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Abstract
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Background: The global prevalence of Diabetes mellitus and its estimated percentage growth make it a chronic disease of Public 
Health importance, with a focus on how best to reduce the alarming high care cost and seek cheaper alternative and acceptable man-
agement options, among which is the utilization of readily accessible and culturally acceptable food-based nutritional therapy. Plant 
foods such as Bambara groundnut (BGN) is available, cheap and acceptable across regions with previous studies suggestive of the 
presence of bioactive compounds that can be useful in non-communicable disease therapy, hence the aim of this work to establish 
the effects of administration of high concentrations of BGN extract on the biochemical parameters in streptozotocin-induced diabetic 
rats.

Methodology: BGN were sourced from an open market and processed into pellets that were oven-dried at 600C and stored for later 
use. Forty-two male albino rats with weights that ranged between 134 and 247 grams were procured and acclimatized before induc-
ing Insulin resistance using 10% fructose diet. In order to induce type-2 diabetes mellitus in these rats, Streptozotocin (STZ) was 
used intra-peritoneally and those with T2DM, administered with prepared BGN formulations for twenty-eight days, at the end of 
which blood samples were collected from the killed animals for biochemical assessment.

Results and Discussion: When compared with the values obtained from the standard control group, the BGN-administered group 
exhibited lower random blood glucose values, significantly lower MDA value (12.77 mg/g versus 10.98 mg/g), lower total bilirubin 
value, significantly lower total cholesterol value (113.34 mg/dl versus 110.25 mg/dl) and lower mean urea level (14.20 mg/dl versus 
12.98 mg/dl).

Conclusion: BGN formulation at higher concentration had better hypocholesterolaemic effects, better hypoglycemic effect, showed 
higher potency in free radical mop up, exhibited milder anti-inflammatory activities, and had higher potency in the renal tissue 
protection, when compared to a standard anti-diabetic drug. It is therefore possible that the incorporation of BGN in the nutritional 
management of T2DM can be of immense health benefit 
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Introduction

Diabetes mellitus is a disease of global concern due to the high 
prevalence and the projected population that can be affected in 
future if drastic prophylactic actions are not [1]. The effect of the 
disease on the pancreas results in the organ damage and various 
other systemic effects that manifest as multi-organ failures if un-
checked [2]. The problem is worse in various resource poor coun-
tries even though same magnitude of damage has been recorded in 
developed countries with loss of body functions and productivity 
on the increase as a result [3].

Diabetes mellitus diagnosis, treatment, follow-up and preven-
tion consumes significant resources [4]., and this is coupled with 
the associated loss in productivity, compromised quality of post-
care life [5]. This humongous cost is more noticeable in low income 
setting whose resources cannot sustain a resilient health system 
[6]. This makes it imperative for less expensive care alternatives 
to be sort for in the management of diabetes and its multi-organ 
damage in such poor income countries. 

Cheaper management alternatives cannot be achieved if com-
plementary strategies that targets adherence to acceptable dietary 
intake, regular and graded exercises and other lifestyle modifica-
tions that target amelioration of the risk factors that can reduce 
diabetic mellitus incidence, prevalence and complications are in 
place [7]. One of the trending dietary management protocols is the 
use of Diabetic Medical Nutrition Therapy, which involves nutri-
tion personalization and insulin intake that relates to the individ-
ual’s lifestyle [8], and this therapy have been found efficacious [9].

In furtherance to this, natural sources of nutrients from plants 
and plant foods, documented to be of medicinal values have been 
recommended by the WHO for use as a cheaper therapeutic and 
preventive approach to diabetes mellitus management [10]. 
These medicinal plants include Bambara groundnut (vigna sub-
terranean), [11] and which contains macronutrients [12-14], and 
micronutrients and macronutrients in good amounts [15]. The 
phytochemicals and bioactive compounds present in this legume 
include phenolics [16,17]; dietary fibres [18]; fatty acids [19] and 
peptides and amino acids [18,20]. The biological actions of these 
phytochemicals include anti-inflammatory, antioxidant, antimicro-
bial, activities, stimulation of immune system, reduction of platelet 
aggregation, modulation of hormone metabolism and detoxifica-
tion of enzymes [21,22]. The dietary fibres can reduce obesity, low-
er blood lipids, and boost immunity [23]. When the phenolic com-
pounds are expose to the biological system invivo, they have been 
reported to inhibit the activities of α-amylase and α-glucosidae 
which enhances glycogenolysis [24]. Other anti-hyperglycemic ac-
tion of Bambara groundnut is the acceleration of glucose uptake 
in the peripheral tissues in diabetic rats [25,26]. The thrust of this 

work was to evaluate the lipid profile changes that occurs when 
diabetic rats consume high concentration of Bambara groundnut 
flour.

Collection and preparation of the plant food material
Vigna subterranean seeds were located in a regular market, 

and with the aid of a plant taxonomist, identified. The purchased 
seed samples were washing, and soaking in water for 10 min, then 
rinsed, boiled and oven dried at a temperature of 600C. When the 
weight remained constant, the dry weight was then processed into 
fine flour before being pelletized and oven dried at 600C until a con-
stant weight was obtained. The pelletized feed, was then stored for 
future use in an airtight container.

Experimental animals
Male albino rats whose weights ranged from 134-249 grams 

were procured from a reference breeder. Fourty-Two (42) of these 
rats whose weights were recorded weekly, were group in sets of 
eight recognized by indelible marker on each tail marked 1 – 8 and 
placed per cage for four sets (A, B, C and D). The rats were kept 
in the same house where the day-light cycle of 12 hours each was 
maintained and the room temperature kept at 270C-300C. All the 
rats were given rats’ feeds and water ad libitum for one week, until 
the experiment was commenced. Ethical protocols guiding labora-
tory animals according to the NRC guideline [27] was adopted in 
this work. 

Induction of Insulin Resistance using low Fructose Diet 
Low dose fructose diet constituted by the dissolution of 30 g of 

fructose in 300 mL of water was administered to the albino rats ad 
libitum for fourteen days, to induce Insulin resistance. 

Induction of Type 2 Diabetes Mellitus using STZ 
The rats were fasted overnight, after administering the 10% 

fructose diet for six days, and the blood glucose tested. All but nine 
normoglycemic rats were injected by intraperitoneal route with 
streptozotocin (STZ), which was prepared by the dissolution of 1 
g of the STZ in 50 mL of freshly prepared buffer, where the buffer 
consisted of sodium citrate buffer, 0.1M, pH 4.5. The volume of the 
extract used was based on standard methods [28,29]. Prior to the 
commencement of the feeding with the intervention formulations, 
determination of the blood glucose levels at 72 hours and day 12 
post STZ administration, was conducted in all the STZ-treated rats, 
using blood glucose meter (Acu-check activeR). Each of the control 
groups were assigned eight of the STZ-induced diabetic rats by ran-
dom selection, except the nine normoglycemic rats which formed 
the normal control group. All the groups were exposed to the vari-
ous interventions for 28 days, as follows: Groups A and B received 
commercial rat feed at 4.48 kg per group, for the 28 days, Group 
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C was given metformin at 200 mg/kg, given as 0.002 ml per Kg 
body weight by oral route per day with the aid of an oral dispenser 
and Group D administered with Bambara groundnut flour (50%) 
blend with commercial rat feed (50%) based on the method used 
by Nnadi and colleagues [30]. The groups were as follows

•	 Group A: Normal Control on commercial rat feed
•	 Group B: STZ-induced Diabetic rats administered with com-

mercial rat feeds (Negative Control) 
•	 Group C: STZ-induced Diabetic rats administered with Met-

formin (Standard Control)
•	 Group D: STZ-induced diabetic rats administered with Vigna 

subterranean intervention feed

Biochemical analysis 
Estimation of blood glucose, lipid profile, liver function, kid-
ney function and myocardial function tests

After administering the intervention formulations for 28 days, 
the rats were fasted overnight and the blood collected for the de-
termination of the blood glucose levels with the aid of glucometer 
(Acu-check activeR). The lipid profile was equally estimated with 
the aid of Randox assay diagnostic kits for the total cholesterol 
(TC), high density lipoprotein cholesterol (HDL-C) and triglyc-
erides (TG) according to the method by Tietz [31], while the low 
density lipoprotein (LDL) cholesterol and very low density lipo-
protein (VLDL) cholesterol values were obtained from the formula 
of Frieddewald and colleagues [32]. The protocol of Jin and col-
leagues [33], was adopted for the liver function tests which in-
cluded assessment of the serum bilirubin, total protein, serum 
glutamate oxaloacetate transaminase, ALT, and serum glutamate 
pyruvate transaminase, AST. The kidney (urea, and creatinine) and 
myocardial (lactate dehydrogenase, and creatin) function tests 
were also conducted.

Estimation of antioxidant enzyme system [Superoxide dis-
mutase (SOD), Catalase, (CAT), Glutathione Peroxidase (GPx), 
Reduced and Oxidized Glutathione (GSH) and Glutathione-S-
Transferase (GST)] Activities.

The antioxidant enzyme system which included the superoxide 
scavenging activity was determined by the modified NBT reduction 
method34, while the catalase activity was evaluated using the spec-
trophotometric method [35]. In the case of the glutathione peroxi-
dase activity the method by Paglia and Valentine [36] was adopted 
by using the erythrocyte hemolysate. The oxidized and reduced 
glutathione were estimated using the Beutler, and colleagues [37] 
procedure, with the Erythrocyte GSH values expressed as mg/g 
GSH/Hb and the result expressed in mg/g.

Estimation of Lipid peroxidation
To determine the lipid peroxidation, the Malonyldialdehyde 

(MDA) free radical scavenging activity was measured according to 
the method of Ohkawa and colleagues [38].

Statistical analysis
The Statistical package for social sciences (SPSS Inc., Chicago, 

IL) version 20.0, was used to analyze the data after expressing the 
results obtained in triplicate as standard error of mean. One-way 
analysis of variance (ANOVA) was used for the mean comparison 
while the Tukey`s post-hoc test, was applied in the determination 
of the mean difference, with P<0.05 used to denote statistical sig-
nificant.

Results
Figure 1 Graph showing the mean values of the Random Blood 

sugar and body weight of the rats in the various intervention 
groups over week 1 to week 4 of the interventions.

Figure 1: Random blood Glucose.

Figure 2 showed that the SOD in the normal control and Bam-
bara groundnut-fed group had the least mean values. Similarly, the 
mean insulin values followed similar trend.

Figure 2: Bar chart of the SOD and Insulin Concentrations in the 
various rat groups.

Figure 3: The chart of the mean values of Oxidative stress 
markers and total protein and liver enzymes among the various 

treatment groups.
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Figure 3 showed that the mean MDA, GPX, GSH and GST values 
were least in the normal control, followed by that in the Bambara 
ground nut-fed group. The Total protein and AST and ALT means 
values showed similar pattern.

Figure 4: Graph of the mean values of the Inflammatory Markers 
in the various treatment groups. 

Figure 4 showed that NFkB was least in the normal control and 
the Bambara groundnut-fed group. The standard control had the 
highest mean NFkB, IL-10 and CRP values.

Figure 5: Serum LDH, CK and Uric Acid.

In the LDH, Group B and D had the least values with Groups A 
and C having the highest values. For the CK, the values across the 
groups were same but for the uric acid, Group A had the highest 
value followed by Group C, then D and B the least.

Figure 6: Creatinine and Urea.

The mean urea value for Group A was the highest, with Groups 
B, C and D having approximately similar values. The creatinine val-
ues in Group A were higher than values obtained for Groups B, C 
and D.

Figure 7: Serum bilirubin and Protein.

There was no significant difference in the total bilirubin and 
direct bilirubin mean values across groups but the total protein 
showed that Group C had the least value and B highest with A and 
D values being in the approximate range.

Figure 8: Serum Lipid Profile.

For the total cholesterol, triglyceride, HDL-cholesterol and LDL-
cholesterol Group A had the highest mean values, while the values 
for Group D were among the least.
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Discussion

Effect on blood glucose

The result from this study revealed that mean random blood 
glucose values were observed to be lower in group on Bambara 
groundnut formulation with same trend over time even though the 
mean value difference was only statistically significant in week 2 
when compared with the negative control (Figure 1). When the 
intervention group was compared against the standard and dia-
betic control groups, the former exhibited lower random blood 
glucose values throughout the duration of intervention than the 
two control groups (Figure 1), signifying that the intervention 
flour formulations had better blood glucose than the anti-diabetic 
drug, metformin. The non-linearity of the findings might be due to 
blood glucose fluctuations which also occur during the manage-
ment of diabetic patients on anti-diabetic medications, resulting 
in multiple anti-diabetic drug applications [39]. The possible ex-
planations for the hypoglycemic effects of the formulations might 
be as a result of the presence of the phenolic compounds in bam-
bara groundnut formulations responsible for the activation of the 
5’ adenosine monophosphate-activated protein kinase (AMPK) 
pathway, and the inhibition of gluconeogenesis and improvement 
of glycogenesis in tumor necrosis factor-α (TNFα) - treated insulin-
resistant mouse hepatocytes [40]. It also causes the elevation of 
the α-amylase and α-glucosidase inhibitory activity in streptozoto-
cin-induced diabetic rats [41]. These actions are hypoglycemic in 
nature [42,43].

Biochemical activities

Effect on oxidative stress markers

Oxidative stress reduces the capacity of the antioxidant system 
to cope with the neutralization of the damaging cellular radicals 
and with higher free radicals in the system, an imbalance between 
this antioxidants and free radicals occur [44]. Chronic diseases 
such as diabetes mellitus reduces the antioxidant potentials of 
individuals [45], resulting in changes in the biochemical param-
eters such as decreased levels of reduced glutathione (GSH) and 
increased levels of oxidized glutathione (GSSG), to an extent that a 
GSH/GSSG ratio, a redox ratio, that is indicative of oxidative stress 
occurs [46,47]. Other antioxidant system parameters such as lev-
els of superoxide dismutase (SOD), glutathione peroxidase (GPx) 
and catalase (CAT) activities scavenging are lowered in both the 
plasma and erythrocytes of diabetes patients [48]. Indicators of 
overwhelming free radical effects are presence of malondialde-
hyde (MDA) which is indicative of lipid peroxidation [49], presence 
of carbonyls and advanced glycation end products (AGEs) which 
are indicative of protein glycation in diabetic patients [50] have 
been reported [51]. When antidiabetic drugs such as metformin 
and plant extracts containing antioxidants are administered the 
oxidative stress indicators are reduced while the antioxidant body 
systems are increased [52].

In this research work, a comparative study of the MDA levels in 
the normal and negative controls was 9.29 mg/g and 12.65 mg/g, 
respectively (Figure 3), showing an increase of 36.06% in the level 
of MDA in the non-treated diabetic group, which arose due to un-
challenged stress induced by hyperglycemia [49,52,53]. When the 
group administered with Bambara groundnut flour was assessed, 
the MDA value of 10.98 mg/g, which was significantly lower than 
the standard control value of 12.77 mg/g, (Figure 3), showing that 
the potency of the intervention formulation in free radical mop up 
was higher than when antidiabetic drug was used. However it was 
equally seen that the MDA value for the standard control, when 
compared to that of the negative control, was not significantly dif-
ferent, unlike previous reports which documented a significant re-
duction in lipid peroxidation products in diabetic patients receiv-
ing antidiabetic medications [52,54,55]. One possible explanation 
for this is the occurrence of metformin toxicity at certain dose mar-
gin in STZ-induced diabetic rats [56]. The GPx had same pattern as 
the MDA but the values obtained for the GSH, GST and SOD had no 
significant difference among the groups (Figures 2 and 3) as earlier 
documented in some other studies [52].

Effect on inflammatory biomarkers

Hyperglycemic states result in the activation of Nuclear Factor 
kappa B (NF-kB) and the enhancement of pro-inflammatory cyto-
kines [57]. In this work, the mean values of NFkB and c-reactive 
proteins, showed significant difference among the groups (Figure 
4). The 1.24 ng/ml value of the c-reactive proteins in the group 
fed on Bambara groundnut flour intervention, was higher than the 
0.97 ng/ml reported in the normal control group. When compared 
with the 1.67 ng/ml gotten in the standard control group, there 
was a differences which were statistically significant (Figure 4). 
This finding implied that the inflammatory processes were milder 
in Bambara groundnut-treated group than when antidiabetic drug 
was used.

For the NFkB values, the normal control had a value of 2.91 x 
10-6 mg/g, which was lower than the 4.51 x 10-6 mg/g, seen in the 
negative control and the 4.73 x 10-6 mg/g seen in the standard con-
trol group. The value in the Bambara ground nut-fed diabetic rats 
was 3.54 x 10-6 mg/g, which when compare with the standard and 
negative control groups, was significantly lower (Figure 4). The 
values obtained for the interleukin (IL)-10 for the groups, were 
equally statistically significant, with the Bambara groundnut-fed 
group having lower value (1.27 x 10-7 mg/g) than the negative (1.31 
x 10-7mg/g) and standard controls (1.33 x 10-7mg/g). Levels of c-re-
active are correlated with features like hyper-insulinaemia and In-
sulin resistance [58]. The high level of C- reactive protein reported 
in this work is in agreement with previous works that documented 
increased c-reative protein in diabetic patients [59,60].
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Effect on liver enzymes and liver proteins

Enzymes such as aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and gamma glutamyl transferase (GGT) 
are high in hepatic diseases and other cases of liver injury [61], 
with ALT being involved primarily in liver diseases, [62] while 
AST though sensitive in liver injury, is seen in other tissues in like 
on the other hand is seen in the hepatocyte cytoplasm and mito-
chondria and some other tissues besides the liver [63]. Diseases of 
the pancreas and the kidney in addition to that of the liver shows 
raised GGT [64], which equally rises in some other disease con-
ditions [65]. Raised GGT, reactive oxygen species and antioxidant 
like glutathione are interrelated [66] such that it can be used as an 
indicator of chronic diseases such as diabetes mellitus [67].

This work showed an AST values of 0.788 mg/g; 0.86 mg/g, 
0.83 mg/g and 0.81 mg/g for normal, standard, negative and inter-
vention groups respectively with differences that were statistically 
significant from the normal but not with one another for the last 
three groups. The ALT values showed no significant difference in 
the values of all the groups. It is possible that the deposition of 
fatty tissues in the liver could be the reason for raised liver en-
zymes since there is an association between fatty liver and meta-
bolic syndrome [68].

This work recorded higher levels of AST which corroborates 
with previous findings in diabetic patients who showed raised liv-
er enzymes especially in uncontrolled fasting blood sugar [69] and 
in metabolic syndrome [70,71]. The raised liver enzymes in this 
work was associated with raised random blood glucose. The group 
on Bambara groundnut intervention had slightly lower AST value 
signifying some degree of protective effect on the hepatocytes in 
diabetic rats.

There was no significant changes in the total liver protein (TP) 
among the groups in this work, possibly because the oxidative 
stress markers (GST, GSH and SOD) and the liver enzyme, ALT were 
not significantly affected thereby making TP values not to change 
significantly. However the total serum protein showed significant 
difference between the diabetic rat groups and rats in normal con-
trol.

 Effect on bilirubin

Bilirubin, has free radical scavenging activity when present at 
certain concentrations [72,73], and this function is utilized as the 
benefit in non-communicable diseases [74]. The concentration at 
which bilirubin performs such physiological role is at a moderately 
high level [75,76]. since both the antioxidant and anti-inflamma-
tion effects are manifest at such points [77].

In this work, the various groups` mean bilirubin values had 
differences but such difference in mean were not significant. The 
total and direct bilirubin mean values were the lowest in the nor-
mal control, while that of the total bilirubin in the standard control 
group was higher than that in the group on Bambara groundnut. 
The opposite was the case, for direct bilirubin. The mean value in 
the negative control was the highest, which was in consonance with 
previous study that reported increased level of direct bilirubin in 
diabetic patients [78] and initial high levels of all subtypes in im-
paired fasting glucose and new-onset T2D, with a subsequent low-
ering of such levels in situations of chronic hyperglycaemia [78]. It 
has been revealed that hyperglycaemia results in oxidative stress 
that up-regulates heme oxygenase-1, with a resultant increased 
production of bilirubin which incidentally is mopped up by the 
increasing high reactive oxygen species in chronic hyperglycemia, 
thereby causing the decreased bilirubin [78,79]. Hence serum bili-
rubin is low in diabetes mellitus of long standing [77].

Effect on serum lipid profile

The lipid profile assessment parameters using the triglycerides 
(TG), low density (LDL-c) and Very low density lipoproteins (VLDL-
c) values in this report, revealed a non-significant difference among 
the various groups. However, the mean values of the total choles-
terol were significantly different among the groups with the low-
est values obtained in the normal control group (94.85 mg/dl). The 
mean value for total cholesterol, in the group administered with 
Bambara groundnut flour was significantly lower (110.25 mg/dl) 
when compared with the value obtained from the standard control 
(113.34 mg/dl) but the mean values of the high density lipopro-
teins (HDL-c) in the latter (133.25 mg/dl) was higher than the one 
obtained in the intervention group (19.26 mg/dl). The interpreta-
tion of these results implied that the hypolipidemic effect of the 
antidiabetic drug, metformin was comparatively better than the 
Bambara groundnut formulation. Dyslipidemia is a common pre-
sentation in patients with T2DM since both the triglycerides and 
the LDL-c are both elevated with reduced levels of high-density 
lipoproteins (HDL) [80]. As the biodegradation of the plasma tri-
glycerides occurs, HDL levels are lowered, while the LDL concen-
trations are raised [81]. There is a positive association between hy-
pertriglyceridemia and the development of insulin resistance and 
cause β-cell dysfunction [82]. There is also a significant correlation 
between serum triglyceride and blood sugar levels [83] and the 
subsequent occurrence of diabetic heart diseases84. Administration 
of potent antioxidant compounds such as taurine, have been asso-
ciated with improved lipid profile, even in diabetic rats [85].
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Effect on renal function

Diabetic patients with nephropathy presents with raised serum 
urea and creatinine levels, due to the poorly controlled diabetes, 
with a resultant renal pathology, which if not ameliorated can lead 
to renal failure [86]. Reports have identified renal pathology as 
one of the diabetic complications [87], with manifestations such as 
elevated plasma urea and creatinine [88]. Even though the mean 
values of the creatinine were not significantly different among 
the groups, there were notable changes in the urea levels among 
the groups in this work. The normal control mean urea value 
(12.55 mg/dl) was lower than that found in the group on Bamba-
ra groundnut formulation (12.98 mg/dl), which again was lower 
than the value in the standard and negative controls (14.20 mg/dl 
and 13.19 mg/dl respectively). The value differences between the 
intervention group and the standard and negative controls were 
statistically significant, implying that Bambara groundnut formu-
lation had higher potency in the renal tissue protection than the 
anti-diabetic drug in diabetic rats. Previous reports have equally 
documented higher values in urea and creatinine levels in diabetic 
control compared to normal control, as seen in this study [89]. The 
mean value of the uric acid was comparatively significantly lower 
in bambara groundnut-fed diabetic rats than in the standard con-
trol, whose value was lower than in the negative controls. High val-
ues in uncontrolled diabetic rats have been reported in previous 
studies [90].

The possible explanation for the protection of renal tissue dam-
age as demonstrated by the administration of Bambara ground-
nut formulation in diabetic nephropathy is the presence of poly-
phenols [91,92], whose invivo bioactivities such as reduction of 
transforming growth factor (TGF)-β expression, matrix metallopr-
otinease (MMP)-2/-9, and matrix-degrading enzymes [89] in hy-
perglycemia-induced renal damage. When the TGF-β is stimulated, 
there is excessive extracellular matrix, which leads to glomerular 
fibrosis and renal dysfunction [93]. Hence in inflammatory condi-
tions, both the TGF-β and metalloprotinease are associated factors 
[94] that results in fibroblasts production and formation of fibrosis 
[95]. Therefore, once these deleterious actions of TGF-β and metal-
loprotinease are contained, diabetic renal failure can be arrested. 
Yassine and colleagues established that STZ-induced diabetic rats 
administered with polyphenol mix, maintained a normal renal ar-
chitecture, showed less necrotic cells and less leukocytes infiltra-
tion [89]. 

 Effect on cardiac function

Contraction of muscles is influenced by the presence of creatine 
kinase (CK) which is necessary for the breakdown of adenosine 
triphosphate to generate the needed energy [96], such that during 

some muscular activities and in cases of metabolic syndrome, the 
level of this enzyme appreciates [97]. In diabetic patients, raised 
levels of creatine kinase and lactate dehydrogenase (LDH) are used 
as biological markers of cardiac muscle damage and hence signi-
fies impending diabetic cardiac complications [98]. When uncon-
trolled diabetes becomes chronic, cardiotoxic compounds such as 
advanced glycated end products (AGEs) are formed to initiate myo-
cardial fibrosis, in a process mediated by the transforming growth 
factor (TGF)-β1 -dependent or independent pathway [99]. Findings 
from this work revealed that both the mean values of LDH and CK, 
was not significantly different among the groups, meaning that irre-
spective of the rats` diabetic status, and the various forms of inter-
ventions, these measured cardiac enzymes were not affected. This 
finding agreed with similar documented reports of no significant 
difference in the levels of CK and LDH values in metformin-treated 
T2DM when compared with normal control [100]. However some 
other studies reported slight increases in these enzymes [97], even 
in subclinical cases [98]. The raised CK and LDH were seen to be 
more pronounced in diabetic cases with metabolic syndrome [97]. 
It is likely that the short duration of this study might have account-
ed for the insignificant difference in the LDH and CK mean values 
among the groups, since studies have reported that glucose cardio-
toxic effects in diabetic cases occur in chronic hyperglycemia [101]. 
Both this study and that of Kotb lasted for less than two months 
[100] and therefore couldn’t have initiated cardiac cell damage. 

Conclusion and Recommendation
Bambara groundnut flour when given to male streptozotocin-

induced diabetic albino rats in significant amounts was as effective 
as standard antidiabetic drug in the regulation of blood cholesterol 
levels. Its other biochemical actions include significant mop up of 
free radicals, reduced hyperbilirubinaemia, hypoglycemic effects, 
and renal tissue protection.

These positive impact on the various biochemical parameters, 
is suggestive that addition of Bambara groundnut as a nutritional 
adjunct in the clinical management of type 2 diabetes mellitus. 
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