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Abstract

Background: Nutrition helps the damaged liver to function properly, reduces the risk of infection and
The study aims to the possibility of dependence some physiological criteria (renin, angiotensin-
converting enzyme, and nitric oxide) as indicators for early diagnosis of diabetic nephropathy in patients
with type 2 diabetes and avoiding its development to advanced stages. The study included the follow-
up of (90) men, (30) healthy individuals and (60) patients with type 2 diabetes to periodic clinical
examination, and evaluation of physiological parameters represented in the estimation of glycosylated
hemoglobin ratio (HbALc), levels of renin, angiotensin-converting enzyme, nitric oxide, and albumin
to creatinine ratio(ACR) .The results showed a significant increase (P< 0.05) in the glycosylated
hemoglobin ratio, the levels of renin, angiotensin-converting enzyme (ACE), monocyte chemoattractant
protein and the albumin to creatinine ratio in urine (ACR), and in contrary to a significant decrease (P
< 0.05) in the level of nitric oxide. The trial also diagnosed a notable effect (P < 0.05) for the age groups
on the glycosylated hemoglobin ratio and albumin to creatinine ratio (ACR),while no noticeable
differences appeared (P > 0.05)in levels of renin, angiotensin-converting enzyme ,and nitric oxide, also
a significant impact (P < 0.05) was observed for the duration of diabetes mellitus on the levels of renin,
and the albumin to creatinine ratio in the urine ,whereas no significant differences revealed (P > 0.05)in
levels of angiotensin-converting enzyme and nitric oxide. In addition to the foregoing, the study
recorded a significant effect (P < 0.05) of body mass index on the levels of renin, angiotensin-converting
enzyme, and the albumin to creatinine ratio in the urine, in contrast no observable differences appeared
(P > 0.05)in nitric oxide and glycosylated hemoglobin ratio. Moreover to the significant effect (P <
0.05) for stages of diabetic nephropathy on glycosylated hemoglobin rate, renin levels, ACE, nitric
oxide and the albumin to creatinine ratio (ACR) in urine. It was concluded from the study that increased
levels of renin and angiotensin-converting enzyme, and unlike it, decreased levels of nitric oxide is
considered important predictive vital markers for progression the diabetic nephropathy to advance
stages.
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1.Introduction

Diabetes mellitus is defined as a group of
metabolic diseases characterized by high blood
glucose due to defect in insulin secretion,
insulin action, or both [1], in 2014 the global
prevalence of DM was estimated to be 9% and
almost 1.6 million deaths worldwide were
caused directly by diabetes mellitus. Diabetes
mellitus is associated with increased rates of
morbidity resulting from complications such as
retinopathy, kidney disease, neuropathy, and
cardiovascular disease [2], where these
disorders lead to disturbances in metabolism
and blood circulation, which results in
increased blood glucose, insulin resistance,
dyslipidemia, high blood pressure, and immune
imbalance in the body [3]. The American
Diabetes Association categorizes four basic
types, which are type 1 diabetes, which occurs
because to insulin deficiency because of a
defect in the autoimmune pancreatic beta cells,
which are damaged over time. As for type 2
diabetes, it occurs when the body resists insulin
with the gradual loss of insulin secretion from
the pancreas. There are other special types of
diabetes, such as gestational diabetes (GDM),
which do not exist before pregnancy, but appear
in the second and third trimesters of pregnancy
and result from the interaction of several
hereditary genetic and environmental factors
[4], there are other types that occur for multiple
genetic or pathological reasons or because some
chemical drugs are taken [5]
Pancreatic alpha cells secrete glucagon
hormone at low blood glucose levels and beta
cells secrete insulin when the blood glucose is
high, with insulin and glucagon working
inversely to maintain blood glucose levels
within normal limits [6], there are many
complications of diabetes which are influenced
by several factors including gender, age,
genetic status, social culture, duration of
diabetes, body mass index, and blood pressure
[7].

Diabetic nephropathy is a chronic loss of
kidney function and a devastating complication
for patients with diabetes are among the leading
causes of cardiovascular disease, early death
and end-stage kidney disease, its diagnosis
depends on the microalbuminuria and the
macro albuminuria, it is considered albuminuria
early initial sign  of  microvascular
complications that detect the risk of developing
to the advanced stages of chronic kidney
disease [8,9,10].
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Diabetic nephropathy, is characterized by many
functional and structural changes in nephron at
the glomerulus level, damage to renal tubules
and blood vessels, glomerular hyper filtration,
thickening of the glomerular basal membrane,
and expansion of mesangial cells [11]. The
renin angiotensin system is known as, it is a
hormonal system that regulates the balance of
both blood pressure and water when the blood
volume is low sensed by the juxtaglomerular
cells(JG) in the kidneys and secrets an enzyme
called renin to the blood [12], the renin
angiotensin-aldosterone system is associated
with kidney and heart disease where the renin
in the blood plasma converts the secreted
enzyme from the liver to angiotensin |, after
which angiotensin | convert into angiotensin Il
by the converted enzyme that is found in the
lung and specifically the lung endothelial
membrane, angiotensin II is one of the strongest
vasoconstrictors, thus increasing the narrowing
of blood vessels, leading to an increase in blood
pressure, and stimulating the adrenal cortex to
secrete a hormone called aldosterone [13].

Nitric oxide is a free radical gas, a powerful
regulator of blood circulation and an internal
vasodilator that lowers blood pressure and
maintains blood flow and is a neurotransmitter
[14], nitric oxide (NO) deficiency is associated
with endothelial disorder, hypertension, and
atherosclerosis and chronic kidney disease [15],
when produced it leads to the phosphorylation
of many proteins that cause relaxation of the
vascular muscle and control of blood vessels,
prevents platelet accumulation and thus clot
formation ,as well as increases blood flow to the
kidneys, the glomerular filtration rate and urine
production ,moreover regulates the immune
response [16].

Materials and Working Methods

The study included the follow-up of (90) men,
(30) healthy individuals and (60) patients with
type 2 diabetes who were attending the diabetes
and Endocrinology Center / Al-Sadr Medical
City and also Al-Manathira General Hospital /
Al-Najaf Governorate, their ages ranged
between (30- 60) years old, and the study
continued for the period of 1/10/2022 to
31/3/2023 after obtaining the consent of the two
study groups, patients with diabetes were
excluded who used insulin injections, patients
with hypothyroidism, with high blood pressure,
and with chronic diseases. The patients were
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also divided into subgroups, according to the
age; they were divided into three groups (30-
39) years, (40-49) years and (50-60) years.
While the duration of the diabetes, they were
divided into three stages, (1-5) years, (6-10)
years, and more than (10) years, they were also
divided according to BMI into three groups:
normal (20-24.9) kg/m2, overweight (25-29.9)
kg/m2, and obesity (30<) kg/m2, also divided
according to the stages of diabetic nephropathy
into the normal albuminuria stage (<30), the
microalbuminuria stage (30-300), and the
macro albuminuria stage (>300) [17].

1-Estimation of glycosylated hemoglobin
levels

Evaluation of glycosylated hemoglobin ratio is
using the hemoglobin dissolution reagent
(tetradecyl trimethyl ammonium bromide) as a
detergent to remove the white blood cells and
the addition of the antibody reagent to the
sample, the reaction between the glycosylated
hemoglobin of the sample and the glycosylated
hemoglobin of the antibody results in a soluble
complex at the antibody site on the HbAlc
molecule [18].

2-Estimation of renin levels in serum

The estimation of renin levels in the serum
according to the equipment provided by the
Chinese Company Bioassay technology
laboratory this kit is an enzyme-linked
immunosorbent assay (ELISA). The plate has
been pre-coated with human REN antibody.
Renin present in the sample is added and binds
to antibodies coated on the wells, and then
biotinylated human renin antibody is added and
binds to REN in the sample, after that
streptavidin-HRP is added and binds to the
biotinylated renin antibody at 450 nm [19].

3-Estimation of angiotensin-converting
enzyme ( ACE) level in serum

Results

The Physiological Study

A-Comparing of some physiological blood
parameters in men between the control
group and the group of patients with type 2
diabetes mellitus

The present study showed significant
differences (P = 0.001), (P = 0.003) ,(P =
0.001), (P = 0.05) and (P=0.05)in the
glycosylated hemoglobin ratio, the level of
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To assess the angiotensin-converting enzyme
levels in the serum, the equipment provided by
the Chinese Company Bioassay technology
laboratory this kit is an enzyme-linked
Immunosorbent assay (ELISA). The plate has
been pre-coated with Human ACE antibody.
ACE present in the sample is added and binds
to antibodies coated on the wells, and then
biotinylated human ACE antibody is added and
binds to ACE in the sample. Then streptavidin-
HRP is added and binds to the Biotinylated
ACE antibody at 450 [20].

4-Estimation of nitric oxide level in serum
The nitric oxide levels in the serum evaluate
according to the equipment purchased from the
Chinese Company Bioassay technology
laboratory .This kit is an enzyme-linked
immunosorbent assay (ELISA). The plate has
been pre-coated with human NO antibody. NO
present in the sample is added and binds to
antibodies coated on the wells, and then
biotinylated human NO antibody is added and
binds to NO in the sample. After that,
streptavidin-HRP is added and binds to the
Biotinylated NO antibody at 450 nm [21].

5-Estimation of albumin to creatinine ratio
in urine

To measure the level of albumin in the urine ,
the assessment of immune turbidity used
through the interaction that occurs between the
albumin antibodies with the antigen present in
the sample to produce the antibody-antigen
complex at 340 nm using the device Cobas
e411that manufactured by a Company Roche
[22], also, the enzymatic colorimetric method
was used to determine the level of creatinine in
the urine using the device Cobas e4ll
manufactured by a Company Roche[23].

renin, ACE ,and nitric oxide , as well as
albumin to creatinine ratio respectively when
the control group and the patients compared
with each other , table (1).

Table 1. Comparison of some physiological
parameters of blood in men between the
control group and group of patients with type 2
diabetes mellitus
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Variables MeanSE Mean+SE p- value
Control group n=30 Patients with DN n=60

HbA1C % 6.13+0.06 8.89+0.26 0.001 **
Renin (ng/l) 153.26+9.2 188.73+5.88 0.003**
ACE (ng/l) 70.83+6.78 125.44+4.62 0.001**
Nitric oxide 170.41£15.7 137.243.81 0.05*

1 mol/l

ACR% 7.1+1.21 164.2+55.12 0.05*

* Significant differences at p-value <0.05 between the averages of the groups.
** Significant differences at p-value <0.001 between the averages of the groups.

B. The effect of age on some physiological
parameters in men with type 2 diabetes
mellitus

The statistical results of the current study
pointed to significant differences (P = 0.017)
and (P = 0.04) in the glycosylated hemoglobin

and albumin to creatinine ratio, while there
were no observable variations (P =0.91), (P
=0.8) and (P=0.93) in renin ,ACE and nitric
oxide respectively, when comparing the age
groups between the patients with type 2
diabetes mellitus ,table (2)

Table 2. The effect of age on some physiological parameters in men with type 2 diabetes mellitus

. Effect of the age
Variables
30-39 year n=9 | 40-49 year n=18 | 50-60 year , n=33 p-value

HbA1C % 7.9+0.31A 8.48+0.39B 9.5510.31 C 0..017**
Renin (ng/l) 187.91+10.03 A 190.58+9.67 A 194.94+8.67A 091
ACE (ng/l) 114.37+12.4 A 122.36+£7.80 A 123.39+5.84A 0.8
Nitric oxide 142.21+10.29 A 140.66+6.18 A 137.79+5.44A 0.93

r mol/l

ACR% 11.4+1.98 A 22.56+5.43 A 395.18+135.8 B 0.04*

The different letters mean significant differences between the averages of the groups.
The similar letters mean no significant differences between the averages of the groups.

C. The effect of duration on some
physiological parameters in men with type 2
diabetes mellitus

The findings show a significant differences (P
= 0.006) and (P =0.01 ) in the renin and

albumin to creatinine ratio ,whereas there were
no notable alterations (P=0.11),(P=0.33),
(P=0.95) in glycosylated hemoglobin ratio ,
ACE and nitric oxide levels for the duration of
diabetes mellitus, table (3)

Table 3. The effect of duration on some physiological parameters in men with type 2 diabetes mellitus

. Effect of the duration
Variables
1-5 year N=30 | 6-10 year N=12 > 10 years N=18 p-value
HbA1C % 8.661£0.29A 9.41 £0.52A 9.86+0.74A 0.11
Renin (ng/l) 181.71+5.85A 216.8+20.6B 220.57+6.61C 0.006 **
ACE (ng/l) 116.54+7.6A 130.13+£7.43A 134.46+7.29A 0.33
Nitric oxide 138.87+£5.77A 138.1+6.62A 135.18+8.97A 0.95
p mol/l
ACR% 22.65+3.93A 299.15+88.3B 500+£262.66C 0.01*

The different letters mean significant differences between the averages of the groups.
The similar letters mean no significant differences between the averages of the groups.
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D. The effect of BMI on some physiological
parameters in men with type 2 diabetes
mellitus

There was a significant variations (P = 0.007),
(P =0.001) and (P=0.006) in renin, ACE and
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albumin to creatinine ratio, whereas no
observable differences (P =0.98) and (P =0.68)
in HbA1C and nitric oxide respectively when
comparing the body mass index in patients with
diabetes mellitus, table (4).

Table 4. The effect of body mass index on some physiological parameters in men with type 2 diabetes

mellitus
Effect of the body mass index

Variables Natural More Obesity p-value

20-24.9Kg/m? 25- 29.9Kg/m? >30 Kg/m?
HbA1C % 8.07+0.35 A 8.26+£0.47 A 8.25+0.75 A 0.98
Renin (ng/l) 70.98+6.63 A 179.85+6.06 B 21428 £11.62 C | 0.007**
ACE (ng/l) 109.72+7.84 A 123.91+6 B 169.09+11.7C 0.001**
Nitric oxide 145.17+9.83 A 138.13+4.66 A 136.38+6.47 A 0.68
1 mol/l
ACR% 66.7£19.22 A 229.97+63.8 B 416.25+118 C 0.006**

The different letters mean significant differences between the averages of the groups.
The similar letters mean no significant differences between the averages of the groups.

E. The effect of albumin to creatinine ratio
(ACR) on some physiological parameters in
men with type 2 diabetes mellitus

The results indicate a significant effect of (P =
0.001), (P =0.05), (P =0.002), (P =0.007) on

the renin, glycosylated hemoglobin , ACE and
nitric oxide according to the albumin to
creatinine ratio (ACR) for the diabetes mellitus
patients, table(5)

Table 5. The effect of albumin to creatinine ratio (ACR) on some physiological parameters and
among men with type 2 diabetes mellitus

Effect of the albumin to creatinine ratio (ACR)
Variables Normo albuminuria | Micro albuminuria| Macro albuminuria p-value
N=21 N=19 N=20
HbA1C % 8.97+0.3 A 8.02+0.27 A 10.88+0.43 B 0.001**
Renin (ng/l) 174.2+15.62 A 205.97+13.28 B 220.27. £6.04 C 0.05*
ACE (ng/l) 127.45£9.17A 140.83+9.47 B 144.11+6.52 B 0.002**
Nitric oxide 134.55+7.49A 126.03+5.19B 122.72+3.98 C 0.007**
pr mol/l
ACR% 21.34+1.24 A 81.43+12.5B 842.87+271 C 0.001**

The different letters mean significant differences between the averages of the groups.
The similar letters mean no significant differences between the averages of the groups.

Discussion

The current research indicated that there was a
significant increase in the glycosylated
hemoglobin ratio (HbA1c) in men with type 2
diabetes than in healthy men, and the result
agreed with some studies [24,25].The reason

Eur. Chem. Bull. 2023,12(Special Issue 1), 537-547

for the high glycosylated hemoglobin ratio in
the blood may be attributed to the inability of
the pancreas to produce insulin or due to the
tissues  resistance to the hormone insulin,
despite the work of the pancreas and its
continuation in secreting the hormone, over
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time the beta cells are damaged and stop
producing insulin completely, so the cells do
not get enough energy, which leads to its rise,
as recorded by some studies [26]. It was also
noted that there was a significant effect of age
groups on the glycosylated hemoglobin ratio in
patients with type 2 diabetes mellitus was
compatible with some studies [27], the findings
may attribute to the occurrence of many
physiological changes, such as a decrease in the
production of insulin by the pancreas, which
leads to an increment in insulin resistance in
peripheral tissues particularly the liver,
muscles, and adipose tissue, and a subsequent
decrease in their sensitivity to insulin, as well
as the activity of its receptors, furthermore a
reduction in muscle tissue mass and glucose
consumption with age in general, as indicated
by some studies [28].

The study diagnosed an increase in the
glycosylated hemoglobin ratio with the
progression of the duration of diabetes mellitus,
but it did not give a significant difference, and
this was agreed with some studies  [29]. It was
probably due to the metabolic disorders that
resulting from two main factors, the first a
defect in insulin secretion because of poor
functioning of pancreatic beta cells and their
damage with an increase in the duration of
diabetes mellitus , and the second a decrease in
tissues sensitivity to insulin or what is known as
insulin resistance in diabetic nephropathy
patients [30]. The results of the current study
also showed a rise in the glycosylated
hemoglobin ratio with an increase in body mass
index, but it did not rise to the level of
significance and it was similar to some studies
[31]. It was likely to be due to the accumulation
of fat in the body tissues of patients who suffer
from overweight, obesity, or oxidative stress,
which leads to muscle tissue resistance to
insulin and an increment in the level of glucose
in the blood [32].

The results of the present experiment also
revealed a significant increase in the levels of
renin and ACE in patients with type 2 diabetes
than in healthy subjects, this agreed with some
studies [33]. Perhaps the reason for this may
attribute to the elevation in the level of blood
glucose or a decrease in blood volume within
the kidneys (renal ischemia) in the afferent
arteries to the cells adjacent to the renal
glomerulus (Juxtaglomerular cell JG)) as a
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result, an sensory response occurs through the
alpha receptors of these cells to secrete renin, as
confirmed by some studies [34], or may be
explained to the sodium retention or
sympathetic stimulation of the nervous system
in the renal circulation, where the enhancement
is done directly by activating beta receptors to
secrete renin in the kidneys, according to some
studies [35]. The current trial also diagnosed a
rise in the levels of renin and angiotensin-
converting enzyme with advancing of the age
group and the duration of diabetes mellitus, but
it did not record a significant difference, and
this was consistent with some studies [36].The
results may be suggested to the progression of
the stages of kidney disease with age due to an
increase in the level of blood glucose and the
rate of albumin excretion in the urine[37]. The
statistical analysis of the results revealed a
significant increment in the levels of renin and
the angiotensin-converting enzyme with an
increase in body mass index. This was in
agreement with some studies [38], it may be
because the obesity, which leads to structural
and functional changes in many organs such as
the heart , blood vessels, impairment of kidney
functions ,damage to its tissues, and consequent
abnormal activation of cytokines and
adipokines that produced from visceral adipose
tissue, which increases insulin resistance and
the factors leading to inflammation and
activation of the renin-angiotensin system ,as
well as elevated levels of blood pressure and
oxidative stress accordingly[39]. Besides ,the
results of the present study exhibited a
significant increase in the levels of renin and
angiotensin-converting enzyme with the
progression of the stages of diabetic
nephropathy , but it did not reach to the level of
significance and was compatible with some
studies [40],this elevation may be due to a
reduction in the rate of glucose uptake because
of a rise in the level of blood glucose, thereby
changes occur in the histological structure of
the renal glomeruli and the basement
membrane, moreover an activation in
apoptosis, and the mesangial cells expansion as
postulated by some studies [41].

Furthermore ,the results of the study appeared
a significant decrease in the nitric oxide level in
patients with type 2 diabetes in compared to
healthy subjects was agreed with some studies
[42], may be attributed to a defect in the lining
of blood vessels, or in the immune system and
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renal ischemia, which may occur as a result of
elevated levels of extracellular sodium or
changes in cell shape, as indicated by some
studies [43]. In addition to what have been
preceded ,the results of the current trial also
revealed a decrease in the level of nitric oxide
with the progression of the age group and the
duration of diabetes mellitus, which did not rise
to a significant level, and these results were
consistent with some studies [44], the cause
may be explained to the diabetic nephropathy
and damage to renal cells as well as capillaries,
which causes organ damage, decreased nitric
oxide production and increased oxidative stress
in the elderly patients , as proposed by some
studies [45]. It was noted from the results of the
present study a decline in the level of nitric
oxide with an increment in body mass index,
but it did not rise to a significant level in men
with diabetes mellitus, and the results agreed
with some studies [46-49], it possibly due to the
oxidative stress that generates  pro-
inflammatory cytokines and resulting from
reduced availability of nitric oxide causing
endothelial dysfunction associated with obesity
in diabetic patients [50] . The data of the study
also showed a significant reduction in nitric
oxide levels with the progression of the stages
of diabetic nephropathy, and the results similar
to some studies [51]. The reason for this may be
due to changes in the glomerular capillaries, a
decrease in the number of white blood cells,
poor control of metabolism, protein kinase
activity, an increase in glucose and angiotensin
(Ang I1) levels, in addition a reduction in nitric
oxide leads to the stimulation of the renin-
angiotensin system (RAS), which causes an
increment in endothelial dysfunction according
to some studies [52-54]

On the other hand ,the results recorded a
significant elevation in the albumin to
creatinine ratio in patients with type 2 diabetes
when compared with the healthy subjects, and
the results were in agreement with some studies
[65-57], this is due to several factors, including
increased loss of plasma proteins in the urine
because of dysfunction of the renal tubules,
which leads to insufficient reabsorption of the
filtered protein, and thus substantial excretion
of proteins from the tubular epithelial tissues
and the occurrence of morphological and
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histological changes in the size of the
glomerulus and basement membrane [58]. The
study also diagnosed a significant rise in the
albumin to creatinine ratio with age and
duration of diabetes mellitus, and this was
compatible with some studies ,it probably due
to the occurrence of many pathological changes
in the tissues of renal glomeruli, fibrosis of the
interstitial connective tissue of the renal
tubules, and the accumulation of proteins
within the tubules, which leads to the secretion
of protein in the urine, an increase in blood
glucose, and a subsequent decrease in the
glomerular filtration rate in elderly patients
with type 2 diabetes mellitus, as confirmed by
some studies [59]. There were significant
differences in the albumin to creatinine ratio
according to the body mass index, and the result
agreed with some studies [60], the cause may
be attributed to obesity, which is associated
with a notable increment in body mass index,
which leads to the release of adipokines
(adipocytes) into the blood circulation, which
may cause kidney injury resulting in hyper
filtration of the nephrons and increased
albuminuria . In addition, the poor control of
blood glucose level and weight gain increase
the risk of developing the diabetic nephropathy
for the patients of type 2 diabetes mellitus , as
shown by some studies [61]. The study
recorded a substantial increase in the ratio of
albumin to creatinine in the urine with the
development of the three stages of renal
dysfunction [62], where glomerular damage is
one of the sensitive biomarker of renal
impairment and a strong indicator of renal
disorder, moreover, the imbalance in the
processes of absorption of filtered proteins is
associated with a gradual loss of kidney
functions, as indicated by some studies[62].

Conclusions :

The results of the present experiment also
revealed a significant increase in the levels of
renin and ACE in patients with type 2 diabetes
than in healthy subjects, this agreed with some
studies . Perhaps the reason for this may
attribute to the elevation in the level of blood
glucose or a decrease in blood volume within
the kidneys (renal ischemia) in the afferent
arteries to the cells adjacent to the renal
glomerulus (Juxtaglomerular cell JG)
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