am J Med 1989; 86: 27-32. 

[45]  Borhani NO, Mercuri M, Borhani PA, Buckalew VM, Canossa-Terris M, Carr

AA, Kappagoda T, Rocco MV, Schnaper HW, Sowers JR, Bond MG. Final

outcome results of the Multicenter Isradipine Diuretic Atherosclerosis Study

(MIDAS). A randomized controlled trial. JAMA 1996; 276: 785-91.

[46]  

Verapamil in Hypertension and Atherosclerosis Study (VHAS): results of long-

term randomized treatment with either verapamil or chlorthalidone on carotid

intima-media thickness. J Hypertens 1998; 16: 1667-76. 

[47]  

co-amilozide on the progression of early carotid wall changes. Circulation 2001;

103: 2949-54. 

[48]  Lonn EM, Yusuf S, Jha P, Montague TJ, Teo KK, Benedict CR, Pitt B. Emerging

role of angiotensin-converting enzyme inhibitors in cardiac and vascular

protection. Circulation 1994; 90: 2056 69. 

[49]  Lonn E, Yusuf S, Dzavik V, Doris C, Yi Q, Smith S, Moore-Cox A, Bosch J, 

Riley W, Teo K; SECURE Investigators. Effects of ramipril and vitamin E on

atherosclerosis: the study to evaluate carotid ultrasound changes in patients treated

with ramipril and vitamin E (SECURE). Circulation 2001; 103: 919-25.

[50]  Kruth HS: Receptor-independent fluid-phase pinocytosis mechanisms for

induction of foam cell formation with native low-density lipoprotein particles.

Curr Opin Lipidol 2011; 22: 386-93. 

[51]  Yuan Y, Li P, Ye J: Lipid homeostasis and the formation of macrophage-derived

foam cells in atherosclerosis. Protein Cell 2012; 3: 173-81. 

[52]  Orekhov AN, Tertov VV, Mukhin DN, Mikhailenko IA: Modification of low

density lipoprotein by desialylation causes lipid accumulation in cultured cells. 

Discovery of desialylated lipoprotein with altered cellular metabolism in the blood



of atherosclerotic patients. Biochem Biophys Res Commun 1989; 162: 206-11. 

[53]  Orekhov AN, Tertov VV, Mukhin DN: Desialylated low density lipoprotein -

naturally occurring modified lipoprotein with atherogenic potency. 

Atherosclerosis 1991; 86: 153-61. 

[54]  Tertov VV, Sobenin IA, Gabbasov ZA, Popov EG, Orekhov AN: Lipoprotein

aggregation as an essential condition of intracellular lipid accumulation caused by

modified low density lipoproteins. Biochem Biophys Res Commun 1989; 163:

489-94. 

[55]  Tertov VV, Sobenin IA, Tonevitsky AG, Orekhov AN, Smirnov VN: Isolation of

atherogenic modified (desialylated) low density lipoprotein from blood of

atherosclerotic patients: separation from native lipoprotein by affinity

chromatography. Biochem Biophys Res Commun 1990; 167: 1122-7. 

[56]  Tertov VV, Sobenin IA, Orekhov AN, Jaakkola O, Solakivi T, Nikkari T:

Characteristics of low density lipoprotein isolated from circulating immune

complexes. Atherosclerosis 1996; 122: 191-9. 

[57]  Tertov VV, Kaplun VV, Sobenin IA, Boytsova EY, Bovin NV, Orekhov AN. 

Human plasma trans-sialidase causes atherogenic modification of low density

lipoprotein. Atherosclerosis 2001; 159: 103-15. 

[58]  Avogaro P, Bon GB, Cazzolato G. Presence of a modified low density lipoprotein

in humans. Arteriosclerosis 1988; 8: 79-87. 

[59]  Krauss RM, Burke DJ. Identification of multiple subclasses of plasma low density

lipoproteins in normal humans. J Lipid Res 1982; 23: 97-104. 

[60]  Tertov VV, Bittolo-Bon G, Sobenin IA, Cazzolato G, Orekhov AN, Avogaro P. 

Naturally occurring modified low density lipoproteins are similar if not identical:

more electronegative and desialylated lipoprotein subfractions. Exp Mol Pathol

1995; 62: 166-72. 

[61]  Tertov VV, Sobenin IA, Orekhov AN. Similarity between naturally occurring

modified desialylated, electronegative and aortic low density lipoprotein. Free



Radic Res 1996; 25: 313-9. 

[62]  La Belle M, Krauss RM. Differences in carbohydrate content of low density

lipoproteins associated with low density lipoprotein subclass patterns. J Lipid Res

1990; 31: 1577-88. 

[63]  Kirk JK, Davis SW, Hildebrandt CA, Strachan EN, Peechara ML, Lord R. 

Characteristics associated with glycemic control among family medicine patients

with type 2 diabetes. N C Med J 2011; 72: 345-50. 

[64] Soran H, Durrington PN. Susceptibility of LDL and its subfractions to glycation. 

Curr Opin Lipidol 2011; 22: 254-61. 

[65]  Jiang X, Yang Z, Chandrakala AN, Pressley D, Parthasarathy S. Oxidized low

density lipoproteins--do we know enough about them? Cardiovasc Drugs Ther

2011; 25: 367-77. 

[66]  Orekhov AN, Tertov VV, Kabakov AE, Adamova IYu, Pokrovsky SN, Smirnov

VN. Autoantibodies against modified low density lipoprotein. Nonlipid factor of

blood plasma that stimulates foam cell formation. Arterioscler Thromb 1991; 11:

316-26. 

[67]  Orekhov AN, Tertov VV. Atherogenicity of autoantibodies against low density

lipoprotein. Agents Actions 1991; 32: 128-9. 

[68]  Lopes-Virella MF, Virella G. Clinical significance of the humoral immune

response to modified LDL. Clin Immunol 2010; 134: 55-65. 

[69]  Tertov VV, Orekhov AN, Sayadyan KhS, Serebrennikov SG, Kacharava AG,

Lyakishev AA, Smirnov VN. Correlation between cholesterol content in

circulating immune complexes and atherogenic properties of CHD patients' serum

manifested in cell culture. Atherosclerosis 1990; 81: 183-9. 

[70]  Kacharava AG, Tertov VV, Orekhov AN. Autoantibodies against low-density

lipoprotein and atherogenic potential of blood. Ann Med 1993; 25: 551-5. 

[71]  Tertov VV, Orekhov AN, Kacharava AG, Sobenin IA, Perova NV, Smirnov VN.

Low density lipoprotein-containing circulating immune complexes and coronary



atherosclerosis. Exp Mol Pathol 1990; 52: 300-8. 

[72]  Orekhov AN, Kalenich OS, Tertov VV, Novikov ID. Lipoprotein immune

complexes as markers of atherosclerosis. Int J Tissue React 1991; 13: 233-6. 

[73]  Orekhov AN, Kalenich OS, Tertov VV, Perova NV, Novikov IyD, Lyakishev AA,

Deev AD, Ruda MYa. Diagnostic value of immune cholesterol as a marker for

atherosclerosis. J Cardiovasc Risk 1995; 2: 459-66. 

[74]  Sobenin IA, Karagodin VP, Melnichenko AC, Bobryshev YV, Orekhov AN.

Diagnostic and Prognostic Value of Low Density Lipoprotein-Containing

Circulating Immune Complexes in Atherosclerosis. J Clin Immunol 2012 Oct 17.

[Epub ahead of print]  

[75]  Sobenin IA, Orekhova VA, Melnichenko A, Bobryshev YV, Orekhov AN. Low

density lipoprotein-containing circulating immune complexes have better

prognostic value in carotid intima-media thickness progression than other lipid

parameters. Int J Cardiol 2012 Oct 13. [Epub ahead of print]

[76]  Orekhov AN, Tertov VV, Mukhin DN, Koteliansky VE, Glukhova MA, Frid MG,

Sukhova GK, Khashimov KA, Smirnov VN. Insolubilization of low density

lipoprotein induces cholesterol accumulation in cultured subendothelial cells of

human aorta. Atherosclerosis 1989; 79: 59-70. 

[77]  Glukhova MA, Kabakov AE, Frid MG, Ornatsky OI, Belkin AM, Mukhin DN, 

Orekhov AN, Koteliansky VE, Smirnov VN. Modulation of human aorta smooth

muscle cell phenotype: a study of muscle-specific variants of vinculin, caldesmon, 

and actin expression. Proc Natl Acad Sci U S A 1988; 85: 9542-6. 

[78]  Orekhov AN, Tertov VV, Mukhin DN, Koteliansky VE, Glukhova MA,

Khashimov KA, Smirnov VN. Association of low-density lipoprotein with

particulate connective tissue matrix components enhances cholesterol

accumulation in cultured subendothelial cells of human aorta. Biochim Biophys

Acta 1987; 928: 251-8. 

[79]  Melnichenko AA, Aksenov DV, Myasoedova VA, Panasenko OM, Yaroslavov



AA, Sobenin IA, Bobryshev YV, Orekhov AN. Pluronic block copolymers inhibit

low density lipoprotein self-association. Lipids 2012; 47: 995-1000. 

[80]  Tertov VV, Orekhov AN, Sobenin IA, Gabbasov ZA, Popov EG, Yaroslavov AA, 

Smirnov VN. Three types of naturally occurring modified lipoproteins induce

intracellular lipid accumulation due to lipoprotein aggregation. Circ Res 1992; 71:

218-28. 

[81]  Aksenov DV, Medvedeva LA, Skalbe TA, Sobenin IA, Tertov VV, Gabbasov ZA, 

Popov EV, Orekhov AN. Deglycosylation of apo B-containing lipoproteins

increase their ability to aggregate and to promote intracellular cholesterol

accumulation in vitro. Arch Physiol Biochem 2008; 114: 349-56. 

[82]  Rekhter MD, Andreeva ER, Mironov AA, Orekhov AN. Three-dimensional

cytoarchitecture of normal and atherosclerotic intima of human aorta. Am J Pathol

1991; 138: 569-80. 

[83]  Orekhov AN, Andreeva ER, Krushinsky AV, Smirnov VN. Primary cultures of

enzyme-isolated cells from normal and atherosclerotic human aorta. Med Biol

1984; 62: 255-9. 

[84]  Orekhov AN, Tertov VV, Novikov ID, Krushinsky AV, Andreeva ER, Lankin

VZ, Smirnov VN. Lipids in cells of atherosclerotic and uninvolved human aorta.

I. Lipid composition of aortic tissue and enzyme isolated and cultured cells. Exp

Mol Pathol 1985; 42: 117-37. 

[85]  Orekhov AN, Krushinsky AV, Andreeva ER, Repin VS, Smirnov VN. Adult

human aortic cells in primary culture: heterogeneity in shape. Heart Vessels 1986;

2: 193-201. 

[86]  Yamada S, Guo X, Yoshizawa M, Li Z, Matsuyama A, Hashimoto H, Sasaguri Y.

Primary desmoplastic cutaneous leiomyosarcoma associated with high MIB-1

labeling index: a teaching case giving rise to diagnostic difficulties on a small

biopsy specimen. Pathol Res Pract 2011; 207: 728-32. 

[87]  Orekhov AN, Kosykh VA, Repin VS, Smirnov VN. Cell proliferation in normal



and atherosclerotic human aorta. II. Autoradiographic observation on

deoxyribonucleic acid synthesis in primary cell culture. Lab Invest 1983; 48: 749-

54. 

[88]  Orekhov AN, Tertov VV, Kudryashov SA, Khashimov KhA, Smirnov VN.

Primary culture of human aortic intima cells as a model for testing anti-

atherosclerotic drugs. Effects of cyclic AMP, prostaglandins, calcium antagonists,

antioxidants, and lipid-lowering agents. Atherosclerosis 1986; 60: 101-10. 

[89]  Orekhov AN, Tertov VV, Kudryashov SA, Smirnov VN. Triggerlike stimulation

of cholesterol accumulation and DNA and extracellular matrix synthesis induced

by atherogenic serum or low density lipoprotein in cultured cells. Circ Res 1990;

66: 311-20. 

[90]  Tertov VV, Orekhov AN, Repin VS, Smirnov VN. Dibutyryl cyclic AMP

decrease proliferative activity and the cholesteryl ester content in cultured cells of

atherosclerotic human aorta. Biochem Biophys Res Commun 1982; 109: 1228-33. 

[91]  Tertov VV, Orekhov AN, Smirnov VN. Effect of cyclic AMP on lipid

accumulation and metabolism in human atherosclerotic aortic cells.

Atherosclerosis 1986; 62: 55-64. 

[92]  Tertov VV, Orekhov AN, Smirnov VN. Agents that increase cellular cyclic AMP

inhibit proliferative activity and decrease lipid content in cells cultured from

atherosclerotic human aorta. Artery 1986; 13: 365-72. 

[93]  Tertov VV, Orekhov AN, Kudryashov SA, Klibanov AL, Ivanov NN, Torchilin

VP, Smirnov VN. Cyclic nucleotides and atherosclerosis: studies in primary

culture of human aortic cells. Exp Mol Pathol 1987; 47: 377-89. 

[94]  Kudryashov SA, Tertov VV, Orekhov AN, Geling NG, Smirnov VN. Regression

of atherosclerotic manifestations in primary culture of human aortic cells: effects

of prostaglandins. Biomed Biochim Acta 1984; 43: S284-6. 

[95]  Orekhov AN, Tertov VV, Smirnov VN. Prostacyclin analogues as anti-

atherosclerotic drugs. Lancet 1983; 2: 521. 



[96]  Orekhov AN, Tertov VV, Mazurov AV, Andreeva ER, Repin VS, Smirnov VN.

"Regression" of atherosclerosis in cell culture: effects of stable prostacyclin

analogues. Drug Devel Res 1986; 9: 189-201. 

[97]  Baldenkov GN, Akopov SE, Li HR, Orekhov AN. Prostacyclin, thromboxane A2

and calcium antagonists: effects on atherosclerotic characteristics of vascular

cells. Biomed Biochim Acta 1988; 47: S324-7. 

[98]  Akopov SE, Orekhov AN, Tertov VV, Khashimov KA, Gabrielyan ES, Smirnov

VN. Stable analogues of prostacyclin and thromboxane A2 display contradictory

influences on atherosclerotic properties of cells cultured from human aorta. The

effect of calcium antagonists. Atherosclerosis 1988; 72: 245-8. 

[99]  Tertov VV, Panosyan AG, Akopov SE, Orekhov AN. The effects of eicozanoids

and lipoxygenase inhibitors on the lipid metabolism of aortic cells. Biomed

Biochim Acta 1988; 47: S286-8. 

[100]  Orekhov AN, Misharin AYu, Tertov VV, Khashimov KhA, Pokrovsky SN, Repin

VS, Smirnov VN. Artificial HDL as an anti-atherosclerotic drug. Lancet 1984; 2:

1149-50. 

[101]  Orekhov AN, Tertov VV, Khashimov KhA, Kudryashov SA, Smirnov VN.

Antiatherosclerotic effects of verapamil in primary culture of human aortic intimal

cells. J Hypertension 1986; 4: S153-5.  

[102]  Orekhov AN, Tertov VV, Khashimov KhA, Kudryashov SA, Smirnov VN.

Evidence of anti-atherosclerotic action of verapamil from direct effects on arterial

cells. Am J Cardiol 1987; 59: 495-6. 

[103]  Orekhov AN, Baldenkov GN, Tertov VV, Li Hwa Ryong, Kozlov SG, Lyakishev

AA, Tkachuk VA, Ruda MYa, Smirnov VN. Cardiovascular drugs and

atherosclerosis: effects of calcium antagonists, beta-blockers, and nitrates on

atherosclerotic characteristics of human aortic cells. J Cardiovasc Pharmacol

1988; 12: S66-8. 

[104]  Orekhov AN, Baldenkov GN, Tertov VV, Ruda MYa, Khashimov KhA,



Kudryashov SA, Li HR, Kozlov SG, Lyakishev AA, Tkachuk VA, Smirnov VN.

Anti-atherosclerotic effects of calcium antagonists. Study in human aortic cell

culture. Herz 1990; 15: 139-45. 

[105]  Giessler Ch, Fahr A, Tertov VV, Kudryashov SA, Orekhov AN, Smirnov VN, 

Mest H-J. Trapidil derivatives as potential anti-atherosclerotic drugs.

Arzneimittelforschung 1987; 37-I: 538-41. 

[106]  Heinroth-Hoffmann I, Kruger J, Tertov VV, Orekhov AN, Mest H-J. Influence of

trapidil and trapidil derivatives on the content of cyclic nucleotides in human

intima cells cultured from atherosclerotic plaques. Drug Devel Res 1990; 19: 321-

7. 

[107]  Li HR, Tertov VV, Vasil'ev AV, Tutel'yan VA, Orekhov AN. Anti-atherogenic

and anti-atherosclerotic effects of mushroom extracts revealed in human aortic

intima cell culture. Drug Devel Res 1989; 17: 109-17. 

[108]  Orekhov AN, Ruda MYa, Baldenkov GN, Tertov VV, Khashimov KhA, Li HR,

Lyakishev AA, Kozlov SG, Tkachuk VA, Smirnov VN. Atherogenic effects of

beta blockers on cells cultured from normal and atherosclerotic aorta. Am J

Cardiol 1988; 61: 1116-7. 

[109]  Chazov EI, Tertov VV, Orekhov AN, Lyakishev AA, Perova NV, Kurdanov KhA,

Khashimov KhA, Novikov ID, Smirnov VN. Atherogenicity of blood serum from

patients with coronary heart disease. Lancet 1986; 2: 595-8. 

[110]  Tertov VV, Orekhov AN, Li Hwa Ryong, Smirnov VN. Intracellular cholesterol

accumulation is accompanied by enhanced proliferative activity of human aortic

intimal cells. Tissue Cell 1988; 20: 849-54. 

[111]  Orekhov AN, Tertov VV, Pokrovsky SN, Adamova IYu, Martsenyuk ON,

Lyakishev AA, Smirnov VN. Blood serum atherogenicity associated with

coronary atherosclerosis. Evidence for nonlipid factor providing atherogenicity of

low-density lipoproteins and an approach to its elimination. Circ Res 1988; 62:

421-9. 



[112]  Tertov VV, Orekhov AN, Martsenyuk ON, Perova NV, Smirnov VN. Low

density lipoproteins isolated from the blood of patients with coronary heart

disease induce the accumulation of lipids in human aortic cells. Exp Mol Pathol

1989; 50: 337-47. 

[113]  Orekhov AN. In vitro models of anti-atherosclerotic effects of cardiovascular

drugs. Am J Cardiol 1990; 66: 23I-28I. 

[114]  Palatini P. Elevated heart rate in cardiovascular diseases: a target for treatment?

Prog Cardiovasc Dis 2009; 52: 46-60. 

[115]  Schulman IH, Zachariah M, Raij L. Calcium channel blockers, endothelial

dysfunction, and combination therapy. Aging Clin Exp Res 2005; 17 Suppl 4: 40-

5. 

[116]  Loaldi A, Polese A, Montorsi P, De Cesare N, Fabbiocchi F, Ravagnani P, Guazzi

MD. Comparison of nifedipine, propranolol and isosorbide dinitrate on

angiographic progression and regression of coronary arterial narrowings in angina

pectoris. Am J Cardiol 1989; 64: 433-9. 

[117]  Fei W, Tong T, Yifeng P, Jingli T, Weizhong G, Guangyu T, Daoying G,

Yingsheng C. A modified rabbit model of carotid atherosclerotic plaque suitable

for the stroke study and MRI evaluation. Int J Neurosci 2011; 121: 662-9. 

[118]  1997; 13:

656-63.  

[119]  Orekhov AN, Sobenin IA, Korneev NV, Kirichenko TV, Myasoedova VA,

Melnichenko AA, Balcells M, Edelman ER, Bobryshev YV. Anti-Atherosclerotic

Therapy Based on Botanicals. Recent Pat Cardiovasc Drug Discov 2013; 8: 000-

000.  

[120]  , Kiesewetter

H. The antiatherosclerotic effect of Allium sativum. Atherosclerosis 1999; 144:

237-49. 

[121]  Crouse JR 3rd, Byington RP, Bond MG, Espeland MA, Craven TE, Sprinkle JW,



McGovern ME, Furberg CD. Pravastatin, Lipids, and Atherosclerosis in the

Carotid Arteries (PLAC-II). Am J Cardiol 1995; 75: 455-9. 

[122]  Salonen R, Nyyssonen K, Porkkala E, Rummukainen J, Belder R, Park JS,

Salonen JT. Kuopio Atherosclerosis Prevention Study (KAPS). A population-

based primary preventive trial of the effect of LDL lowering on atherosclerotic

progression in carotid and femoral arteries. Circulation 1995; 92: 1758-64. 

[123]  Pitt B, Byington RP, Furberg CD, Hunninghake DB, Mancini GB, Miller ME,

Riley W. Effect of amlodipine on the progression of atherosclerosis and the

occurrence of clinical events. PREVENT Investigators. Circulation 2000; 102:

1503-10. 

[124]  Blankenhorn DH, Selzer RH, Crawford DW, Barth JD, Liu CR, Liu CH, Mack

WJ, Alaupovic P. Beneficial effects of colestipol-niacin therapy on the common

carotid artery. Two- and four-year reduction of intima-media thickness measured

by ultrasound. Circulation 1993; 88: 20-8. 

[125]  Hodis HN. Reversibility of atherosclerosis--evolving perspectives from two

arterial imaging clinical trials: the cholesterol lowering atherosclerosis regression

study and the monitored atherosclerosis regression study. J Cardiovasc Pharmacol

1995; 25 Suppl 4: S25-31. 

[126]  Blankenhorn DH, Azen SP, Kramsch DM, Mack WJ, Cashin-Hemphill L, Hodis

HN, DeBoer LW, Mahrer PR, Masteller MJ, Vailas LI, Alaupovic P, Hirsch LJ;

MARS Research Group. Coronary angiographic changes with lovastatin therapy. 

The Monitored Atherosclerosis Regression Study (MARS). The MARS Research

Group. Ann Intern Med 1993; 119: 969-76. 

[127]  Lavu M, Bhushan S, Lefer DJ. Hydrogen sulfide-mediated cardioprotection:

mechanisms and therapeutic potential. Clin Sci (Lond) 2011; 120: 219-29. 

[128]  Prasad K. Natural products in regression and slowing of progression of

atherosclerosis. Curr Pharm Biotechnol 2010; 11: 794-800. 

[129]  El-Sayyad HI, Abou-El-Naga AM, Gadallah AA, Bakr IH. Protective effects of



Allium sativum against defects of hypercholesterolemia on pregnant rats and their

offspring. Int J Clin Exp Med 2010; 3: 152-163  

[130]  Lei YP, Liu CT, Sheen LY, Chen HW, Lii CK. Diallyl disulfide and diallyl

trisulfide protect endothelial nitric oxide synthase against damage by oxidized

low-density lipoprotein. Mol Nutr Food Res 2010; 54 Suppl 1: S42-52. 

[131]  Reinhart KM, Talati R, White CM, Coleman CI. The impact of garlic on lipid

parameters: a systematic review and meta-analysis. Nutr Res Rev 2009; 22: 39-48. 

[132]  Chen ZY, Jiao R, Ma KY. Cholesterol-lowering nutraceuticals and functional

foods. J Agric Food Chem 2008; 56: 8761-73. 

[133]  Vidyashankar S, Sambaiah K, Srinivasan K. Regression of preestablished

cholesterol gallstones by dietary garlic and onion in experimental mice.

Metabolism 2010; 59: 1402-12.  

[134]  Libby P. Inflammation and cardiovascular disease mechanisms. Am. J. Clin. Nutr

2006; 83: 456S-460S.  

[135] Aidinian G, Weiswasser JM, Arora S. Carotid plaque morphologic characteristics. 

Persp Vasc Surg Endovasc Ther 2006; 18: 63-70.  

[136]  Daugherty A, Webb NR, Rateri DL, King VL. The immune system and

atherogenesis. Cytokine regulation of macrophage functions in Atherogenesis. J

Lipid Res 2005; 46: 1812-22.  

[137]  Burger HG, Maclennan AH, Huang KE, Castelo-Branco C. Evidence-based

assessment of the impact of the WHI on women's health. Climacteric 2012; 15:

281-7.  

[138]  de Villiers TJ, Stevenson JC. The WHI: the effect of hormone replacement

therapy on fracture prevention. Climacteric 2012; 15: 263-6.  

[139]  Ellis MJ, Suman VJ, Hoog J, Lin L, Snider J, Prat A, Parker JS, Luo J, 

DeSchryver K, Allred DC, Esserman LJ, Unzeitig GW, Margenthaler J, Babiera

GV, Marcom PK, Guenther JM, Watson MA, Leitch M, Hunt K, Olson JA. 

Randomized phase II neoadjuvant comparison between letrozole, anastrozole, and



exemestane for postmenopausal women with estrogen receptor-rich stage 2 to 3

breast cancer: clinical and biomarker outcomes and predictive value of the

baseline PAM50-based intrinsic subtype--ACOSOG Z1031. J Clin Oncol 2011;

29: 2342-9.  

[140]  Smith NL, Wiley JR, Legault C, Rice KM, Heckbert SR, Psaty BM, Tracy RP,

Cushman M. Effect of progestogen and progestogen type on hemostasis measures

in postmenopausal women: the Postmenopausal Estrogen/Progestin Intervention

(PEPI) Study. Menopause 2008; 15: 1145-50.  

[141]  Masood DE, Roach EC, Beauregard KG, Khalil RA. Impact of sex hormone

metabolism on the vascular effects of menopausal hormone therapy in

cardiovascular disease. Curr Drug Metab 2010; 11: 693-714.  

[142]  Pellegrini CN, Vittinghoff E, Lin F, Hulley SB, Marcus GM. Statin use is

associated with lower risk of atrial fibrillation in women with coronary disease:

the HERS trial. Heart 2009; 95: 704-8.  

[143]  Davidson MH, Maki KC, Dicklin MR, Feinstein SB, Witchger M, Bell M,

McGuire DK, Provost JC, Liker H, Aviram M. Effects of consumption of

pomegranate juice on carotid intima-media thickness in men and women at

moderate risk for coronary heart disease. Am J Cardiol 2009; 104: 936-42.

[144]  Slevin M, Ahmed N, Wang Q, McDowell G, Badimon L. Unique vascular

protective properties of natural products: supplements or future main-line drugs

with significant anti-atherosclerotic potential? Vasc Cell 2012; 4: 9. 





Buy your books fast and straightforward online - at one of world’s 

fastest growing online book stores! Environmentally sound due to 

Print-on-Demand technologies.

Buy your books online at

www.get-morebooks.com

Kaufen Sie Ihre Bücher schnell und unkompliziert online – auf einer 

der am schnellsten wachsenden Buchhandelsplattformen weltweit!

Dank Print-On-Demand umwelt- und ressourcenschonend produzi-

ert.

Bücher schneller online kaufen

www.morebooks.de
VDM Verlagsservicegesellschaft mbH

Heinrich-Böcking-Str. 6-8 Telefon: +49 681 3720 174 info@vdm-vsg.de
D - 66121 Saarbrücken Telefax: +49 681 3720 1749 www.vdm-vsg.de




