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Abstract

Several studies have reported the presence of oxidative
stress in diabetes mellitus as a result of increased
generation of reactive oxygen species and diminished
antioxidant defense. The current study evaluated the
plasma concentrations of glycated haemoglobin (HbA1C)
and fasting blood glucose (FBG) as indices of glycaemic
control in type- 2 diabetic patients and non-diabetic control
subjects. A total of 266 subjects were recruited for the
cross-sectional study, 165 type 2 diabetic patients and
101 non-diabetic controls from Usmanu Danfodiyo
University Teaching Hospital, Maryam Abacha Women
and Children Hospital, and Specialist Hospital, Sokoto.
FBG was measured using glucose oxidase method and
HbA1C using micro column method. The mean activities
of FBG, HbA1C were higher (p< 0.05) in diabetic patients
when compared to non-diabetic controls. These findings
confirm that diabetic patients have high levels of FBG and
HbA1C compared to the non-diabetic control subjects.
Periodic assay of the activities of FBG and HbA1C in
diabetic patients as adjunct biochemical analytes in
monitoring is suggested.
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Introduction

Diabetes mellitus, often simply referred to
as diabetes, is a metabolic disorder of multiple
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aetiologies characterized by chronic
hyperglycaemia  with disturbances of
carbohydrate, fat, and protein metabolism
resulting from defects in insulin secretion
and/or insulin action, and is often accompanied
by glycosuria, polydipsia and polyuria
(American Diabetes Association, 2005; Sailaja
et al.,, 2003; Celik et al.,, 2002). Diabetes
mellitus is divided into two major classes, the
less common type 1 (known as insulin
dependent diabetes mellitus) and the more
common type 2 (known as non - insulin

dependent diabetes mellitus). Other sub-
classifications include those of genetic defects
of  p-cell function, insulin action,

endocrinopathy, infections, drug, chemicals and
gestational diabetes mellitus often classified as
type 4. This classification was endorsed by
WHO expert committee on diabetes in 2000
(World Health Organization, 2000). Diabetes
mellitus is associated with metabolic, micro-
vascular and macro-vascular complications. In
diabetics, persistent hyperglycaemia causes
increased production of free-radicals, especially
reactive oxygen species (ROS), for all tissues
from glucose auto-oxidation and protein
glycosylation (Aragno et al., 1999; Oberley,
1988; Bonnefont-Rousselot et al., 2000). Free
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radicals are generated as by-products of normal
cellular ~ metabolism;  however,  several
conditions are known to disturb the balance
between ROS production and cellular defense
mechanism. This imbalance can result in cell
dysfunction and destruction resulting in tissue
injury. The increase in the level of ROS in
diabetics could be due to their increased
production and/or decreased destruction by non-
enzymic and enzymic catalase (CAT),
glutathione peroxidase (GPx), and superoxide
dismutase (SOD) antioxidants. The level of
these anti-oxidant enzymes critically influences
the susceptibility of various tissues to oxidative
stress and is associated with the development of
complications in diabetes mellitus. This is
particularly relevant and dangerous for the beta
islet, which is among those tissues that have the
lowest levels of intrinsic antioxidant defenses
(Robertson, 2004; Weyer et al., 1999; Lenzen et
al., 1996; Grodsky et al., 1989).

Oxidative stress results from an imbalance
between radical-generating and radical-
scavenging systems, i.e. increased free radical
production or reduced activity of antioxidant
defenses or both. Implication of oxidative stress
in the pathogenesis of diabetes is suggested not
only by oxygen free-radical generation but also
due to non-enzymatic protein glycosylation,
auto-oxidation of glucose (Mullarkey et al.,
1990), impaired glutathione  metabolism
(Mclennan et al., 1991), alteration in
antioxidant enzymes (Strain, 1999). In addition,
there are other defense mechanisms against free
radicals like the enzymes superoxide dismutase
(SOD), glutathione peroxidase (GPx) and
catalase (CAT) whose activities contribute to
eliminate superoxide, hydrogen peroxide and
hydroxyl radicals (Soto et al., 2003).

Materials and Methods

Study Area

The cross-sectional study was conducted at
Usmanu Danfodiyo University Teaching
Hospital (UDUTH), Sokoto, Specialist Hospital
Sokoto and Maryam Abacha Women and
Children Hospital Sokoto. The samples were
analyzed in the Research Laboratory of the
UDUS City Campus.

Sampling

A total of 266 subjects were recruited for the
study. These consist of 165 diabetic patients
attending the out- patient Department of the
Medical Clinic in Usmanu Danfodio University
Teaching Hospital, Specialist Hospital, Sokoto
and Maryam Abacha Women and Children
Hospital, Sokoto, and 101 apparently healthy
individuals who were monitored as controls.
The controls were recruited from the population
of Staff and Students of Usmanu Danfodiyo
University (UDUS) and UDUTH, Sokoto.

Inclusion Criteria

Individuals with established type- 2 diabetes
mellitus who consented to participating in the
study were included in the study. Apparently
healthy non-diabetic subjects were recruited in
the study as controls.

Exclusion Criteria

Individuals with type- 1 diabetes mellitus and
gestational diabetes mellitus were excluded
from the study. Those with debilitating diseases
e.g liver cirrhosis, heart failure etc and all those
who declined to give their consent were
excluded from the study.

Informed Consent

Verbal informed consent was obtained from
both patients and subjects before inclusion
using approved protocol.

Ethical Approval

The approval of the study was obtained from
the Ethical Committee of the Usmanu
Danfodiyo University Teaching Hospital,
Sokoto (UDUTHS).

Sampling Techniques

Arrangement was made with the clinicians,
whereby subjects who satisfy the study
inclusion criteria were selected. Questionnaires
were administered to the study population.
Information including the name, age, gender,
occupation, duration of disease, height, weight,
BMI, was obtained through personal interviews
while type of DM, drugs taken and
complications was obtained from the Physician
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in the clinic, and these was followed by
specimen collection. The findings were
documented in the proforma.

Specimen Collection and Processing

From each selected subject, about 5ml of fasting
blood sample was collected for the biochemical
analysis using a sterile syringe and needle from
antecubital vain (venepuncture) after
disinfecting the site with methylated spirit
(70%) and allowing it to dry. About 3ml of the
whole blood was dispensed into EDTA bottle
for estimation of glycated haemoglobin,
glutathione peroxidase, catalase and superoxide
dismutase. The remaining 2 ml of the blood
sample was dispensed into a fluoride container
for the estimation of blood glucose level. The
EDTA samples after collection were centrifuge
at 3000rpm for 5minutes to obtain clear non-
haemolyzed plasma. The plasma was harvested
into a sterile separation tubes and kept frozen at
-20 °C before assay.

Chemicals and reagents
All the chemicals and
analytical grade.

reagents were of

Analytical Methods
Plasma glucose was measured using enzymatic
method of Trinder (1969). GHbAlc was
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measured using micro column method of
Trivelli et al. (1971).

Results

The results obtained in the current study are
presented in the following tables 1-13.

Table 1 shows the age and anthropometric
parameters of the diabetic patients and controls.
The mean age of the diabetic patients and
controls were (48.03+1.07yrs) and
(45.41+1.57yrs), respectively. The mean values
of BMI in diabetic patients and the non-diabetic
controls were 2850+ 0.37 kg/m® and
24.61+0.51kg/m? respectively. The mean BMI
of the diabetic patients was statistically higher
(p<0.05) when compared with that of controls.

Table 2 shows the fasting blood glucose and
glycated haemoglobin levels of diabetic patients
and controls. The mean fasting glucose
concentration in diabetic patients (7.29%
0.29mmol/L) was significantly higher (p<00.5)
than the value in non-diabetic control subjects
(4.12+ 0.07mmol/L). The mean value of
glycated haemoglobin in the diabetic patients
(7.56£0.13%) was significantly higher (p<0.05)
than that of controls (5.21+0.08%).

Table 3 shows the reference values of plasma
antioxidant enzymes, fasting blood glucose and
glycated haemoglobin in control subjects with
upper and lower limits.

Table 1: Age and anthropometric parameters (Mean = SEM) of the diabetic patients and

controls

Subjects n Age (Years) BMI Height (m)  Weight
(Kg/m?) (kg)

Diabetic Patients 165  48.03+1.07 28.50 + 0.01° 1.64+0.01 77.17+ 1.09°

Controls 101 4541+157 2461+051° 163+001 6569+1.37

™ means with different superscripts differ significantly (P< 0 .05) BMI= Body Mass Index; n =

number of subjects; SEM = Standard error of mean

Table 2: Fasting blood glucose and glycated haemoglobin levels (mean + SEM) of diabetic

patients and controls

Subjects n FBG HbAlc Duration
(mmol/l) (%) (Years)

Patients 165 7.29 +0.29°% 7.56+0.13° 6.745.0

Controls 101 4.12+0.07° 5.21 +0.08" -

® means with different superscripts differ significantly (P< 0.05) FBG= Fasting Blood Glucose;
HbAIC= Glycated Haemoglobin, n = number of subjects; SEM = Standard error of mean
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Table 3: Reference values of plasma antioxidant enzymes, fasting blood glucose and glycated
haemoglobin in control subjects (2.5 and 97.5 percentile levels).

Subjects FBG
(mmol/l)

Upper Limit 5.6

Lower Limit 3.0

HbA
(%)
6.7

3.8

GPX= Glutathione Peroxidase; CAT=Catalase; SOD= Superoxide Dismutase, FBG=Fasting Blood

Glucose; HbAIC=Glycated Haemoglobin.

Discussion

Diabetes mellitus leads to many complications
as a result of long-term oxidative damage to
tissues by free-radicals arising from glucose
metabolism which later results in increased
morbidity and mortality (Gupta and Chari,
2006). Once these complications occur it may
be irreversible and meeting the cost of
management of complications is a challenge
which increasingly confronts diabetic patients
and health facilities in developing countries
(Baynes, 1991).

The present study had demonstrated that
diabetic patients have higher levels of fasting
blood glucose and glycated haemoglobin as
compared to values in the control subjects.
These observations are in agreement with
reports from other investigators (Hisalkar et al.,
2012; Ebenezer et al., 2003; Rahbani — Nobar et
al., 1999). These results are expected in
uncontrolled or poorly controlled diabetic
patients’ due to insulin resistance. Since most of
these patients are undergoing treatment, it is
expected that the glucose and glycated
haemoglobin should be normal or near normal.
The fact that values are significantly high may
indicate poor glycaemic control (both current
and past), several reasons could account for
these. The patients may not have enough money
to meet with the high cost of their drugs. On the
other hand, the patients may not adhere strictly
to the clinician’s prescriptions.

Conclusions

Mean levels of glycated haemoglobin and
fasting blood glucose were significantly higher
in diabetic patients than in controls.

Recommendations

Periodic assays of CAT, GPX and SOD in
known diabetic patients on treatment are
suggested. Strict monitoring of glucose and
patients’ compliance to treatment to ensure
normoglycaemia is recommended.

References

ADA (American Diabetes Association), (2005).
Diagnosis and classification of Diabetes
Mellitus. Diabetes Care; 28 (1): S37 — S43.

Aragno, M.E., Tamagno, V. Gato, E.
Brignarddello, S. Parola, O. Danni, G.
Boccuzzi, (1999). Dehydroepiandrosterone
protects tissues of streptozotocin — treated
rats against oxidative stress. Free
Radical Biology and Medicine; 26(11/12):
1467 — 1474.

Baynes, J.W. (1991). Role of oxidative stress in
development of complications in diabetes.
Diabetes; 40(4): 405 -412.

Bonnefont-Rousselot, D., Bastard, J.P., Jaudon
M.C., Delattre, J. (2000). Consequences of
the diabetic status on the
oxidant/antioxidant  balance.  Diabetes
Metabolism; 26: 163-176.

Celik, I. E., Yegin, F., Odabasoglu, F. (2002).
Effect of experimental diabetes mellitus on
plasma lactate  dehydrogenase  and
glutamic oxaloacetic transaminase levels in
rabbits, Turkish Journal of Biology; 26; 151
-154.

Ebenezer, A.N., Osaretin, J.O., Anele, E.l,
Aaron, O., Seye, B, (2003). Type 2 diabetes
in adult Nigerians: A Study of its
prevalence and risk factors in Port
Harcourt, Nigeria. Diabetes Research and
Clinical Practice; 62: 177 -185.

Grodsky, G.M., Anderson, C.E., Coleman, D.L.,
Craighead, J.E., Gerritsen, G.C, Hansen,
C.T., Herberg, L., Howard C.F., Lernmark,
A. Jr., Matschinsky, F.M., Rayfield, E.,

SIMLS Volume 2, Number 3 September, 2017 | Page 67



Rossini, A.A.

Riley,
Metabolism and underlying causes of
diabetes mellitus. Diabetes; 31: 45 -53.

Gupta, M., Chari, S., (2006). Proxidant and
antioxidant status in patients of type 2
diabetes mellitus with IHD. Indian Journal
of Clinical Biochemistry; 21: 118 -122.

W.J., (1989).

Hisalkar, P.J., Patne, A.B., Fawade, M.M.,
Karnik, A.C, (2012). Evaluation of plasma
superoxide dismutase and glutathione
peroxidase in type 2 diabetic patients.
Biology and Medicine; 4 (2): 65— 72.

Lenzen, S.J., Drinkgern, M., Tiedge, --. (1996).
Low antioxidant enzyme gene expression in

pancreatic islets compared with various
other mouse tissues. Free Radical Biology
and Medicine; 20:463 — 466.

Mclennan, S.V., Heffernen, S., Wright, L.
(1991). Changes in hepatic glutathione
metabolism in diabetes. Diabetes; 40: 344 —
348.

Mullarkey, C.J., Edelstein, D., Brownlee, L.,
(1990). Free radical generation by early
glycation products: a mechanism for
accelerated atherogenesis in diabetes,
Biochem. Biophys. Res. Comm., 173,

932 -939.
Oberley, L.W, (1988). Free Radicals and
Diabetes. Free Radical Biology and

Medicine; 5: 113 -124.

Rahbani — Nobar, M.E., Rahimi — Pour, A,
Rahbani — Nobar, M., Adi — Bieg, F.,
Mirhashemi, S.M., (1999). Total
antioxidant capacity, superoxide dismutase
and glutathione peroxidase in diabetic
patients. Medical Journal of Islamic
Academy of Science; 12: 109 — 114.

ISSN: 2536-7153

Robertson, R.P. (2004). Chronic oxidative stress
as a central mechanism for glucose toxicity
in pancreatic islet beta cells in diabetes,
Journal of Biology and Chemistry; 279
(41): 42351 — 42354.

Sailaja, Y.R., Baskar, R., Saralakumari, D.
(2003). The antioxidant status during
maturation of reticulocytes to erythrocytes
in type 2 diabetes. Free Radical Biology
and Medicine; 35(2): 133 —139.

Soto, C., Recoba, R., Barron, H., Alvarez, C.,
Favari, L. (2003). Silymarin increases
antioxidant enzymes in alloxan — induced
diabetes in rat pancreas, Comparative
Biochemistry and Physiology; 136: 205 —
212.

Strain, JJ.  (1991). Disturbances  of
micronutrient and antioxidant status in
diabetes. Proceedings of the Nutrition
Society;50: 591 — 604.

Trinder, P. (1969). Annals
Biochemistry; 6: 24.

Trivelli, L.A., Ranney, H.M., Lai H.T. (1971).
Haemoglobin components of patients with

Diabetes. New England Journal of
Medicine; 284(7):353 — 357.

Weyer, C., Bogardus, C., Moth, D.M., Partley,
R.E. (1999). The natural history of insulin
secretory dysfunction and insulin resistance
in the pathogenesis of type 2 diabetes
mellitus. Journal of Clinical Investigation;
104: 787 -794.

World Health Organization (2000). Definition,
diagnosis and classification of diabetes
mellitus and its complications. Geneva.

of Clinical

Citation: Ngaski, A.A., et al. (2017). Evaluation of Plasma Glucose and Glycated Haemoglobin
Levels of Diabetic Patients in Sokoto, Nigeria. Sokoto Journal of Medical Laboratory Science; 2(3):

64 — 68.

Copyright. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

Page 68 | SIMLS Volume 2, Number 3 September, 2017




