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From the Publisher’s Desk

Welcome to Biotechnology Kiosk!

We present the December, 2020 issue of BK, 

which is now online for our readers with the 

regular features.  

This issue contains a cutting-edge 

review on boosting NAD+ levels to modulate 

aging and age-related diseases. In addition, 

this issue contains the regular editor’s picks 

on some exciting developments in our 

understanding of early COVID patients and 

the associated silent hypoxia and poor 

oxygenation and also latest is novel 

biomarkers to detect and intervene in incident 

heart failure. We hope our readers will enjoy 

reading these news and views on the current 

topics that include latest research 

breakthroughs in different areas of medicine 

and biotechnology. We look forward to 

receiving your feedback. We do hope that 

you will enjoy reading this issue of 

Biotechnology Kiosk. Please do write to us 

with your comments. Your suggestions are 

always appreciated.  

Dr. Megha Agrawal & Dr. Shyamasri 

Biswas.  

Co Editors-in-Chief, Biotechnology Kiosk
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The Role of NAD+ in Rejuvenating Human Body 

Dr. Shyamasri Biswas* 

Chief Editor 

Biotechnology Kiosk, USA 

1330 NW 6th Street, Suite A2, Gainesville, FL 32601, USA 

 

     Abstract 

Nicotinamide adenine dinucleotide (NAD+) is a coenzyme and considered an essential cofactor 

in cellular bioenergetics and adaptive stress responses. It is present in all living cells and governs 

fundamental biological processes including energy production, DNA repair, gene expression, 

calcium-dependent secondary messenger signaling and also in immune-regulatory roles. NAD+ 

depletion has been a subject of intense research due to the reason that it is associated with 

hallmarks of aging and age-related diseases, such as metabolic disorders, cancer and 

neurodegenerative diseases. Recent studies have suggested that physiological and 

pharmacological interventions that elevate cellular NAD+ levels may slow or even reverse the 

aspects of aging and also delay the progression of age-related diseases. In this min-review, we 

have described the roles of NAD+ in relationships to aging and major age-related diseases. The 

emphasis is on the contribution of NAD+ depletion to aging along with strategies to modulate 

NAD+ metabolism through physiological and pharmacological pathways. Recent human clinical 

studies on NAD+ boosting are summarized. We have specifically addressed how boosting NAD+ 

levels could potentially play an important role as a promising therapeutic strategy to counter 

aging-associated pathologies and accelerated aging. Finally, a brief perspective on the future 

research direction is presented. 
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Introduction 

NAD+ is recognized as an important 

coenzyme and cofactor in all living cells that 

are involved in fundamental biological 

processes including metabolism, cell 

signaling, gene expression, DNA repair, 

among others [1]. In earlier studies, 

researchers identified important role of NAD+ 

as a nucleoside sugar phosphate in redox 

reactions [2]. Recent studies have shown 

evidence of numerous roles of NAD+ 

metabolism on aging and longevity. Much 

focus has been placed on the age-related 

decline in NAD+ levels. This decline has 

consistently been reported as a possible 

consequence of an imbalance in the 

synthesis and consumption of NAD+ [3]. 

Further, decreased levels of NAD+ are 

considered to be associated with the 

hallmarks of aging and also several age-

related diseases [1]. To overcome this 

adverse effect on aging, researchers have 

demonstrated a viable strategy of 

replenishment of NAD+ levels by 

administering its precursors. This route has 

been shown to produce beneficial effects 

against aging and age-related diseases. To 

this end, several studies based on various 

laboratory animal models have shown the 

possibility of extending lifespan of worms, 

flies, and rodents by boosting NAD+ levels [4-

6]. 

With respect to the synthesis of NAD+, 

it is synthesized in mammals from a variety of 

dietary sources that include NAD+ itself, 

where it is metabolized in the gut and 

subsequently synthesized again in cells. In 

addition, NAD+ synthesis includes one or 

more of its major precursors that involve 

tryptophan (Trp), nicotinic acid (NA), 

nicotinamide riboside (NR), nicotinamide 

mononucleotide (NMN), and nicotinamide 

(NAM) [1]. In general, researchers have 

suggested three pathways for the synthesis 

of NAD+ in cells based upon the 

bioavailability of its precursors. These 

pathways are (i) from Trp by the de-novo 

biosynthesis pathway or kynurenine pathway 

(ii) from NA in the Preiss–Handler pathway 

and (iii) from NAM, NR, and NMN in the 

salvage pathway [1, 2, 7].   

The role of NAD+ as a cofactor in 

various biological processes is vital [1]. This 

includes its role in the mitochondria, 

cytoplasm, and nucleus that drives many 

cellular metabolism pathways involving 

important processes such as glycolysis, fatty 

acid β-oxidation, and the tricarboxylic acid 

cycle. The reduced form of NAD+ is known 

as NADH, which is a primary hybrid donor 

that is used in the production of ATP via 

anaerobic glycolysis and mitochondrial 

oxidative phosphorylation (OXPHOS) [1, 8]. 

Further, it has been shown that NAD+ gets 

consumed by the NAD+-dependent sirtuins 

and poly (ADP-ribose) polymerases (PARPs) 

in the processes of protein deacetylation and 

poly-ADP-ribosylation (PARylation). Studies 

have suggested the influencing role of NAD+ 

on the activity of the sirtuins, which belong to 

a family of NAD+‐dependent deacylases that 

are implicated in the regulation of metabolism 

and mitochondrial function [9-11]. In addition 

to sirtuins, some other enzymes including 

poly ADP‐ribose polymerase (PARP) protein 

family and the cyclic ADP‐ribose (cADPR) 

synthases, such as CD38 and CD157 have 
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been studied that have shown these 

enzymes or proteins to require NAD+ as a co-

substrate to perform their function. The 

important observation of the dependence of 

these important metabolic enzymes including 

sirtuins on NAD+ levels pave the way to 

develop new therapeutic strategies that allow 

modulating their activity to achieve health 

benefits. This has resulted in a rapid growth 

of research interests in NAD+ metabolism to 

control and regulate aging and age-related 

diseases [1, 6].  

 Research evidence that has 

accumulated so far has clearly demonstrated 

the importance of an age-dependent decline 

in NAD+ levels along with an expanded role 

of NAD+ that includes from being a key 

element in intermediate metabolism to a 

critical regulator of multiple cell signaling 

pathways for beneficial therapeutic actions 

[12-14]. Especially, a significant body of 

research has focused on exploring the 

therapeutic potential of NAD+ boosting 

techniques to activate the sirtuins in a large 

spectrum of preclinical disease models. 

These models have been chosen to mimic 

rare genetic disorders, such as the Cockayne 

syndrome, as well as pandemic‐like 

contemporary diseases including obesity or 

non‐alcoholic fatty liver disease [15].  

Here, we summarize the contribution 

of NAD+ depletion to aging and age-related 

diseases. We also describe potential 

therapeutic strategy based on boosting 

endogenous NAD+ levels that might be 

useful to counter aging-associated 

pathologies and/or accelerated aging.  

 

Age-Dependent Decline in NAD+ Levels:  

Adverse Effects on Health  

Studies have suggested that a decline in 

NAD+ during aging can have adverse effects 

on health. A decline in the NAD+ levels is 

believed to be a major cause of disease and 

disability in humans. The ongoing research 

has indicated that the decline in NAD+ could 

potentially bring hearing and vision loss, and 

also cognitive and motor dysfunction. This 

also includes immune deficiencies, 

autoimmunity, and dysregulation of the 

inflammatory response that leads to arthritis, 

metabolic dysfunction, and cardiovascular 

disease (Figure 1) [1, 16].  

Total NAD+ levels were earlier thought 

to be highly stable. However, this previous 

theory of stable NAD+ levels is contradicted 

by the recent studies that show a steady 

decline in total NAD+ levels over time, which 

is considered to be a natural part of life for all 

species ranging from yeast to humans. There 

is considerable evidence that one of the 

major reasons of aging in organisms 

including humans is the decline in NAD+ 

levels as well as decreased activity of NAD+ 

signaling proteins [17-22].   

 As we discussed in the beginning, 

NAD+ can directly and indirectly influence 

many key cellular functions, including 

metabolic pathways, DNA repair, chromatin 

remodeling, cellular senescence and immune 

cell function. These cellular processes and 

functions are critical for maintaining tissue 

and metabolic homeostasis and for healthy 

ageing. Past and recent studies have 

repeatedly shown a gradual decline in tissue 

and cellular NAD+ levels in multiple model 

organisms that include rodents and humans. 
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This decline in NAD+ levels has been linked 

with number of age-related diseases, such as 

cognitive decline, cancer, metabolic disease, 

sarcopenia, and frailty [23]. Many studies 

have suggested the possibility of slowing 

down and even reversing of many of these 

ageing-associated diseases by restoring 

NAD+ levels. Therefore, a top current 

research focus is to explore targeting NAD+ 

metabolism as a potential therapeutic 

approach. This is aimed at developing 

strategies for ameliorating age-related 

disease that could be leveraged to extend the 

healthy lifespan. Ongoing studies are 

directed to understand primarily the influence 

of NAD+ on human health and ageing 

biology. It is believed that a better 

understanding of the molecular mechanisms 

that regulate NAD+ levels could lead to a 

therapeutic pathway to effectively restore 

NAD+ levels during ageing. In addition, the 

focus is also on the issues related to the 

safety and the beneficial effects of the use of 

NAD+ repletion in ageing humans [23].  

Figure 1:  A schematic representation of NAD+ decline that is considered at the core of ten 

hallmarks of aging (DNA damage, epigenetic alteration, deregulated nutrient-sensing, loss of 

proteostasis, altered cellular communication, cellular senescence, stem cell exhaustion, 

mitochondrial dysfunction, compromised autophagy, and possibly telomere attrition [Source:  

Translational Medicine of Aging (2018)].  



 

Biotechnology Kiosk, 2, 12 (2020)                                  ISSN 2689-0852                              Page 9 
 

Modulation of NAD+ Metabolism:  

Physiological and Pharmacological 

Strategies  

Research advances made so far in NAD+ 

metabolism and aging have indicated that 

physiological and pharmacological strategies 

and therapeutics that target on human aging 

could ultimately lead to the desired healthy 

aging and the improvement of the quality of 

life. The growing body of research evidence 

suggests that NAD+ boosters can potentially 

have profound effects on the health and 

survival of mammals by raising NAD+ level. 

Therefore, inhibiting the age-related decline 

in NAD+ levels is considered to be critical for 

slowing or reversing age- or disease-related 

frailties [16, 24].  

Figure 2 summarizes possible 

physiological and pharmacological ways that 

could be employed for the beneficial effects 

of NAD+ for improving the quality of life. This 

could be achieved by blocking or delaying 

numerous pathological hallmarks of aging 

that could lead to delaying age-related 

diseases [16]. With respect to exploring 

physiological strategies, it has been 

suggested that exercise, fasting, and 

maintaining a healthy diet could boost NAD+ 

levels (Figure 2) [1, 16]. The strategies 

related to the pharmacologically boosting of 

NAD+ involve supplementation of its 

precursors, NR and NMN, and also inhibition 

of its consumers by use of CD38 and PARPs 

inhibitors. Several health benefits have been 

suggested that could potentially result from 

increases in NAD+ by following the 

physiological and pharmacological 

strategies. It is believed that it could promote 

cognitive and sensory function, 

gluconeogenesis in liver, lipogenesis in 

adipose tissue, insulin secretion in pancreas, 

and insulin sensitivity in muscle [16]. 

Some recent studies have shown the 

potentials of NAD+ in protecting against 

cardio- and cerebrovascular disease. NAD+ 

can regulate immune function and 

inflammation and protect against acute injury 

in kidney. By activation of sirtuins, it can also 

promote and extends fertility in both males 

and females, ostensibly (Figure 2) [10, 16]. 

Further, preclinical evidence of NAD+ 

replenishment has suggested that it could 

potentially delay and/or prevent metabolic 

conditions, hearing loss, muscle atrophy, and 

cognitive decline. In addition, NAD+ 

precursors, especially NR has been shown to 

be safely administrated and also able to 

demonstrate improvement of cardiovascular 

functions in human. These results imply that 

a possible translational aspect of preclinical 

benefits of NAD+ supplementation could be a 

promising avenue to test the impact of 

elevated NAD+ biosynthesis in aging and 

age-associated diseases in human [15, 24].  

 With respect to the ways to increasing 

NAD+ levels, researchers have shown that 

the levels can be increased either by 

promoting its synthesis or by enhancing the 

enzymes that are involved in NAD+ 

biosynthesis or administration of NAD+ 

precursor molecules. This can also be 

achieved by limiting its consumption. It has 

been shown that supplementation with NA, 

NAM, NR, NMN, or tryptophan can increase 

NAD+ content [5]. Other routes have been 

shown that include overexpressing or 

activating enzymes catalyzing the rate 

limiting steps of NAD+ biosynthesis to boost 

NAD+ levels [25-29]. 
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Figure 2:  A schematic presentation of the physiological and pharmacological potential beneficial 

effects of NAD+-boosting molecules to protect against various age-related diseases [Source:  

Cell Metabolism (2018)].  

With respect to pharmacological or genetic 

inhibition of non‐sirtuin NAD+ consumers, 

such as PARP‐1 or CD38, it has been shown 

that such inhibition can help to preserve 

NAD+ levels for sirtuin activation. This is 

especially true in situations when non‐sirtuin 

NAD+ consumers are over activated. This 

can be understood from a typical DNA 

damage, which can cause a dramatic decline 

in NAD+ intracellular levels. This is due to 

PARP activation and overexpression of 

CD38 in cells that has been shown to result 

in a ~35% decrease in NAD+ levels. 

However, in sharp contrast, 

Cd38−/− and PARP‐1−/− in mice have been 

shown to increase NAD+ content in different 

organs [30-35].  

 In obesity and type 2 diabetes, 

researchers reported an increased level of 

nicotinamide methyl transferase (NNMT) 

expression. NNMT is known as the enzyme, 

which catalyzes the transformation of NAM 

into methylnicotinamide (MNA). NNMT has 
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been shown to be highly expressed in liver 

and adipose tissue. Researchers have 

studied the possibility of inhibiting NNMT in 

these tissues to increase NAD+ content due 

to the fact that NAM would not be degraded 

but exclusively reconverted into NAD+. To 

this end, it was shown that the knockdown 

of NNMT resulted in increased NAD+ levels 

in adipose tissue. However, that was not 

found in the liver [15, 36, 37]. We will describe 

some of these therapeutic targets in the 

following section.  

Therapeutic Approaches:  Inhibition of 

NAD+ Degradation 

Several studies have suggested that 
NAD+ levels can be boosted by direct 
activation of NAD+ biosynthetic enzymes. 
Especially, those enzymes are considerable 
favorable that catalyze the rate-limiting steps 
of de novo synthesis and salvage pathways. 
For example, researchers have shown that 
the NAM salvage pathway is the predominant 
route in mammalian NAD+ biosynthesis. It 
has been shown in this process that NAMPT 
is the rate-limiting enzyme in the conversion 
of NAM to NAD+ [38]. While, NAMPT activity 
can be sustained under normal conditions to 
maintain NAD+ homeostasis, it has been 
observed that its activity declines with age 
occurs and especially it gets exacerbated 
by acute lung injury, atherosclerosis, cancer, 
diabetes, rheumatoid arthritis, and sepsis. 
Researchers have shown an attractive 
therapeutic approach based on increasing 
systemic NAD+ biosynthesis with small 
chemical NAMPT activators.  To this end, 
researchers identified several NAMPT-
activating compounds by using a fluorometric 
NAMPT activity assay [39]. With respect to 
a neuroprotective agent, P7C3, some studies 
have suggested that it may be a relatively 
weak NAMPT activator in-vitro.  Overall, 
NMNATs have been suggested as attractive 

therapeutic targets for raising NAD+ in cells. 
The fact is that they offer dual substrate 
specificity for NMN and nicotinic acid 
mononucleotide (NaMN) along with their 
ability to contribute to both de novo and 
salvage pathways make them promising 
targets [16].  

A number of animal studies have 

suggsted that by inhibiting PARPs or 

NADases, also known as glycohydrolases 

could help boost NAD+ levels in humans to 

combat complex diseases (Figure 3) [15]. To 

this end, researchers inhibited in-vitro  the 

major NADase in mammals, CD38 at low 

micromolar concentrations by using 

flavonoids including 

luteolinidin, kuromanin, luteolin, quercetin, 

and apigenin (IC50 < 10 μM) [40]. These 

molecules also appeared to target CD38 in-

vivo. It has been reported that some 

therapeutic targets such as apigenin can 

increase NAD+ levels in multiple tissues that 

can result in decreasing 

global proteome acetylation. This 

subsequently can improve glucose and lipid 

homeostasis in obese mice, ostensibly by 

increasing activity of SIRT1 and SIRT3 

(Figure 4) [16, 40]. In other reports, 

luteolinidin was shown to prevent the loss of 

NAD+ that preserved endothelial and 

myocardial function in the post-ischemic 

heart [41]. With respect to supplements, 

GlaxoSmithKline developed 

thiazoloquin(az)olinones, such as the 

compound 78c that showed greater potency 

than the flavonoids to boost NAD+ levels in 

plasma, liver, and muscle [42].  

 Despite these advances, the target 

specificity of 78c is still unknown and also 

more studies are needed to reveal whether or 

not it enters cells rather than acting on 

extracellular CD38 [16]. It is to be mentioned 

that in chemotherapy or monotherapies for 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/anabolism
https://www.sciencedirect.com/topics/medicine-and-dentistry/homeostasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/acute-lung-injury
https://www.sciencedirect.com/topics/medicine-and-dentistry/atherosclerosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/rheumatoid-arthritis
https://www.sciencedirect.com/topics/medicine-and-dentistry/neuroprotective-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/enzyme-specificity
https://www.sciencedirect.com/topics/medicine-and-dentistry/enzyme-specificity
https://www.sciencedirect.com/topics/medicine-and-dentistry/nicotinamide-adenine-dinucleotide-nucleosidase
https://www.sciencedirect.com/topics/medicine-and-dentistry/flavonoid
https://www.sciencedirect.com/topics/medicine-and-dentistry/chrysanthemin
https://www.sciencedirect.com/topics/medicine-and-dentistry/luteolin
https://www.sciencedirect.com/topics/medicine-and-dentistry/quercetin
https://www.sciencedirect.com/topics/medicine-and-dentistry/proteome
https://www.sciencedirect.com/topics/medicine-and-dentistry/acetylation
https://www.sciencedirect.com/topics/medicine-and-dentistry/glucose-homeostasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/glucose-homeostasis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mouse-mutant
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirt3
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-function
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-function
https://www.sciencedirect.com/topics/medicine-and-dentistry/monotherapy
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cancer, PARP1 inhibitors are marketed as 

adjuncts [43]. Some studies have shown the 

potential of another therapeutic target, 

SARM1 (Figure 4), which is another NADase 

that initiates a local axonal degeneration after 

nerve injury. The pathway involves the rapid 

breakdown of NAD+ to ADPR, cADPR, and 

NAM [44]. Further, the potential of XAV939, 

which is a putative SARM1 inhibitor that also 

inhibits PARP5a (TNKS) and 5b (TNKS2) 

has been identified in a chemical genetic 

screen that can boost NAD+ levels [44]. 

XAV939 is known to possess 

excellent pharmacokinetic properties. It is 

currently in clinical development to 

treat neurological disorders and axonal 

injury. However, more studies are needed to 

gain insights into the in-vivo functions of 

XAV939 functions by inhibiting SARM1 or 

other targets [16].  

  

Figure 3:  Therapeutic potentials of NAD+ boosting to combat complex diseases in humans 

(NAFLD, non‐alcoholic fatty liver disease; AFLD, alcoholic fatty liver disease) [Source:  EMBO 

J (2017)].  

https://www.sciencedirect.com/topics/medicine-and-dentistry/7-8-dihydro-2-4-trifluoromethyl-phenyl-5h-thiopyrano4-3-dpyrimidin-4-ol
https://www.sciencedirect.com/topics/medicine-and-dentistry/pharmacokinetics
https://www.sciencedirect.com/topics/medicine-and-dentistry/neurologic-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/axonal-injury
https://www.sciencedirect.com/topics/medicine-and-dentistry/axonal-injury
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Clinical Trials of NAD+ Boosters in 

Humans  

The actions of NAD+ boosters have been 

studied in a number of mouse models that 

have shown effectiveness of NAD+ boosters 

to prevent or treat a variety of different 

diseases. These encouraging results have 

prompted clinical trials for NAD+ boosters in 

human that are safe and effective as drugs to 

treat both rare and common diseases and, 

potentially, aging itself (Figure 4) [16]. To this 

end, researchers investigated NA (niacin) 

NAD+ precursors in humans. The choice of 

niacin is due to the reason that in large doses 

(greater than a gram), administration of NA is 

shown to be an effective way to 

treat hypercholesterolemia, as it lowers LDL. 

Further, it is one of the few drugs that 

significantly raises HDL [45]. This compound 

is commercially available either as 

compressed NA (Niacor) or extended-

release to prevent the flushing caused by 

prostaglandin release (Niaspan, Advicor, 

Simcor). Niaspan is used in combination 

with statins for the treatment of 

primary hyperlipidemia andmixed dyslipidem

ia [16]. Given the demonstrated potential of 

Niacore to raise NAD+ levels in rodents, 

current studies have focused on the 

possibility of NA improving cholesterol 

profiles in humans by raising NAD+ levels. In 

addition, the two compounds NA and NAM 

have been explored for other health benefits 

that include treatments for acne, kidney 

diseases, lupus, AD, schizophrenia, diabetes 

mellitus, non-small-cell lung carcinoma, 

obesity, HIV-induced dyslipidemia, 

NAFLD, sickle cell disease etc [46, 47].  

  

Figure 4:  Potential Impact of NAD+ Boosters on Human Health via NAD+ Signaling Pathways 

[Source:  Cell Metabolism (2018)].  

https://www.sciencedirect.com/topics/medicine-and-dentistry/amoxicillin
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypercholesterolemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/lovastatin-plus-nicotinic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/hydroxymethylglutaryl-coenzyme-a-reductase-inhibitor
https://www.sciencedirect.com/topics/medicine-and-dentistry/hyperlipidemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/dyslipidemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/dyslipidemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/acneiform-eruption
https://www.sciencedirect.com/topics/medicine-and-dentistry/non-small-cell-lung-cancer
https://www.sciencedirect.com/topics/medicine-and-dentistry/sickle-cell-disease
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A clinical trial based on a randomized, 

double-blind, three-arm crossover 

pharmacokinetic study in 12 human subjects 

showed that NR raised NAD+ by as much as 

2.7-fold in human blood with a single oral 

dose of 1,000 mg. In this study, NAAD 

emerged as a sensitive biomarker [48]. 

Further, researchers conducted a clinical trial 

with 140 participants that were given orally 

administered NR. This revealed a dose-

dependent increase in NAD+ from 250 to 

1,000 mg/day, plateauing at a 2-fold increase 

in NAD+ at day 9 [49]. A similar study 

employing NR showed its positive effects on 

vascular endothelial function in healthy 

middle-aged and older adults. However, 

more investigations of motor and cognitive 

changes need to be done [50]. Some other 

studies evaluated the effects of NR on 

important medical parameters such as 

muscle mitochondrial function, cognition, 

immune function, kidney function, TBI, brown 

fat activity, lipid accumulation, energy 

metabolism, cardiovascular risk, body 

composition, and acetylcarnitine levels [16].  

 There have been progresses made in 

clinical trials at the industrial level as well, in 

which a pipeline of novel NAD+ precursors, 

for example MIB-626, have been tested [16]. 

Luteolin, a CD38 inhibitor was investigated 

that showed positive neuroprotective effects 

on children with autism [51]. Further, 

SARM1, which is a promising therapeutic 

target for axonopathies is the focus of 

preclinical development [16]. PARP1/2 

inhibitors also showed improvement in the 

health of mice on a HFD [52, 53].  

 More recently, researchers conducted 

a pilot study and investigated changes in the 

human plasma and urine NAD+ metabolome 

using a 6 Hour intravenous infusion of NAD+ 

[54]. In this study, accumulated evidence 

suggested that active maintenance of 

optimal levels of the essential pyridine 

nucleotide, nicotinamide adenine 

dinucleotide (NAD+) could be beneficial in 

medical conditions of either increased NAD+ 

turnover or inadequate synthesis. These 

medical conditions include Alzheimer’s 

disease and other neurodegenerative 

disorders and the aging process [54]. 

Researchers documented changes in 

plasma and urine levels of NAD+ and its 

metabolites during and after a 6 h 3 μmol/min 

NAD+ intravenous (IV) infusion. They 

showed that the characterization of these 

changes could potentially help progress the 

development and improvement of NAD+ 

based treatment regimens for disorders. This 

clinical trial is anticipated to pave the way to 

potential breakthroughs in new therapeutic 

avenues that are likely to benefit from 

increased NAD+ availability including 

complex neurologic conditions requiring 

increased cellular regeneration and repair 

such as Alzheimer’s and other 

neurodegenerative dementias [54]. 

Conclusion and Perspective 

We have described the role of depletion of 

NAD+ levels in aging in humans. Studies 

have shown a balanced level of NAD+ is 

required for maintaining proper cellular 

function. It has also been shown that cells 

can adapt different ways to regulate the 

biosynthesis of NAD+ that include gene 

regulation, feedback inhibition, 

compartmentalization of enzymes and 

intermediate metabolites. Subsequently, 
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cells coordinate this biosynthesis via nutrient 

and energy sensing. The current research 

focus has been on boosting NAD+ levels, 

which is considered an important strategy to 

achieve the desired healthy aging and the 

improvement of the quality of life. We have 

presented and discussed important 

physiological and pharmacological strategies 

on potential routes to boost NAD+ levels. 

Further, there are some studies that have 

identified novel regulators of NAD+ 

homeostasis. However, more studies are 

required to be done to gain insights into this 

regulation process. One example can be 

considered in yeast, where NAM can 

replenish NAD+ pools by entering the 

NA/NAM salvage pathway. The other option 

is by de-repressing the de novo pathway via 

inhibiting the activity of the NAD+-dependent 

sirtuin Hst1 in yeast. However, it is not 

understood fully whether the de novo 

pathway in other organisms is also repressed 

by NAD+ and de-repressed by NAM in a 

sirtuin-dependent manner.  

Some studies have attempted to 

address the repression of de novo activity by 

NAD+ that has been observed in bacteria. 

However, it has not been explicitly shown 

that the appearance of NAM occurs to de-

repress de novo NAD+ synthesis activity in 

E. coli. In light of this uncertainty, future 

studies could target to determine whether 

sirtuins also play a role in the regulation of de 

novo NAD+ biosynthesis in higher 

eukaryotes, since sirtuins are highly 

conserved across species. Such studies are 

especially important as metabolites of the de 

novo pathway have been linked to several 

brain disorders. It is also anticipated that 

future studies would also focus on to gain a 

better understanding of the multiple roles of 

NAD+ intermediates along with novel factors 

that regulate NAD+ homeostasis.  

Recent clinical trials in humans have 

suggested that NAD+ metabolism could be 

an emerging therapeutic target for several 

human diseases. To this end, it has been 

shown that supplementation of specific 

NAD+ precursors can be combined with 

genetic modifications and inhibitors of 

specific NAD+ biosynthesis steps. This can 

subsequently help channel the precursors to 

a more efficient NAD+ synthesis route. 

Further, several studies have reported that 

specific NAD+ metabolites and NAD+ 

biosynthesis enzymes to have additional 

functions. Therefore, it can be argued that 

studies that help understand the molecular 

basis and interconnection of multiple NAD+ 

metabolic pathways are important for the 

development of disease-specific therapeutic 

strategies. Such studies could be undertaken 

since these strategies have shown to be 

more effective if associated defects in 

specific NAD+ biosynthesis pathways/steps 

are known.  
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world. The aim is to promote further R&D in all of these cutting-edge areas of biotechnology. 

The editors have compiled and included the following innovations and breakthroughs to highlight 

the latest biotechnology advances.  
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COVID-19 and Silent Hypoxia   

Silent hypoxia and poor oxygenation in patients with early COVID-19

Hypoxia is a serious medical condition when 

oxygen levels in the body are abnormally low. 

Because of hypoxia's ability to quietly inflict 

severe damage, it is called silent hypoxia. It 

is known that the lungs perform the life-

sustaining duty of gas exchange. This 

function allows providing oxygen to every cell 

in our body as we breathe in and 

subsequently ridding us of carbon dioxide 

each time we exhale. To maintain this life-

sustaining cycle, healthy lungs are required 

to keep the blood oxygenated at a level 

between 95 and 100 percent. However, if this 

level of oxygenation dips below 92 percent, 

it's then a cause for serious concern and a 

medical intervention is sought for providing 

supplemental oxygen to the body to save a 

life.  

In the case of COVID-19 patients, one 

of the biggest and most life-threatening 

scenarios is the virus causing silent hypoxia. 

It has been overserved that these patients 

sometimes show no symptoms of shortness 

of breath or difficulty breathing in the earlier 

stages of infection, despite experiencing 

dangerously low levels of oxygen. In 

coronavirus patients, studies have suggested 

that the infection first damages the lungs, 

which causes parts of the lungs incapable of 

functioning properly. In this process, the 

tissues of the lungs lose oxygen and stop 

working. This stops infusing the blood stream 

with oxygen, which causes silent hypoxia.  

Therefore, the research focus has 

been to study how the novel coronavirus 

attacks the lungs and other parts of the body. 

Biomedical engineers in the USA has studied 

lung perfusion abnormalities based on 

computer modeling to explain early COVID-

19 hypoxemia. They reported their findings in 

Nature Communications (Nature 

Communications, 2020; 11 (1) DOI: 

10.1038/s41467-020-18672-6). Their study 

focused on testing different scenarios that 

help explain how and why the lungs stop 

providing oxygen to the bloodstream. 

Their research reveals that silent 

hypoxia is likely caused by a combination of 

biological mechanisms that may occur 

simultaneously in the lungs of COVID-19 

patients. The researchers first looked at how 

COVID-19 impacts the lungs' ability to 

regulate where blood is directed. It is 

normally considered that if certain areas of 

the lung are not gathering much oxygen due 

to damage from infection, it can cause the 

blood vessels to constrict in those areas. In 

this scenario, our lungs are supposed to force 

blood to instead flow through lung tissue 

replete with oxygen, which is then circulated 

throughout the rest of the body. This is a good 

thing. However, clinical data suggest 

otherwise in the case of COVID-19 patients. 

The clinical data showed that lungs of some 

COVID-19 patients had lost the ability of 

restricting blood flow to already damaged 

tissue. Therefore, in contrast, they were 

potentially opening up those blood vessels 

even more, which is difficult to see or 

measure on a CT scan. 

To gain insights into this phenomenon, 

researchers used a computational lung 

doi:%2010.1038/s41467-020-18672-6


 

Biotechnology Kiosk, 2, 12 (2020)                                  ISSN 2689-0852                              Page 24 
 

model and tested the theory that revealed 

that for blood oxygen levels to drop to the 

levels observed in COVID-19 patients, blood 

flow would indeed have to be much higher 

than normal in areas of the lungs that can no 

longer gather oxygen. This can potentially 

contribute to low levels of oxygen throughout 

the entire body. They also studied how blood 

clotting may impact blood flow in different 

regions of the lung. They found that when the 

lining of blood vessels get inflamed from 

COVID-19 infection, it can cause tiny blood 

clots (too small to be seen on medical scans) 

to form inside the lungs. Further, they found 

that this tiny blood clots could incite silent 

hypoxia. However, they also noted that this 

tiny blood clots alone might not cause oxygen 

levels to drop as low as the levels seen in 

patient data. They also employed computer 

model to find out if COVID-19 interferes with 

the normal ratio of air-to-blood flow that the 

lungs need to function normally in many 

respiratory illnesses, such as with asthma 

patients. They noted that the mismatch 

happening in parts of the lung can be a 

possible contributor to the severe, silent 

hypoxia that has been observed in COVID-19 

patients.  

This study is important as it helps 

clinicians to better understand all the possible 

reasons why a patient's blood oxygen level 

might be low. This subsequently helps to 

decide on the proper form of treatment that 

includes medications to constrict blood 

vessels, bust blood clots, or correct a 

mismatched air-to-blood flow ratio.

 

Biomarkers

Metabolic and inflammatory biomarkers associated with incident heart 
failure

Incident heart failure occurs as result of 

changes in heart metabolism as well as with 

low-grade, chronic inflammation. The most 

common heart diseases underlying incident 

heart failure are known to be elevated blood 

pressure, coronary artery disease and 

especially previous myocardial infarction. 

Some incident heart failure is also caused by 

cardiomyopathy or valvular heart disease. In 

addition, diabetes, systolic blood pressure, 

age, overweight, high insulin levels, declining 

kidney function and microalbuminuria are 

well established risk factors for heart failure 

that are considered to be associated with the 

development of incident heart failure. Studies 

have shown that these changes are present 

even years before any sign of heart failure.  

Despite the progresses made in the clinical 

studies, the prognosis of incident heart failure 

is still considered very poor. Therefore, it is 

important to identify and treat high-risk 

patients well before the disease develops.  

Previous studies conducted in this 

direction mostly used animal models that 

showed that disturbed metabolism of the 

heart muscle precedes, initiates and 

maintains unfavorable changes in the heart. 

Researchers in Finland in a newly published 

study showed for the first time that 

biomarkers of energy metabolism predict the 

development of incident heart failure in 
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humans. They published their research in 

ESC Heart Failure (Novel biomarkers 

associated with incident heart failure in 10 

106 Finnish men. ESC Heart Failure, 2020; 

DOI: 10.1002/ehf2.13132).  

Researchers showed that by 

measuring biomarkers indicative of heart 

failure, it could be possible to better identify 

people with an elevated risk of developing 

incident heart failure. In their study, they 

discovered several new biomarkers that were 

associated with incident heart failure. In this 

study, several inflammatory biomarkers and 

cell energy metabolites were linked to an 

increased risk of incident heart failure. 

The study employed a random 

selection of 10,106 men participating in the 

Metabolic Syndrome in Men (METSIM) 

study. These men at baseline did not have a 

diagnosis of incident heart failure. 

Researchers then measured elevated levels 

of inflammatory biomarkers and several 

biomarkers associated with heart metabolism 

by NMR analysis that were associated with 

the development of incident heart failure in a 

follow-up that lasted for 8.8 years.  

The new biomarkers that were 

discovered included adiponectin, high 

sensitivity creactive protein, the chronic 

inflammation biomarker GlycA, the amino 

acids alanine and phenylalanine, as well as 

glycerol and pyruvate. These biomarkers are 

used by the heart muscle for energy. 

Researchers then adjustment for age, BMI, 

diabetes and statin medication, adiponectin, 

pyruvate and urinary albumin excretion rate. 

They were subsequently identified with the 

development of incident heart failure. 

Incident heart failure associated risk 

factors and biomarkers into components 

were classified by using principal component 

analysis. The analysis revealed that that 

could possibly be linked to different courses 

of the disease. Four of these components 

were found to be statistically significant for 

the development of incident heart failure. 

Three of the components contained a 

different inflammatory biomarker and one 

contained cell energy metabolites. This study 

is expected to pave the way to further 

breakthroughs in drugs targeting 

inflammatory and metabolic pathways to 

prevent the development of incident heart 

failure. 

Compiled and Edited by Dr. Megha 

Agrawal & Dr. Shyamasri Biswas. 
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