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Abstract:

This study aims to demonstrate the effects of metformin and insulin on metabolic disorders and markers of
oxidative stress in Algerian men with type 2 diabetes (T2D), and show the importance of dietary diversity on the
impact of these two treatments, in order to recommend the best treatment, which can minimize the complications
of diabetes. The study included 120 men recruited from Sabra and 120 men recruited from Maghnia, Tlemcen
(Algeria). Each group is divided into four groups (30 healthy control, 30 T2D without treatment, 30 T2D with
metformin, and 30 T2D with insulin). A 14-item dietary questionnaire was applied to each individual to define
adherence to the Mediterranean diet. Blood samples were collected for the determination of biochemical
parameters (glucose, triglycerides, cholesterol, high and low-density lipoprotein cholesterol) and oxidative
markers (superoxide anion, nitric oxide, malondialdehyde, carbonyl proteins, oxygen radical absorbance
capacity, vitamin C, catalase, glutathione). Our results show that type 2 diabetics from Maghnia have the best
adherence score to the Midetanean diet and a diversified diet, richer in fruits, vegetables, fish, and olive oil than
those from Sabra. Furthermore, our results show that insulin reduces lipid parameters more than metformin. In
addition, the oxidant/antioxidant status became normal in patients treated with metformin especially in patients
from Maghnia compared to diabetics from Sabra. The combination of metformin, which reverses the redox
changes associated with diabetes and insulin, which improves all lipid profiles, should be prescribed in type 2
diabetes patients with high oxidative stress and hypertriglyceridemia. Moreover, the adaptation of a
Mediterranean diet in Maghnia men has provided good control of type 2 diabetes. These results demonstrate the
beneficial impact of dietary diversity on the treatment effect in redressing metabolic and oxidative stress
disorders in T2D.
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Introduction

Diabetics have a variety of lipid abnormalities, which has a significant influence on the occurrence of
cardiovascular morbidity and death. Several studies suggest that glucose variability and plasma lipid
variability may play a role in the development of diabetes complications (Ceriello and Prattichizzo,
2021). Quantitative and qualitative lipid abnormalities are the most common. Hypertriglyceridemia
and low high-density lipoprotein (HDL) cholesterol are quantitative abnormalities, whereas qualitative
abnormalities include large proportions of very-low-density lipoprotein (VLDL), enrichment of low-
density lipoprotein (LDL) and HDL in triglycerides, LDL oxidation, and glycation of apolipoproteins
(Duvillard et al., 2003). Several studies have shown the impact of the Mediterranean diet on these
factors (Richard et al., 2013). Adherence to the Mediterranean diet improves insulin resistance and
atherogenic dyslipidemia (Bekkouche L et al., 2013).

Protein glycation (PG), also known as non-enzymatic glycosylation, is another cause of hyperglycemia
(Heidland et al., 2001; Newsholme et al., 2016; Park et Jae, 2012). Glycation effects circulating
proteins. An oxidation process, defined as an unfavorable balance between oxygen free radicals (FR)
and antioxidant systems profit first (Ndrepepa G, 2019; Jakubczyk et al., 2020; Vaidya et al., 2021;
Rani et al., 2016), might be associated with PG.

Reactive oxygen species (ROS) are chemical species atoms produced from oxygen. A single electron
in an FR provides its reactivity, which can cause damage to several molecules (Chainy and Sahoo,
2020; Kumari et al., 2019; Pisoschi et al., 2021; Kancheva et al., 2021). In T2D, however, oxydative
stress (OS) is a facilitator of insulin resistance (IR) and its development of glucose intolerance, as well
as the pathological installation (Byrne et al., 2021). Cell damage occurs with reduced pancreatic R-cell
activity in severe OS, which is caused by inadequate antioxidant enzyme expression (Pomatto and
Davies, 2018). In diabetes mellitus (Merzouk et al., 2004), the oxygen radical absorbance capacity
(ORAC) has been discovered to be a useful indicator of OS. Specific antioxidant concentrations in
diabetes patients' plasma and erythrocytes have been found to be lower in clinical investigations
(Alfonso-Mufioz et al., 2021). The scavenging activities of superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT), and ROS were all reduced in T2D individuals (He et al., 2021).

Otherwise, compounds that react with malondialdehyde / thiobarbituric acid, conjugated dienes, lipid
hydroperoxides, and isoprostanes (Gaschler and Stockwell, 2017; Van der, 2016) are the main
indicators of lipid peroxidation (LP). The production of protein carbonyls and nitrotyrosine groups
(Wang et al.,, 2015) are the two primary biological indicators of protein oxidation. Several
investigations have found that T2D plasma contains significant amounts of carbonyls and Advanced
Glycation End Products (AGEs), as well as elevated concentrations of LP products (Kattoor et al.,
2017).

The first step in the treatment of T2D consists of following hygienic rules. In this context, the
Mediterranean diet (MD) is recognized as one of the healthiest dietary patterns in the world (Dinu et
al., 2018). Recent findings showed that better adherence to the MD is associated with a reduced
incidence of obesity, type 2 diabetes, hypertension, cardiovascular diseases, cancer, and a decrease in
biomarkers related to inflammation (San-Cristobal et al., 2017). This diet is diversified and based on a
limited intake of saturated fats. Red meat is practically excluded, replaced by fish, dairy products
(yogurts, cheese), and lots of fresh or dried fruit and vegetables, all seasoned or cooked with olive oil.
The MD health benefits are mainly attributed to its food items known for their anti-inflammatory and
antioxidant properties capable to modulate gene and protein expression (Hosseini-Esfahani et al.,
2017). When these rules are not sufficient to maintain normal blood sugar levels, medication is
necessary. Metformin is frequently the first glucose-lowering therapy in T2D due to its impact on
insulin resistance (IR) (Madsen et al., 2019). Metformin improves IR via lowering hepatic glucose
output, lowering fasting glycemia, increasing glucose absorption in peripheral tissues, and decreasing
hepatic glucose output (Mosenzon et al., 2021; Chun-Yu et al., 2021), and lowers blood sugar levels
by inhibiting the synthesis of glucose in the liver (Natali and Ferrannini, 2019). Furthermore, a
number of studies have shown that metformin has a positive effect on body mass index (BMI) and
body mass composition by reducing fat mass. Hyperinsulinemia, lipid parameters, arterial
hypertension, and endothelial dysfunction are also reduced (Madsen et al., 2019). Metformin has been
shown to play a function in delaying the progression of impaired glucose tolerance (IGT) to T2D and
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to improve blood lipid profiles (Zilov et al., 2019). In addition, insulin therapy is eventually required
in most T2D patients to maintain satisfactory glycemic control (Inzucchi et al., 2012), even though this
intervention has not been shown to lessen the risk of cardiovascular disease (Bakh et al., 2017 ;
Hemmingsen et al., 2011 ; Baumgard et al., 2016). Despite a considerable rise in total and LDL
cholesterol levels and body weight, some trials found a decrease in cardiovascular risk over the first 18
months of therapy with insulin alone (St EO, 2021). Fasting plasma glucose and glycated hemoglobin
(HbAXc) levels were lower in insulin-treated patients, while weight rose (St EO, 2021). The effects of
these two treatments differ according to the Mediterranean diet adherence score of the study
population. The goal of this study is to compare the effects of metformin and insulin on metabolic
disorders and OS markers in Algerian men with T2D in order to determine the best treatment option
for reducing diabetes complications and whether or not a combination of metformin and insulin should
be recommended. In addition, our objective is to show the relationship between the Midetaraneen diet
adherence score and the effect of metformin and insulin in type 2 diabetic populations of Sabra and
Meghnia and to demonstrate the necessity of adopting a diversified diet rich in antioxidants to improve
the impact of antidiabetic treatments.

Patients and Methods
Participants:

Between January 2018 and June 2019, 120 men were recruited from the diabetic clinic of Sabra
Tlemcen (Algeria) and another 120 men from the diabetic clinic of Maghnia Tlemcen (Algeria). Based
on the following criteria: non-obese (BMI< 30 kg/m?), age range between 50 and 60 years, not taking
any medication, and not having a chronic disease.

The subjects were divided into four groups: group | consisted of control health, group Il consisted of
control diabetic men without treatment, group Il consisted of type Il diabetic men treated with
metformin, and group IV consisted of type Il diabetic treated with insulin.

All men were also non-smokers. None of the subject’s history of high blood pressure (HTA), liver or
renal diseases, or a history of cardiovascular diseases.

Information concerning age, BMI, duration of treatment, and blood pressure were collected by
guestionnaire.

The diabetic patient must have a varied and balanced diet like the Mediterranean diet. In order to
define the adherence to the MD diet, each of the participants completed a 14-item Mediterranean diet
adherence screener in a face-to-face interview. The questionnaire was applied by us and physicians.
The simple 14-item questionnaire was previously developed and used to assess the association
between adherence to the MD and the prevalence of metabolic diseases in adults (Echeverria and
McGee, 2017; Bakaloudi et al., 2021). The 14-items comprised the olive oil utilization for baking and
salads, a large number of fruits, vegetables, cereals, nuts and seeds consumption, low red meat |,
hamburger, or meat products (ham, sausage, etc.) eating, high fish consumption, low butter,
margarine, or cream utilization, and low sweet or carbonated beverages, and cakes, cookies, biscuits.
The score of adherence was calculated and a score over 7 indicated a great adherence to the MD.

Participation in this study was voluntary and all subjects gave their written, informed consent. The
study was approved by the ethical committee of the Tlemcen-University Hospital.

Blood collection:

Fasting venous blood samples were collected in two tubes; EDTA tubes and dry tubes were
centrifuged. Serum was separated for glucose, and lipid parameters. Plasma was separated for oxidant/
antioxidant determinations. Superoxide anion and vitamin C were measured in fresh plasma samples

The remaining erythrocytes were washed and hemolyzed by adding cold distilled water (1/4), and the
cell debris was removed by centrifugation (2000g for 15 min). The hemolysates were assayed for
antioxidant enzyme activities and GSH contents.
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Biochemical analysis:

Serum glucose, triglycerides, and cholesterol contents were determined by enzymatic methods (Kits
Sigma Chemical Company, St Louis, MO, USA).

Lipoprotein isolation:

Total lipoproteins were isolated from plasma by precipitation according to Burstein et al (1989).
Lipoprotein (LDL and HDL) triglyceride and total cholesterol contents were determined by enzymatic
methods (Kits from Sigma).

Oxidant/antioxidant marker determination:

Scavenging capacity of plasma: The oxygen radical absorbance capacity of plasma (ORAC) employs
the oxidative loss of the intrinsic fluorescence of allophycocyanin (APC) (Merzouk et al., 2004).

Determination of plasma level vitamin C:

Plasma vitamin C levels were determined in plasma by using the method of Roe and Kuether (Roe and
Kuether, 1943).

Determinations of erythrocyte antioxidant enzyme activities:

Determination of Erythrocyte catalase (EC 1.11.1.6) activity was measured by spectrophotometric
analysis of the rate of hydrogen peroxide decomposition at 240 nm (Sigma Aldrich kit). Erythrocyte-
reduced glutathione (GSH) levels were assayed by a colorimetric method, according to a Sigma
Aldrich kit (Saint Louis, USA).

Determination of superoxide anion:

The spectrophotometric determination of the O™ was based on the reduction of nitroblue tetrazolium
(NBT) in the presence of superoxide anion (O;™), a chromophore that absorbs at 550 nm (Auclaire and
Voisin, 1985).

Determination of nitric oxide NO:

Plasma and erythrocyte NO were determined by the method of Guevara et al (1998) after
deproteinization using the colorimetric method of Griess.

Determination of malondialdehyde:

Plasma malondialdehyde (MDA) levels were determined by the reaction of MDA with thiobarbituric
acid (Sigma Aldrich kit; St. Louis, MO, USA).

Determination of Carbonyl Proteins:

Plasma carbonyl proteins (CP) were determined by the derivatization of protein carbonyl groups with
2, 4-dinitrophenylhydrazine leading to the formation of stable dinitrophenyl hydrazone adducts (Sigma
Aldrich kit).

Statistical analysis:

The results are presented as means and of men are performed by ANOVA one factor. This analysis is
completed by Tukey’s test to locate the source of the significant difference. The Means indicated by
different superscript letters (a, b, c, d) are significantly different (p <0.05). All tests were performed
using STATISTICA 4.1 program (StatSoft, Tulsa, OK). Standard deviations (SD). A priori power
analysis was performed to determine the sample size, using a power and sample size calculator
(Statistical solutions, Sigma). The results were tested for normal distribution using the Shapiro-Wilk
test. The comparison of means between the four groups is performed by ANOVA one factor.

Results

Clinical and Biochemical Parameters: Table 1 shows that BMI was significantly higher in T2D
without treatment and T2D treated with insulin and metformin compared with control subjects in
Sabra and Maghnia men. BMI did not differ significantly between T2D with metformin and T2D with
insulin (p>0.05). BMI of Maghnia subjects was reduced compared to Sabra subjects. No significant
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difference was found among the four groups for Blood pressure (systolic, SBP, and diastolic, DBP).
Additionally, significant differences were found between T2D with metformin, and T2D with insulin
compared to control subjects and T2D without treatment for plasma glucose levels Table 2. T2D
without treatment in Sabra and Maghnia have the highest glucose concentrations (ANOVA, p<0.001).
The glucose level is reduced in treated diabetic patients from Maghnia compared to Sabra. The score
of adherence to the Mediterranean diet calculated in Maghnia subjects was over 7 compared to 5 in
Sabra’s subjects. This difference is related to the dietary and cultural diversity of each region and
socio-economic status. Maghnia men’s diet was diversified and rich in vegetables, fruit, fish, and olive
oil.

Lipid and Lipoprotein Levels: The highest values of total cholesterol were observed in T2D without
treatment and T2D with metformin patients compared with their control and T2D with the insulin
treatment group Table 2 (p<0.001, p>0.05, p<0.01). Maghnia men showed a decrease in plasma total
cholesterol levels compared to Sabra men. Triglycerides levels were reduced in treated diabetic and
control compared to untreated. Metformin and insuline reduce triglyceride concentration in T2D men.
A greater reduction was observed with insulin treatment in Maghnia men (p<0.05). Lipoprotein
concentrations were markedly different among the four groups studied (Table2). LDL-C amounts were
significantly higher in T2D without treatment compared to T2D treated with metformin or insulin
compared to control.

Table 1 : Characteristics of the study population

Characteristic control T2D without T2D with T2D with insulin ANOVA
treatment metformin

Sabra

Number (n) 30 30 30 30

Age (years) 53+3 52 +2 54 +3 56 +4

BMI (Kg/m?) 22.49+1. 27.06+1.892 25.83+1.85° 25.94+1.60° 0.0001
23

Duration of - 7+3 5+1

treatment -

SBP (mm Hg) 124+5.25 130+8.25 127+7.11 120.43+5.26 0.120

DBP (mm Hg) 76.53+4. 84.35+5.79 80.4345.38 86.3245.12 0.110
55

Maghnia

Number (n) 30 30 30 30

Age (years) 55+2 51+4 53+2 52+4

BMI (Kg/m?) 20.29+1. 25.16+1.562 23.33+1.58° 23.45+1.50° 0.002
32¢

Duration of - - 7+3 5+1

treatment

SBP (mm Hg) 126+4.27 132+8.38 128+5.31 122.25+3.32 0.130

DBP (mm Hg) 70.5545. 82.23+4.72 79.52+6.23 78.25+6.12 0.140
25

Values are means + SD. BMI, body mass index ; DBP, diastolic blood pressure ; SBP, systolic blood
pressure. Statistical comparison between the four groups (Control, T2D without treatment, T2D
treated with metformin, and T2D treated with insulin) was performed by a one-way ANOVA test,
followed by a Tukey post hoc test. Values for each parameter with different superscripts (a,b,c,d) are
significantly different for p < 0.05, as determined by one-way ANOVA and the least significance test.
p values for the ANOVA test.

LDL-C levels were significantly higher in T2D with metformin compared to T2D with insulin. LDL-C
concentrations are more reduced in Maghnia subjects compared to Sabra men. HDL-C concentrations
were significantly higher in T2D with metformin and T2D with insulin compared to control subjects
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and T2D without treatment. No significant difference betweenT2D with metformin and T2D with
insulin for HDL-C. The report LDL- C/HDL-C levels were significantly lower in T2D with metformin
and T2D with insulin than controls group and T2D without treatment (p<0.001), but the differences
did not reach statistical significance between T2D with metformin and T2D with insulin (p> 0.05).

Table 02: Biochemical parameters of the study population.

T2D

Parameter control without T2D W't.h T.2D W'th ANOVA
metformin insulin
treatment

Sabra

Glucose (mmol/L) 4.98+0.27¢ 7.27+0.492 6.52+0.54° 5.96+0.24¢ 0.0001
TG (mmol/L) 1.45+0.09°¢ 1.85+0.222 1.66+0.15P 1.56+0.17° 0.0400
TC (mmol/L) 4.67+0.31° 5.53+0.222 5.45+0.502 4.72+0.46° 0.0001
LDL-C ( mmol/L) 2.72+0.445 3.72+0.202 2.28+0.34°¢ 1.85+0.45¢ 0.0001
HDL-C ( mmol/L) 1.58+0.25P 1.12+0.10° 2.32+0.26? 2.44+0.24° 0.0001
LDL-C/HDL-C 1.81+0.48P 3.37+0.392 0.99+0.23¢ 0.81+0.12° 0.0001
Maghnia

Glucose (mmol/L) 4.55+0.17¢ 7.57+0.522 5.92+0.45° 4.99+0.34° 0.0001
TG (mmol/L) 0.83+0.20°¢ 1.52+0.122 1.32+0.45P 1.26+0.27° 0.0400
TC ( mmol/L) 4.51+0.35° 4.92+0.242 4.72+0.602 4.53+0.50° 0.0001
LDL-C ( mmol/L) 3.23+0.540 3.56+0.252 2.78+0.26°¢ 2.05+0.35¢ 0.0002
HDL-C ( mmol/L) 1.44+0.15° 0.93+0.19° 2.29+0.362 2.65+0.292 0.0001
LDL-C/HDL-C 2.16+0.52° 3.75+0.262 1.29+0.35°¢ 0.99+0.25°¢ 0.0004

Oxidative Stress Biomarkers :

Oxidant Status:

For erythrocyte O2°-, the statistical study demonstrated a significant difference among the four groups.
The levels of O2+- were significantly higher in T2D with metformin and T2D with insulin compared to
T2D without treatment and controls (p<0.001) Table 3. The highest level of O2¢- was observed in
T2D with insulin. Compared to Sabra subjects, men from Maghnia have reduced erythrocyte O2e-
values. A significant difference between T2D with metformin and T2D with insulin was found for
erythrocyte NO. The highest NO levels were observed in T2D treated with insulin compared to T2D
without treatment and controls. However, no significant difference in NO was observed between T2D
with Metformin and T2D without treatment Table 3. The reduced levels of erythrocyte NO were
recorded in men from Maghnia. Erythrocyte MDA levels were higher in all diabetic patients, treated
with metformin or insulin and not treated compared with control men, but T2D without treatment
men’s values were the highest (ANOVA p<0.001 and p <0.001, respectively) Table 3.

Table 3: Oxidant intracellular markers in the study population.

Parameter control Withou;rtzr[gatment r-nrezt?o:vrlr:ihn Ti2n[s)uvl\€lr:h ANOVA
Sabra

02 (umol/L) 50.91+2.01¢ 56.17+2.16° 76.27+5.53b 84.10+3.62° 0.0001
NO (umolL) 38.16+3.06° 34.82+4.41° 35.42+2.92°¢ 48.93+6.05? 0.0001
MDA (umol/L 2.11+0.27¢ 6.1740.26 @ 3.35+0.45° 4.02+0.33° 0.0001
Lyat

C)F/’ (Zlmollmg 2.7+£0.33°¢ 6.15+0.29? 3.98+0.40° 3.82+0.38° 0.0006
protein)

Maghnia

02 (umol/L) 45.32+1.02¢ 51.36+3.18°¢ 60.12+2.45b 65.21+4.202 0.0001
NO (umolL) 32.30+3.20° 30.23+2.64¢ 31.21+1.25°¢ 39.65+4.56° 0.0004
MDA (umol/L 1.02+0.21°¢ 5.18+0.25 2 2.15+0.15° 2.56+0.55P 0.0006
Lyat

C)F/’ (Zlmollmg 2.30+0.045°¢ 5.05+0.322 2.96+0.12° 3.15+0.29° 0.0006
protein)
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On the other hand, erythrocyte MDA concentrations are reduced in men from Maghnia compared to
those from Sabra. Similarly, erythrocyte carbonyls protein level was enhanced in T2D without
treatment and T2D treated with metformin or with insulin compared to control cases (p<0.0006) and
significantly decreased with the two treatments compared to T2D without treatment in both regions.
The most important decrease was observed in the Maghnia groups.

Antioxidant Status:

Oxidative stress biomarkers Plasma total antioxidant status (ORAC) was significantly lower in T2D
without treatment compared to controls (Table 4). The values tended to increase in the treated group
compared to the untreated remarkably in the Maghnia population, but there was no significant
difference between the metformin and insulin treated group in the two regions. Vit C levels were
significantly lower in T2D without treatment compared to the control and treated groups, but it was
significantly higher in T2D treated with metformin compared to T2D treated with insulin (p<0.001)
Table 4.

Table 4: Antioxidant markers in the study population

T2D

T2D with

T2D with

Parameter U without treatment metformin insulin ANOVA
Sabra

ORAC (UI) 4.54+0.26° 1.58+0.25¢ 2.55+0.27° 2.35+0.38° 0.0001
Vit C (umol/L) 47.48+2.252 27.92+1.28° 45.88+5.872 35.36+3.12°  0.0001
Catalase 88.73+2.572 49.21+1.62¢ 69.60+5.92° 67.58+4.86°  0.0001
(Ul/min/ml)

GSH (mmol/L) 1.55+0.062 0.59+0.14° 1.51+0.082 1.54+0.062 0.0010
Maghnia

ORAC (UI) 5.50+0.16° 2.50+0.12¢ 3.98+0.78° 4.56+0.45° 0.0001
Vit C (umol/L) 60.54+3.542 40.52+2.20° 50.54+6.202 46.32+2.25°  0.0002
Catalase 95.32+4.522 68.23+2.56° 79.32+3.35° 85.32+6.98"  0.0004
(Ul/min/ml)

GSH (mmol/L) 2.05+0.092 0.89+0.16° 1.89+0.05% 1.95+0.072 0.0010

The highest values were observed among Maghnia men with control and T2D with metformin.
Erythrocyte catalase activities were markedly different among the group studied, it was significantly
lower in T2D without treatment and T2D treated with metformin and insulin compared to the control
subject Table 4. Diabetes medication induced a rise in catalase activities but dis not reach control
values after treatment with insulin and metformin. The improvement of catalase activity is
considerably more observed in the studied population of Maghnia. Erythrocyte GSH values were
significantly lower in T2D without treatment compared to control subjects and T2D treated with
metformin and T2D with insulin (p<0.001) Table 4. Erythrocyte GSH values improved remarkably in
treated T2D from Maghnia compared to Sabra. However, no significant difference in erythrocyte GSH
activities was observed between controls cases and in both T2D-treated patients.

Discussion

The traditional Mediterranean diet being rich in olive oil, vegetables, fruits, nuts, cereals, legumes, and
fish, but relatively low in meat and dairy products presents a typical model of a healthy and varied
diet. Several studies have shown that the Mediterranean diet plays a preventive role against
cardiovascular diseases (CVD) (Martinez-Gonzalez et al., 2004 ; Estruch et al., 2013). In our study,
the assessment of the Mediterranean diet adherence score allows us to evaluate the association
between the Mediterranean diet, the dietary biodiversity and the prevalence of metabolic diseases such
as diabetes and the correction of the resulting metabolic and oxidative disorders (Bekkouche et al.,
2013). The cultural, social, and environmental diversities that exist between the two groups studied in
Maghnia and Sabra influence their eating habits. The latter has a definite impact on gene expression
and can therefore act to prevent the development of chronic diseases such as diabetes and its
complications, which explains this diversity between the men recruited in Maghnia and Sabra. Indeed,
a study has shown the impact of precarity on the diet of diabetics (Vannereau et al., 2014), which
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reveals that a low-income person who eats little fruit and vegetables, meat, and eggs but consumes
more alcohol and soft drinks has a greater risk of complications with diabetes.

Diabetes can induce multiple changes in lipids, lipoproteins, and oxidant/antioxidant status. The
results obtained in the present study are consistent with previous findings (Ting et al., 2021,
Azarpazhooh et al., 2021 ; Hirano et al., 2021). Indeed, our results indicate that metformin and insulin
are efficacious substances in the treatment of diabetes as there is a significant decrease in plasma
glucose levels in T2D patients treated with metformin and insulin compared to untreated diabetics
from Maghnia and Sabra. The effect of metformin on blood glucose levels is attributed to a decrease in
hepatic glucose production and an increase in glucose transport in muscle cells (Zhou et al., 2001).
The high adherence score to the Mediterranean diet (9/14) observed in Maghnia subjects compared to
Sabra subjects can explain the significant improvement in their blood glucose levels.

Several studies (Ceriello et al., 2014, Estruch et al., 2006: Oh et al., 2010) have shown the protective
effect of olive oil against insulin resistance, the main step in the development of T2D
(Schlienger&Monnier, 2020). The consumption of olive oil, rich in monounsaturated fatty acids
(MUFA), is beneficial for diabetics as it improves insulin sensitivity and lipid profile (Santangelo et
al, 2016).

This type of diet also improves markers of glucose homeostasis (36% fasting blood glucose and 22%
insulin levels) (Demosthenes et al., 2007; Elhayany et al., 2011). In addition, a study of
postmenopausal women with T2D showed that adaptation to the diversified Mediterranean diet
improved serum glucose control (Toobert et al., 2003) and reduce glycated hemoglobin (-0.4%
HbALc) in diabetics consuming a low glycemic index diet (Brand et al., 2003).

Glycaemic control is not the only objective for diabetics, improving the lipid profile, weight, and
blood pressure are factors to be taken into consideration. Several studies have shown the impact of the
MD on these factors (Richard et al., 2013 ; Panagiotakos et al., 2004, Psaltopoulou et al., 2004).

In this study, lipid levels are altered, and lipoprotein content is significantly modified in diabetic
patients compared to controls. Diabetic patients had elevated plasma triglycerides, cholesterol and
LDL-C levels, but low HDL-C levels. These results are consistent with previous studies (Shah, 2019 ;
Poznyak et al., 2020 ; Summerhill et al., 2019 ; Taleb, 2016). In addition, a high atherogenicity ratio
(LDL-C/HDL-C) was observed in patients with T2D. These abnormalities could be attributed to
hyperglycemia, insulin resistance, lipase, and cholesterol ester transfer protein (CETP) activities
(Taleb, 2016 ; Verges, 2009 ; Stankova et al., 2019). In this study, men from Maghnia have lower
plasma triglyceride levels than men from Sabra, which is related to the adoption of an MD. According
to Mosbah et al. ,2018, adherence to the MD seems to protect against the occurrence of overweight
and decreases triglycerides and improves glycaemic control in type 2 diabetics (Bakaloudi et al.,
2021).

Our findings showed that patients with T2D had high levels of intracellular pro-oxidant markers (02--,
CP and MDA) and low concentrations of antioxidants (vitamin C, catalase and GSH). These results
are consistent with those reported in previous studies (Roma and Jean-Christophe, 2020). ORAC
values were significantly lower in untreated T2D patients compared to non-diabetic controls. In
diabetes, several mechanisms seem to be involved in the genesis of oxidative stress. Indeed, the auto-
oxidation of glucose in the presence of iron leads to the generation of reactive oxygen species (ROS)
(Gerber and Rutter, 2017 ; Yan, 2014), and leads to protein glycation, overproduction of superoxide
radicals at the mitochondrial and NADPH oxidase levels (Pitocco et al., 2010 ; Xiao-Bin et al., 2016 ;
Ola et al.,2006 ; Rosca et al., 2012 ; Kulaksizoglu and Karalezli, 2016 ; Oguntibeju, 2019). Reduced
levels of (NO) were observed in patients (T2D), which is in agreement with the results reported in a
previous study (Pitocco et al., 2010 ; Oleson and John , 2018). Overproduction of (NO) is associated
with various inflammatory conditions, including diabetes (Afonso et al., 2007 ; Velagic et al., 2020 ;
Al-nimer et al., 2010 ; Luvuno et al., 2021 ; Sanz-Cameno et al., 2002). In this work, subjects from
Sabra who adopt a classic diet, have elevated concentrations of oxidants compared to Maghnia
subjects. Adherence to the MD also reveals an effect attested by an improvement in oxidative status by
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a significant decrease in plasma, erythrocyte, and platelet levels of hydroperoxides and carbonyls
(Bekkouche et al, 2013).

The results of this study show a decrease in plasma triglyceride and LDL-C levels and an increase in
HDL-C levels. Metformin and insulin therapies normalize lipid and lipoprotein levels in T2D.
However, total cholesterol concentrations can only be normalized with insulin. In another study, it was
indicated that metformin may play a major role in reducing blood cholesterol (Van et al., 2018;
Verges, 2001). Low glycaemic index foods improve the lipid profile of diabetics by lowering LDL
cholesterol levels and reducing weight (Heilbronn et al., 2002).

In this study, it is shown that T2D patients prescribed metformin showed a reduction in LDL-
cholesterol, in contrast to untreated T2D patients, which is in agreement with the results reported in
previous studies (Shokrpour et al., 2019 ; Geerling et al., 2014). Furthermore, metformin and insulin
also contributed to a reduction in the atherogenicity ratio (LDL-C/HDL-C) in (T2D) patients, unlike
untreated patients. The greatest reduction in this ratio was observed in patients treated with insulin.
This contributes to the reduction of major cardiovascular risk factors. The Maghnia subjects consumed
a diversified diet rich in olive oil, fish and low glycaemic index carbohydrates that followed the
Mediterranean model, which improved their lipid profile. These results are consistent with previous
studies (Heilbronn et al., 2002).

Several studies have shown that high triglyceride and blood sugar levels contribute to higher (OS)
(YYaribeygi et al., 2020). The results of the present investigation confirm a strong association between
plasma glucose concentrations and (OS) parameters. Oxidative stress in diabetes is generally caused
by a decrease in the antioxidant defense system and an increase in ROS production due to
hyperglycemia (Zhuang et al., 2014). In addition, chronic hyperglycemia induces increased protein
oxidation in patients with T2D (Alhagh et al., 2021).

The results of this study indicate that insulin-treated T2D patients have higher levels of certain pro-
oxidant markers (NO, O2--) compared to metformin-treated T2D patients. In addition, low levels of
MDA and PC were observed in T2D patients treated with both insulin and metformin, in contrast to
untreated diabetic patients, which is in good agreement with those reported in previous studies
(Grindel et al., 2016).

The better glycaemic control observed in T2D patients treated with insulin and metformin can explain
the decrease in radical production and lipid peroxidation. In our study, markers of protein oxidation,
such as carbonyls, showed a significant decrease in protein oxidation in diabetic patients treated with
insulin and metformin, in contrast to untreated patients. This decrease is attributed to low blood
glucose levels in diabetic patients treated with insulin and metformin. This is consistent with the
results of a study, which indicates that appropriate glycaemic control decreases plasma carbonyl levels
in patients with T2D (Alhagh et al., 2021). Moreover, the results of the present study indicate a
significant decrease in erythrocyte, superoxide anion and nitric oxide (NO) levels in metformin-treated
T2D patients compared to insulin-treated patients. Thus, the decrease in (NO) production in diabetic
patients is the cause of impaired endothelial vasodilation (Santilli et al., 2004). On the other hand,
(NO) levels are higher in insulin-treated T2D patients as compared to those treated with metformin
and those not treated. This is probably due to improved glycemic control, which induces the reduction
in the (OS).

The present study is an attempt to measure some markers of antioxidant defense, vitamin C level,
catalase activity, (OS) biomarkers, total plasma antioxidant (ORAC), and glutathione concentration.
Levels of antioxidants, vitamin C, catalase and GSH were found to be higher after treatment and
remarkably in Maghnia subjects with a high MD adherence score. Adherence to the MD reveals an
antioxidant effect evidenced by an improvement in oxidative status through an increase in antiradical
enzymes (Bekkouche et al.,2013). These results demonstrate the correlation between the dietary
biodiversity observed in the MD and the improvement of antioxidant defense in the treated Maghnia
population. ORAC was significantly lower in untreated T2D patients than in control patients but
remained unchanged between patients treated with metformin and insulin.

95



Rabhi et al 2022, Genet. Biodiv. J, 2022; 6 (2): 87- 102
DOI: 10.46325/gabj.v6i2.269

The results of this study indicate higher plasma vitamin C levels in metformin-treated T2D patients as
compared to insulin-treated patients. The increase in vitamin C levels may be explained by the
increased concentration of glutathione, which is an essential factor for the enzymatic regeneration of
ascorbic acid from dehydroascorbate (Cammisotto et al., 2021). Among the men of Maghnia, the
increase in plasma levels of vitamin C may be related to the nutritional intake of this vitamin through
the consumption of a diversified diet rich in fruits and vegetables, the main characteristic of the MD.

The results obtained revealed a significant increase in erythrocyte catalase activity in treated diabetic
patients compared to untreated subjects. These results are consistent with those of several other
authors who have reported a decrease in erythrocyte catalase activity in diabetic patients (Merzouk et
al., 2004).

Glutathione (GSH) is the main soluble antioxidant in cells (Orhan et al., 2003 ; Xepapadaki et al.,
2020). The results of this study indicated a significant difference in erythrocyte GSH levels between
treated and untreated diabetic patients, in favor of an improved antioxidant defense. Our results
highlight the beneficial effects of metformin and insulin on the lipid and lipoprotein profiles of
patients with T2D. Favorable changes in lipid and lipoprotein parameters were observed in T2D
patients treated with insulin, in addition, there was a decrease in plasma total LDL cholesterol and
triglyceride levels and an increase in HDL-C levels. These treatments normalize lipid and lipoprotein
levels in diabetic patients. The MD, due to its diversity and richness in antioxidants, decreases the
oxidation of LDL, a marker of oxidative stress and a major factor in the development of
atherosclerosis (Mitjavila et al., 2012 ; Holvoet et al., 2001, Meisinger et al., 2005). Olive oil also has
a high phenolic antioxidant phenolic power (Owen et al., 2000). The consumption of nuts, a feature of
the MD, is a source of phytochemical antioxidant nutrients (Kris-Etherton et al., 2001 ; Mirmiran et
al., 2018 ; Abete et al., 2008). In addition, the richness of fish provides a good supply of omega-3. The
latter reduces serum triglyceride and lipid peroxide levels (Kesavulu et al., 2002). Results of previous
studies can explain the notable improvement in the antioxidant/oxidant balance in Maghnia subjects
with a higher MD adherence score compared to Sabra subjects and confirm the relationship between
the dietary diversity and the good management of diabetics under treatments.

The present work found that after treatment with metformin and insulin, plasma levels of MDA and
carbonylated proteins were significantly decreased, while levels of vitamin C, GSH and catalase
activities were remarkably increased. However, the results suggest that insulin reduces total and LDL
cholesterol more than metformin; it also increases NO and O-2 production. Our findings confirm the
association between MD adherence score and (CVD) prevention in type 2 diabetics. A diversified diet
observed in our subjects from Maghnia with a high MD adherence scores allows a strong
improvement of lipid profile and oxidative status with metformin and insulin.

Conclusion

In conclusion, the present study suggests that reducing blood glucose levels in T2D subjects reduces
ROS generation. Both metformin and insulin show beneficial effects on plasma lipids or markers of
oxidative stress in diabetic patients with pre-existing plasma lipid abnormalities and oxidoreductases.
In addition, insulin improves the lipid profile and metformin reverses the redox changes associated
with diabetes. It can be concluded that the combination of metformin and insulin can help to correct
the oxidative status and lipid disorders observed in diabetic patients. In addition, the adaptation of a
diversified diet such as the Mediterranean diet also seems very beneficial in the management of type 2
diabetics. MD offers type 2 diabetics an effective antioxidant defense that slows the development of
complications. In our study, the diet is well-diversified among the participants in Maghnia compared
to Sabra. Which justifies the significant improvement in oxidative stress parameters, recorded in
Maghnia patients treated with metformin and insulin compared to those in Sabra. Diversity diet is the
most important factor in the management of T2D to achieve good metabolic control.

A change in dietary behavior is necessary to avoid hyperglycemia and excess weight. This can reduce
the need for insulin. The key to successful diabetes treatment is regular physical activity, combined
with a healthy, varied, and balanced diet to help stabilize blood sugar levels, improve quality of life,
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and to slow the development of complications associated with T2D. It is therefore important to note
that maintaining dietary diversity is a point to be taken into consideration in the management of
metabolic diseases, in particular diabetes. However, this diversity will only be accessible with the
maintenance of biodiversity in our crops.
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