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ABSTRACT 
 
 Background: Diabetes is now one of the most common non-communicable diseases globally. It is the fifth 
leading cause of death in most high-income countries.Diabetes has several complications of which one is 
hypertension.The presence of high blood pressure in diabetes is associated with a 4 fold increase in death chiefly 
from heart disease and strokes. Nitric Oxide (NO) is an important cellular signaling molecule involved in many 
physiological and pathological processes. It is a powerful vasodilator with a short half-life for a few seconds in 
the blood. Objective: The target of the present study was to estimate the level of nitric oxide, sodium and 
potassium as indicators of hypertension incidence in diabetic Saudi patients. Methodology: Thirty patients with 
type II diabetes mellitus matched in age and sex with thirty normal control subjects enrolled from Prince Maged 
Ben Abdel Aziz Diabetic Center, Al Madina, S.A. were studied. Nitrate level in the plasma was measured using 
Colorimetric Nitric Oxide Assay Kit. Sodium level in the plasma was measured using photometric 
determination of serum sodium Mg-Uranylacetate method, colour test. Potassium level in the plasma was 
measured using photometric turbidimetric test. Fasting blood glucose was measured using an enzymatic 
colorimetric test for glucose determination without deproteinisation-glucose oxidase peroxidase method. 
Results: Plasma potassium and sodium levels show significant increase in diabetic patients, while, that of nitrate 
decreases in comparison with normal healthy control subject (p<0.01). Sodium level shows significant negative 
correlation with fasting blood glucose levels in diabetic patients (r = -0.696, p<0.01). Conclusion: In type II 
diabetes mellitus altered NO pathway is a central defect causing hypertension. Also, results show that blood 
pressure in diabetic patients is sodium sensitive, and revealed that: in diabetes mellitus a relatively high sodium 
intake may be a factor that predisposes to the development of diabetic vascular disease. 
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Introduction 
 
 Diabetes is now one of the most common non-communicable diseases globally. It is the fifth leading cause 
of death in most high-income countries and there are substantial evidences that it is epidemic in many low- and 
middle-income countries. Diabetes is certain to be one of the most challenging health problems in the 21sᵗ 
century. (Sicree et al., 2008). 
 Surveys in Middle Eastern Countries have shown that 23.7% of adult Saudi are in the age of 30 – 70 years 
have diabetes, and 14.1% have impaired fasting glucose. It is worrying that the prevalence seems to be doubling 
every two decades, and in some countries like Saudi Arabia this could soon reach 50% in those over 50 years of 
age (Elhadd, 2012). 
 Diabetes has several complications of which hypertension or high blood pressure is one of them. Data 
indicate that at least 60-80% of individuals whom developed diabetes will eventually develop high blood 
pressure. The high blood pressure is gradual at early stages and may take at least 10–15 years to fully develop. 
Besides diabetes, other factors that may also increase high blood pressure include: obesity, insulin resistance 
and high cholesterol levels. In general, fewer than 25% of diabetics have good control of their blood pressure. 
The presence of high blood pressure in diabetes is associated with a 4 fold increase in death chiefly from heart 
disease and strokes (Urbina et al., 2008).  
 The chief reason why people with diabetes develop high blood pressure is hardening of 
their arteries. Diabetes tends to speed up the process of atherosclerosis. The other fact about diabetes is that, it 
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affects both large and small blood vessels in the body. Over time, blood vessels become clogged with fatty 
depots, become non-compliant and lose their elasticity. The process of atherosclerosis is a lot faster in diabetic 
individuals whom do not have good control of their blood sugars. The high blood pressure eventually leads to 
heart failure, strokes, heart attacks, blindness, kidney failure, loss of libido and poor circulation of blood in the 
legs. When the blood supply to the feet is compromised, the chances of infections and amputations also 
increase. All diabetics should know that even mild elevations in blood pressure can be detrimental to 
health. Studies have shown that diabetics with even a slight elevation in blood pressure have 2-3 times the risk 
of heart disease compared to individuals without diabetes (Karen,2007 ; Bakris, 2011). 
 NO is an important cellular signaling molecule involved in many physiological and pathological processes. 
It is a powerful vasodilator with a short half-life of a few seconds in the blood. Long-known pharmaceuticals 
such as nitroglycerine and amyl nitrite were discovered, more than a century after their first use in medicine, to 
be active through the mechanism of being precursors to nitric oxide. Low levels of nitric oxide production are 
important in protecting organs such as the liver from ischemic damage (Dessy and Ferron 2004). 
 Nitric oxide, known as the 'endothelium-derived relaxing factor' (EDRF), is biosynthesized endogenously 
from L-arginine, oxygen, and NADPH by various nitric oxide synthase (NOS) enzymes. Reduction of inorganic 
nitrate may also serve to make nitric oxide. The endothelium (inner lining) of blood vessels uses nitric oxide to 
signal the surrounding smooth muscle to relax, thus resulting in vasodilation and increasing blood flow. Nitric 
oxide is highly reactive (having a life-time of a few seconds), yet diffuses freely across membranes. These 
attributes make nitric oxide ideal for a transient paracrine (between adjacent cells) and autocrine (within a single 
cell) signaling molecule (Pál Pacher et al., 2007).  
 Nitric oxide (NO) contributes to vessel homeostasis by inhibiting vascular smooth muscle contraction and 
growth, platelet aggregation, and leukocyte adhesion to the endothelium. Humans with atherosclerosis, diabetes, 
or hypertension often show impaired NO pathways (Dessy and Ferron, 2004). A high salt intake was 
demonstrated to attenuate NO production in patients with essential hypertension, although bioavailability 
remains unregulated (Osanai et al., 2002). 
 Decreased NO bioavailability and endothelial dysfunction develop at an early stage, prior to carbohydrate-
intolerance, and may constitute an early link not only to insulin resistance and hyperglycemia but also to the 
cardio-metabolic patho-physiologic sequelae of the metabolic syndrome (Duplain et al., 2001). 
 The aim of the present work was to estimate the level of nitric oxide, sodium and potassium as indicators of 
hypertension incidence in diabetic Saudi patients. 
 
Subjects and methods: 
 
Subjects: 
 
 Thirty patients with type 2 diabetes mellitus matched in age and sex with thirty normal control subjects 
enrolled from Prince Maged Ben Abdel Aziz diabetic center-Al Madina, S.A. were studied. Exclusion criteria 
for both diabetic and control subjects included any of the following: hypertension (defined as blood pressure. 
150/90 mmHg), hypercholesterolemia (defined as LDL-cholesterol . 75th percentile for age and sex), tobacco use 
within the past 5 years, current use of insulin, anti-oxidants or hormone replacement therapy and laboratory 
evidence of renal, hepatic, or hematological abnormalities. Consent was taken from every patient before 
conducted the research.  
 
Methods: 
 
 Thoroughly, all patients and control examined clinically and about 2 ml of whole blood was drawn from 
each subject. Plasma was isolated by centrifugation (15 min at 13,000 rpm) and then stored at –80°C till further 
analysis. Nitrate levels in the plasma samples were measured using Colorimetric Nitric Oxide Assay Kit 
(Oxford Biomedical Research Company). Nitric oxide can be spectro-photometrically assayed by measuring the 
accumulation of its stable degradation products, nitrate and nitrite. The ratio of these two products in biological 
fluids, tissue culture media, etc. may vary substantially. Hence, for accurate assessment of the total nitric oxide 
generated, one must monitor both nitrate and nitrite. An excellent solution to this problem is the enzymatic 
conversion of nitrate to nitrite by the enzyme nitrate reductase (NR), followed by quantitation of nitrite using 
Griess Reagent. In addition to providing all necessary components in a micro-titer format, this kit employs 
affinity purified nitrate reductase and NADH, there by circumventing some of the potential problems reported 
for nitric oxide measurement using NADPH dependent nitrate reductase. 
 Sodium level in the plasma samples was measured using (photometric determination of serum sodium Mg-
Uranylacetate method, colour test (Human Company). 
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 Potassium level in the plasma samples was measured using (photometric turbidimetric test) (Human 
company). Fasting blood glucose was measured using an enzymatic colorimetric test for glucose determination 
without deproteinisation-glucose oxidase peroxidase method (Human Company). 
 
Statistical methods: 
 
 The entire data was statistically analyzed using SPSS program. Data were expressed as mean ± SD and 
were compared by analysis of variance.P < 0.05 was considered statistically significant. Given the small sample 
size, Spearman correlation coefficients were used to look for an association between Na+ or K+ and Nitric Oxide 
in diabetic group. 
 
Results: 
 
 The plasma nitrate level in diabetic patients was 30.7±4.16μmol/L, which showed significant decrement 
difference compared to the healthy control group (58.7±4.5μmol/L) (p<0.01). Patients having diabetes had a 
plasma sodium level of 138.86 ±1.77 mmol/L, which showed significant increment difference compared to the 
healthy control group (132.2±2.45 mmol/L) (p<0.01). The average plasma potassium level in diabetic patients 
was 4.21±0.08mmol/L, which showed also significant decrement difference compared to the healthy group 
(4.8±0.15mmol/L) (p<0.01) (Table 1 and Figure1). A negative correlation existed between fasting blood glucose 
levels and sodium levels in diabetic patients (r= -0.696, P<0.01) (Table, 2 and Figure, 2). 
 
Table 1: Represents mean plasma levels ± SD for nitrate, sodium, potassium and fasting glucose in diabetic patients and healthy control 

subjects, ** = P< 0.01. 
Variable Control subjects (n=30) 

mean plasma levels ± SD 
Diabetic patients (n=30) mean plasma 

levels ± SD 
Nitrate level μmol/L 58.7±4.5 30.7±4.16** 

Sodium level mmol/L 132.2±2.45  138.86±1.77** 
Potassium level mmol/L 4.8±0.15 4.21±0.08** 
Glucose level mmol/L 5.02±0.01 10.72± 3.25** 

 

 
 
Fig. 1: Represents mean concentration of nitrate (μmol/L), sodium and potassium (mmol/L) in patients with 

diabetes and control subjects.**P< 0.01. 
  
Table 2: Represents correlation between Nitrate, sodium, potassium and fasting glucose levels in diabetic patients. ** P < 0.01 

Variable Sodium level Potassium level Nitrate level 
Nitrate level r= -0.252 r= 0.306 ------------ 
Sodium level -------------- ------------ ------------- 

Potassium level r= -0.303 ------------- ------------- 
Glucose level r= -0.696 ** r= 0.160 r= -0.071 
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Fig. 2: Represents a negative correlation between glucose concentration (mmol/L), and sodium (mmol/L) in 

patients with diabetes. **P< 0.01. 
 
Discussion: 
 
 NO is a potent signaling molecule, a key determinant of endothelial function, metabolic and vascular health, 
also affecting the nervous and immune systems. Protective effects occur at pico- to nano-molar NO 
concentrations. At higher concentrations, NO and its derivatives become cytotoxic. NO stimulates glucose 
oxidation in skeletal, cardiac muscle, liver and adipose tissue via cGMP-dependent mechanisms. NO mediates 
flow-mediated vasodilation and opposes vasoconstrictor effects. It counteracts vascular stiffness and lowers 
blood pressure. NO is a critical modulator of blood flow, vascular tone and blood pressure (Hayden and Tyagi 
2003). 
 Our study is in agreement with other study done by Afridi and his colleagues (Afridi et al.,2008) which 
revealed that: there is a significant increase in sodium level and a significant decrease in potassium level in 
diabetic patients when compared to control subjects. The disorder may be based on the movement of electrolytes 
between intra- and extracellular spaces, dependent on the impaired insulin action as well as hyper osmolarity 
(Nugent, 2005). Also, a condition of polyuria and thirst found in diabetic patients confirm our result of 
increasing sodium level. 
 It is important to emphasize that an increment in the plasma insulin concentration of as little as 30-40 U/ml 
is capable of eliciting this anti-natriuretic effect (Fleming and Busse, 2003). For the compensatory 
hyperinsulinemia to induce kidney for sodium retention, expansion of the extracellular fluid volume, and 
ultimately hypertension, it is necessary that the kidneys of obese, diabetic, and hypertensive subjects maintain 
normal sensitivity to the anti-natriuretic effect of insulin, even though severe resistance exists regarding 
carbohydrate metabolism (Swasti Tiwari, et al., 2007). 
 Our results demonstrated inverse correlation between fasting glucose levels and sodium concentrations. 
This result attributed to hyperglycaemia and glycosuria which lead to osmotic diuresis and further loss of water, 
excretion of partly neutralized ketoacids via the kidney with loss of cations (Na+ and K+). The water loss 
usually exceeds that of the sodium chloride. Eventually, the loss of water from the intracellular and extracellular 
compartments will become quantitatively similar. Because of the osmotic shift of water, plasma sodium 
concentrations are usually low or normal in diabetic ketoacidosis (DKA) and can be slightly increased in 
hyperglycemic hyperosmolar state (HHS), despite extensive water loss (American Diabetes Association, 2004). 
In this context, the plasma sodium concentration should be corrected for hyperglycemia by adding 1.6 mmol to 
the reported sodium level for every 5.6 mmol/L increase in glucose above 5.6 mmol/L (Stoner, 2005). 
 Our results showed inverse correlation between NO level and diabetic state and this fact clearly underlines 
that hyperglycemia is a major determinant factor in serum NO levels. It is widely recognized that hyperglycemia 
induces impairment of the endothelial function via increased oxidative stress (Aydin et al., 2001), which is a 
characteristic feature of diabetic individuals. The hyperglycemic state stimulates the production of advanced 
glycosylated end products (Candido et al., 2003)., enhances the poly-pathway (Vikramadithyan et al., 2005) and 
activates protein kinase C leading to oxidative stress (Geraldes and King, 2010) and (Hink et al., 2001) A 
reduced content of glutathione, an important antioxidant in erythrocytes, has been demonstrated in diabetic 
patients (Chung et al., 2003). Also, reduced radical-trapping antioxidant parameter (TRAP) and increased lipid 
peroxidation levels support the in vivo presence of increased oxidative stress in diabetes. 
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 Diminished NO bioactivity reflects an imbalance between its synthesis and degradation. There may also be 
impaired vascular smooth muscle cell relaxation responsivity to NO. The patho-physiological mechanisms 
involved are multifactorial and differ with diverse etiologies. Arginases hydrolyze L-arginine, thus lowering 
nitrous oxide synthtase( NOS) activity by competing for L-arginine. Arginase plays an important role in the 
pathogenesis of reduced NO and endothelial dysfunction with pro-inflammatory conditions, aging and diseases 
like diabetes mellitus (Romero et al., 2008). Decreased co-factor availability also may play a role as tetra-
hydrofolate (BH4) which is very susceptible to oxidation. BH4 deficiency uncouples NOS, thus lowering NO 
output, increasing reactive oxygen species (ROS) production and engendering endothelial dysfunction (Munzel 
et al.,2003). 
 Reduced NO availability may not only be of relevance to the development of atherosclerotic complications 
in diabetes, but also interfere with insulin-mediated postprandial glucose disposal and possibly contribute to the 
development of insulin resistance (Gazalla et al.,2011). 
 Various studies have reported a significant decrease of plasma nitric oxides in patients with type 2 diabetes 
mellitus without any complications (Vanizoret al., 2001) and (Mikiwaet al.,2002). Decreased NO bioavailability 
to smooth muscle cells in non complicated group has also been demonstrated in different studies (Hinket 
al.,2001). Our results coincide with these reports, and we presumed that the cascade of NO bioactivity and 
availability on smooth muscle cells was impaired in early affected stage of diabetes mellitus and followed the 
decrease of endothelial NO production. 
 Reduced NO availability in diabetes mellitus is relevant to the development of secondary complications in 
these clinical conditions. Alteration of NO metabolism and increased oxidant stress, previously demonstrated in 
diabetic patients, have been demonstrated to be involved in the pathogenesis of macro-vascular events, which 
are increased in hypertensive as well as diabetic patients (Mohamed et al.,1999; Bulent et al., 1998; Kinlay et 
al., 2001; Tretjakovs et al., 2003 and GazallaAyubShiekh et al., 2011). 
 Our hypothesis that sodium and potassium have a role in the development of hypertension in diabetic 
patients through decreasing NO is in accordance with previous work by (Büssemaker  et al., 2010) who stated 
that Sodium and potassium homeostasis has an important role in endothelium-dependent vasodilation, which is 
defective in primary hypertension. Sodium retention decreases the synthesis of NO, one of the main arteriolar 
vasodilators produced by endothelial cells, and increases plasma level of asymmetric dimethyl L-arginine 
(ADMA), an endogenous inhibitor of NO production (Fujiwara et al., 2000). Sodium restriction has the opposite 
effects. A high-potassium diet and increases in serum potassium levels even within the physiologic range cause 
endothelium-dependent vasodilation by hyperpolarizing the endothelial cell through stimulation of the sodium 
pump and activation of plasma membrane potassium channels (Amberg et al., 2003; Haddy et al., 2006). 
Endothelial hyperpolarization is transmitted to vascular smooth muscle cells, resulting in decreased cytosolic 
calcium, which in turn promotes vasodilation. Experimental potassium depletion inhibits endothelium-
dependent vasodilatation (Haddy et al., 2006). 
 However, increased NO release by high extracellular potassium/low sodium functionally links endothelial 
cell stiffness, at least in part, to arterial stiffness. Similarly, as reported for endothelial cells, a gradual increase 
in extracellular potassium has hyperpolarized and relaxed vascular smooth muscle cells by stimulating the 
adenosine triphosphatase sodium-potassium pump (Na-K-ATPase) and/or activating inwardly rectifying 
potassium channels (Büssemakeret al., 2002 ; Dwivediet al., 2005). 
 Humans exposed to a high salt diet may develop hypertension (Appelet al.,2006). In such individuals, the 
kidney has limited ability to excrete the daily load of sodium and tends to retain the salt, most likely osmotically 
inactive, in skin and other extracellular compartments (Titze et al.,2003). This internal sodium “escape” buffer, 
which likely is inadequate in humans with high blood pressure, suggests that extra-renal sodium balance has an 
important role in blood pressure control (Titze et al.,2002). Salt and water balance is regulated by a multitude of 
factors/ mediators. It is beyond doubt that one of the key factors is aldosterone. This mineralo-corticoid 
hormone controls the activity of epithelial sodium channels in the renal collecting duct. It also acts on epithelial 
sodium channels in endothelial cells (Golestanehet al., 2001; Schiffrin, 2006),where it may cause the cell to 
swell, stiffen and alter its release of nitric oxide (Nagata et al.,2006). 
 Little is known about how dietary salt increases blood pressure. Salt consumption increases thirst and fluid 
uptake. As a consequence, there is a transient increase in plasma volume and a subsequent increase in arterial 
blood pressure before extracellular volume returns to normal. Obviously, the body tries to regain the original 
extracellular volume (e.g. by decreasing volume through vascular smooth muscle contraction) at the expense of 
increased arterial blood pressure. This view agrees that diuretics decrease blood pressure. However, this well-
known effect of diuretics cannot be explained exclusively by a decrease in extracellular volume. Other 
components of extracellular fluid, for example, electrolyte concentrations, could be important determinants 
(Daniel,  2004). 
 Recently, plasma sodium concentration has been suggested to have a direct role in the control of blood 
pressure because a small increase in plasma sodium level (1-3mmol/L) was found in individuals with 
hypertension (De Wardener et al., 2004; He et al., 2005).This observation is consistent with the finding that 
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primary hypertension is virtually absent in populations that consume less than50 mmol/d of sodium 
chloride(Kaplan, 2006). 
 There is abundant evidence to suggest that a potassium deficit has a critical role in the development of 
hypertension and its cardiovascular sequelae. Another study of patients with resistant (treated) hypertension 
showed the important effect of salt restriction on blood pressure. Low-salt (≤50 mmol/d) compared with high-
salt (250 mmol/d) diets decreased systolic and diastolic blood pressures by 22.7 and 9.1 mm Hg, respectively 
(Pimenta et al., 2009). In numerous studies, increased potassium intake had a beneficial effect on the 
cardiovascular system. Taken together, a diet low in sodium and rich in potassium is most favorable (Adrogue 
and Madias, 2007; Kido et al., 2008). 
 High sodium intake was associated positively with pulse pressure, whereas high potassium intake was 
associated negatively with systolic, diastolic, and mean blood pressure. The positive association between dietary 
sodium intake and pulse pressure observed in this study provides further evidence for the current concept 
linking sodium to an increase in blood pressure through modification and stiffening of the arterial wall, whereas 
a negative correlation between dietary potassium intake and both systolic and diastolic blood pressure support 
the view that potassium is a vasodilating electrolyte in our nutrients (Buyck et al., 2009). 
 In conclusion, our findings indicate that NO concentrations were significantly lower in patients with type II 
diabetes, supporting the hypothesis that altered NO pathway is a central defect leading to hypertension. Also, 
these results show that blood pressure in diabetes mellitus is sodium sensitive, and suggest that in diabetes 
mellitus a relatively high sodium intake may be a factor that predisposes to the development of diabetic vascular 
disease. 
 Based on clinical, cellular, and molecular evidence, it is recommended to maintain plasma sodium levels in 
the low and potassium levels in the high physiologic range. Restriction in sodium intake accompanied by 
increased potassium intake should profoundly improve the prevalence of hypertension and cardiovascular 
disease in these groups of patients. 
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