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Abstract

Diabetes mellitus is one of the most common metabolic disorders that is associated with many
complications such as dyslipidemia and cardiovascular disease. This study aimed to evaluate the
effects of alpha lipoic acid (ALA) on blood glucose levels and lipid profile in type-2 diabetic male
Wistar rats. Thirty (30) Wistar rats weighing between 200 — 250 grams were distributed into six
groups of five each (n=5). Diabetes was induced using a high-fat diet for eight weeks with a single
low dose of streptozotocin (40 mg/kg) intraperitoneally at the end of the sixth week. Group | served
as normoglycemic control and received 1 ml/kg normal saline; groups II, IlI, IV, V, and VI were
diabetic and received 1 ml/kg normal saline; glibenclamide 1 mg/kg; ALA 100 mg/kg, ALA 200
mg/kg and ALA 400 mg/kg; respectively. All administrations were done orally for a duration of 21
days. Blood glucose level was determined using the glucose oxidase method. Serum was collected
for lipid profile determination. The results obtained from this study showed that ALA across all
doses (100 mg/kg, 200 mg/kg, and 400 mg/kg) decreased significantly (p < 0.05) the fasting blood
glucose level (10.02 + 0.71 mmol/L, 8.78 + 0.94 mmol/L and 8.6 + 0.68 mmol/L, respectively)
when compared to the diabetic control group (20.06 + 0.70 mmol/L). Lipid profiles were improved
with HDL- and LDL- cholesterols increasing and decreasing significantly (42.60 + 1.66 mg/dL and
1.12 + 3.68 mg/dL) in the 400 mg/kg ALA group compared to the diabetic untreated group (37.00
+ 2.55 mg/dL and 26.31 £ 2.95 mg/dL, respectively). Therefore, the study demonstrated that ALA

has both antihyperglycemic and antilipidemic in type-2 diabetic Wistar rats.
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1.0 Introduction

Diabetes is a heterogeneous complex metabolic
disorder characterized by elevated blood glucose
concentration secondary to either resistance to the
action of insulin, insufficient insulin secretion, or both
(ADA, 2014). Diabetes mellitus is classified into four
broad categories: type 1, type 2, gestational diabetes,
and other specific types. The other specific types are a
collection of a few dozen individual causes (Polonsky,
2012). Diabetic patients are at higher risk of

developing other complications. The pattern of
dyslipidemia usually presents with elevated
triglycerides and small dense low-density lipoprotein
cholesterol (LDL-C) and reduced levels of high-
density lipoprotein cholesterol (HDL-C) (Petersen and
Shulman, 2018). Increased LDL-C particle numbers
from either elevated apolipoprotein B (ApoB) or low-
density lipoprotein particles (LDL-P) are prominent
features of dyslipidemia in diabetes (Warraich and
Rana, 2017). Small dense LDL-P are more atherogenic
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and are associated with a higher rate of nephropathy.
Individuals with diabetes have also been noted to have
lower HDL levels (Dilworth et al., 2021).
Cardiovascular disease (CVD) is a major cause of
morbidity and mortality in patients with type 2
diabetes mellitus (T2DM), with a two to four-fold
increase in cardiovascular disease risk compared with
nondiabetic individuals (Garkuwa et al., 2021; Verges,
2015). Type 2 diabetes mellitus is associated with
increased total plasma free fatty acids (FFAS)
concentration and an elevated risk of CVD. The exact
mechanisms by which the plasma FFAs profile of
subjects with T2DM changes is unclear, but it is
thought that dietary fats and changes to lipid
metabolism are likely contributors (Sobczak et al.,
2019; Tijjani et al., 2022). Altered blood glucose
levels have important consequences for the body
(Spiller et al., 2018). They are directly or indirectly
associated with many physiological processes
including the control of glycogen and lipid
metabolism, the control of food intake (satiety),
maintenance of body weight and the regulation of
inflammation, vasodilatation and basic cell growth and
replication (Russell et al., 2016; Sobczak et al., 2019).
Abnormalities of lipoprotein metabolism are one of
the major factors contributing to cardiovascular risk in
patients with type 2 diabetes, and diabetic
dyslipidemia includes not only quantitative but also
qualitative and kinetic lipoprotein abnormalities that
are inherently atherogenic (Verges, 2015).

Insulin resistance is the primary mechanism leading to
lipid derangements in individuals with diabetes. Free
fatty acids (FFASs) released from adipose tissue are
increased by an increase in peripheral resistance to
insulin, and the released FFAs are taken up by the liver
leading to more synthesis of triglycerides (Castillo-
Nufiez et al., 2022). Triglyceride synthesis
subsequently stimulates hepatic production of
triglyceride-rich  very  low-density lipoprotein
cholesterol (VLDL) and increased secretion of ApoB
(Ormazabal et al., 2018). Triglyceride-laden VLDL
enriches LDL-C and HDL-C through the action of the
cholesterol ester transfer proteins, making them more
cholesterol-rich.  These triglyceride-rich  LDL
molecules are then hydrolyzed by hepatic or
lipoprotein lipase leading to the production of small
dense LDL-C (Castillo-Nufiez et al., 2022). Therefore,
the lipid derangements associated with diabetes are
widespread, beyond just LDL elevation, making it
challenging to rely on conventional means for
cardiovascular risk reduction (Galicia-Garcia et al.,
2020; Giri et al., 2018).

Alpha lipoic acid exhibits low toxicity at low doses.
Treatment of male or female experimental animals
with ALA did not cause any adverse effects. In
addition, the long-term (two-year) administration of
up to 60 mg/kg/day did not cause any adverse effects
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(Cremer et al., 2006). It has antioxidant properties
hence, can effectively inhibit pathologies in which
ROS have been implicated, such as diabetic
neuropathy, ischemia-reperfusion injury, radiation
injury, and diabetes-induced oral implant failure
(Vallianou et al., 2009; Serhiyenko et al., 2018). In
addition, ALA has many other biological functions
including reducing inflammation, chelating the
transitional metal ions, and modulating the signal
transduction of nuclear factors (Tabrizi et al., 2019).
This study aimed to evaluate the effects of alpha lipoic
acid (ALA) on blood glucose levels and lipid profile
in type-2 diabetic male Wistar rats.

2.0 Materials and Methods

2.1 Drugs, Reagents, and Other Materials

All drugs and reagents were obtained commercially
and were of analytical grades. The drugs, reagents,
equipment, and other materials used for the study
include alpha lipoic acid purchased from Puritan's
Pride Inc. (Ronkonkoma, New York, USA). A digital
glucometer was used for blood glucose determination
(Accu-Check  Advantage, Roche Diagnostic,
Germany).

2.2 Animals, Induction of Diabetes, and
Experimental Design

A total of thirty (30) male Wistar rats weighing 200 —
250 grams were used for the study. Animals were
allowed for two weeks for acclimatization to the
laboratory environment before the commencement of
the experiments. The animals were handled by
principles guiding the use and handling of
experimental animals by the London Declaration of
September 1977. Ethical approval was obtained from
Bauchi State University Gadau Committee on Animal
Use and Care (BASUG/FBMS/REC/VOL.2/23).

The rats were fasted for 12 — 16 hours before the
commencement of the experiment but were allowed
water ad libitum throughout the experiment. The
normal groups were fed with standard rat feed only as
described by De MagalhAes et al. (2019) and with
little modification, while the high-fat-diet groups were
fed with a high-fat diet (HFD: 35% commercial feed,
25% groundnut, 25% fat, and 15% groundnut oil) for
the induction of obesity and DM for six (6) weeks
followed by a single dose of streptozotocin (STZ) 40
mg/kg intraperitoneally (IP) and high-fat diet for
another 2 weeks. Rats fasted for 12 hours and fasting
blood glucose levels were measured to confirm the
establishment of diabetes (De MagalhAes et al., 2019).
Rats with fasting blood glucose levels of 16 mmol/L
were considered diabetic and selected for the study
(De MagalhAes et al., 2019). The drug administration
was done daily for 21 days, and estimation of fasting
blood glucose level started before treatment (day 0)
and continued on weekly bases, both were conducted
between 0700 — 0900 hours. The rats were distributed
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into six (6) groups of five (5) rats each (n =5). All drug
administrations were done orally for 21 days as
follows. Group | served as normal control and received
1 ml/kg 0.9% normal saline; Group II, 111, IV, V, and
VI were all diabetic and received 1 ml/kg 0.9% normal
saline, 1 mg/kg glibenclamide, 100 mg/kg ALA, 200
mg/kg ALA, 400 mg/kg ALA respectively.

2.3 Determination of Fasting Blood Glucose Level
The blood samples were obtained from the rat tail vein
on days O (pre-treatment) and 21 (post-treatment). A
digital glucometer was used to measure the blood
glucose levels using the glucose oxidase principle
(Beach and Turner, 1958) using the digital glucometer
(Accu-Check  Advantage, Roche  Diagnostic,
Germany), and results were expressed in mmol/L

2.4 Termination of Experiment and Sample
Collection

On day 21, all rats were subjected to light anesthesia
by exposing them to chloroform soaked in cotton wool
and placed in an aesthetic box. Blood samples of about
5 ml were collected from the heart of each rat from all
groups by cardiac puncture. The samples were
collected in Eppendorf tubes and allowed to clot.
Thereafter, serum was separated by centrifugation at
3000 g for 10 minutes. The serum was used for the
lipid profile assay.

2.5 Serum lipid profiles assay

This was determined colorimetrically, using
colorimetric assay kits (Randox, Northern Ireland)
according to the manufacturer’s instruction, and
values were expressed in mmol/L. Serum Low-
Density Lipoprotein (LDL) Level was estimated using
the Friedewald formula and the values were expressed
in mmol/L. Lipid components assayed include TC,
TG, and HDL-C and components calculated include
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LDL-C, atherogenic index (Al), coronary artery index
(CAl), and cardiac index (CI).
LDL-C=TC - (TGL/5 + HDL-C) (Friedewald et
al., 1972).
Al = (TC - HDL-C)/HDL-C

(Lamarche et al., 1996).
Cl=TC/HDL-C (Kang et al., 2004)
CAI =LDL-C/HDL-C  (Kang et al., 2004)
2.6 Statistical Analysis
Statistical Package for the Social Sciences (SPSS)
version 22 was used to analyze the data. Data obtained
were presented as mean + standard error of the mean
(SEM). Analysis of variance (ANOVA) was employed
to compare the level of significance between
experimental groups. Significance was considered at p
< 0.05.

3.0 Results

3.1. Blood Glucose Levels of Alpha Lipoic Acid
Treated Diabetic Wistar Rats

To determine the effect of ALA on fasting blood
glucose level (Table 1), diabetic animals were given
different doses of ALA (100 mg/kg, 200 mg/kg, and
400 mg/kg) daily for 21 days and blood glucose level
was checked at the beginning (day 0) and continued on
weekly bases. We observed a significant (p < 0.05)
decrease in the fasting blood glucose level across the
three doses after 21 days especially in the 400 mg/kg
(8.60 + 0.68 mmol/L) administered group compared to
the first day of administration (20.44 + 1.01 mmol/L).
Also, the 400 mg/kg ALA groups showed significant
[F(5, 30) = 55.51, p < 0.0001)] reduction (Group VI:
8.60 + 0.68 mmol/L) in fasting blood glucose level
compared to the diabetic control group (Group II:
20.06 £ 0.70 mmol/L).

Table 1: Effects of Alpha Lipoic Acid on Fasting Blood Glucose Levels of Type-2 Diabetic Wistar Rats

GROUPS Day 0 (mmol/L) Day 7 (mmol/L) Day 14 (mmol/L) Day 21 (mmol/L)
Normal + NS (1 ml/kg)  4.88 £0.50 4.60 +0.47 4.68 +0.29 4.84 +0.25°

DM + NS (1 mi/kg) 19.96 + 1.20? 21.70 £1.392 20.00+1.122 20.06 + 0.702
DM + Glib (1 mg/kg) 19.76 + 1.022 18.26 + 0.652P 12.92 + 0.84 abcd 7.02 £ 0.792bcd
DM + ALA (100 mg/kg) 20.86 + 1.40? 16.74 + 1.48%0 11.64 + 0.873bcd 10.02 + 0.712bcd
DM + ALA (200 mg/kg) 21.44 +1.142 18.70 + 0.782P 13.18 + 0.793b.cd 8.78 + 0.943bcd
DM + ALA (400 mg/kg) 20.44 + 1,012 18.18 + 1.0120 12.18 + 1.058bcd 8.60 + 0.6820cd

Values having superscript letters a, b, and c are statistically significant (p < 0.05) compared with the normal control
group (Normal + NS), diabetic control group (DM + NS), and days 0 and 7 respectively. NS: Normal saline; DM:
Diabetes mellitus; Glib: Glibenclamide; ALA: alpha lipoic acid.

a, b — values with column were significantly different (p < 0.05) compared with normal (normal + NS) and diabetic

control (DM + NS) groups respectively.

¢, d — values within rows were significantly different (p < 0.05) compared with day 0 and day 7 respectively
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3.2 Serum Lipid Profiles in Alpha Lipoic Acid
Treated Type-2 Diabetic Wistar Rats

To determine the effect of ALA on serum lipid profile
level (Table 2), diabetic animals were given different
doses of ALA (100 mg/kg, 200 mg/kg, and 400 mg/kg)
daily for 21 days and lipid profiles were assessed after
the last administration. We observed a significant
decrease in the total cholesterol [F(5, 30) = 9.27, p <
0.0001)], triglycerides [F(5, 30) = 73.23, p < 0.0001)]
and low-density lipoprotein cholesterol [F(5, 30) =
6.81, p < 0.0001)] in the 200 mg/kg administered
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group (group V) with values of 57.49 + 4.16 mg/dL,
44.98 £ 5.25 mg/dL and 8.49 + 5.10 mg/dL compared
to the diabetic control group (group 1) with values of
78.55 + 5.08 mg/dL, 76.22 = 3.78 mg/dL and 26.31
2.95 mg/dL respectively. However, there was no
significant [F(5, 30) = 0.80, p > 0.05)] increase in the
high-density lipoprotein cholesterol level in the ALA
400 mg/kg bw group (group VI: 42.60 = 1.66 mg/dL)
compared to the diabetic control group (group II:
37.00 £ 2.55 mg/dL).

Table 2: Changes in Serum Lipid Profile (Total Cholesterol, Triglycerides, and High-Density Lipoprotein
Cholesterol) in Alpha Lipoic Acid Treated of Type-2 Diabetic Wistar Rats

Groups TC (mg/dL) Trig (mg/dL) HDL-chol (mg/dL)
Normal + NS (1 mi/kg) 46.40 + 2.06 18.40 + 1.86 38.00 + 1.58

DM + NS (1 ml/kg) 78.55 + 5.08° 76.22 + 3.78° 37.00 + 2.55°

DM + Glib (1 mg/kg) 60.35+5.21 9.97 £ 0.67° 39.00 = 2.45

DM + ALA (100 mg/kg) 64.75 + 3.51 39.34 + 2.162 38.40 £ 2.93

DM + ALA (200 mg/kg) 57.49 + 4.16° 44,98 + 5.25% 40.00 + 1.58

DM + ALA (400 mg/kg) 46.82 + 2.67° 15.50 + 0.52° 42.60 + 1.66°

Values having a,b superscript are statistically significant (p < 0.05) compared with the diabetic control group (DM +
NS). NS: Normal saline; DM: Diabetes mellitus; Glib: Glibenclamide; ALA: alpha lipoic acid; TC: total cholesterol;
Trig: triglycerides; HDL-chol: high-density lipoprotein cholesterol.

Table 3: Changes in Serum Lipid Profile (Low-Density Lipoprotein Cholesterol, Cardiac, Coronary Artery,

and Atherogenic Indices) in Alpha Lipoic Acid Treated Type-2 Diabetic Wistar Rats

Groups LDL-chol (mg/dL) CI CAl Al

Normal + NS (1 ml/kg) 472 +1.46 1.22+0.03 0.12 +0.04 0.22 +0.03
DM + NS (1 ml/kg) 26.31 + 2.95° 2.14+0.11° 0.72+0.08° 1.14 £0.11°
DM + Glib (1 mg/kg) 19.35 + 4.61 1.55+0.11 0.50 + 0.112 0.55+0.11
DM + ALA (100 mg/kg) 18.49 + 3.342 1.71+0.11 0.50 £ 0.102 0.71+0.11
DM + ALA (200 mg/kg) 8.49 +5.10° 1.45+0.13° 0.22 +0.13° 0.45 +0.13°
DM + ALA (400 mg/kg) 1.12 + 3.862 1.11 + 0.092 0.04 + 0.082 0.11 +0.09?

Values having a,b superscript are statistically significant (p < 0.05) compared with the diabetic control group (DM +
NS). NS: Normal saline; DM: Diabetes mellitus; Glib: Glibenclamide; ALA: alpha lipoic acid; LDL-chol: low-

density lipoprotein cholesterol; Cl: cardiac index; CAl: Coronary artery index; Al: Atherogenic index
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4.0 Discussion

Alpha lipoic acid (ALA) has been used for some years
now as an antioxidant with antihyperglycaemic and
anti-inflammatory effects and to treat many ailments
because of its wide spectrum of pharmacological
activities (Duch, 1999; Mendoza-nUfiez et al., 2019).
In this study, we observed that all three doses of alpha
lipoic acid (100, 200 and 400 mg/kg) significantly (p
< 0.05) decreased the fasting blood glucose level when
compared to the control group. The decrease in the
fasting blood glucose level observed in the present
study indicates that daily administration of ALA has
improved the hyperglycemic condition induced by a
high-fat diet/streptozotocin in experimental animals.
This  suggests that ALA has a strong
antihyperglycemic effect. Although the decrease
observed in the 400 mg/kg group is lower, it was not
significant when compared to the other ALA groups.
The hypoglycemic effect of ALA showed almost
similar effects to that of the standard drug used
(glibenclamide). Also, both the glibenclamide and
ALA treatment groups (all three doses) and the
normoglycemic control group showed no significant
(p > 0.05) difference, suggesting that ALA might have
led to the recovery of insulin resistance and aided in
the transport of glucose into tissues. The findings of
the present study agreed with that of Ansar et al.
(2011) who also demonstrated that ALA improved
insulin resistance and diabetic condition in type-2
diabetic patients (Ansar et al., 2011). Similarly,
Elbadawy et al. (2021) also reported an ameliorative
effect of ALA on peripheral neuropathy, glycated
hemoglobin, and lipid profiles in diabetic patients
(Elbadawy et al., 2021).

Dyslipidemia is positively linked to hypertension and
hypertension is a significant risk factor for impaired
cognitive performance (Ariyanti, 2019; Bamidele et
al., 2022). In this study, a significant decrease in total
cholesterol, triglycerides, and LDL-c were observed in
all the ALA-treated groups compared to the diabetic
control group. This is an indication that ALA,
especially at 200 mg/kg and 400 mg/kg caused an
improved lipid profile. In the same vein, increased
HDL-c was observed in the 400 mg/kg ALA group in
this study. However, type-2 diabetes mellitus has been
associated with decreased HDL-C in previous studies.
The increase in HDL-c observed in this study is an
indication that ALA at 400 mg/kg has improved
dyslipidemia by increasing the level of good
cholesterol (HDL-C) and reducing the level of bad
cholesterol (LDL-C). Further, ALA has significantly
decrease the level of CI, CAl and Al. This is important
because the integrity of blood vessels and blood
transport is important to ensure constant tissue
perfusion. Atherogenic agents are known to take part
in the genesis and progression of arteriosclerosis. This
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result agrees with the findings of Amom et al. (2008)
who reported lipid-lowering, anti-atherosclerotic, low
plasma TC and LDL levels and reduction in athero-
lesion formation in hypercholesterolemic-induced
rabbits treated with ALA (Amom et al., 2008).
However, our results contradict that of Sun et al.
(2012) who reported that ALA does not affect serum
lipids in patients with age-related macular
degeneration (Sun et al., 2012).

5.0 Conclusion

The present study demonstrated that ALA has an
antihyperglycemic effects and Type-2 DM causes
dyslipidemia which was significantly improved after
21 days of administration of ALA.
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