Mansoura Veterinary Medical Journal 20:3 (2019) 19-23
https.//doi.org/10.35943/mvmyj.2019.23.204

Biochemistry

Original Article

Protective effect of alpha lipoic acid on diabetic nephropathy in rats
L)

Samar Yabes', Mohamed EL-AdI**, Mohamed Hamed?, Gehad El-Sayed® Ghock for

updates

!Department of Biochemistry and Chemistry of Nutrition, Faculty of Veterinary Medicine, Mansoura University, P.O. 35516, Mansoura, Egypt.
’Department of Pathology, Faculty of Veterinary Medicine, Mansoura University, P.O. 35516, Mansoura, Egypt.

ARTICLE HISTORY ABSTRACT

Received: 23.07.2019
Revised: 19.08.2019
Accepted: 23.08.2019

Objective: To evaluate the protective role of alpha lipoic acid in rats affected with
experimentally-induced diabetes and secondarily complicated with nephropathy.

Design: Randomized controlled study.

Animals: Forty-eight Sprague Dawley rats.

Procedures: Rats were allocated randomly into four groups (12 each); Control rats (Group
1); alpha lipoic acid (ALA) supplemented rats (Group 2); rats with induced diabetic
nephropathy (Group 3), and rats with diabetic nephropathy and supplemented with alpha
lipoic acid (Group 4). After one month of experimental induction, serum, plasma and renal
tissue samples were harvested to determine glycemic status, renal damage markers,
antioxidant status, oxidative and nitrosative stress markers, apoptotic marker and
histopathology of kidney tissues.

Results: In comparison with non-supplemented diabetic rats, alpha lipoic acid reduced renal
malondialdehyde (5.74+ 0.26 vs 11.3%+ 1.96 nmol/g. tissue) and renal nitric oxide (30.06%
2.07 vs 36.6x 1.07 nmol/g. tissue). ALA significantly improved the antioxidant enzyme
activity (catalase and reduced glutathione), glycemic status, and decreased caspase 3
concentration (P<0.05).

Conclusion and clinical relevance: Alpha lipoic acid may be an alternative intervention to
alleviate nephropathy as a complication of diabetes. Further studies need to be done in
naturally occurring cases.
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regulated kinase (MAPK/ERK) pathway. The protective role of ALA is
also extended to its dyslipidemic role that controls the enzyme
system responsible for lipid metabolism such as Hydroxy methyl
glutrayl CoA (HMG-CoA) reductase [7]. Therefore, the current study

1. INTRODUCTION

Diabetic nephropathy is a serious complication which most
frequently occurs in diabetic patients as a result of microvascular

lesions in glomerulus of the kidneys. Hyperglycemia increases
vascular permeability to glomerulus, and intracapillary pressure
which decreases the production of nitric oxide on efferent arterioles
with subsequent increase in sensitivity to angiotensin Il with
endothelial dysfunction. The increase in intracapillary pressure would
significantly increase albumin excretion rate that would become
irreversible with the lack of control in glycemic status [1].

Alpha lipoic acid (ALA) or thiotic acid is synthesized in hepatic
tissues mainly and to certain limits in other organs. ALA is considered
as a potent antioxidant which contributes efficiently to various
enzymatic actions in mitochondria such as oxidative decarboxylation
of alpha keto acids. Moreover, ALA can contribute to modulating the
expression of several inflammatory pathways in the body [2]. ALA can
be used in treatment of several diseases as an efficient therapeutic
agent such as diabetes mellitus [3], cancers [4] and cardiovascular
disorders [5]. The mechanism that ALA adopted as a therapeutic
agent is through improving the glycemic status, regulating glucose-
insulin relationship, decreasing the incidence of chronic inflammation
and maintaining endothelial functions [6]. Moreover, the beneficial
effect of ALA in diabetes mellitus is via inducing anti-inflammatory
effect, inhibiting effect on nuclear factor kappa beta activity and
activating the Mitogen-activated protein kinase/ extracellular signal-

was conducted to evaluate the potential protective effect of alpha
lipoic acid on diabetic rats exposed to diabetic nephropathy through
assessment of oxidant/antioxidant status, apoptotic factor and
histopathological alterations.

2. MATERIALS AND METHODS
2.1. Animals

A total of 48 Sprague Dawley rats were used in the current
experiment. They were allocated equally in duplicate in metal cages,
where each cage contained six rats for each group. They were
supplied daily with clean source of water. Also, clean bedding of
sawdust was provided to the cages and was changed twice/week.
Animals were left for acclimatization for ten days prior to the
induction of the experiment.

2.2. Chemicals
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One gram of Streptozotocin (STZ, Sigma Aldrich co., UK), and a
capsule of 600 mg of thiotacid (Egyptian International Pharmaceutical
Industries Company, Egypt) were used.

2.3. Experimental design

After acclimatization, rats were divided into four equal groups
in duplicates, where the first group was assigned as a control group
(Group 1) that was fed on a commercial diet [8] contained yellow
corn, soybean meal, wheat gluten and bran with mineral vitamin and
amino acids supplementation. For the second group (Group 2), rats
were fed on ALA at a dose of 20 mg/kg diet [9]. The third group
(Group 3) was subjected to type 2 diabetes mellitus by
intraperitoneal injection of a single dose of STZ at a dose of 35 mg/kg
body weight, that was solubilized in citrate buffer (pH 4) [10], and
these animals were maintained on the commercial diet. Blood
glucose was checked after 96 hours of injection using glucometer
(Acc-check), where rats with glucose concentration over 230 mg/dl
were enrolled to accomplish the experiment. The weight of animals
was recorded weekly. The last group (Group 4) was subjected to STZ
regimen with supplementation of ALA-enriched diet.

2.4. Collection of blood samples

After 30 days of experimental induction, rats were
anaesthetized with sodium thiopental (20 mg/kg b.wt) [11]. After rats
were completely sedated, blood was drawn from the heart through
cardiac puncture and was collected in a dry, clean, sterile and capped
tube that was left to clot, where clear serum sample was aspirated
and transferred to clean Eppendorf for estimating serum creatinine
[12], urea [13] and insulin [14]. Other portion of the collected blood
was transferred to another clean test tube containing sodium fluoride
for determination of plasma glucose concentration [13].

2.5. Animal dissection

After the blood collection, rats were dissected and kidney was
removed, washed by normal saline and divided into three parts. The
first part was immersed in 10% neutral buffered formalin for
histopathological examination [15]. The second part was
homogenized in phosphate buffer saline (pH 7.4) for determination of
renal reduced glutathione (GSH) concentration [16], renal catalase
(CAT) activity [17], renal malondialdehyde (MDA) concentration [18],
and renal nitric oxide (NO) concentration [19]. The third part of renal
tissues was used to determine caspase 3 concentration using
flowcytometry technique [20].

2.6. Statistical analysis

Results were expressed as means * standard errors of mean,
where ANOVA with LSD post hoc multiple comparison test were
employed to compare between means. At p < 0.05, results were
considered significant. All statistical tests were conducted using SPSS
v.20 [21].

3. RESULTS

In Table 1, glucose, insulin and renal damage markers were
tabulated. A significant increase in plasma glucose level was shown
by group 3, nevertheless was significantly lowered after
supplementation of ALA. Serum insulin in group 3 showed the same
magnitude as compared to the control group. However, in both
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group 2 and 4, a marked increase in serum insulin was found (P
<0.05). In group 3, the concentration of creatinine showed a
significant elevation compared to the other groups (P < 0.05), but a
significant decrease was observed after supplementation of ALA in
group 4. The levels of serum urea were significantly increased in STZ-
exposed groups, but were also significantly reduced after
supplementation of ALA. Moreover, in group 2, a significant decline in
urea concentration was observed compared to the control group (P
<0.05).

In Table 2, antioxidant status, oxidative and nitrosative stress
markers were presented. Reduced glutathione concentration
displayed the highest magnitude in group 2 and group 4, while STZ-
exposed group showed a significant decrease in GSH in comparison
with group 2 and 3. Group 3 had the lowest activity of catalase that
was significantly lowered than other studied groups; meanwhile,
catalase activity was the highest in group 2. The levels of lipid
peroxidation and nitric oxide were the highest in STZ-exposed group
which turned to basal level when ALA was supplemented.

In Figure 1, there was a significant increase in caspase 3
concentrations in rats in group 3, but these concentrations were
lowered significantly by 3 folds in group 4 when ALA was
supplemented. Lipoic acid showed a significant increase in caspase 3
in comparison with group 1.
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Figure 1. Caspase 3 concentrations in rats exposed to experimental diabetic nephropathy
and supplemented with ALA. Bars with different letters indicate significant difference at P
< 0.05. Group 1, control; Group 2, ALA supplemented rats; Group 3, diabetic rats and
Group 4, diabetic rats supplemented with ALA.

Figure 2. Histopathological findings of kidney in rats exposed to type 2 diabetes mellitus
and supplemented with ALA (HE, 100x). Only, kidney of group 3 shows proliferation of
renal glomeruli (arrow) with necrosis in renal tubular epithelium (C). However, kidneys of
other groups (A, B and D) show normal glomeruli (arrow) with normal renal tubular
epithelium (arrow head).
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Histopathological findings were presented in Figure 2. Figure 2A
showed renal tissues of Group 1 with normal glomeruli (arrow) and
renal tubular epithelium (arrow head). In Figure 2B, group 2 revealed
also normal glomeruli (arrow) and normal tubular epithelium (arrow

head). In Figure 2C, group 3 revealed proliferations in renal glomeruli
(arrow) with necrosis in renal tubular epithelium. In figure 2D, group
4 showed normal glomeruli (arrow) with normal renal tubular
epithelium (arrow head).

Table 1. Levels of serum glucose, insulin, creatinine and urea (mean +SE) in rats exposed to experimental diabetic nephropathy and supplemented
with ALA.

Group Glucose (mmol/l) Insulin (ng/ml) Creatinine (mmol/l) Urea (mmol/l)
Group 1 7.08+0.087° 1.98+0.17° 0.038+0.01° 10.39£0.19°
Group 2 5.55+0.11° 6.59+ 1.12° 0.0330.01% 9.59+0.12°¢
Group 3 15.04+1.14% 1.64%0.09” 0.065£0.004% 11.490.19%
Group 4 7.22+0.17° 5.66+ 0.62* 0.036+0.017 8.82+1.22¢

Results were expressed as means with standard errors of mean. In each column, the means carried similar letter showed a non-significant change. Group 1, control; Group 2, ALA
supplemented rats; Group 3, diabetic rats and Group 4, diabetic rats supplemented with ALA.

Table 2. Antioxidant status, oxidative and nitrosative stress markers (mean +SE) in rats with experimental diabetic nephropathy and supplemented

with ALA.
Renal nitric oxide concentration

Renal reduced glutathione concentration  Renal catalase activity Renal malondialdehyde concentration

(U/g. tissue)

(mg/g. tissue)

(nmol/g. tissue) (mol/g. tissue

Group 1 2+0.22° 0.95+ 0.08%
Group 2 7.4610.43° 0.97+ 0.002°
Group 3 0.98+0.1° 0.81+0.02°
Group 4 8.42+0.14° 0.92+0.01°

5.98+0.25° 28.86% 0.66b
4.99+0.46° 18.69+ 1.69¢
11.3+1.96° 36.6+ 1.07a

5.74+0.26" 30.06+ 2.07b

In each column, the means with different superscript letters are significantly different at P < 0.05. Group 1, control; Group 2, ALA supplemented rats; Group 3, diabetic rats and Group 4,

diabetic rats supplemented with ALA.

4. DISCUSSION

Diabetes mellitus can lead to end-stage renal diseases and renal
failure due to the initiation of diabetic nephropathy and the presence
of proteinuria. The progression of diabetic kidney disease could result
in a decrease in glomerular filtration rate and loss of kidney
molecular structure with thickening in basement membrane and
mesangial sclerosis [22].

ALA is a potent antioxidant and is involved in several metabolic
processes of glucose oxidation and ATP generation [23], therefore
the protective role of ALA in diabetic nephropathy may act through
this mechanism.

The concentration of glucose significantly declined in rats
exposed to STZ and supplemented with ALA when compared to STZ
group which can be attributed to the role of ALA in carbohydrate
metabolism and the presence of sulphydryl group that takes part in
metabolism of glucose in the body [24]. It can also be recorded that
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ALA can increase the sensitivity of peripheral tissues to insulin in type
2 diabetic patients [25] and stimulate tyrosine kinase activity [26].
Moreover, the decline in insulin concentration in rats with induced
diabetes was attributed to the damaging effect of STZ on pancreatic
cells-secreting insulin. In the current study, the use of the given dose
of STZ to develop type 2 diabetes mellitus in rats was discussed
because of the fact that chronic treatment with ALA can enhance
insulin sensitivity in adipocytes and muscle cells and activate insulin
signaling pathways [27, 28].

As a complication of diabetic nephropathy, a significant
elevation in serum creatinine was observed which was also found in a
similar study in diabetic rats exposed to STZ treatment [29]. ALA has
the potency to decrease the concentration of creatinine and improve
renal filtration rate in the current study which was also observed in
similar studies conducted by [23, 30]. In a similar manner, the
concentration of urea was significantly decreased after ALA
supplementation in STZ-exposed rats which was also discussed in
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cisplatin-induced kidney damage, where ALA supplementation
produced a protective effect and reduced urea concentration in
exposed rats [31].

Regarding antioxidant status, a reduction in GSH concentration
was observed in diabetic induced rats which is a marked evidence of
oxidative stress [32]. Moreover, the oxidative damage produced by
diabetes led to the production of superoxide radicals that cause
oxidative insults to the renal tissue and is magnified as a result of
diabetic nephropathy [33]. The protective effect of ALA on renal
tissues is attributed to the antioxidant effect of lipoic acid in
preventing the reduction of podocyte density which is a major
complication of diabetic nephropathy [34]. In addition, the activity of
catalase was significantly decreased in rats exposed to STZ which was
also attributed to oxidative stress. ALA was capable of alleviating the
oxidative burden on renal tissues because it contains thiols group
that act as a potent antioxidant and scavenge free radicals which
enhances the host defenses and restores its antioxidant ability [30].
The increase of the amount of lipid peroxidation is a consequence of
oxidative stress which was found as a result of diabetes induction in
rats.

The marked elevation of lipid peroxidation in the current study
could be attributed to low levels of GSH and poor antioxidant
capacity of host tissues [35]. ALA can improve antioxidant status of
host tissues through decreasing lipid peroxidation [36, 37]. Reactive
nitrogen species is produced as a result of the interaction between
NO and superoxide anion which has an immunogenic function in
physiological limits, but in higher concentration it might contribute to
the pathogenesis of many diseases [38]. There is a marked elevation
of nitric oxide concentration as a result of oxidative stress in STZ-
exposed rats, which was significantly decreased after
supplementation of ALA to reach to basal levels. A similar study was
also carried out by Cho et al., [39]. ALA is found to reduce the release
of nitric oxide from macrophages and reduce the attack of reactive
oxygen species to the pancreatic Beta cells [40]. Generally, the
antioxidant role of ALA is related to its ability to modulate redox
potential intracellularly and extracellularly [41].

Caspase 3 concentration showed a significant increase in STZ-
exposed rats which could be due to the necrosis in renal tubular
epithelium with the marked proliferation detected in the
histopathological examination. It is recorded that patients suffered
from diabetes mellitus with chronic periodontitis showed a significant
increase in caspase 3 concentration, where a positive correlation was
observed between the current glycemic status and the increase in
caspase 3 concentration [42]. ALA is capable to suppress apoptosis
and decrease the expression of caspase 3 in hippocampal damage

which is attributed to its neuroprotective role [43].

Conclusion

It can be concluded that ALA can be used efficiently in rats suffer
from nephropathy as a complication of diabetes mellitus to improve
glycemic status, antioxidant defense system and to inhibit apoptosis
by reduction of caspase 3 expressions.
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