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Introduction
Metabolic diseases such as hypertension, obesity, type-2 

diabetes contribute significantly to the global burden of vascular 
disease related mortality and morbidity. In the past three decades, 
these metabolic diseases have reached epidemic proportions 
worldwide [1-17]. No country had reduced or reversed the increase 
in the incidence of these metabolic diseases. However, it is to be 
noted that there is considerable decline in the premature mortality 
due to Cardiovascular Disease (CVD) in industrialized countries 
[8-11]. This observed decline seems to be due to a healthy lifestyle 
and better management of modifiable risk factors [8]. According to 
the experts, a constellation of metabolic abnormalities including 
centrally distributes obesity (Asian phenotype), decreased levels 
of High-Density Lipoproteins (HDL-C), elevated triglycerides, 
elevated Blood Pressure (BP), and hyperglycemia is known as 
metabolic syndrome [7]. This syndrome seems to be the driver for 
the modern-day epidemics of diabetes and CVD and has become 
a great public health challenge worldwide. Once the metabolic 
risk has become well characterized into one or more clusters of 
known risk factors, then we are left with no choice, but to manage  

 
the modifiable risks effectively, to prevent premature mortality 
and comorbidities associated with the progression of multiple 
risk factors. In view of this observation, we feel that the need of 
the hour is, to concentrate on the early diagnosis of metabolic 
alterations and develop appropriate novel interventions, to 
prevent the progress of these altered metabolic states.

We have articulated in many of our recent articles that the 
earliest altered metabolic risk that can be diagnosed and managed 
very well is the intrauterine alterations in the development of 
fetus. Having said that, we need to explain this phenomenon better 
as we have encountered some concerns form experts who are not 
familiar with this condition. In Asian countries including India and 
China with large population, even to this day 30% of the children 
born are of low birth-weight [18]. These low birth weight children 
are “at risk” for developing metabolic disease during their middle 
age. Based on the epidemiological studies in the UK and India, 
David Barker, a British Epidemiologist proposed a hypothesis, that 
intrauterine growth retardation, low birth weight, and premature 
birth have a relationship to the origins of hypertensions coronary 
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artery disease, and noninsulin-dependent diabetes in the middle 
age [19]. According to researchers, the fact that intrauterine 
growth retardation may predispose the nutrition-related chronic 
disease has serious implications for developing countries, as it 
may add to the burden of existing obesity and diabetes epidemic, 
as diets and lifestyles in these countries are in themselves 
“atherogenic [20].” Researchers from Harvard School of Public 
Health have reported results of a meta-analysis, on the benefits 
of multiple micronutrient supplementation to improve maternal 
and infant health [21]. 

The next phase in the diagnosis of “at risk” subjects is infants 
under two years age. A new study from a collaborative group 
from Colorado School of Public Health, Norwegian School of 
public health, University of Oslo, and University of San Diego have 
reported that gut microbiota from early life to two years shows 
an increasingly strong association with childhood BMI. This study 
for the first time provides evidence that the gut microbiome at 2 
years of age may offer useful information to help to identify youth 
who are at risk for obesity, which could facilitate more targeted 
early prevention efforts [22]. These researchers also found that 
maternal overweight/obesity may influence some of the specific 
gut microbiota taxa that are associated with later BMI. It is of 
great importance to find out as to what kind of gene expression 
or molecular signalizing is involved in the reprogramming of the 
infant’s metabolism to predispose them to overweight and obesity 
in their later life. Childhood obesity is a global public health 
problem. Many genetic, epigenetic, behavioral, dietary, physical 
activity or the lack of it, play a role in the progress of this altered 
metabolic state [23]. Being underweight, overweight, or obese 
during childhood and adolescence is associated with adverse 
health consequences throughout the life of the individuals. 
Furthermore, being overweight in childhood and adolescence is 
associated with greater risk and earlier onset of chronic disorders 
such as type-2 diabetes.

Japanese workers presented their findings in the recent 
meetings at Berlin, Germany suggesting that measuring just 
three risk factors, - increase in fasting glucose, insulin sensitivity 
and could predict the probability of developing prediabetes 10-
year before it occurs. Since it takes another ten years to develop 
diabetes, it is possible to diagnose these early biomarkers for 
diabetes 20 years ahead of its occurrence. In addition, studies have 
demonstrated that presence of Plasma Free Amino Acids (PFAA) 
also, is a strong predictor of future diabetes development [24-27]. 
To add to this complexity, it has been shown that gut microbiome 
can influence modulate the amino acid metabolism and induce 
increased of PFAA and short chain fatty acids, suggesting that there 
are alternate signaling pathways, that influence the metabolism of 
the host and are capable of reprograming the amino acid and fatty 
acid metabolism. Since some of the studies have demonstrated 
that the PFAA profile can also detect the development of insulin 
resistance, there exists signaling pathways, that can modulate both 
carbohydrate and amino acid metabolism. Japanese researchers 
have demonstrated that PFAA profiles can predict the onset of 
CVD in patients with type-2 diabetes over a 10-year follow-up 

period [25]. These studies underscore the potential key role of 
amino acid metabolism early in the pathogenesis of diabetes. 

Excess weight, obesity and diabetes are usually accompanied 
by oxidative stress and low -grade inflammation [28,29]. 
Inflammation, endothelial dysfunction, and hypercoagulabity 
are correlated to each other, thus playing an important role in 
the development of vascular complications in diabetes patients. 
Development of these altered metabolic state could be monitored 
aby assaying the biomarkers such as VWF, IL-6, TNF-alpha, 
D-dimer and PAI-1 [28]. Any imbalance between the reactive 
oxygen species and antioxidants leads to the development of 
oxidative stress [29]. Free radicals are important for activating 
different signaling pathways in the cell, such as various kinases 
that alter gene expression as well as coordination with superoxide 
dismutase. Kelly and associates studied the role of exercise in 
modulating the inflammation, insulin, and endothelial dysfunction 
in overweight children and adolescents [30]. In overweight 
children and adolescents, they found that C-reactive protein was 
independently associate with fasting insulin. Just eight weeks of 
aerobic exercises seem to improve fitness, HDL-cholesterol, and 
endothelial function in this group. 

A brief review of literature shows that altered molecular and 
cellular signaling pathways could alter metabolic state right at the 
intrauterine growth level, to infants, young children, adolescents 
and prediabetics. If we understand the mechanisms involved 
in these signaling pathways, then we can develop appropriate 
interventions to modulate the signaling pathways to prevent or 
reduce the metabolic risks that promote metabolic diseases and 
contribute to the premature mortality and comorbidities. In this 
mini review we will discuss, some signaling pathways as examples 
of early diagnosis, management of observed risks, and present 
over views on possible development of complementary therapies.

Discussion
The theme of this mini review was cellular and molecular 

signaling pathways and their role in modulating vascular 
function. We have used the word vascular dysfunction to denote 
both hypofunction and hyperfunction. We have articulated in 
our earlier articles that early diagnosis risk factors and effective 
management of observed risks will prevent premature mortality 
and comorbidities [31-36]. Several studies from India, China and 
the UK have reported that intrauterine growth disturbances and 
resulting low-weight at birth predisposes children to various 
metabolic diseases at their middle age [18]. Based on these early 
studies Dr. David Barker, the British epidemiologist developed 
his hypothesis, that intrauterine growth retardation, low-birth 
weight, and premature birth have a causal relationship to the 
origins of hypertension, coronary heart disease, and noninsulin-
dependent diabetes, in middle age. Fetal Origin of Adult Disease 
(FOAD) is associated with low-birth weight, a surrogate marker 
for poor fetal growth and nutrition, is linked to coronary artery 
disease, hypertension, obesity and insulin resistance [18-23]. 
Earlier studies on this problem focused heavily on the fetal 
programing of nutrition-related chronic diseases. Recent studies 
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are exploring other alternate molecular mechanisms, such as 
miRNA or microbiome mediated signaling pathways in the fetal 
programing for chronic adult metabolic studies [22,37]. 

Intrauterine Signaling Pathways
It is believed that adipocytes in obese individuals induce 

systemic inflammation via secreted cytokines, however, recent 
studies from the Children’s Hospital, Washington DC has 
explored another potential mediator which has been identified as 
adipocyte-derived exosomes rich in miRNA [37]. Based on these 
observations, a bilateral research project funded by the National 
Institutes of Health (NIH, USA) has been developed between the 
staff of Children’s Hospital, USA and Diabetes Clinic staff of KEM 
Hospital, Pune, India. In view of the earlier observations and 
the importance of the visceral adipose depot in obesity-related 
comorbidities, such as cardiovascular disease and metabolic 
syndrome, a comparative study has been initiated to look at the 
miRNA- mediated gene expression in obese vs lean individuals, and 
the influence of exosomes shed by obese pregnant women vs lean 
pregnant women on their off springs’ growth and development. 
Preliminary studies are encouraging, and further exploration 
of this pathways are important, as infant and childhood obesity 
may result in early and cumulative epigenetic changes leading to 
obesity-related metabolic diseases.

Oxidative Stress and Inflammation Pathways
Metabolic disorders by and large, lead to oxidative stress 

followed production of oxygen species (ROS) and injury of cellular 
and molecular pathways by the action of ROS. It also affects insulin 
sensitivity and activity through several interacting pathways. 
The ROS can also damage the B-cells the pancreas, resulting 
reduced production of insulin. Furthermore, these mechanisms 
could affect NF-kB nuclear factor-kB) and Protein Kinase C (PKC) 
pathways and interfere with insulin signaling pathways [38-41]. 
Inflammation seems to be the major initiator of many processes 
that leads to self-healing as well as pathogenesis of major 
metabolic diseases, including, atherosclerosis, obesity, metabolic 
syndrome, type-2 diabetes, ischemic heart disease and stroke. 
Inflammation seems to play a role even in acute events such as 
vulnerable plaque rupture, precipitation of some of the events 
associated with stroke, advance events in cancer and neuronal 
pathology. The inflammatory condition on the other hand, triggers 
the development of insulin resistance and diabetes through a 
complex pathway, consisting of several kinases and signaling 
pathways [41]. The adipocytes and immunocytes produce various 
proinflammatory cytokines including IL-6, TNF-alpha, that are 
involved in the pathogenesis of diabetes. 

The transcription factor Nrf2 (nuclear factor erythroid-
2-reoated factor-2, Nrf-2) for instance, a master regulator 
of detoxification, anti-oxidant, anti-inflammatory and other 
cytoprotective mechanisms, is raised by health promoting factors. 
This transcription factor activates the transcription of over 500 
genes (so called survival genes) in the human genome, most of 
which have cytoprotective functions. The most healthful diets 

such as Mediterranean and Okinawa are rich in Nrf2 raising 
nutrients. the levels of Nrf2 levels. Recent studies, however, have 
demonstrated that induction of Nrf2 and Ho-1 expression by 
Protandim (a mixture of five phytochemicals; Aashaadha, Indian 
Bacopa, Indian Green Tea, China Milk Thistle and China Turmeric) 
is associated with a reduction in oxidative stress and fibrosis, 
preservation of the RV microcirculation and RV function [8]. 
Studies by Joe M McCord and associates on the effect of Protandim 
on various pathways have shown, significant modulation by 
Protandim not only of pathways involving antioxidant enzymes, 
but also those related to Colon Cancer, Cardiovascular disease and 
Alzheimer’s disease [42,43]. On the other hand, Beijing University 
researchers have reported that an herbal product Berberine, can 
combat both oxidative stress as well as inflammation and thus 
ameliorate diabetes [41]. Although the researchers speculate that 
it works on Nff2 and AMP kinases, they acknowledge the need for 
additional studies to explain the molecular mechanisms involved 
in the beneficial effects of Berberine.

Endothelial Dysfunction Pathways
As mentioned in several of our recent articles, the early 

metabolic risks include, intrauterine disturbances, oxidative stress, 
low-grade chronic inflammation and endothelial dysfunction. 
One of the pioneer cardiologists, Professor Jay Cohn says, that 
there is no vascular disease if there is no endothelial dysfunction. 
Vascular endothelium is the major source of overprotective 
molecules such as adenosine, prostacyclin, prostaglandin E1, 
and Nitric Oxide (NO), -the most potent vasodilator [44]. When 
the balance between the vasoconstrictors and vasodilators are 
altered endothelial dysfunction occurs, causing damage to the 
arterial wall. Endothelial dysfunction is considered the earliest 
marker for atherosclerosis, preceding angiographic or ultrasonic 
evidence of atherosclerotic plaque. Studies from our laboratory at 
the University of Minnesota, demonstrated that in a drug-induced 
diabetes model the arachidonic acid metabolism is altered in 
favor of excess production of pro aggregatory prostaglandins 
(PG) PGG2 and PGH2 ad Thromboxane A2. The altered balance also 
shifted towards lowered production of vasodilatory prostacyclins. 
We were able to bring back the normal state of arachidonic acid 
metabolism aby the transplant of islet cells and modulating 
the glycemic state [45]. The maintenance of vascular tone 
seems to be accomplished by the release of various vasodilator 
and vasoconstrictor molecules. During oxidative stress and 
inflammation, endothelial cells undergo a phenotypic conversion, 
resulting in the activation of the endothelial cell, characterized by 
enhanced cell permeability, elevated leukocyte adhesion molecule 
expression, and reduced anti-thrombotic properties. Endothelial 
dysfunction results from a decrease in the bioavailability of 
nitric oxide, a crucial regulator of vascular tone [46]. Variety of 
stimuli, including shear stress, acetylcholine, bradykinin, insulin, 
and adiponectin activate endothelial cell NO synthase (eNOS) to 
convert L-arginine to citrulline, substrates for NO production. It I 
believed that effect of hyperglycemia on endothelial cells closely 
resemble that of inflammatory mediators. Although we did not 

http://dx.doi.org/10.19080/JOCCT.2018.12.555844


Journal of Cardiology & Cardiovascular Therapy

How to cite this article: Gundu HR Rao. Cellular Signaling Pathways and Vascular Dysfunctions. J Cardiol & Cardiovasc Ther. 2018; 12(4): 555844. 
DOI: 10.19080/JOCCT.2018.12.555844.004

measure No production in our drug-induced diabetes model, the 
imbalance that we observed for AA pathway also is paralleled 

by imbalance in No production, which is normalized by the 
restoration of normal glycemia (Figure 1).

Figure 1: Altered Prostaglandin and Prostacyclin generation in drug-induce diabetes.

A number of interventions have been shown to be effective 
in restoring endothelium-dependent vasodilation. These include 
lipid-lowering therapy (e.g., 3-hydroxy-3-methylglutaryl coenzyme 
A [HMG-CoA] reductase inhibitors [statins], cholestyramine, 
or LDL apheresis), angiotensin-converting enzyme inhibitors, 

antioxidants, reducing hyperglycaemia, diet, and exercise. The 
effectiveness of dietary L-arginine on endothelial dysfunction in 
humans is not fully established and further research is needed. In 
a preliminary study we were able to demonstrate.

Figure 2: Risk Factor profile of a patient with TM-Oxi system (LD-Technologies).
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The restoration of endothelial dysfunction in a patient 
by restoring normoglycemia and dietary supplement of 
L-arginine. Figure 2 shows the profile of a patient data before the 

recommendation of lifestyle changes and dietary supplementation 
of L-arginine. Note the cardiometabolic score color coded in red 
with a score of 15. Shown in the (Figure 3). Are values.

Figure 3: Risk Factor Profile of the patient post-treatment and Lifestyle changes. LD-technologies, Miami, Florida. (Courtesy: Dr. Gandhi, 
P and Dr. Maarek A).

Patient Profile : Interaction of Markers and 
treatment management 

(change in lifestyle, diet, metformin and antihypertensive drugs).

After 8 weeks of treatment, which included dietary changes, 
increased physical activity, metformin (500mg two tablets 
twice daily) and L-arginine tablets twice daily). Note the 
drastic reduction in the CMR score post treatment (CMR score 
is a composite of several risk monitored: vascular risk factors, 
autonomous nervous system tests, and hemodynamic tests).

Conclusion
The ability of cells, tissues and organs, to perceive and to respond 

to alterations in the microenvironment is the primary basis of 
physiology and function of these systems and the basis for the cell, 
tissue and organ repair, immunity and homeostasis. Alterations 
or errors in signaling process and information processing are 
responsible for the development of metabolic risks. In this mini 
review, we have tried briefly to discuss altered metabolism 
during intrauterine growth, oxidative stress, low grade chronic 
inflammation, fatty acid metabolism, and endothelial dysfunction 
as they relate to the development of metabolic diseases. Several 
major clinical trials have demonstrated the beneficial effect of a 
healthy diet and life style on the observed decline in CVD-related 
premature mortality and associated comorbidities. However, 

when an obese or diabetic patient walk into a clinic, the choice 
of treatments is limited. In majority of clinics, the first line of 
treatment protocol would be to treat observed hypertension, lipid 
abnormalities and hyperglycemia. The main goals would be to 
normalize the blood pressure, blood lipids and blood glucose. We 
have shown that in experimental studies with short-term goals, 
one can achieve normalization. However, the big question seems 
to be what does this mean to the various pathological changes that 
have already occurred? In view of the fact that there are no easy 
ways to measure associated clinical complications, clinicians have 
limited their treatment protocols to manage observed risk factors 
and assure the patients that everything is OK.

With the use of emerging technologies, it is possible to monitor 
a variety of metabolic risks, develop complimentary therapies 
to observed risks (oxidative stress, inflammation, endothelial 
dysfunction etc.), and follow the effect of such therapies, to find out 
the outcome of such approaches. In our next article in this journal, 
we will elaborate on this topic, and discuss the effectiveness 
or otherwise of management of diabetes and cardiometabolic 
diseases, using a novel integrated diagnostic platform.
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