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ABSTRACT 

Diabetes Type 2 (T2D) is a pandemic affecting the 

population the world over. It shows symptoms like 

hyperglycemia (high blood sugar) in the blood. The 

insulin hormone is produced by pancreas and 
insulin resistance is exhibited in T2D. 

Mitochondrial dysfunction is associated with T2D 

and generally it is considered as an effect of T2D. 

Dietary nitrate improves efficiency of mitochondria 

and we wanted to see if dietary nitrate has any 

effect on the reduction of symptoms associated 

with T2D. 

In the present case study, we want to report that 

dietary nitrate has effects on the reduction of 

symptoms associated with T2D. Moreover, 

nitrate>nitrite> nitric oxide pathway seen to have 
its effects on reducing the blood pressure. 

 

I. INTRODUCTION 
Diabetics is probably the oldest disease 

known to man and referred as black-death from the 

14th century [1]. Diabetes is prevalent in every 

population in the world, including rural parts of 

low- and middle-income countries [2,3]. It is 

reported, “Just under half a billion people are living 
with diabetes worldwide and the number is 

projected to increase by 25% in 2030 and 51% in 

2045” [4, 5]. 

A brief history of the disease, its burden in 

India and globally, the various methods of 

management available, is discussed elsewhere 

[6,7].  

The observation of diabetic symptoms in 

the experimental dogs after removing the pancreas 

gave an indication of the role of pancreas in 

diabetics [8]. Subsequently, the discovery of the 

role of insulin in controlling diabetic in 
experimental animals [9] confirmed the association 

of insulin and was well accepted among clinicians 

until today.  

Diabetes in the general population is 

classified as Diabetes mellitus Type 1 (T1D) and 

Diabetes mellitus Type 2 (T2D) [10]. Of these, 

T2D is a major disease among the population all 

over the world. It is considered as a lifestyle 

disease caused because of factors like intake of 

high-calorie diet, lack of exercises along with 

genetic predisposing factors [11]. Earlier, it was 
considered as a disease of the affluent. However, 

its incidences in other countries, especially in Low-

Income Countries (LIC) and Middle-Income 

Countries (MIC) showed that there are other risk 

factors responsible for the disease [12]. Our 

observations also support the above studies. In 

Kerala, a state in South India, there is a high 

prevalence of the disease not only among top 

income groups but also  among the low and middle 

income groups who struggle to make two square 

meals in a day. This led us to look into other 
probable factors contributing to or triggering the 

disease.  

The entry of glucose into the cells is 

mediated through the insulin hormone. In T2D 

condition, the entry of glucose into the cells is 

slowed down or inhibited even with presence of 

adequate levels of insulin in the blood. This 

condition is called insulin resistance, where insulin 

becomes inactive in transporting the glucose 

effectively into the cells because of some unknown 

reasons. This leads to building up of glucose level 
in the blood and this condition is termed as 

hyperglycemia. Prolonged hyperglycemic 

conditions may affect other organs and cells, 

demanding removal of glucose from the blood 

through pharmacological interventions.  

The reason for insulin resistance is not 

clearly understood until now. Many publications 

have reported an association between 

mitochondrial dysfunction with T2D.  

Nitrates were considered as a foe in 

human nutrition because of its association with 

certain cancers. But now it has gained importance 
in human nutrition  in recent times, especially after 

finding the importance of the Nitrate (NO3) > 

Nitrite (NO2) > Nitric oxide (NO) pathway [13,14].  
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As stated above, there is an association 
between mitochondrial dysfunction and T2D. 

Recently, it is reported that dietary nitrate improves 

the efficiency of human mitochondria [15,16]. 

With this information in the background, we 

wanted to test whether dietary nitrate has any effect 

on lowering Fasting Blood Sugar (FBS) and 

HbA1C in a diabetic patient, probably by 

improving the mitochondrial function. 

 

II. CASE STUDY 
Patient’s background 

A 65-year-old elderly male with a history 

of T2D over 10 years, hypertensive, had two 

episodes of ccongestive heart failure (CHF) in the 

past and with low LV function (eff <20) wanted to 

test whether dietary nitrate has any effect in 

lowering the blood sugar and HbA1C. 

The patient used to control his T2D by 

restricting his calorie intake and walking at least 2 

Km in a day. Thus, he was never on any 

medication. This routine was upset in March 2020 
when the patient had an episode of CHF followed 

by covid-19 lockdown, restricting his movements. 

In May 2020, the patient had shingles and in the 

first week of August 2020; the patient had COVID-

19. The patient recovered from all the situations. 

However, the patient had general weakness, apnea 

and difficulty in breathing while lying down. Thus, 

the patient was admitted and treated for four days 

in a hospital. He was on medications for 

hypertension and diabetes. He was also on 

diuretics. The discharge summary is given in Table 
1 in the results section. 

 

Life style adopted by the patient during the 

study 

The patient, after getting discharged from the 

hospital, made some changes in his lifestyle.  

1) The patient had a general knowledge of nitrate 

metabolism  in the body and understood the 

importance of micro flora in the mouth in 
converting nitrate to nitrites. So he avoided 

conventional tooth pastes for flossing. Patient 

chose “umikkari” (activated charcoal made of rice 

husks) for cleaning the teeth with a tooth brush.  

2) Every morning after getting up, the patient drank 

half a glass of water to consume the nitrite rich 

saliva. This facilitates the conversion of nitrite to 

nitric oxide in the presence of acids in the stomach. 

3) The patient avoided water filtered through 

Reverse Osmosis (RO) as RO removes nitrates in 

the drinking water and It was replaced with 1.5 

liters of water supplied by the public distribution 
system, which is sourced from reservoirs and 

rivers.  

4) Food taken during dinner was experimented on 

to see which diet gave lower fasting blood sugar 

levels (FBS) the next morning.. 

5) Dietary nitrate was incorporated as spinach soup 

or other cuisine rich in leafy vegetables. The 

procedure used for making spinach soup is given 

elsewhere [17]. 

6) Patient avoided all processed food including 

table salt with anti-caking agents and relied only on 
food prepared at home using raw sea salt. The 

study was carried out for about a year, and the 

observations were recorded in a personal file.  

7) The patient used moderate free sugar for his two 

or three cups of tea in a day. 

8) Patient continued walking at least 2Km in a day,  

throughout the study. 

 

III. RESULTS 
                The levels of FBS and HbA1C at the 

time of discharge from the hospital are given in 

Table 1.  

The levels of FBS at different time periods are 

given in Table 2.  

A.  Quantitative analysis of parameters 

(fasting blood sugar and HbA1C with respect to 

dietary nitrate.  

Date Fasting Blood Sugar 

(FBS) mg/dl 

HbA1C Lifestyle followed 

26th October, 2020 182 8.7   

2nd November, 2020 167   Started the lifestyle 

changes mentioned  

above 
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11th November, 2020 165     

21 November, 2020 139     

23rd November,2020 123     

25 November,2020 123     

9th January, 2021 139     

26th January, 2021 121     

10th February, 2021 121     

26th February,2021 121     

  

Table 1. Fasting Blood Sugar (FBS) mg/dl) and HbA1C level in the patient at the time of discharge from the 

hospital. 

  

Date Fasting Blood Sugar 

(FBS) mg/dl 

 Lifestyle followed 

28th August, 2021 125    

     Changed to an ordinary 

diet  with whatever is 

available. 

1st January,2022 127    

Table 2. The fasting blood sugar (FBS) mg/dl and the HbA1C of the patient  after changing the lifestyle. 

 

B.  Qualitative description by the patient 

on the effect of dietary nitrate 
The results presented in the Table 1 and 2 shows 

that dietary nitrate influenced the health status of 

the patient and it is self explanatory.  

Flossing with activated charcoal did not create any 

foul smell in the mouth or breath. 

There was marked improvement in sleep and 

general weakness. There was improvement in 

erectile dysfunction associated with T2D.  

 

IV. DISCUSSION 
 Diabetes is a metabolic disorder where the 

levels of glucose rises in the blood (hyperglycemia) 

even with adequate levels of insulin in the blood 
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[18,19] Hyperglycemia resulting from the insulin 
resistance is the first symptom of T2D and the 

reasons for insulin resistance is not known [20]. 

 Glucose, a major source of fuel, enters 

inside the cell and it is used for energy production 
through chemical breakdown of the glucose 

molecule and through electron transfer through 

certain chemicals. Finally, oxygen acts as the final 

electron acceptor and accepts the electrons to form 

water molecules. This takes place in the electron 

transport chain in the mitochondria and the 

mitochondria are considered as the powerhouse of 

cells. 

 Mitochondrial dysfunction is reported to 

be associated with T2D, and it is considered as an 

effect of T2D [21]. Thus, the medical fraternity was 

targeting to tackle insulin resistance to combat 

hyperglycemia [22].  

 The present treatment modalities include 

suggesting food with low glycemic index so that 

the glucose available in the intestine after digestion 

may be reduced. Another method is to remove 

excess glucose in the blood through kidneys using 

some drugs, just like jettisoning extra fuel from 
aircraft before landing, to achieve its prescribed 

landing weight. The third method is to use drugs 

like metformin that will influence the enzyme 

adenosine monophosphate kinase (AMPK) which 

is involved in the inhibition of enzymes involved in 

stimulating insulin signaling and glucose transport 

in muscles, gluconeogenesis and glycogen 

synthesis [23], AMPK regulates the cellular and 

organs [23]. 

 Against such a backdrop, based on our 

previous work on the study of physiological and 

biochemical responses of A. granosa to 

naphthalene, we suggested that insulin resistance 

could be a feedback mechanism [24]. Therefore, 

we proposed that mitochondrial dysfunction could 

be a triggering factor in T2D [24]. 

 Mitochondrial dysfunction could arise 

because of various factors, as discussed elsewhere 

[25]. The reduction of diabetic symptoms observed 
in the patient taking home cooked food with no 

preservatives, support our hypothesis. Many 

processed foods use preservatives to increase its 

shelf life. The preservative levels may be well 

below the Allowable Daily Intake (ADI) 

prescribed. However, when food with preservatives 

is taken regularly without giving enough time for 

its clearance from the body, it may build its 
concentration in the body with time. Moreover, 

there is a lack of information on the effect of low 

concentrations of preservatives on the vital organs 

like mitochondria. In the present study, home 

cooked food with no preservatives may have 

helped better functioning of mitochondria. 

 Nitrate was primarily used as a 

preservative in meat processing industries [26] and 

when the meat was cooked by heat produced 

nitrosamines [27], a carcinogenic compound. This 

caused an increase in cancer incidences in the 

population consuming preserved meat products. 

Thus, nitrate was considered as a foe to human 

nutrition and maximum allowable nitrate in the 

drinking water was also suggested [28]. 

 Recent studies have shown the importance 

of Nitrate > Nitrite > Nitric oxide pathway in 

human nutrition [13 - 16] as discussed earlier.It is 

estimated that an adult requires about 3.7 mg/kg 
BW/day or at least 222 mg of nitrate daily for a 

person with 60 Kg [29,30]. About 10mg/l of 

nitrate, in drinking water, is considered as safe 

limits [31]. But with the Reverse Osmosis to 

remove the hardness removes nitrates along with 

other elements [32]. Thus, the levels of nitrates in 

the drinking water obtained by reverse osmosis are 

very low or nil. This is the reason for the patient 

depending on the drinking water from the public 

water supply system. The public water supply  

delivers filtered water from the reservoirs and 

rivers without removing and nitrates present in 

them. 

 In the present study, nitrate was supplied 

from the spinach soup. Spinach contains an 

exorbitant amount of nitrate and this may have 
supplied adequate amounts of nitrate [29]. The 

dietary nitrate and metformin behave in the same 

manner in activating the AMPK pathway [ 13-14]. 

The dietary nitrate also improves the functioning of 

mitochondria [15]. Thus, all these factors may have 

contributed to the improvement of mitochondria 

and glucose utilization, leading to lower glucose 

level in the blood.  

 The BP of the patient was always stable 

and within the normal limits. In the nitrate > nitrite 

> nitric oxide pathway, the contribution of 

microflora in the mouth is important. The usual 

toothpaste contains anti-bacterial chemicals which 

may hamper the pathway. Drinking of water in the 

morning helped to save nitrite formed in the mouth 
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and transported to stomach where it may have been 
converted to nitric oxide in the presence of acids. 

The increased nitric oxide may have helped in 

controlling the BP at normal levels. Nitric oxide 

helps in the function of endothelium of arteries and 

capillaries. Its effect was noticeable with a 

reduction in the erectile dysfunction observed with 

dietary intake of nitrate and using activated 

charcoal for flossing the teeth. Incidentally, some 

communities in rural Maharashtra practice the  

drinking water as soon as they get up to control 

diabetes [33]. They did not know the reason for this 

practice but definitely saw the result. This once 
again suggests that intuition leads man for his 

development [ 34]..    

 In the present case study, HbA1C was 

lowered to. 6.6 from 8.7. In our earlier study using 
wheat porridge in the diet, the HbA1C was about 

5.7 [35]. We did not use wheat porridge in the 

present study because we wanted to evaluate the 

role of dietary nitrate in lowering hyperglycemia.  

 The present study has many limitations. 

But it throws some light on the importance of 

dietary nitrate in improving the functioning of 

mitochondria, provided there is a reduced intake of 

electron chain inhibitors found in food 

preservatives. Thus, we want to propose that 

inclusion of wheat porridge and dietary nitrate may 

help the patient to control hyperglycemia in T2D 

patients. We have seen many patients who could 

not undergo surgery because of hyperglycemia 

benefitted with intake of wheat porridge for a week 
or two in bringing down the sugar level. The 

activated charcoal to clean teeth seems to improve 

nitric oxide production in the body, evidenced by 

stable BP and reduced erectile dysfunction. 

 We also want to conclude that the present 

study supports our hypothesis that mitochondrial 

dysfunction caused by various electron transport 

inhibitors may slow down glucose utilization in the 

cells. The insulin resistance observed in T2D is a 

feedback mechanism that prevents uncontrolled 

entry of glucose into the cellular cytoplasm because 

uncontrolled glucose entry may demand 

complicated Osmo-regulation with additional 

energy expenditure.  

 The present study supports the hypothesis 

“if nitrate in green vegetables or given as a salt via 

a dietary supplement is protective, this can rapidly 

be translated into cost-efficient and highly specific 

dietary approaches to prevent the development of 

disease or to treat patients with T2D" [14]. 

V. CONCLUSION 
 The present case study supports that 

mitochondria is the primary organ affected by 

various electron transport inhibitors in the diet 

which slows down utilization of glucose molecules. 

Uncontrolled entry of glucose into the cells 

demands intricate osmo-regulation with the 

demand of  water molecules. Water is very scarce 

resource for terrestrial animals and hence insulin 

may act as a gatekeeper that controls the entry of 

glucose into the cells. Thus hyperglycemia 

observed in T2D could be the result of 
mitochondrial dysfunction. The present case study 

shows the efficacy of dietary nitrate in improving 

the functioning of mitochondria that led to better 

utilization of blood glucose, supporting the 

hypothesis that mitochondrial dysfunction could be 

the primary event associated with T2D.     
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