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ABSTRACT---- Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia resulting from
defects in insulin secretion / insulin action or both which could leads to increase level of oxidative stress and decrease
in antioxidant defense system and may play role in the development of diabetic complications. The present study
examines the effects of antioxidant rich supplements (Alphabetic) on antioxidant status of one hundred (100) diabetic
subjects attending Usmanu Danfodiyo University Teaching Hospital (UDUTH) for at least one year and the results
were compared with those of fifty (50) diabetes mellitus non-supplemented and fifty (50) apparently healthy non-diabetic
subjects. Standard analytical procedures were used for all the parameters measured including the effects of
supplementation on Fasting Blood Glucose, oxidative stress marker (MDA), Reduced gluthathione and antioxidant
vitamins (C, E and B-carotene) parameters were evaluated. The results revealed that the supplementation significantly
(P<0.05) reduce Serum glucose and Malondialdehyde and also significantly (P<0.05) increases Vitamin C, Vitamin E
and Reduced glutathione compared with the non-supplement group. The findings suggests that supplementation with
Alphabetic might reduce the risk of oxidative stress associated with diabetes mellitus leading to diabetic complications
and might be beneficial in the routine treatment of diabetes mellitus.
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1. INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic diseases characterized by persistent hyperglycemia and disturbances in the
metabolism of fuel compounds as a result of absolute or relative deficiency in insulin secretion or/and insulin action
[1].Chronic hyperglycemia is associated with long-term damage, dysfunction and failure of normal functioning of various
organs, especially the eyes, kidneys, nerves, heart, and blood vessels [2][3]. Diabetes-specific microvascular diseases are
the leading cause of blindness, renal failure, and nerve damage [4].The global burden of diabetes mellitus has risen
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dramatically over the last two decades and diabetes mellitus is expected to affect more than 500 million adults worldwide
by 2030 [5]. The estimated worldwide prevalence of diabetes mellitus among adults in 2010 was (6.4%) around 285 million
people [6]. In Nigeria, the prevalence of diabetes mellitus is about 2.7% [7]. The adoption of a sedentary lifestyle, the
consumption of non-traditional foods and a genetic predisposition to the disease are thought to be the major risk factors of
the epidemic [8][9]. Presently, the disorder has no known cure but could be controlled by drugs [10]. Strict glycemic control
is the primary method of reducing the development and progression of microvascular complications. Also, aggressive
treatment of dyslipidemia and hypertension decreases macrovascular complications [11]. Regular supplementation with
antioxidant rich supplements or nutraceuticals can also used to treats diabetes mellitus [12].Oxidative Stress (OS) is a
general term used to describe the steady state level of oxidative damage in a cell, tissue, or organ, caused by the reactive
oxygen species (ROS) [13]. Reactive oxygen species, such as free radicals and peroxides, represent a class of molecules
that are derived from the metabolism of oxygen and exist inherently in all aerobic organisms.ROS consist of oxygen free
radicals such as superoxide anion (O2), hydrogen peroxide (H202), hydroxyl radical (OH"), singlet oxygen, nitric oxide,
and peroxynitrite [13]. Most of these free radicals are produced at low concentrations during normal physiological
conditions in the body and are scavenged by endogenous enzymatic and non-enzymatic antioxidant systems that include
superoxide dismutase, glutathione peroxidase, catalase, and vitamins (C and E). The over production of ROS usually induce
damage to Proteins, lipids and DNA molecules [14]. Oxidative stress occurs when the production of reactive oxygen is
greater than the body's ability to detoxify the reactive intermediates [15]. This imbalance leads to oxidative damage to
proteins, lipids and DNA within the body. Since the body is incapable of keeping up with the detoxification of the free
radicals, the damage continues to spread [16].Alphabetic (Antioxidant Formula) is the multi-vitamin / mineral supplement
recommended by health professionals for people with diabetes. In addition to Lutein, chromium and 20 other diabetes
specific nutrients, Alpha Betic contains something unique - a naturally occurring co-enzyme called Alpha Lipoic Acid
Antioxidants have been indicated to boost the antioxidants defences, curtail the deleterious effects of reactive oxygen specie
[12]. Therefore supplementation with antioxidant rich supplements should reverse the oxidative stress

2. MATERIALS AND METHOD

2.1 Chemicals and Reagents
All chemicals and reagents used for this study are of analytical grades.

2.2 Ethical Approval

Approval were obtained from Usmanu Danfodio University Teaching Hospital (UDUTH) ethical committe. The
participants were given a consent form, with explanation about the purpose of the study. Consent forms were duly signed,
by two participants.

2.3 Sampling

A total of 200 subjects were recruited for the study. These consisted of 50 Non-supplemented diabetic subjects
attending the diabetic clinic of Usmanu Danfoyo University Teaching Hospital Sokoto, 100 diabetic subjects supplemented
with antioxidant rich supplement (Alphabetic) attending the diabetic clinic of Usmanu Danfoyo University Teaching
Hospital Sokoto and 50 apperently healthy subjects as Non-diabetic subjects. The non-diabetic subject were recruited from
the general staff and students of UDUTH Sokoto, Nigeria.

2.4 Sample Size Estimation
The number of subjects for inclusion into the study was determined using the sample size formula for estimating
sample size for descriptive studies [17].

n = Z?pg/d?

Where

n = Minimum sample size

Z = Standard normal distribution at confident interval (1.96)

p = prevalence obtained from previous study, i.e. prevelance of diabetes mellitus in Nigeria is put at 3.9% as at 2010 (Shaw
etal., 2010)

q=1-p
d = degree of confidence at 5% = 0.05

g=1-p=1-0.016=0.984
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n= (1.96)?(0.039) (0.961) = 58

(0.05)?
Therefore the minimum required sample is 60.

For convenient sampling, we use 1:2:1. 50 Diabetic non-supplemented (DMNS), 100 Diabetic supplemented with
Alphabetic (DMSA) and 50 Non-diabetic Mellitus (NODM)

2.5 Biochemical Assays

Blood samples of 5 mls were collected in plane containers. After collection, samples were centrifuged at 4000 rpm for 5
minutes, and serum were separated and stored in a deep freeze at -20°C .Serum glucose was estimated using the glucose
oxidase method [18], B-carotene level was determined by the method of Pett [19], Vitamin C level was determined by the
method of Baker and Frank [20], Vitamin E was determined by the method of Hashim and Schuttinger [21], Reduced
glutathione level was estimated by the method Petterson and lazarow [22], Lipid Peroxidation (MDA) was estimated by
the method of Shah and Walker [23]

2.6 Statistical Analysis

The data collected were express as mean + standard error of the mean. The significance of the differences between groups
were determined using one way analysis of variance (ANOVA) and Duncan multiple test were used for comparison, P<0.05
were considered as significant.

3. RESULTS

Table 1 showed the results of serum fasting blood sugar, reduced glutathione and malondialdehyde levels in
Diabetes Mellitus Non-Supplemented, Diabetes Mellitus Supplemented with Alphabetic and Non-Diabetes Mellitus
subjects.Serum fasting blood sugar levels in supplemented diabetic subjects shows significant (P< 0.05) decrease when
compared to non-supplemented diabetic subjects also there significant (P< 0.05) decrease in fasting blood sugar in non-
diabetic subjects compared to non-supplemented diabetic subjects. There is significant (P< 0.05) decrease of reduced
glutathione in non-supplemented diabetic subjects when compared to supplemented diabetic subjects and also reduced
glutathione level shows significant (P< 0.05) increase in non-diabetic subjects compared to diabetic non-supplemented.
Malondialdehyde levels of diabetic subjects non- supplemented showed significant (P< 0.05) increase compared to non-
diabetic subjects but after supplementation with Alphabetic shows significant (P< 0.05) decrease compared to diabetic non-
supplemented

Table 1: Serum Fasting Blood Sugar, Reduced Glutathione and Malonaldehyde Levels in Diabetes Mellitus and
Non-Diabetes Mellitus subjects

FBS (mmol/L) GSH (mg/dL) MDA (mmol/L)
DMNS (n=50) 13.75+1.43° 95.29+15.29? 41.23+3.93"
DMSA (n=100) 7.06+0.36° 197.81+7.09° 20.07+3.412
NODM (n=50) 3.91+0.122 184.56+18.44° 19.74+4.782

Values are Mean + Standard Error of the Mean. Values bearing different superscripts on the same column differ
significantly (p< 0.05). FBS-fasting blood sugar, GSH-reduced glutathione. MDA-malonaldehyde, n- number of subjects,
DMNS - Diabetic non-supplemented, DMSA- Diabetic supplemented with Alphabetic and NODM - Non-diabetic
Mellitus.

Table 2 showed the results of serum antioxidant vitamins level in Diabetes Mellitus Non-Supplemented, Diabetes
Mellitus Supplemented with Alphabetic and Non-Diabetes Mellitus subjects. The results reveal that, there is no significant
(P< 0.05) difference in vitamin E levels of non-supplemented diabetic subjects and non-diabetic subjects. Consequently,
supplementation with Alphabetic, the supplemented diabetic subjects showed significant (P< 0.05) increase in vitamin E
levels compared to diabetic non-supplemented and non-diabetic subjects which are five (5) times than the non-diabetic
subjects and fourteen (14) times then the diabetic non-supplemented subjects. A serum level of 3-carotene shows significant
(P< 0.05) increase in supplemented diabetic subject compared to non- diabetic subjects and also there is significant (P<
0.05) increase in non-diabetic subjects compared to diabetic non-supplemented subjects. Serum levels of vitamin C showed
no significant (P< 0.05) difference between non-diabetic subjects and non-supplemented diabetics subject but its higher in
non-diabetic than diabetic non-supplemented, also there is no significant (P< 0.05) difference in vitamin C levels between
supplemented diabetic subjects and non-diabetic subjects but its higher in supplemented diabetic subjects than non-diabetic
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subjects. There is significant (P< 0.05) improvement of vitamin C levels in supplemented diabetic subjects compared to
non-supplemented diabetic subjects afer supplementation with Alphabetic.

Table 2: Serum Antioxidant Vitamins Level in Diabetes Mellitus Non-Supplemented, Diabetes Mellitus
Supplemented with Alphabetic and Non-Diabetes Mellitus subjects

Vitamin E Vitamin C B-Carotene

(umol/L) (umol/L) (umol/L)

DMNS (n=50) 14.18+1.38° 232.79+£23.17% 1.92+0.34¢
DMSA (n=100) 194.90+31.862 789.12+133.2° 3.72+1.32°
NODM (n=50) 39.28+13.47° 520.83+82.78¢ 8.75+4.99?

Values are Mean + Standard Error of the mean. Values bearing different superscripts on the same column differ
significantly (p< 0.05). n- Number of subjects, DMNS — Diabetic non-supplemented, DMSA- Diabetic supplemented with
Alphabetic and NODM - Non-diabetic Mellitus.

Table 3 showed the results of correlation Coefficient (r) of serum glucose with Serum antioxidant vitamins and
oxidative stress marker (MDA) of Diabetic-supplemented with Alphabetic and Diabetics non-supplemented subjects. All
the parameter, showed a negetive linear Correlation (P< 0.05) while only MDA showed a positive linear Correlation to
glucose. Negetive correlation means that as the level of glucose increase the levels of antioxidant vitamins and antioxidant
enzymes goes down while positive correlation means that as the level of glucose increases the level of oxidative stress
marker (MDA) also increases.

Table 3: Correlation Coefficient (r) of Serum Glucose with Serum Antioxidant Vitamins and Oxidative Stress
Markers of Diabetics-supplemented with Alphabetic and Diabetics non-supplemented Subjects

Independent variable Diabeticsupplementedwith Diabetic non-supplemented (r)
Alphabetic (r)

[-carotene -0.39 -0.24

Vitamin C -0.16 -0.08

Vitamin E -0.22 -0.05

GSH -0.27 -0.33

MDA 0.48 0.36

Negetive value showed Negetive correlation, Positive value showed Positive correlation while Zero value shows there is
no correlation between values. All the serum antioxidant vitamins and antioxidant enzymes are negatively correlated with
serum glucose levels of both the diabetics supplemented and diabetic non-supplemented subjects. Oxidative stress marker
shows a positive correlation (P< 0.05) with serum glucose of both diabetic non-supplemented and diabetic supplemented
with Alphabetic.

4. DISCUSSION

Diabetes mellitus is characterized by increased level of oxidative stress indices, decreased level of antioxidants
defences and lipid abnormalities due to lipid peroxidation [24]. Generally, prolonged uncontrolled high blood glucose has
been shown to results in elevated levels of serum glucose and oxidative stress indices as well as decreased levels of
antioxidants defences and lipid abnormalities due to lipid peroxidation [24]. Supplementation with antioxidant rich
supplements are though to be effective in increasing the activities of antioxidant defence enzymes, scavenging free radicals,
preventing oxidative damage and thereby sparing lipid components of the cells against lipid peroxidation [25]. Deficiency
of micronutrients and antioxidants in diabetes mellitus have been extensively described in many laboratories, and there is
good evidence to suggest that oxidative stress may play a role in the pathogenesis of both type 2 diabetes mellitus [26].

The present study, revealed significant increase in fasting blood sugar (P< 0.05) in diabetic non-supplemented
subjects compared with the non-diabetic (Table 1). This findings are in accordance with [27], who observed a significantly
(P< 0.05) increase fasting blood sugar in diabetic subjects than normal subjects. There was also significantly (P< 0.05)
decrease level of fasting blood sugar in diabetic supplemented with Alphabetic compared with non-supplemented diabetic
subjects (Table 1). This may be connected with increased availability of antioxidants that are important components and
co-factors of the antioxidant enzymes [28]. In addition, some constituents of Alphabetic such as the antioxidant
components, minerals, vitamins etc; could contribute to its antihyperglycemic effects by ameliorating the oxidative stress
caused by diabetes. This is by inhibiting the formation of lipid peroxides, reactivation of the antioxidant enzymes, and
restores the levels of reduced glutathione (GSH) and some mineral elements [29]. Reduced glutathione level significantly
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(P< 0.05) decrease in non-supplemented diabetic subjects compared to non-diabetic and diabetic supplemented with
Alphabetic subjects (Table 1), after supplementation with Alphabetic, the reduced glutathione levels return almost close to
non-diabetic subjects (Table 1). Reduced glutathione detoxifies reactive oxygen radicals by giving them an electron which
effectively neutralizes them, also reduced glutathione biotransforms hydrogen peroxide by turning it into harmless water
[30]. Secondly, reduced glutathione recycles oxidized lipoic acid, vitamin C and E by restoring them to an active state,
mostly by donating the electrons that they used in metabolizing (neutralizing) free radicals [31]. So, instead of having this
army of antioxidants flushed out, they are recycled by reduced glutathione and sent back out to work.

Serum concentration of malondialdehyde (MDA), a marker of lipid peroxidation was significantly (P< 0.05)
higher in non-supplemented diabetic subjects compared to non-diabetic and supplemented diabetic subjects (Table 1), this
suggests that the natural antioxidant defense mechanism to scavenge excessive free radical has been depleted in non-
supplemented diabetic subjects. Decrease in antioxidant enzyme activity as well as increased MDA as observed in diabetes
mellitus might be due to an altered intracellular ratio between free radicals and antioxidant capacity because the reactive
oxygen species (ROS), which are excessively produced in diabetes, are able to overwhelm the endogenous defense systems
leading to oxidative stress [32][12]. ROS are considered important independent risk factors developed in diabetes mellitus
via what is known as “auto-oxidative glycosylation”, a process which is relevant at elevated blood glucose level.
Hyperglycemia may also raise aldose reductase activity which depletes NADPH cell stores, thus perturbing the defense
system [33][34]. The elevated blood glucose level can also cause non-enzymatic glycation of plasma proteins leading to the
production of more powerful oxidizing species which can bind with most normal cellular components to “pair up” its
unpaired electrons; thus, they react with the unsaturated bonds of membrane lipids, denature the proteins, and attack nucleic
acids, resulting in cellular oxidative damage [35].

Serum concentration of antioxidant vitamin A and C were significantly (P< 0.05) low in non-supplemented diabetic
subjects compared with supplemented diabetic subjects (Table 2). This finding are in agreement with that of [35], who
reported significantly (P< 0.05) low level of antioxidant vitamins in diabetes. Some studies indicated that this deficiency
is correlated with presence of diabetic complication [36].

Hyperglycemia generates reactive oxygen specie (ROS) and also inhibits antioxidant mechanism, creating a state
of oxidative stress. The B-cells are sensitive to oxidative stress because their cellular antioxidant defence mechanism are
weak [37]. It was also observe that there was an increase concentration of the vitamins in treated diabetic subjects (P<
0.05). This may be due to supplementation with Alphabetic which is a good source of vitamin C and E which acts as
scavengers of free radicals generated by glycosylated proteins [38]. Vitamin C cooperates with Vitamin E to regenerate a-
tocopherol from a-tocopherol radicals in membranes and lipoproteins, and also raises intracellular glutathione levels thus
playing an important role in protein thiol group protection against oxidation [39]. Ascorbic acid is a reducing agent and
can reduce and thereby neutralize ROS such as hydrogen peroxide [39]. During the antioxidant reaction, a-tocopherol is
converted to an a-tocopherol radical by the donation of a labile hydrogen to a lipid or lipid peroxyl radical, and the a-
tocopherol radical can therefore be reduced to the original a-tocopherol form by ascorbic acid [40]. The main function of
Vitamin E is to protect against lipid peroxidation [40]. Vitamin E lowers LDL-oxidation, thus lowering the risk of diabetic
cardiovascular complications [41]. A study conducted by [42], shows that the nutrients including Vitamin E, Vitamin C,
Magnesium, Chromium, Zinc and Manganase all have beneficial effects on symptoms or complications associated with
diabetes. Many of these nutrients appear to be closely associated with insulin metabolism and help maintain proper blood
glucose level. A serum level of B-carotene shows significant (P< 0.05) increase in supplemented diabetic subject compared
to non- diabetic subjects and also there is significant (P< 0.05) increase in non-diabetic subjects compared to diabetic non-
supplemented subjects (Table 2). These possibly happen because B-carotene has the ability to protect the body against the
destructive effects of free radicals and neutralize them by donating one of their own electrons, ending the electron-
"stealing" reaction [43]. p-carotene also act as scavengers, helping to prevent cell and tissue damage that could lead
to cardiovascular disease and cancer [33]. There is a report that $-carotene has the ability to prevent oxidation of low-
density lipoprotein (LDL) cholesterol and its harmful effects i.e development of fatty build-ups in the arteries
(atherosclerosis) [29].

The result of correlation of serum glucose with serum antioxidant vitamins and oxidative stress markers of
diabetics-supplemented and diabetics non- supplemented subjects (Table 3).The result shows that all the serum antioxidant
vitamins and reduced glutathione are negatively correlated with serum glucose levels of both the supplemented diabetic
subjects and non-supplemented diabetic subjects. Oxidative stress marker (MDA) shows a positive correlation with serum
glucose of both diabetic non- supplemented and diabetic supplemented. Increased oxidative stress in diabetic subjects
results in higher utilization of these minerals and vitamins and consequently their deficiencies. After supplementation with
Alphabetic which is good source of antioxidants minerals and vitamins almost their levels return to normal. Also the results
revealed that, as the level of glucose increase than the levels of antioxidant vitamins and reduced glutathione will also
decrease while as the level of glucose increases then the level of oxidative stress marker (MDA) will also increases (Table
3).
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This findings are in agreement with the findings of West [34], who reported Correlation of Serum Glucose with Serum
Antioxidant Vitamins and Trace Elements of Diabetics in Sokoto and finds that all the serum antioxidant vitamins and
trace elements are negatively correlated (P< 0.05) with serum glucose levels of the diabetics.

5. CONCLUSION

The current work reported that supplementation of diabetic subjects with antioxidant rich supplement (Alphabetic)
which are known source of multivitamin, Mineral elements, alpha lipoic acid e.t.c, significantly may reverse oxidative
stress of diabetic subjects. The results indicated that the supplementation reduces serum level of MDA and FBS then
increase serum level of GSH, Vitamin E, Vitamin C and (3-carotene.

Based of these findings, it can be concluded that supplementation with antioxidants rich supplement (Alphabetic)
may reverse the risk of oxidative stress associated with diabetes leading to diabetic complications.
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