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ABSTRACT

The integrity of blood vessels is critical to vascular homeostasis, whose disruption is involved in
atherosclerosis (AS), causing stroke and myocardial infarction. Therefore, detecting early AS is
essential to avoid severe complications. An arteriograph is the best device for detecting early AS by
measuring the rigidity of the blood vessels. To date, there are no safe and effective treatments to clean
the blood vessels from lipid accumulation and calcium deposition, which are involved in the onset of AS.
For this purpose, we have developed a 4-weeks non-pharmacological protocol, consisting of intravenous
laser blood irradiation, injections of glutathione and carnosine, and oral supplementation with
phosphatidylcholine, aimed at patients with risk factors for early AS. We observed a significant
amelioration of lipids parameters and PWVao, an indicator of the existence of asymptomatic AS,
confirming the efficacy of our protocol. Besides, all other health issues must be improved.

INTRODUCTION

The integrity of blood vessels is critical to vascular homeostasis, contributing to maintaining a non-
thrombogenic environment. Endothelial dysfunction and a consequent loss of vascular integrity can contribute
to atherogenesis by initiating the atherosclerotic process, whose complications are the leading cause of
disability and mortality in Western countries (36). Atherosclerosis (AS) is a chronic inflammatory disease of
the vascular wall of large and medium-sized arteries (27), leading to the formation of plaques characterized
by a lipid-rich core surrounded by a fibrous cap, in which extracellular matrix (ECM) proteins are secreted
(15). It is increasingly recognized that lipids, especially low-density lipoproteins (LDL) and cholesterol, and
inflammation are two predominant mechanisms of AS (28), contributing to endothelial dysfunction. This
activated endothelium leads to the over-production of reactive oxygen species (ROS) and to the decrease of
nitric oxide (NO), which is essential for vascular homeostasis maintenance (14, 17). In addition, calcium
deposition in neointimal lesions can occur and is associated with adverse cardiovascular events (33).

There are several risk factors involved in the development and progression of AS, including age, genetic, and
environmental factors, i.e., hypercholesterolemia, high levels of LDL, low levels of high-density lipoproteins
(HDL), diet, alcohol, smoking, diabetes, hypertension and an inactive lifestyle (3, 34, 36). Notably, it has been
demonstrated that early lesions may regress if the LDL-cholesterol and other pro-atherogenic factors decrease
or rapidly grow in hypercholesterolemia (21). In this context, early detection of atherosclerotic plaques is
crucial to prevent complications.

The best tool for detecting arterial stiffness, which is directly associated with the increased risk for a
cardiovascular event, is the Arteriograph (manufactured by TensioMed) (4). This medical device measures
arterial function parameters, such as the aortic pulse wave velocity (PWVao), the central systolic blood
pressure (SBP), and the augmentation index (Alx), allowing clinicians to identify those subjects with vascular
damage before a stroke or myocardial infarction occurs.

Thus, early treatment in asymptomatic patients with high-risk coronary artery lesions can prevent the possible
occurrence of lethal complications. Among non-pharmacological treatment strategies, intravascular laser
irradiation of blood (ILIB), as an adjuvant therapy in the treatment of cardiovascular and peripheral ischemic
vascular diseases, has been shown to have anti-inflammatory effects in addition to stimulating the NO
production, which acts as a therapeutic agent to promote endothelial repair in the plaque site (31, 39). In
addition, given that ROS are among the factors contributing to AS, antioxidant systems appear to be another
promising therapeutic strategy; among them, glutathione (GSH) is one of the most significant cellular
antioxidant defensive system members. It is essential for eliminating excess ROS and protecting the
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myocardium in the presence of pathological cardiovascular factors (22, 30). Another natural antioxidant and
free-radical scavenger is carnosine (10), which has been shown to have not only anti-inflammatory but also
neuroprotective properties (5, 41) and heavy metal chelating activity (40). Interestingly, along with GSH,
carnosine reduces lipid peroxidation (16, 24). Besides antioxidant systems, several animal trials have shown
the role of dietary phosphatidylcholine (PC) supplementation in reducing plasma cholesterol levels and
enhancing immune development (13, 26, 35). The atheroprotective effect of PC administration is due to
decreased serum levels of LDL, triglyceride, cholesterol, and APOB (1, 37).

Of note, it is very important to detect early AS, which affects even young men (25). While color-Doppler
ultrasound of the carotid arteries can’t measure the rigidity of the blood vessels, an Arteriograph can measure
the rigidity of the blood vessels, detecting early AS and thus determining the risk of stroke and heart attack.

Given the above considerations, we have developed a special protocol (see materials and methods) for
patients with risk factors for early AS. The main goal was to evaluate the efficacy of our 4-week treatment by
assessing lipid blood parameters and using an arcograph.

MATERIALS AND METHODS

Study population

We evaluated 19 men aged 40 to 50 years old with the following cardiovascular risk factors: 1) LDL
cholesterol > 130 mg/dl, 2) current smokers (since at least 1 year), and 3) overweight, defined for a body mass
index [BMI] > 25 kg/m? according to the WHO classification, derived from weight and height.

Measurements

All patients underwent a lipid profile blood assessment (total cholesterol, high-density lipoprotein [HDL]
cholesterol, low-density lipoprotein [LDL] cholesterol, and triglycerides) at baseline and after 4 weeks from
the application of the protocol (see below). After an overnight fast, blood samples were collected in the
morning to determine lipids by automated enzymatic colorimetric method).

In addition, all patients underwent the evaluation of PWVao with Arteriograph at baseline and after 4 weeks
from the application of the protocol (see below). An arteriograph is the gold standard for measuring PWVao,
a parameter that can indicate the existence of asymptomatic atherosclerosis (https://tensiomed.com/). An
arteriograph is equipped with an inflatable cuff placed on the patient’s upper arm and inflated 45 mmHg above
the individual’s SBP. A pressure sensor detects pressure variations, transferring the signal to a computer. The
PWVao acquirement is based on generating two systolic peaks: the first peak results from the systolic volume
ejection in the aorta, whereas the second and lower peak is given by wave pressure reflection from peripheral
arteries. Considering that return time (RT) is the difference between the first peak and the second reflected
systolic peak, PWVao is calculated as the “distance measured from jugular to symphysis” / (RT/2) (32). The
characteristics of the aortic wall determine the PWVao. The stiffer the aortic wall, the faster the PWVao is.
PWVao is an independent predictor of coronary heart disease and stroke in asymptomatic, apparently healthy
subjects, and it is a strong indicator of cardiovascular risk and is used increasingly in clinical practice.
Moreover, it is also related to the sub-clinical coronary atherosclerosis independently from conventional risk
factors, including blood pressure indices. PWVao is considered normal under 9 m/s (32).

Protocol set up

Below are step-by-step treatments that characterize our 4-week designed protocol.
- Intravenous laser blood irradiation (ILIB): The ILIB procedure was performed in the treatment room. A
puncture of the cubital vein with the help of a disposable needle with a light pipe inside was made. After this,
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with the help of a special adapter, a light was attached to the laser light source — a device for intravenous blood
irradiation. After the procedure, a needle with a light pipe was removed from the vein and is being recycled.
This procedure lasted about 20-30 minutes. After the procedure, a patient rested comfortably for less than 30
minutes. Two treatment sessions were conducted twice a week for 8 sessions.

- Glutathione injections: directly injected into the muscles, efficiently bypassing the digestive system and
ensuring that patients get benefits much faster and in higher concentrations. Multiple doses at 1400 mg each
were split thrice weekly for 12 injections.

- Carnosine injections consist of intravenous administration of L-carnosine at a dosage of 1.2 g/day for 4
weeks.

- Oral PC supplementation: A daily PC supplementation (2400 mg) was provided to all patients for 4 weeks.

Statistics

To summarize patients’ clinical characteristics, we used descriptive statistics. Continuous data were
expressed as mean + standard deviation (SD) when normally distributed or as medians (quartiles) for non-
normal distribution. The paired two-sided Student’s t-test was used to compare lipids levels and PWVao before
and after 4 weeks of protocol application. Statistical analysis was performed with SPSS (SPSS, Inc., Chicago,
IL, USA) for Windows 27. A p-value < 0.05 was considered significant.

RESULTS

The 19 patients studied showed a mean age of 45.4 &+ 3.6 years. The mean BMI of the patients studied was
28.2 + 3.6 kg/m*. The mean duration of the smoking habit was 14.2 + 4.6 years, and the mean number of
cigarettes per day was 10 + 5.

At baseline, the mean levels of blood lipids were: total cholesterol 220 + 12 mg/dl, HDL cholesterol 38 + 8
mg/dl, LDL cholesterol 150 + 6 mg/dl, and triglycerides 160 [140 — 200] mg/dl. The mean PWVao revealed
by the Arteriograph was 11 £+ 3 m/s.

After 4 weeks from the application of the protocol, a significant amelioration of the lipids parameters and
PWVao was observed. In particular, total cholesterol was 190 + 14 mg/dl, HDL cholesterol 42 + 7 mg/dl, LDL
cholesterol 118 &+ 10 mg/dl, and triglycerides 142 [130 — 180] mg/dl, while the mean PWVao revealed by the
Arteriograph was 8 + 3 m/s. A significant difference (p < 0.05) was observed comparing the values of all the
abovementioned parameters evaluated after 4 weeks of protocol with those assessed at baseline.

DISCUSSION

The endothelium plays a crucial role in the regulation of vascular homeostasis. Structural alterations of the
vascular wall of medium and large arteries lead to the formation of atherosclerotic plaques (9), the
pathophysiological drivers of clinical atherosclerotic cardiovascular disease, a persistently leading cause of
death worldwide (36). AS is a slow but progressive process triggered by the accumulation of LDL-cholesterol
in the intima of arterial vessels, acting as a chronic stimulator of the innate and adaptive immune response (6).
However, a “multiple-hit” hypothesis has been recently proposed for the development of AS, in which multiple
mechanisms, including an aberrant lipid profile, inflammation, vascular injury, oxidative stress, hemodynamic
forces, epigenetics, and others, interact with each other leading to pro-atherogenic signaling (42).

Over the past three decades, a substantial reduction in cardiovascular mortality has been achieved mainly
through LDL-cholesterol-lowering regimes and therapies targeting other traditional risk factors for
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cardiovascular disease, such as hypertension, smoking, diabetes mellitus, and obesity (15). However, a
substantial global burden of cardiovascular disease still remains, and early, non-invasive, and effective
treatments aimed at high-risk patients are needed.

In this study, we have developed a 4-week protocol for selected patients with risk factors for early AS (n=19)
consisting of multiple non-pharmacological interventions, including ILIB, glutathione and carnosine
injections, and oral PC supplementation. Among the several anti-atherosclerotic properties of ILIB, improving
endothelial function via increasing NO bioavailability is the most interesting (11). NO is a well-known
mediator acting as a vasodilator and antithrombotic factor, and its deficiency is a hallmark of endothelial
dysfunction (2, 19). Thus, enhancing the NO release from the endothelium by ILIB stimulation can reverse
the atherosclerotic process. Glutathione and carnosine are two critical antioxidant systems. Glutathione, on the
one hand, improves vascular integrity by lowering oxidative stress and defending cells from free radicals,
which are involved in the atherogenic process (30). On the other side, the positive biological effects of
carnosine are also explained by its ability to form complexes with bivalent metals (8), whose ions take an
active part in many metabolic processes and can activate free-radical reactions. Hence, they have an essential
role as significant antioxidants. Finally, several studies have suggested that PC supplementation can help in
improving blood lipid profile (12, 18), and a high dose of PC supplementation (2400 mg) can significantly
decrease triglyceride levels and may help reduce LDL-cholesterol levels (23). Notably, none of these
treatments showed side effects (16, 24, 23, 30, 39), leading us to consider their use in a standardized clinical
protocol.

Four weeks after the application of the protocol, a significant amelioration of the lipids parameters, including
total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides, was observed, indicating an
improvement in the management of dyslipidemia, which is the leading risk factor for AS. In addition, a
significant decrease in PWVao was also observed, confirming the benefits of the applied non-pharmacological
treatments on aortic walls. The vasoprotective effects of this treatment include the recovery of vascular
homeostasis. This is probably due to the generation of NO, the maintenance of normal vascular tone, the
reduction of oxidative stress, and the inhibition of pro-inflammatory responses (20).

Thus, our approach of a multiple non-pharmacological protocol aiming at recuperating vascular homeostasis
holds promise for anti-AS therapies. However, besides this therapeutic strategy, all patients must implement
lifestyle modifications, including exercise, healthy habitual eating, and smoking cessation, which are known
to maintain vascular homeostasis and prevent atherosclerotic cardiovascular diseases (7, 29).

Further studies with a larger sample size are needed to confirm the efficacy of our therapeutic strategy in
patients with risk factors for early AS.
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