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Biochemical evaluation of the antioxidant nutrients on blood rheology among prediabetics

Abstract :

Background: Oxidative stress is involved in the developing of several diseases including diabetes
followed by developing the majority of severe acute illness and/or contra complications. Current
progressed researches indicated increasing plasma viscosity with progressing microangiopathy
among diabetic cases.

Objectives: To evaluate whether antioxidant nutrients biomarkers of selenium , vitamin A and
vitamin E are associated with alterations of blood viscosity in pre-diabetes (PD).

Patients and methods:Whole blood samples were collected from (20) PD non obese subjects
with blood HbA cl (5.7-6.4%) and (20) control healthy subjects. Different biomolecules were
assessed including selenium concentration in both plasma and red blood cells (RBCs), glutathione
peroxidase activity in RBCs , plasma lipids, vitamin A and vitamin E plasma concentration, and
the blood viscosity.

Results: Comparing to control healthy subjects, blood vescocity was significantly increased,
selenium was not altered in the plasma of PD subjects but it was markedly decreased in RBCs and
negative correlation with the elastic component of whole blood viscosity. Mean RBCs, glutathione
activity was reduced. Vitamin A and vitamin E plasma levels were correlated with blood
viscosity. Plasma viscosity correlated strongly with increased cholesterol level (r=0.67, P 0.002)
and triglycerides concentration (r=0.66 , P 0.005).

Conclusion : Blood vescosity increased in PD and this may be contributed to reduced nutritional
antioxidants.
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Introduction :

By the end of 2030, diabetes melitus will be the seventh leading cause of death mortality[”.
The PD is a triggering stage between normal health and diabetes in which fasting plasma glucose
is increased with impaired glucose tolerance. PD populations are willing to get diabetes mellitus
within 10 years or less™?l,
Current researchers investigated increasing oxidative stress (OS) among hypergalycemic

populations. In diabetes mellitus, OS results acute endothelial dysfunction and activation of
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inflammation in blood vessels of diabetic patients. It takes part in development of different
microvascular complications™ but there is no data for early stages of the disease. In turn, it causes
overproduction superoxides in mitochondria within endothelial cells of different blood vessels. It
increases biosynthesis of glycated end products, expression of their receptors, activation of protein
kinase C and overabundance of hexosamine pathways 451 1t passes reactive oxygen derivatives in
small amounts that posses free radical properties mediated lipid peroxidation with increasing
antioxidant enzymes levels'®. It take parts in decreaseing plasma levels of vitamins A, C and E
that in turn points decreasing antioxidative barrier in patients with different metabolic syndrome'”’.

Increasing reactive oxygen products affect plasma antioxidant activity and distube
oxidation-reduction balance and lead to severe alterations of cellular function with subsequent cell
damage'®. Mainly, glutathione peroxidases (GPx) play an antioxidant to protect of erythrocyte
against peroxides from oxidative damages by increasing the level of reduced glutathione. GPx is
involved in the detoxification of hydrogen and lipid peroxides. Low levels of GPx have been
correlated with free radical related disorders that in turn damage DNA, proteins, and lipids of the
cell. Accordingly, it leads to cell dysfunction in different tissues causing pathogenesis of vascular
complications B As the deficiency of antioxidants may increase risk for late complications in
diabetics"”!. Nutrients with antioxidant action such as selenium vitamin A and vitamin E have been
suggested to exist protective effects in diabetes mellitus.

Diabetes, OS obesity, inflammation, aging, smoking and cancer are important factors for
getting deterioration of blood rheology[m. Mainly, impairment of blood rheological parameters
affects both vescocity and RBCs elasticity which subsequently diminishes both blood flow rate
and tissue oxygenation. In addition, RBCs elasticity reflects their blood aggregability and

1314 Yittle information about blood rheology in the early stages before getting

deformability
diabetes and/or PD cases are known. Consequently, monitoring of blood rheology is urgently
useful for those PD populations.

Therefore, the main aim of the present study was to examine the state of antioxidant
nutrients like selenium together with selenium dependent GSH,vitamin A ,and vitamin E in PD

cases and to establish weather they are associated with alterations of blood vescocity.

Patients and methods

Whole venous blood samples were collected from 20 PD. All were none obese (BMI < 30)
and none smokers. In addition, 20 healthy persons matched for sex, age, and body mass index
were considered as (control group). All participants were recruited from out patient clinic of Seuz
Canal University hospital for the study. PD was considred with HbAlc (5.7-6.5)%. Both PD and

control groups were subjected to same laboratory measurements. Applicants were asked to fast for



at least 8hs earlier morning blood collection. Aliqoutes of all samples were centrifuged at 3000
rpm then collecting plasm to keep at -70C till biochemical analysis. Laboratory investigation were
done for the followings:

(1) Glycosaylated hemoglobin (HbA1c), blood glucose and plasma lipids were was measured via
enzyme immunoassay technique (ELISA). Fasting serum glucose was measured by the glucose
oxidase method (Roche Diagnostics GmbH, Germany) 51" Glucose was measured by the glucose
oxidase method using the YSI analyzer (Yellow Springs, OH, USA). HbAlc was measured by
HPLC (Biorad, Hercules, CA, USA). Numberous of biochemical measurements were performed
on fasting plasma collected. Plasma fasting glucose, HDL cholesterol and triglycerides levelss
were measured by marketable test kit methods using the automatic clinical chemistry analyzer
(Architect CI8200, Abbott Diagnostics).

(2) Selenium: Selenium concentrations in plasma and RBCs were measured with hydride
generation atomic absorption spectrophotometry (Perkin Elmer 3030, Perkin-Elmer Corp.,
Norwalk, CT)!"®\. Mainly, whole blood —anticoagulant with EDTA-was centrifuged, then plasma
and buffy coat wereremoved. The RBCs washed three times with isotonic saline solution; 1 ml of
packed RBCs. Plasma and/or RBCs samples were diluted 1:4 with a triton-X (Sigma Chemical, St.
Louis, MO) and nitric acid solution (Fisher Scientific, Pittsburgh, PA) and incubated at room
temperature for 10 min, then adding 70% perchloric acid with boiling 3 mints, then adding v/v 20
mmol/l HC1 using HPLC deionized water then treated with 30%sodium borohydride, and 15%
sodium hydroxide reagent. Treated plasma and RBCs Se levels absorbance were measured at 196
nm.

(3) Glutathione peroxidase activity: Glutathione peroxidase (GPx) activities in RBCs were
measured enzymatically based on Pagalia and Valantine method"”! using GPx assay (RANSEL)
assay kit, Randox Laboratories Ltd, Crumlin, BT29 4QY,UK. Packed washed cells were lysed
with 1 ml of demineralized water , diluted 1:1 with double strength Drapkins reagent and used for
both the determination of GPx activity and haemoglobin. Samples were frozen at — 40 C until
determination of GPx activity. The reaction solution was: 0.2 mM NADPH , 4 mM GSH , 4 mM
EDTA ,4 mM NaN3 , 1 [.U glutathione reductase , H,0, , and the sample in 100 mM phosphate
buffer PH 7.0. The oxidation of NADPH was followed at 37 C° using a 340 nm filter with
a spectrophotometer (Hitachi U —2000). Enzymatic activity is expressed as ug Hb/L . Hb in the
RBCs lysate was measured by the cyanomethaemoglobin method""® The coefficient of variation
(between-run) for GPx activity ranged from 2.2 % to 7.5 %. The reproducibility was 6.5 %.

(4) Antioxidative vitamins : Plasma concentrations of vitamin A (all-trans-retinol) and vitamin E

(a —tocopherol) were determined by using high performance liquid chromatography 191 The



coefficient of variation of the method was 2.5 % and 2.2 % for retinol and a-tocopherol,
respectively .

(5) Whole blood viscosity Whole blood viscosity (WBC) was determined in EDTA anticoagulant
blood with a capillary viscometer (OCR-O Anton Paar Cokg, Graz,Austria ) at a constant
oscillation frequency of 2 HZ for shear rates between 1 S to 100 S.Blood samples were kept in
rotation untill estimation to avoid sedimentation . Experiments were done within 1 — 2 h after
blood collection at a constant temperature of 37 + 0.1 C° with blood samples adjusted to

hematocrit of 45 + 1 % 2!,

Ethical Consideration

Before the initiation of the study, informed consent was obtained from all individuals
selected for the study. The aim and the value of the work were explained to them in a simplified
manner. There was no harm being inflicted on them. On the contrary, all would have the benefits

of follow-up and the results of the study.

Statistical Analysis:

Data are presented in terms of mean, standard deviation (SD) of the mean, and
percentages. Statistical analysis was carried out by a computer program (SPSS Ver. 2014).
Student-t test, Chi-square, the Mann-Whitney U test, and correlation tests were used to evaluate
the results. Data are presented as mean + SD. Statistical significance in figures are denoted with

P value less 0.05.

Results

Twenty patients with PD, 60% were males with average age 46.715.2 years old were
studied. Glycated haemoglobin (Hb A;.) was 6.1+1.1%. No significant difference between
patients and control group regarding the age and sex distribution.

Table (1) shows that, both the patient and the control groups were well matched regarding
age, sex, body mass index and blood pressure. There was a significant difference as regards the
Hb A,. level between the both groups. Regarding the lipid profile, there was a significant
difference between the patient and control groups as regard total cholesterol level and triglycerides
level. Regarding the blood viscosity, there was a significantly increased in the patient group
(4.2340.68 vs 3.51+0.6, P< 0.001)

Table (2): shows that the mean plasma selenium concentration in patient group was not
different from that in the control groups. In contrast the concentration of selenium in RBCs of

patient group was significantly reduced compared with control groups. Selenium dependent
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glutathione peroxidase activity (GPx) was slightly but significantly reduced in patient group..

Vitamin A and E concentrations were differed slightly but significantly between the groups.

In table (3), significant correlations were found between whole blood vescocity and RBCs

selenium, vitamin A, vitamin E and GPx values and in addition to both hematocrite and HbAlc.

On the other hand, no correlations were recorded with lipids plasma selenium.

Table ( 1) : Clinical and biochemical PD of both patient and control groups .

pattern PD (n=20) Control (n=20) P

Age (years) 46.7+5.2 41.5+7.4 n.s
Sex F/IM 8/12 9/11 n.s
Body mass index (BMI) % 24.2+40.6 23.5+0.8 n.s
Systolic B.P mm Hg 122.4+13.4 121.9+6.7 n.s
Diastolic B.P mm Hg 81.4+4.2 79.9+4.7 n.s

Hb A, % 6.1+1.1 5.140.1 <0.001
Plasma protein gm% 7.1+0.4 7.5+0.4 n.s
Haematocrite % 44.8+3.7 45.3+2.4 n.s
Total cholesterol mg% 216.7+12.5 198.4+16.5 <0.01
Triglyceride mg% 185.4+18.9 145.8+17.9 <0.01
Whole blood viscosity cP 4.23+0.68 3.51+0.6 <0.001
n.s: non significant

Table (2): Antioxidant nutrients in both PD and control groups

Antioxidant nutrients PD (n=20) Control (n=20) P
Plasma selenium umolL! 1.29+0.3 1.31+0.7 n.s
RBCs selenium umolL! 0.79+0.3 1.35+0.3 <0.01
GPx ugHb'l 6.77+0.4 8.2+0.9 <0.05
Vitamin A umolL" 1.88+0.6 1.99+0.7 <0.05
Vitamin E umolL" 29.1+6.9 31.9+1.2 <0.05

n.s: non significant

Table (3): Correlations between the severity of antioxidant nutrient, blood chemistry and

blood viscosity in PD group.

Prameters Whole blood viscosity

r P
Plasma selenium 0.31 n.s
RBCs selenium -0.59 <0.05
GPx -0.63 <0.05
Vitamin A -0.71 <0.01
Vitamin E -0.68 <0.05




Haematocrit +0.72 <0.05

HbA |, 0.41 <0.05
Cholesterol 0.39 n.s
triglyceride 0.41 n.s
Plasma protein 0.46 n.s

n.s: non significant

Discussion:

Intensive organization for PD are required based on relevant evidences to help physicians
for selecting the best possible management strategies for PD, specially those suffering from a
specific conditions. PD are monitored by the level of hyperglycemia and associated with impaired
fasting glucose and/or impaired glucose tolerance. Increases in HbAlc levels are related to an
increasing evidence point to a progression of PD to frank diabetes [21-22]

Recent research studies in this area of PD support a central role for reactive oxygen species
in both the formation of AGEs, and in AGE-induced pathologic alterations in gene expression.
AGEs alter matrix-matrix, matrix cell, and cell-cell interaction with subsequent changes in
plasma viscosity and severity of PD %!,

Many studies using a fluorescence spectrophotometer techniques informed reduced
membrane fluidity for RBCs in type 2 diabetes melitus. These data documents the represented
data in which oxidative deregulation is repesented with decreased membrane fluidity of
submitochondrial particles and increased mitochondrial dysfunction with T2DM™*, Therefore, the
problem whether nutritional antioxidants have a similar possible role in RBCs membranes
fluidity and blood viscosity in PD and the correlation with plasma lipids. The present data
considering measurements done on whole blood, approve concomitant increased viscous
components in PD group. Possible mechanisms for the reduction of membrane fluidity include
increased cholesterol/phospholipids ratio, or an enzymatic changes such as reduction of Na +,K+
ATPase activitym'm.

However , current results suggest that the selenium concentration in RBCs may also
contribute  to the fluidity of the blood. The cause of significant reduction of selenium
concentration in RBCs of PD group in our study is questionable . Dietary deficiency of
selenium can be excluded as there was no detectable difference in plasma selenium, a marker for
nutritional intake relative to the control.

Significant reduction in GPx activity was recorded in current study. Only a borderline
significant correlation between GPx activity and selenium in RBCs in PD group was seen,
probably due to the reduced selenium concentration in RBCs. Plasma selenium levels drop
independently of selenium level during the acute phase response and GPx. The resulted data
conclude that changed concentrations of selenium in PD with critical illness may due to the effects
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of OS. The place of reduced GPx activity in the development of PD changes in blood rheology
must be defined by further studies.

There was a significant higher blood viscosity in PD group in comparison with the control
group. From this evidence , it can also hypothesized that , PD patients with higher blood viscosity
may prolong insuline resistance with advances to diabetes. It is in agree with Zhao et al., 2015

28] However, elevated whole blood vescocity is attendant with prevalence of insuline

resistance in middle-aged and elderly chinese populationm]. Therefore, further studies are

study

recommended for studing the relationship between insuline sensitivity and blood vescocityamong
PD cases.

Borderline differences were found in vitamin A, and vitamin E between PD patient and
control group. Regarding vitamin A , a different result was recorded by Godala et al. 2014 B,
They recoded decreased level of vitamins A and E points to the weakening of antioxidative barrier

in patients with metabolic syndroms. In addition, Garcia et al 201381

reported association of low
concentrations of vitamins A and E in children with lipids, inflammation and insulin resistance
and attributed these observations to a reduced mobilization of vitamin A from the liver by an

unknown mechanism.

We found significant negative correlation between both vitamin A and vitamin E and
whole blood viscosity. This observation may be attributed to hypothesis that vitamin A and
vitamin E are highly effective as an antioxidant for suppressing the peroxidative lysis of

liposomes of PD erythrocyte lipids as in selenium and GPx activity.

Conclusion

In conclusion, the contribution of increasing blood viscosity based different biochemical
parameters in developing PD cases into diabetics comes to be a question of debate. The present
data show that whole blood viscosity was impaied in PD and affected by the RBCs concentrations
of nutrient antioxidants, selenium , vitamin A , and vitamin E . Increased levels of OS may
motivate some of the increased risk of getting development of increased whole blood vescocity in
PD. Interventions to decrease levels of OS by methods such as antioxidants therapy, glycemic and
lipids control are indicated. Whether or not nutrientional antioxidant replacement improves the
concentration of selenium, vitamin A , and vitamin E whole blood viscosity with a subsequent
improvement in insulin resistance in the next future among prediabetics. Such studies are required

to prvent progression of PD to frank diabetes melitus.
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