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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a complex disease, which affects many organs besides the pancreas
such as the liver, brain, eye, stomach, and kidney.

Purpose: The current study aimed to evaluate role of nitric oxide in prevention diabetic nephropathy in females after
menopause.

Methods: Our study was carried out on 90 females and 90 males with T2DM aged over 45 years, randomly selected
from the outpatient clinic of the National Institute for Diabetes and Endocrinology (NIDE). T2DM patients were divided
into 3 subgroups; subgroup 1: patients without any complications, subgroup 2: patients with nephropathy
complications (DN), and subgroup 3: patients with cardiovascular compactions (CVD).

Results: Result showed that dyslipidemia and oxidative stress was more pronounced in females rather than in male.
While, kidney function markers was worse in male than female.

Conclusion: The current study shows that diabetic females are more susceptible to cardiovascular disease than males
due to the depletion of estrogen in postmenopausal women, causing oxidative stress. On the other hand, diabetic males
are more susceptible to diabetic nephropathy than females due to a decrease in nitric oxide level, which is considered a
kidney protective factor.
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1. Introduction

Diabetes mellitus (DM) is a group of metabolic disorders characterized by progressive loss or dysfunction of pancreatic
insulin-producing B-cells, resulting in multiple long-term complications and organ damage [1]. The disorder is predicted
to 578 million in 2030 and inflated to 700 million by the year 2045 [2]. 75% of diabetic patients have type 2 DM. [3,1]
Type 2 DM involves insulin resistance and/or decreased secretion of insulin [4].

Globally, around 18.8% of type 2 diabetes mellitus patients develop microvascular complications [5], and this
proportion was increased to 45% in Middle East [6] and 47.8% in African diabetes [3].

Diabetic complications include macrovascular (coronary heart disease, peripheral vascular disease, and stroke),
microvascular (neuropathy, retinopathy, and nephropathy), and both macro and microvascular (diabetic foot) [7]. Itis
becoming clear that the main mechanism for cellular damage of T1DM, and T2DM diabetic complications is oxidative
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stress and inflammation [8]. Oxidative stress causes a complex dysregulation of cell metabolism and cell-cell
homeostasis; oxidative stress is particularly important in the pathogenesis of insulin resistance and 3-cell dysfunction.
[9] Diabetic nephropathy (DN) is one of the most frequent and dangerous complications of DM2, affecting about one-
third of the patients with type 2 DM. [1] DN represents the major cause of end-stage renal failure [10]. Clinically, it is
characterized by the development of proteinuria with a subsequent decline in glomerular filtration rate, which
progresses over a long period, often over 10-20 years [11]. The main risk factor for diabetic nephropathy is
hyperglycemia which induces the formation of advanced glycation end products that promote the production of ROS
[12]. Oxidative stress is associated with metabolic changes and alterations in renal hemodynamics, which have
synergistic effects in the development of DN [13].

Cardiovascular disorders (CVD) accounts for more than 80% of the mortality seen in the diabetic population, combining
diabetes and heart disease equates to an approximately three-fold increased risk of myocardial infarction compared
with the general population [14]. The main contributing factor for the increasing prevalence of CVD deaths is the
increase in the cases of diabetes at very alarming rate, in particular, due to increasing prevalence of obesity, lifestyle
choices, urbanization, aging, and genetic factors [1]. CVD in diabetes includes premature atherosclerosis, manifesting
myocardial infarction and stroke are both examples of decreased heart function, with diastolic dysfunction being the
more common [15].The current study aimed to use oxidative stress markers as early predictors of diabetes
complications in type 2 diabetic patients.

2. Research Design and Methods

2.1. Chemicals and reagents

Biochemical kits were purchased from Al Kasr Al Ayeni and BIODIAGNOSTIC Company (El Moror St, Dokki, and EGY).
HO-1 kit was purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.2. Ethical Consideration

Experimental protocols and procedures used in this study were approved by the National Institute for Diabetes and
Endocrinology (NIDE) with Ethical approval No. IDE00242 on 29/8/2018.

2.3. Experimental design

Our study was carried out on 30 females and 30 male’s patients with T2DM aged from 38 to 59 years according to
inclusion and exclusion criteria selected from the outpatient clinic of the NIDE. T2DM patients were divided into 3
subgroups; subgroup 1: patients without any complications, subgroup 2: patients with nephropathy complications
(DN), and subgroup 3: patients with cardiovascular compactions (CVD). 10males and 10 females healthy subjects were
taken as controls.

2.4. Inclusion criteria

Type 2 diabetes mellitus and age more than 45 years.

2.5. Exclusion criteria

Type 1 diabetes, other immune disorders, other endocrine disorders, smoking, and use of anti-inflammatory drugs.

2.6. Demographic characteristics

Included determination of age, sex, duration of diabetes, blood pressure and body mass index.

2.7. Urine collection and Laboratory analysis

Freshly voided random urine samples were obtained and stored at 40C. All urine samples were analyzed within 6 hours
of collection. Urine Microalbumin was quantitatively measured according to recommendations of Cambiaso et al. [16]
Using immunoturbidimetry. The urinary creatinine level was analyzed according to the method of Tietz [17].

2.8. Blood collection and laboratory analysis

Blood was collected by venipuncture after a 8 hr fast into a vacutainer with EDTA, Sodium Florid and Plain tubes. The
collected blood (of Florid and Plain tubes) was separated by centrifugation (3000 rpm, 15 min) to obtain plasma and
serum which was stored at -80 °C for the biochemical measurements.
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The fasting blood glucose (FBG) was estimated by the method of Freund et al [18], glycated hemoglobin, (HbA1c) [19],
glucose-6-phosphate dehydrogenase [20], lactate [21], arginase [22], Heme Oxygenase-1 (HO-1) [23], hemoglobin (Hb)
[24], bilirubin [25], triglycerides (TG) [26], total cholesterol (TC) [27], low density lipoprotein (LDL-C) [28], high density
lipoprotein (HDL-C) [29], urea [30], malondialdehyde (MDA) [31], glutathione reduced (GSH) [32], catalase (CAT) [33],
nitric oxide (NO) [34] were determined in the blood according to the manufacturer’s instructions using Biodiagnostic
kits (Giza, Egypt) , Sigma, using automated device Mindray, Hipro and LABOMED,INC UV-Vis spectrophotometer.).

Glomerular Filtration Rate (GRF) was calculated according to the equation of Levey, et al [35]:
GRF = 175x(Sc,) 115 x (age)™%2%3x 1.212 [if black]x 0.742 [if female]
Where GFR is expressed as mL/min/1.73 m2 of body surface area and serum creatinine (S,) is expressed in mg/dL.

2.9. Statistical analysis

Values were expressed as mean SE. The comparisons within groups were evaluated utilizing two-way analysis of
variance (ANOVA). The Tuckey test was used to compare the group means, and p 0.05 was considered statistically
significant. SPSS, for Windows (version 20) was used for the statistical analysis.

3. Results

3.1. Diabetic markers and hemoglobin

A significant increase was noticed in fasting blood glucose (FBS) and glycated hemoglobin (HbA1C), while hemoglobin
(Hb) decreased significantly in DM as compared to the control group (Table 1). Regarding sex, males showed a
significant increase in FBS and Hb, compared to females in DN and CVD groups.

Table 1 Diabetic markers, Hb and bilirubin between males and females of control and diabetic groups

Groups

Parameters | Gender | Control DM DM+DN DM+CVD

FBS Male 74.00+2.8 | 164.50+1.52% | 225.66+1.96* | 277.83+4.17*
(mg/dL) Female | 71.50+ 2.74 | 144.83+6.61* | 184.83+1.93%* | 207.5+ 1.38#*
HbA1C Male 4.89+0.04 8.03 + 0.26* 9.67 + 0.18* 10.14+ 0.31*
(%) Female | 4.62+0.15 | 8.36+0.12# 9.43 £ 0.20* 11.21+0.49*
Arginase Male 89.40+0.91 90.67+0.55 98.53+1.64 110.75+0.74
(U/L) Female | 92.27+1.82* | 94.89 + 0.94 101.82+6.24 | 109.02+ 1.96
Hb Male 15.48+0.39 | 14.40 £+ 0.20* | 12.85+0.25* | 14.28+0.24*
(g/dL) Female | 13.90+.0.60 | 12.68+0.11* | 11.48+0.57#* | 12.45+0.25%*

#: indicate significant (P < 0.05) different compare to control; *: indicate significant (P < 0.05) between males and females for each parameter.

3.2. Lipid profile markers

Table 2 Lipid profile markers between males and females of control and diabetic groups

Parameters Gender Groups
Control DM DM+DN DM+CVD

Cholesterol Male 159.00+£12.38 | 192.83+10.49* 207.33+14.55* 228.83+15.70*
(mg/dL) Female | 168.50+13.57 | 226.16+14.81#* | 233.00+11.6** | 269.66+11.20#*
Triglycerides | Male 68.83+7.92 99.50+12.38# 121.16+13.85* 200.66+14.70*
(mg/dL) Female 77.16+ 8.93 107.33£9.17#* | 142.83%11.72#* | 229.50+£14.72#*
HDL Male 68.50+1.14 55.33+2.37# 42.83+0.87# 39.16+0.83#
(mg/dL) Female 65.50+1.83 48.83£0.79#* 45.16£1.01#* 34.83+1.16**
LDL Male 86.33+10.39 129.66+12.84# 133.33+14.80* 151.66+£14.71#

140



GSC Biological and Pharmaceutical Sciences, 2022, 18(01), 138-145

| (mg/dL)

‘ Female

93.50+3.06 I 144.83+£1.22#* | 149.16+0.94#* ‘ 168.66+2.12#* |

#: indicate significant (P < 0.05) different compare to control; *: indicate significant (P < 0.05) between males and females for each parameter.

As recorded in table 2 levels of cholesterol, triglycerides (TG), and low-density lipoprotein (LDL-C) increased
significantly (p< 0.05) while, high-density lipoprotein (HDL-C) decreased in the DM group as compared to the control
grou The females showed significant increase (p< 0.05) in cholestero], triglycerides, and LDL-C and significant decrease

in HDL-C compared to males.

3.3. Kidney function markers

Diabetic groups showed significant increase (p< 0.05) in urea, creatinine, albumin/ creatinine (A/C) ratio, SBP, NO while
Glomerular Filtration Rate (GRF) decreased as compared to the control group (Table 3). Concerning to sex; males
showed significant increase (p< 0.05) in urea, creatinine, albumin/ creatinine (A/C) ratio, SBP while GRF and NO
decreased significantly compared to females.

Table 3 Kidney function markers between males and females of control and diabetic groups

Groups
Parameters Gender | Control DM DM+DN DM+CVD
Urea Male 25.66+1.90 30.33+1.25 49.16+3.19% 39.66+1.28*
(mg/dL) Female 19.16+1.01 23.1+1.19 41.00+1.17#* 35.50+1.05#*
Creatinine Male 0.86+0.02 0.89+0.03 1.32+ 0.02* 0.96+0.01*
(mg/dL) Female 0.80 +0.03 0.82 +0.02 1.18+0.02#* 0.90+0.013#*
A/C Ratio Male 20.37 £ 0.96 27.30+1.06 157.45+9.95# 56.63 +2.13*
(mg/g) Female 22.36 £ 0.96 27.01+3.74 115.75+£3.14#* 44.61+1.74#*
GFR Male 111.26+1.17 94.88+ 1.11 72.50 + 1.24# 86.16 +1.11*
(ml/min/1.73 m2) | Female | 117.31+11.76 94.75+ 1.50 60.00 + 1.28** 78.85 +1.53#*
SBP Male 118.33+2.10 130.00+3.65* 139.6+1.05* 156.66+1.05*
(mmHg) Female 113.33+2.10 125.00+2.23# 136.66+1.66* 145.00+2.23#"
DBP Male 80.00 +2.88 85.00+2.23 88.33+1.66* 93.33+2.10*
(mmHg) Female 75.00+2.23 80.00+2.58 83.33+2.10* 88.33+1.66"
NO Male 262.81+2.17 300.52+3.17# 333.42+1.27* | 377.19+15.49*
(uM/mL) Female 261.22+1.51 399.73+2.44%* | 406.05+3.71%* | 434.84 +0.97#*

#: indicate significant (P < 0.05) different compare to control; *: indicate significant (P < 0.05) between males and females for each parameter.

3.4. Oxidative stress markers

Table 4 Oxidative stress markers between males and females of control and diabetic groups

Groups
Parameters Gender | control DM DM+DN DM+CVD
MDA Male 11.11£0.20 13.34+0.28* 16.44+0.18* 19.42+0.34+
(nmoles/ml) Female 13.2240.37 15.60£0.17#* 20.42+0.22#* 24.02+0.55#*
GSH Male 458.83+2.67 445.82+1.73# 432.59+1.00% | 425.19+1.56*
(nmoles/ml) Female | 440.05+11.25 | 431.49+10.50%* | 416.49+12.65%* | 407.88+10.72%*
CAT Male 1696.07+¢15.56 | 1619.26+9.74% | 1563.07+13.17# | 1516.37+11.73#
(U/mL/min) Female | 1636.16+9.79 | 1526.16+11.29%* | 1436.16+8.39#* | 1304.50+6.58%*
HO-1(ng bilirubin/mg | Male 49.35+1.59 59.28+0.73# 66.45+0.91* 72.13+1.25#
protein/hr) Female | 54.28%0.87 66.80+1.64"* 73.50£0.57# | 82.23 +0.97#*
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G6PD/Lactate Male 170.95£17.35 120.35+5.14# 90.28 £ 1.57# 60.16 £7.54#
(U/g) Female 110.29 £ 3.40 70.51 + 4.23#* 50.93 £ 2. 95#* 40.47 £ 3.47#*

#: indicate significant (P < 0.05) different compare to control; *: indicate significant (P < 0.05) between males and females for each parameter.

Significant increase in the levels of heme-oxygenase-1 (HO-1), malondialdehyde (MDA) was noticed while
G6PD/Lactate, glutathione reduced (GSH), and catalase (CAT) decreased in the DM group as compared to the control
group (Table 4). The females showed significant increase in HO-1 and MDA levels while G6PD/Lactate, GSH, and CAT
decreased as compared to males.

4. Discussion

Type 2 Diabetes Mellitus (T2DM) is a metabolic condition that affects more than 400 million individuals’ worldwide,
posing serious health and economic risks [36]. It is linked to insulin resistance [37].

Fasting glucose levels in diabetes patients were found to be high in this investigation. Diabetes is a metabolic condition
defined by hyperglycemia caused by insulin secretion, insulin action, or a combination of the two. Male patients had
poorer glycemic control than female ones. Women with normal glucose tolerance have been reported to be more
insulin-sensitive and have better -cell activity when compared to men [38]. In addition, the role of testosterone shortage
in the development of visceral adiposity, insulin resistance, and metabolic syndrome in older men has been extensively
documented [38].

Hemoglobin levels in diabetes groups decreased as compared to control groups, according to our findings. Sustained
hyperglycemia has a profound impact on RBCS shape and function, resulting in early ageing of circulating RBCs and a
shorter lifespan [39]. In addition, impairment in erythropoietin (EPO) secretion within diabetic nephropathy patients
leading to dysregulates red blood cell formation [40]. Regarding to gender, the female has lower mean levels than male.
It's most likely a direct influence of sex hormones on erythropoiesis [41].

In the current study, dyslipidemia was established within diabetic patients by the increase in cholesterol, triglycerides,
and LDL and Decrease HDL. Dyslipidemia is commonly associated with obesity and T2DM. Obesity may trigger changes
to the body's metabolism that cause adipose tissue to release increased amounts of fatty acids, glycerol, hormones,
proinflammatory cytokines, and other factors that are involved in the development of insulin resistance [42]. In the
present study, dyslipidemia appears clearly in females rather than males. Menopausal status and the use of hormone
therapy are two more factors that influence dyslipidemia risk in women [43].

In the current study, we found that blood pressure increased in diabetic patient. The hypertension increased in diabetic
patients due to excess sodium retention, sympathetic nervous system activity, and activation of the renin-angiotensin-
aldosterone system, impaired endothelial cells and oxidative stress [44,45]. In this study, the increase in blood pressure
was more pronounced in male patients. Androgens are known to raise blood pressure by activating the renin-
angiotensin system (RAS), which results in the generation of vasoconstrictor chemicals and a decrease in nitric oxide
availability [46]. In addition, men's prorenin and renin levels, as well as plasma renin activity, were shown to be higher
than women's [47].

In the present study increase levels of urea, create, microalbuminuria, nitric oxide, and decrease of GFR level in diabetic
groups compared to control grou Hyperinsulinemia, which is inevitably associated to systemic insulin resistance in non-
diabetic states, also plays a role by causing glomerular hyperfiltration, endothelial dysfunction and increased vascular
permeability, all converging to albuminuria [48]. Our results show significant difference between male and female
groups.

Despite estrogen insufficiency after menopause, female kidneys appear to be more protected than male kidneys,
according to our findings. Renal protection may be due to an increase in NO levels in females. NO has a critical role in
tubular transport autoregulation and modulation in the kidney [49]. It has been discovered that as chronic kidney
disease (CKD) progresses, the overall generation of nitric oxide (NO) decreases [50]. It was reported that total NO
production in the old male rat decreases dramatically as kidney disease progresses [51].

Furthermore, as men become older, their renal vasculature becomes increasingly reliant on nitric oxide. Endothelial

dysfunction may be caused by testosterone deprivation, which reduces NO levels through controlling the expression
and activity of NO synthase and raising ADMA expression [52].
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In the current study, diabetic groups had higher levels of heme oxygenase (HO-1) and malondialdehyde (MDA), whereas
G6PD/Lactate, glutathione reduced (GSH), and catalase (CAT) levels, indicating the presence of oxidative stress in
diabetic patients.. Reactive oxygen species produced by glucose oxidation and protein glycation cause enzyme
dysfunction, cellular machinery damage, and increased insulin resistance [53].

The novel ratio of G6PD/ lactate represents the glucose catabolism by HMP /glycolysis as an expression for using glucose
to produce either antioxidants (GSH) or / energy. Due to the low amount of glucose that enters the cells in diabetic
patients, the cells prefer to use most of the glucose to produce energy rather than antioxidants resulting in oxidative
stress conditions as a biomarker for diabetic complications. In this study, females exhibited a higher oxidative state than
males. There was a variation in circulatory estrogen levels in postmenopausal ladies Menopause poses a significant
health risk to women since it is accompanied with a rise in systemic oxidative stress, which is produced by the loss of
estrogen, an antioxidant [53]

5. Conclusion

According to the current study, diabetic female are more susceptible to cardiovascular disease than diabetic males due
to estrogen loss in postmenopausal women, which causes oxidative stress. Diabetic males, on the other hand, are more
susceptible to diabetic nephropathy than diabetic females, due to decrease in nitric oxide levels, a kidney protective
factor.
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