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Abstract

In vascularized tissues, inflammation is a complex and dynamic defensive response to cell injury, infection by bacteria,
trauma, or toxins. Inflammatory biomarkers are molecules that regulate the inflammatory response in all immune system
cells. Numerous mediators are released from the attack site, and different host immune system cells infiltrate the area during
inflammation. Without the combination of regulated leukocyte population migration, different inflammatory mediators,
inflammatory biomarkers (acute or systemic inflammatory marker), and subsequent physiologic changes that carry
inflammatory responses, it would be impossible to assemble and regulate inflammatory responses. This study focuses on the
attenuating potential of modified diets on testicular inflammatory biomarkers in streptozotocin-induced diabetic Wistar rats.
Ninety-six adults male Wistar rats were divided into four units, of four groups/unit and each group consisting of six rats.
Unit 1 is non-diabetic unit, whereas Units 2, 3, and 4 were induced with type 2 diabetes. While the rats in group one in all
the units were fed with standard rat chaw, group 2 received HFD, group three received HPD, while groups four received
HCD. Alpha lipoic acid (200 mg/kg body weight) and metformin (50 mg/kg body weight) were also given to the rats in
units three and four, respectively. After 12 weeks of treatment and feeding, each rat was euthanized and testes were excised
for biochemical analysis. Data were examined using GraphPad Prism. Two-way analysis of variance (ANOVA) was used to
examine the mean variations between groups. The Tukey post hoc test was then performed, with p-values of 0.05 being
deemed statistically significant. According to the current study's findings, high-protein meals, both by themselves and in
conjunction with ALA, reduce blood glucose levels and the inflammatory damage brought on by streptozotocin toxicity. For
this reason, they may be utilized to treat diabetes mellitus and autoimmune-induced inflammation.

Keywords: Alpha lipoic acid, Blood glucose, Carbohydrate, C-Reactive Protein, Diabetes mellitus, Diets, Fats,
Inflammation, Metformin, Nutrition, Protein, Streptozotocin, Tumor Necrosis Factor-alpha, Wistar rat

1.0 INTRODUCTION

Diabetes Mellitus is a chronic disease associated with
severe derangement of carbohydrates, protein and
lipids metabolism(:2.2.4) 1t continues to attract public
concern, not just in developing countries but also in
developed countries, and it presents usually with
hyperglycemia and other metabolic abnormalities,
which are due to deficiency of insulin effect®.
According to statistics, 2.8% of the world’s
population suffer from diabetes and it is expected to
increase to more than 5.4% by 2025®), and globally,
4.3 million deaths have been record® 7 8 9, Type 2
diabetes (T2D) has contributed to about 90-95% of
all diabetes cases® 19 and it is a potential risk factor
for cardiovascular disease*®, hence, it is critical to
find a low-cost strategy that can help in its early
prevention.

Diabetes mellitus (DM) has been reported to affect
the male gonad negatively, with a decrease in fertility
rate®% 12 Mounting evidence from both clinical and
experimental studies have demonstrated decreased
fertility rates which has been linked with testicular
inflammation®®. The role of the immune system in

development of T2D has gained interest in recent
years such that a growing number of studies have
highlighted the involvement of inflammatory
biomarkers in the pathogenesis of T2D** 19, Studies
have shown that adiposity, insulin resistance, and
hyperglycemia can induce systemic inflammation
through  stimulating the production of pro-
inflammatory proteins such as C-reactive protein and
cytokines including interleukin-15  (IL-1p),
interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-0)1®,  Additionally,  environmental  and
behavioral ~ factors can  augment  systemic
inflammation in the time of stress® 1. Human
understanding of insulin resistance and secretion
throughout the start and progression of disease has
been reinforced by a number of pathophysiological
investigations®. People at risk for type 2 diabetes
first have insulin resistance, which is counteracted by
excessive insulin production by beta cells. By the
time diabetes is diagnosed, beta cells have lost their
ability to produce enough insulin due to the
pancreatic functional reserve's eventual inability to
handle the necessary insulin secretion during the
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clinical course of the disease®. The relative
contributions of beta cell dysfunction and insulin
resistance can vary in people with type 2 diabetes;
nonetheless, low insulin sensitivity is typically
identified as occurring up to 15 years before the
diagnosis of diabetes®?. Consequently, more recent
research has concentrated on the routes leading to
beta cell failure in addition to mechanistic
investigations examining the processes behind insulin
resistance®V. In recent years, a number of therapeutic
strategies that specifically target inflammatory
pathways have been investigated, lending credence to
the idea of using anti-inflammatory medication to
treat cardio-metabolic disorders such diabetes and
atherosclerotic cardiovascular disease® 22 23 24),
Salicylates, particularly aspirin, have long been used
to treat rheumatic illnesses and thrombosis in the
prevention of primary and secondary CVD @& 25, A
small cohort study®® showed that methotrexate, a
disease-modifying medication, was effective in
improving glycaemic control. However, the drug's
effects on IL-1b, IL-6, and CRP levels were
inconclusive, and further research is needed to
determine its effects on type 2 diabetes?®”). To halt the
onset and progression of type 2 diabetes, it has been
suggested to target cytokine synthesis and secretion to
inhibit additional inflammatory activation. With the
exception of a randomised 6-month trial, more studies
on patients with an unfavourable cardio-metabolic
profile did not show sufficient results. TNF-alpha
antagonists have been used to treat inflammatory
conditions and have been linked to improved
glycaemic control and decreased incident of
diabetes®® 28 In people with diabetes and pre-
diabetes, IL-1lbeta antagonists such anakinra and
gevokizumab have been demonstrated to enhance
beta cell secretory function, lower inflammatory
biomarkers, and improve glycaemia (8.29.30),

One of the main variables that may be changed to
affect systemic inflammation is diet®V by influencing
metabolic heath through dietary factors that exhibit
anti- or pro-inflammatory properties®. For instance,
dietary flavonoid intake has been inversely associated
with inflammation®®, whereas saturated fatty acids
have shown a positive association® 3%, However, as
whole dietary patterns and indices can capture the
interaction of several nutrients or foods to reflect the
complexity of a diet, they may be more useful in
assessing the inflammatory effect of a diet © 3,

The relationship between dietary intake of fat,
carbohydrates, and inflammation is

however, in diabetic states, a diet high in fat was not
associated with a higher risk of inflammation,
whereas a diet high in carbohydrates was. As a result,
a diet high in carbohydrates was associated with a
higher risk of inflammation than a diet high in fat,
however, an inverse relationship between protein
intake and changes in inflammation has been
reported®®). This suggests that dietary protein may be
linked to beneficial changes in the inflammatory
burden. Overall, inflammation increased less in those
with the highest intake than in those with the lowest
(8), Current dietary guidelines mostly have focused
on lowering dietary total fat to < 30% of total energy
intake®"), while higher carbohydrate intake play an
important role to incidence chronic non-
communicable  diseases, such as CVDs®.
Recommendations on restricting total fat intake are
largely based on observational studies performed in
European and North American societies where there
is relatively high intakes of energy, total fats and low
intake of total carbohydrate®® 39_ It is still unclear if
these recommendations can be implemented in low-
and middle-income nations where a high-carb diet
and under-nutrition are even more prevalent.
Additionally, the majority of these dietary
recommendations are predicated on the notion that
total fat consumption and low-density lipoprotein
cholesterol (LDL) are positively correlated, as well as
that LDL and CVD events are linked®® 40, It is
indisputable  that recommendations for fat,
carbohydrate, and protein diets must take into account
inflammatory indicators from human studies®® 49,
This study therefore investigates the attenuating
potential of High modified diet on testicular
inflammatory biomarkers amelioration induced by
streptozotocin in male rats.

2.0 MATERIALS AND METHODS

Syringes And Needles (Lot: Ww-Ag-13024),
Production Date-Oct 2013Expiring Date-Oct 2018,
(NAFDAC No-03-0777), Manufactured For Agary
Pharmaceutical Limited By Wuxi Yushou Medical
Appliances Co.Ltd, Hand Gloves (Lot No 2116),
Nafdac No0-03-3206, Production Date-04 2015,
Expiring Date-04 2018, Manufactured For Longer
Life Health Care Ltd, No 5 Udi Street Onitsha
Anambra State Nigeria, Incubactor (Model TT
9052), Company Name- Techmel And Techmel Usa.,
Glucometer  Accu  Checkwww.acu-check.com,
Aucku Check active Strip (Lot No0-24640133),
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(Taksun: Ts-1809), Stop Timerg.C 2014-0907, Oven
(Dhg-9023a), ELISA microplate (HIPO MPP-96,
BIOSAN), Centrifuge Model 800 Made In China
Zhengji, UV-VIS spectrophotometer (model 752N),
Digital electronic weighing balance (Model JA 2003),
Plastic cages, Animal cage and plates.

Chemicals
Sodium citrate (CsH. (OH) (COONa);2H,0) (BDH
chemicals LTD Pools England, Batch No.

5425/18/58), Streptozotocin (STZ): Sigma. Aldrich
C0.3050 Spruce Street St. Louis Mo U.S.A,
Nicotinamide (NAD) Santa Cruz biotechnology St.
Dallas USA (Batch number 208096).

Drugs

lipoic acid puritan’s pride (Batch number
539608101). Metformin glucophage

Experimental Diets

Purchase of Animal Feeds

Soya beans were purchased from Dawanau market in
Dawakin Tofa Local Government of Kano State,
Nigeria, Groundnut seeds and Maize seed were
purchased from the local market in Obiaruku, Ukwani
Local Government Area, Delta State, Nigeria.
Standard commercial pelleted feed was purchased
from Rainbow Top Feed Company, Amukpe
roundabout, Sapele, Delta State, Nigeria

Identification

Soya bean seed, Groundnut seed and Maize seed were
identified and authentication in the Department of
Agronomy, Wildlife and Forestry, Faculty of
Agriculture, Delta State University, Abraka, Nigeria.

Nutritional Composition

Composition of Modified Special Diet (MSD)

The composition of the various Nutrition Modified
Diets (NMDs) formulated in the present study were
based on AIN-93G rodent diet composition as
recommended by the American Institute of Nutrition
and adopted by Aguiar et al. ©“2 with little
modifications. When carbohydrate, protein and fats
components were changed, care were taken to ensure
that experimental diets have a similar nutrient to
calorie ratio, since it has been reported that animals
will mostly eat for calories and not weight of food
Aguiar et al. “? The composition of different
Nutrition Modify Diets (NMDs) used is illustrated in
tables below. The modified diets were fed to the rats
for 12 weeks ad libitum.

Preparation of Modified Animal Feeds

Preparation of Modified High Fat Diet (HFD)
Groundnut Seed diet were prepared according to the
methods described by Aletor®®. The Groundnut seeds
were processed into modified fat diet (MFD).

Processing of Groundnut Seeds

The groundnut seeds were cleaned by removing
stones and dirts and air-dried. The dried cleaned
groundnut seeds were milled and sieved to pass
through a 0.5mm mesh®). The milled groundnut
feeds were properly stored to avoid contamination
from pests and moulds. Throughout the course of the
trial, the diet was made weekly to prevent the
degradation of its constituents.

Eighty grams (80 g) of the milled Groundnut were added to 20 g of the normal commercial animal pellet to make

a modified fat diet of nutrient composition below

Nutrient Composition of Composition of Normal Composition of Modified High Fat
Groundnut in 80 (g) Animal Meal 20 (g) Diet (HFD) 100 (g)
Fat 40.10 17.0 57.1
Carbohydrate 19.0 11.3 30.3
Protein 25.30 4.5 29.8

Preparation of Modified High Protein Diet (HPD)
Soya bean diet was prepared according to the
methods described by Aletor “3). The soya bean was
processed into modified protein diet (MPD

Processing of Soya bean
The Soya bean seeds were cleaned by removing
stones and dirts and air-dried. To pass through a

0.5mm mesh, the dried, cleaned soy bean seeds were
ground and sieved“. The milled soya bean feeds
were properly stored to avoid contamination from
pests and moulds. Throughout the course of the trial,
the diet was made once a week to prevent the
degradation of its constituents.
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Nutritional Composition of Modified Protein Diet
Eighty grams (80 g) of the milled soya bean were added to 20 g of the normal commercial animal pellet to make
a modified protein diet of nutrient composition below

Nutrient Composition of Soya Composition of Normal Composition of Modified High
Bean in 80 (g) Animal Meal 20 (g) Protein Diet (HPD) 100 (g)
Protein 36.5 17.0 53.5
Carbohydrate 30.2 11.3 41.5
Fat 19.9 4.5 24.4

Purchased and Preparation of Modified High Carbohydrate Diet (HCD)
Maize diet was prepared according to the methods of Aletor, “3- The raw maize seeds were processed into
modified carbohydrates diet (MCD).

Processing of Maize Seed

The maize seeds were cleaned by removing stones and dirts and air-dried. The dried cleaned maize seeds were
milled and sieved to pass through a 0.5mm mesh ©3. The milled maize feeds were appropriately stored to
prevent pest and mold infection. Throughout the course of the trial, the diet was made once a week to prevent the

breakdown of its components.

Composition

Eighty grams (80 g) of maize was added to 20 g of the normal commercial animal meal to make a modified

Carbohydrate diet of nutrient composition below

Nutrient Composition of Maize Composition of Normal Composition of Modified High
Seeds in 80 (g) Animal Meal 20 (g) Carbohydrate Diet (HCD) 100 (g)
Carbohydrate 74.5 17.0 915
Protein 9.0 11.3 20.3
Fat 3.4 4.5 7.9

Ethical Consideration

The protocol of the experiments in this study were
obtained from the Research and Ethics Committee of
the Faculty of Basic Medical Sciences, Delta State
University, Abraka, Nigeria
(REC/FBMS/DELSU/21/134).  This research was
performed in accordance with the ethical standards on
the care and use of animals as laid down by Helsinki
in 1964 ¢4

Chemicals and Drugs Preparation

Chemicals

Sodium Citrate Buffer

Two grams (2g) of Sodium Citrate were dissolved in
100ml of water to yield 2% of citrate buffer

Streptozotocin (STZ)

Streptozotocin (STZ) of 0.6g were dissolved in 10ml
of citrate buffer to yield 60mg of stock solution
(Diabetogenic agent).

Nicotinamide

Nicotinamide (1000 g) were dissolved in 10 ml of
water and were administered to the animals fifteen

(15) minutes before induction of Diabetes Mellitus
(DM).

Drugs

Metformin Tablet

Five hundred milligrams (500 mg) of metformin
(Glucophage) were dissolved in 10ml of distilled
water, to give a solution of anti-diabetic drugs.

Alpha Lipoic Aicd (ALA)

Three hundred grams (300 g) of alpha lipoic acid
(ALA) were dissolved in 50 ml of distil water to yield
6ml of the stock solution

Experimental Animal

Purchase of Animals

Ninety-six (96) Adult male Wistar rats for this study
were purchased from the animal house of the Faculty
of Basic Medical Sciences, Delta State University,
Abraka, Nigeria. They were kept in a breeding
chamber with a naturally controlled system (room
temperature and a 12-hour light-dark cycle) after
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spending seven days getting wused to their
surroundings in well-ventilated cages.

Animal Grouping

The animals were randomly divided into four (4)
units of four (4) groups in each unit, with ten (10)
animals in each group. Only unit(s) 2, 3 and 4 were
induced with diabetes while the unit 1 rats serve as
the non-diabetic control unit. Before the animals were
induced diabetes, they were allowed to fast for eight
to twelve hours while having unlimited access to
water.

Induction of Diabetes

A single intraperitoneal injection of 60 mg/kg of
streptozotocin (Santa Cruz Biotechnology) was given
to the rats in Unit(s) 2, 3, and 4 after fifteen minutes
interval of oral administration of Nicotinamide®>: 6.
47, while the rats in Unit 1 serves as the non-diabetic
control rats (444,47, 48,49, 50)

Confirmation of Diabetes Mellitus

The development of diabetes was checked with the
aid of a glucometer (Accuk-check active, Germany)
by measuring blood glucose level after 72hours of
STZ injection. Diabetes Mellitus were confirmed by
elevated fasting glucose over 200 mg/dL* 44.50.51.52),
Experimental Design

Unit 1

The control unit were divided into four (4) groups as
follows:

Group 1 (n = 6): Non-diabetic Rats feed with the

normal chew.

Group 2 (n = 6): Non-diabetic Rats feed with the
high fat diet (HFD)

Group 3 (n = 6): Non-diabetic Rats feed with the
high protein diet (HPD)

Group 4 (n = 6): Non-diabetic Rats feed with the
high carbohydrate diet (HFD)

Unit 2
The experimental unit were divided into four (4)
groups as follows:

Group 1 (n = 6): Diabetic Rats feed with the normal

chew.

Group 2 (n = 6): Diabetic Rats feed with the high fat
diet (HFD)

Group 3 (n = 6): Diabetic Rats feed with the high
protein diet (HPD)

Group 4 (n = 6): Diabetic Rats feed with the high
carbohydrate diet (HFD)

Unit 3

The unit three diabetic rats received 200 mg/kg alpha
lipoic acid daily for a period of 12 weeks and were
also feed as follows:

Group 1 (n = 6): Diabetic Rats feed with the normal

chew.

Group 2 (n = 6): Diabetic Rats feed with the high fat
diet (HFD)

Group 3 (n = 6): Diabetic Rats feed with the high
protein diet (HPD)

Group 4 (n = 6): Diabetic Rats feed with the high
carbohydrate diet (HCD)

Unit 4

The unit four diabetic rats received 200 mg/kg alpha
lipoic acid and 50 mg/kg of metformin, daily for a
period of 12 weeks and were also feed as follows:

Group 1 (n = 6): Diabetic Rats feed with the normal

chew.

Group 2 (n = 6): Diabetic Rats feed with the high fat
diet (HFD)

Group 3 (h = 6): Diabetic Rats feed with the high
protein diet (HPD)

Group 4 (n = 6): Diabetic Rats feed with the high
carbohydrate diet (HCD)

Determination of Blood Glucose Level

Weekly assessment of blood glucose level was
carried out using an accku check glucometer (Accu
Check active German) and accu Check active strip.
Blood was collected from the tip of the animal’s tail.
Values obtained were rerecorded and expressed in
mg/dl.

Euthanizing of animals and Sample Collection

The animals were euthanized by cervical dislocation
after an overnight fast but prior to this, the final body
weight and fasting blood glucose check were carried
out. Blood was collected via cardiac puncture, using
2ml syringes and 23G needle into plain blood sample
containers for biochemical analysis.

Biochemical Analysis

Assay for Testicular inflammatory Biomarkers
(TNF-alpha and CRP)

Test principle

This ELISA kit uses the Sandwich-ELISA principle.
The micro ELISA plate provided in this kit were pre-
coated with an antibody specific to Rat TNF-a and
CRP. Samples (or Standards) were added to the micro
ELISA plate wells and combined with the specific
antibody. Then a biotinylated detection antibody
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specific for Rat TNF-o and CRP and Avidin-
Horseradish Peroxidase (HRP) conjugate were added
successively to each micro plate well and incubated
respectively. Free components were washed away.
The substrate solution was added to each well. Only
those wells that contain Rat TNF-a, as well as that of
the CRP biotinylated detection antibody and Avidin-
HRP conjugate appeared blue in color. The enzyme-
substrate reaction was terminated by the addition of
stop solution and the color turns yellow. The optical
density (OD) was measured spectrophotometrically at
a wavelength of 450 nm £ 2 nm. The OD value is
proportional to the concentration of Rat TNF-a as
well as CRP. The concentration of Rat TNF-o and
that of the CRP were calculated in the samples by
comparing the OD of the samples to the standard
curve.
Sample collection
Tissue homogenates
The testes were finely chopped into tiny pieces and
thoroughly rinsed in ice-cold PBS (0.01M, pH=7.4)
to get rid of any extra hemolyzed blood that might
have affected the outcomes. After weighing the tissue
pieces, a glass homogenizer was placed on ice and
used to homogenize them in PBS (tissue weight (9):
PBS (mL) volume=1:9). To further degrade the cells
in the suspension, an ultrasonic cell disrupter was
used. To get the supernatant, the homogenates were
centrifuged for 5-10 min at 5000xg at 2-8°C.
Assay procedure
Determine wells for diluted standard, blank and
sample.
1. The standard, blank, and sample dilutions of
100 uL each were applied to the proper wells.
Every sample and standard underwent
duplicate analysis. After covering the plate
with the Kkit's sealer, the samples were
incubated for 90 minutes at 37°C.The micro
ELISA plate well was filled with the
solutions. It was avoided to touch or cause
foaming on the inside wall.
2. After decanting the liquid out of each well,

3.0 RESULT

3.1 Effect of high fat (HFD), high protein (HPD),
and high carbohydrate diet (HCD) on Percentage
Changes in Blood Sugar Level in non-diabetic and

100 pL of the Biotinylated Detection Ab
working solution was added right away. The
plate was then sealed with a fresh sealer and
incubated at 37°C for an hour.

3. After each well's solution was decanted, 350
uL of wash buffer was added, steeped for a
minute, and the decanted material was pat
dried against fresh absorbent paper. Three
times, this washing procedure was carried
out.

4. Each well received 100 pL. of HRP Conjugate
working solution. After applying a fresh
sealer, the plates were incubated at 37°C for
30 minutes. Each well's solution was
decanted, and the washing procedure was
carried out five times.

5. After adding ninety (90) uL of the substrate
reagent to each well and covering the plate
with a fresh sealer, the plate was incubated at
37°C for approximately 15 minutes.

6. Each cuvette was added with fifty (50 puL) of
Stop Solution.

7. The optical density (OD) value was
determined of each well at once with a micro-
plate reader set to 450 nm.

Calculation of results

Average the duplicate readings for each standard and
samples were taken and then subtracted the average
zero standard optical density and plotting a four
parameter logistic curve on log-log axis, with
standard concentration on the x-axis and OD values
on the y-axis.

Statistical Analysis

Data were represented as mean * Standard Error of
Mean (SEM) and analyzed using GraphPad prism
version 8.0 (GraphPad Software, San Diego, CA,
USA). Comparison of mean differences between
groups were performed using two-way analysis of
variance (ANOVA), followed by Tukey post hoc test.
p - values < 0.01 were considered statistically
significant.

streptozotocin-induced diabetes Male Wistar rats
co-treated with alpha lipoic acid (ALA) and
Metformin (MFM)
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3 Diabetic control
=3 Ddiabetic + HFD
E=& Diabetic + HPD
EA Diabetic + HCD

*%

Treatment Groups

Figure 1: Percentage Change in blood sugar level in (a) non-diabetic and (b) Streptozotocin-Induced male
Wistar rats fed with high fat (HFD), high protein (HPD), and high carbohydrate diet (HCD).

+Bars represent Mean + S.E.M. (n = 6) (One-way
ANOVA followed by Bonferroni post hoc test).
“p<0.05, relative to controls; 2 p < 0.05 relative to
HFD group "p < 0.05, relative to HCD group.

As shown in figure 1a non-diabetic rats fed HCD and
HFD showed a statistically significant increased
percentage change in blood glucose levels when
compared to non-diabetic rats fed rat chaw. On the
other hand, non-diabetic rats fed HPD showed a
statistically significant decreased percentage changed

(A)

3 Diabetic control + ALA
=2 Ddiabetic + HFD + ALA
E& Diabetic + HPD + ALA
B3 Diabetic + HCD + ALA

Kk

Treatment Groups

Percentage Change in Blood Sugar Level (%)
Percentage Change in Blood Sugar Level (%0)

-204

-404

-604

-80

in blood glucose levels when compared to non-
diabetic rats fed HFD and HCD. Additionally, figure
1b shows that after being exposed to both the high fat
and high carbohydrate diets, the percentage change in
blood glucose levels of the diabetic rats fed both diets
were significantly higher than those of the diabetic
control rats fed rat chaw. In contrast, the percentage
changed in blood glucose levels of the diabetic rats
fed HPD were statistically significantly lower than
those of the diabetic control rats fed rat chaw.

®)

3 Diabetic control + ALA +MFM
1 Ddiabetic + HFD + ALA + MFM
ERA Diabetic + HPD + ALA + MFM
B Diabetic + HCD + ALA + MFM

*%

Treatment Groups

Figure 2: Percentage Change in blood Sugar Level in diabetic male Wistar rats fed with high fat (HFD),
high protein (HPD), and high carbohydrate diet (HCD) and treated with (a) (alpha lipoic acid (200 mg/kg)
and (b) Alpha lipoic acid (200 mg/kg + Metformin (50 mg/kg).
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Bars represent Mean + S.E.M. (n = 6) (One-way
ANOVA followed by Bonferroni post hoc test). “p <
0.05, relative to controls; 2 p < 0.05 relative to HFD
group °p < 0.05, relative to HCD group.

Figure 2a shows that, in comparison to the diabetic
rats given rat chaw and treated with ALA, the
diabetic rats fed HFD and treated with ALA, as well
as the diabetic rats fed HCD and treated with ALA,
had significantly higher percentage change in blood
glucose levels when compared to the diabetic rats fed
rat chaw and treated with ALA, however, a
statistically significant decreased percentage change
in blood glucose levels was seen in the diabetic rats
fed HPD + ALA when compared to diabetic rats fed

100+ " .
3 Non-diabetic + HPD

=3 diabetic + HPD

diabetic + HPD + ALA
(200 mg/kg)

diabetic + HPD + ALA

50

* % B8 (200 mg/kg)+ MFM (25
50 -—> mglkg)

with HFD + ALA, HCD + ALA as well as rats fed
with rat chaw + ALA. Figure 2b shows that there
were notable variations in the percentage change in
blood glucose levels of diabetic rats fed HFD, HPD,
and HCD treated with ALA and metformin,
respectively. When compared to the diabetic control
rats fed with rat chaw and treated with ALA and
metformin, the blood glucose levels of the diabetic
rats fed with HFD+ALA+MFM as well as diabetic
rats fed HCD+ALA+MFM were significantly higher,
whereas, diabetic rats fed with HPD+ALA+MFM
demonstrated a statistically significant decreased
percentage changes in blood glucose levels.

()

=3 Non-diabetic + HFD

F] =3 diabetic + HFD

diabetic + HFD + ALA

(200 mg/kg)

diabetic + HFD + ALA
Em (200 mg/kg)+ MFM (25

ma/kg)

-100

Treatment Groups

Percentage Change in Blood Sugar Level (%)
Percentage Change in Blood Sugar Level (%)

Treatment Groups

Figure 3: Percentage Change in Blood Sugar Level in non-diabetic and streptozotocin-induced diabetic
male Wistar rats fed with high protein (HPD) and HFD respectively treated with alpha lipoic acid (200

mg/kg) and metformin (50 mg/kg) respectively.

Bars represent Mean + S.EMM. (n = 6) (Two-way
ANOVA followed by Bonferroni post hoc test). “p <
0.05, relative to Non diabetic; @ p < 0.001 relative to
Diabetic + HFD group p < 0.05, relative to Diabetic
+ HFD + ALA group.

When compared to non-diabetic rats fed HPD alone,
diabetic rats fed HPD showed a significantly higher
percentage change in blood glucose level (figure 3a).
However, when alpha lipoic acid was administered to
diabetic rats fed HPD, the percentage change in blood
glucose level was significantly lowered than in the
diabetic rats fed HPD alone. When compared to
diabetic rats fed HPD + ALA, diabetic rats receiving
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HPD + ALA + MFM showed even greater drop in
percentage change blood glucose levels. Figure 3b
illustrates that diabetic rats fed a high-fat diet had
significantly higher percentage change in blood
glucose levels than non-diabetic rats given HFD
alone. When compared to diabetic rats fed HFD
alone, the diabetic rats that received HFD + ALA
showed a considerable drop in percentage change
blood glucose levels. When compared to diabetic rats
fed HFD + ALA, diabetic rats fed with HFD + ALA
+ MFM showed an even greater drop in percentage
change in blood glucose levels.
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Figure 4: Percentage Change in Blood Sugar Level in non-diabetic and streptozotocin-induced diabetic
male Wistar rats fed with High Carbohydrate Diet (HCD) and treated with alpha lipoic acid (200 mg/kg)

and metformin (50 mg/kg) respectively.

Bars represent Mean + S.EMM. (n = 6) (Two-way
ANOVA followed by Bonferroni post hoc test). “p <
0.05, relative to Non diabetic; @ p < 0.001 relative to

carbohydrate diet alone. However, diabetic rats that
received HCD + ALA demonstrated a significant
decreased percentage change in blood glucose level

Diabetic + HFD group p < 0.05, relative to Diabetic
+ HFD + ALA group.

when compared to the diabetic rats fed with HCD
alone. Further decreased percentage change in blood
A Statistically significant increased percentage glucose level were observed in diabetic rats fed with
change in blood glucose level in diabetic rats fed with HCD + ALA + MFM when compared to diabetic rat
high carbohydrate diet were observed (figure 4) when fed with HCD + ALA.
compared to the non-diabetic rats fed with high

3.2. Effect of high fat (HFD), high protein (HPD), and high carbohydrate diet (HCD) testicular
Inflammatory Biomarkers (Tumor Necrotic Factor (TNF-alpha), and C - reactive protein (CRP) in non-
diabetic and streptozotocin-induced diabetes in male Wistar rats treated with alpha lipoic acid (ALA) and
Metformin (MFM).

)
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Figure 5: Effect of high fat (HFD), high protein (HPD), and high carbohydrate diet (HCD) on (a)
testicular inflammatory biomarkers (a) TNF-alpha and (b) C. Reactive Protein in non-diabetic male
Wistar rats

Bars represent Mean + S.E.M. (n = 6) (One-way
ANOVA followed by Bonferroni post hoc test). “p <

0.05, relative to controls; 2 p < 0.05 relative to HFD
group °p < 0.05, relative to HCD group.
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A statistically significant increased TNF-alpha and C.
Reactive Protein levels were observed in non-diabetic
rats fed with HFD as well as HCD respectively when
compared to the non-diabetic control rats fed with rat
chaw, however, a significant decreased TNF-alpha as

(A)
150~ ~ 207
2
- E 154
=
£ 100+ a £
g — 3
& £ 10-
) o
L 50- 2
= 8 >
0 ©

well as C-Reactive Protein were observed in non-
diabetic rats fed with HPD when compared to non-
diabetic rats fed with HFD as well as HCD
respectively

3 Diabetic control
. =3 Diabetic + HFD
EZ Diabetic + HPD
B3 Diabetic + HCD

Treatment Groups Treatment Groups

Figure 6: Effect of high fat (HFD), high protein (HPD), and high carbohydrate diet (HCD) on testicular
inflammatory biomarkers (a) TNF-alpha and (b) C. Reactive Protein in streptozotocin-induced diabetes

male Wistar rats

Bars represent Mean + S.E.M. (n = 6) (One-way
ANOVA followed by Bonferroni post hoc test). “p <
0.05, relative to controls; @ p < 0.05 relative to HFD
group °p < 0.05, relative to HCD group.

A statistically significant increased TNF-alpha and C.
Reactive Protein levels were observed in diabetic rats
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fed with HFD as well as HCD respectively when
compared to the diabetic control rats fed with rat
chaw, whereas, TNF-alpha and C Reactive Protein
levels of diabetic rats fed with HPD where
significantly decreased when compared to diabetic
rats fed with HFD as well as HCD respectively.

*3 Diabetic control + ALA
(200 mglkg)

Diabetic + HFD + ALA
(200 mglkg)

Diabetic + HPD +ALA
(200 mglkg)

Diabetic + HCD + ALA
(200 mglkg)

Treatment Groups

Treatment Groups

Figure 7: Effect of high fat (HFD), high protein (HPD), and high carbohydrate diet (HCD) on testicular
inflammatory bioarkers (a) TNF-alpha and (b) C. Reactive Protein in streptozotocin-induced diabetes
male Wistar rats treated with alpha lipoic acid (200 mg/kg) body weight.

Bars represent Mean + S.EIM. (n = 6) (One-way
ANOVA followed by Bonferroni post hoc test). “p <
0.05, relative to controls; 2 p < 0.05 relative to HFD
group °p < 0.05, relative to HCD group.

A statistically significant increased TNF-alpha and C.
Reactive Protein levels were observed in diabetic rats
fed with HFD + ALA as well as HCD + ALA
respectively when compared to the diabetic control
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rats fed with rat chaw + ALA, However, TNF-alpha
and C Reactive Protein levels of diabetic rats fed with

decreased when compared to diabetic rats fed with
HFD + ALA as well as diabetic rats fed with HCD +
ALA respectively.

B)

Diabetic control + ALA
=3 (200 mg/kg) +MFM (50
mg/kg)
Diabetic + HFD + ALA
(200 mg/kg) +MFM (50
mg/kg)
Diabetic + HPD +ALA
E=A (200 mg/kg) +MFM (50
mg/kg)

HPD + ALA where statistically significantly
GV
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Figure 8: Effect of high fat (HFD), high protein (HPD), and high carbohydrate diet (HCD) on testicular
inflammatory biomarkers (a) TNF-alpha) and (b) C. Reactive Protein in streptozotocin-induced diabetic
male Wistar rats treated with alpha lipoic acid (200 mg/kg) and Metformin (50 mg/kg) respectively

Bars represent Mean + S.E.M. (n = 6) (One-way
ANOVA followed by Bonferroni post hoc test). “p <
0.05, relative to controls; 2 p < 0.05 relative to HFD
group °p < 0.05, relative to HCD group.

When compared to diabetic control rats fed rat chaw
+ ALA + MFM and diabetic rats fed HCD + ALA +
MFM, figure 8a shows a statistically significant
increase in TNF-alpha levels in the diabetic rats fed
HFD + ALA + MFM. However, when comparing
diabetic rats fed HPD + ALA + MFM to diabetic rats
fed HCD + ALA + MFM, no statistically significant
difference was seen; however, TNF-alpha levels were
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significantly lower in diabetic rats fed HPD + ALA +
MFM than in diabetic rats fed HFD + ALA + MFM.
Figure 8b shows that when diabetic rats fed HFD +
ALA + MFM and HCD + ALA + MFM were
compared to diabetic control rats fed rat chaw + ALA
+ MFM, their levels of C-reactive protein increased
significantly. Conversely, when diabetic rats fed HPD
+ ALA + MFM were compared to diabetic rats fed
HFD + ALA + MFM and diabetic rats fed HCD +
ALA + MFM, respectively, their levels of C-Reactive
Protein significantly decreased.

3 Non-diabetic + HPD
&2 diabetic + HPD

@ diabetic + HPD + ALA
(200 mg/kg)
diabetic + HPD + ALA
& (200 mghkg)+ MFM (25
mglkg)

Treatment Groups

Treatment Groups

Figure 9: Effect of alpha lipoic acid (ALA) and Metformin (MFM) on testicular inflammatory biomarkers
(a) TNF-alpha and (b) C. Reactive Protein in non-diabetic and streptozotocin-induced diabetic Wistar rat

fed with High Protein Diet (HPD).

Bars represent Mean + S.EIM. (n = 6) (One-way
ANOVA followed by Bonferroni post hoc test). “p <

0.05, relative to Non diabetic; @ p < 0.001 relative to
Diabetic + HPD group °p < 0.05, relative to Diabetic
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+ HPD + ALA group. acid and metformin respectively to the diabetic rats
A statistically significant increased TNF-alpha and C. fed with HPD, demonstrated a significant decreased
Reactive Protein level were observed in diabetic rats TNF-alpha and C. Reactive Protein respectively when
fed with HPD when compared to non-diabetic rats fed compared to diabetic rats fed with HPD only.
with HPD, however, administration of alpha lipoic
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Figure 10: Effect of alpha lipoic acid (ALA) and Metformin (MFM) on testicular inflammatory
biomarkers (a) TNF-alpha) and (b) C. Reactive Protein in non-diabetic and streptozotocin-induced
diabetic rat fed with high fat diet (HFD).

Bars represent Mean = S.E.M. (n = 6) (One-way diet, diabetic rats fed the same diet showed a
ANOVA followed by Bonferroni post hoc test). “p < statistically significant increase in TNF-alpha and C.
0.05, relative to Non diabetic; @ p < 0.001 relative to Reactive Protein levels; however, when alpha lipoic
Diabetic + HPD group p < 0.05, relative to Diabetic acid and metformin were administered to the diabetic
+ HPD + ALA group. rats fed the same diet, the levels of TNF-alpha and C.
When compared to non-diabetic rats fed the same Reactive Protein significantly decreased.
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Figure 11: Effect of alpha lipoic acid (ALA) and Metformin (MFM) on testicular inflammatory
biomarkers (a) TNF-alpha) and (b) C. Reactive Protein in naive and streptozotocin-induced diabetic rat
fed with high carbohydrate diet (HCD).

Bars represent Mean + S.E.M. (n = 6) (One-way TNF-alpha and C. Reactive Protein level in the
ANOVA followed by Bonferroni post hoc test). p < diabetic rats fed with HCD when compared to non-
0.05, relative to Non diabetic; 2 p < 0.001 relative to diabetic rats fed with HCD, however, administration
Diabetic + HPD group p < 0.05, relative to Diabetic of alpha lipoic acid and metformin respectively to the
+ HPD + ALA group. diabetic rats fed with HCD, demonstrated a
A statistically significant increase was observed in significant decrease in TNF-alpha and C. Reactive
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Protein when compared to diabetic rats fed with
HCD.
4.0 DISCUSSION

An important strategy in the management of type 2
diabetes mellitus (T2DM) is dietary control of blood
glucose levels “ 49, To implement such an approach,
it is imperative to understand how nutrition influences
glycemic control and the underlying metabolic
diseases. In figure la-b, the percentage Change in
blood sugar level in non-diabetic and Streptozotocin-
Induced male Wistar rats fed with high fat (HFD),
high protein (HPD), and high carbohydrate diet
(HCD) was assessed. When compared to non-diabetic
rats fed rat chaw, non-diabetic rats fed HCD and HFD
had a statistically significant higher percentage
change in blood glucose levels, as illustrated in figure
la. Conversely, when compared to non-diabetic rats
given HFD and HCD, non-diabetic rats fed HPD
demonstrated a statistically significant decreased
percentage change in blood glucose levels.
Furthermore, figure 1b demonstrates that the
percentage change in blood glucose levels of the
diabetic rats fed both diets was substantially larger
than that of the diabetic control rats fed rat chaw after
they were exposed to both the high fat and high
carbohydrate diets. Conversely, the diabetic control
rats given rat chaw had a statistically significantly
higher percentage change in blood glucose levels than
the diabetic rats fed HPD. The present findings are
consistent with the review conducted by Russell et al.
3), which posits that a variety of dietary factors
influences the effect of carbohydrates and fats on
blood glucose levels. Nevertheless, it is important to
remember that individuals with diabetes or other
conditions involving impaired blood glucose
regulation should not be advised to consume higher
amounts due to possible negative consequences %,
Diets high in protein had been reported to be
beneficial in weight loss, improving body
composition, and lowering blood sugar levels 3 54,
and better weight loss with high-protein diets has
been linked to the satiating effects of dietary protein,
a smaller selection of foods, and an aversion against
dietary fat in the absence or smaller quantity of
carbohydrates 3 %9, this further support the idea that
consuming more dietary protein may aid in lowering
calorie intake and thus blood sugar level.

Natural antioxidant alpha-lipoic acid (ALA) has a
variety of biological activities®®. It has been shown
to operate as a metal chelator, regenerate endogenous

antioxidants like vitamins C and E, and modulate
signal transduction of many pathways®® %6, The
impact of ALA on sensitivity to insulin®® 59, insulin
secretion 358, the decrease in circulating lipid levels
(53,59 and the increase in nitric oxygen ©3 ) have all
been highlighted in numerous studies that suggest its
possible involvement in the control of glucose
metabolism. Additionally, ALA appears to be helpful
in reducing peripheral diabetic polyneuropathy ©3 61,
For this reason, it is commonly used for obesity,
metabolic syndrome (MS), polycystic ovarian
syndrome (PCOS), diabetic neuropathy, and type 1
and type 2 diabetes (T1D; T2D) ©3 62 63 64)

In figure 2a, the diabetic rats fed with HFD + ALA,
as well as the diabetic rats fed with HCD + ALA, had
a statistically significant increased percentage change
in blood glucose levels than the diabetic rats fed rat
chaw and treated with ALA, however, the diabetic
rats fed with HPD + ALA showed a statistically
significant decrease in percentage change in blood
glucose levels when compared to the diabetic rats fed
HFD + ALA, HCD + ALA, as well as rats fed rat
chaw + ALA. Figure 2b shows that there were
notable variations in the percentage change in blood
glucose levels of diabetic rats fed HFD, HPD, and
HCD treated with ALA and metformin, respectively.
When compared to the diabetic control rats fed with
rat chaw and treated with ALA and metformin, the
blood glucose levels of the diabetic rats fed with
HFD+ALA+MFM as well as diabetic rats fed
HCD+ALA+MFM  were significantly  higher,
whereas, diabetic rats fed with HPD+ALA+MFM
demonstrated a statistically significant decreased
percentage changes in blood glucose levels. When
compared to non-diabetic rats fed HPD alone,
diabetic rats fed HPD showed a significantly higher
percentage change in blood glucose level (figure 3a).
However, when alpha lipoic acid was administered to
diabetic rats fed HPD, the percentage change in blood
glucose level was significantly lowered than in the
diabetic rats fed HPD alone. When compared to
diabetic rats fed HPD + ALA, diabetic rats receiving
HPD + ALA + MFM showed even greater drop in
percentage change blood glucose levels. Figure 3b
illustrates that diabetic rats fed a high-fat diet had
significantly higher percentage change in blood
glucose levels than non-diabetic rats given HFD
alone. When compared to diabetic rats fed HFD
alone, the diabetic rats that received HFD + ALA
showed a considerable drop in percentage change
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blood glucose levels. When compared to diabetic rats
fed HFD + ALA, diabetic rats fed with HFD + ALA
+ MFM showed an even greater drop in percentage
change in blood glucose levels. A Statistically
significant increased percentage change in blood
glucose level in diabetic rats fed with high
carbohydrate diet were observed (figure 4) when
compared to the non-diabetic rats fed with high
carbohydrate diet alone. However, diabetic rats that
received HCD + ALA demonstrated a significant
decreased percentage change in blood glucose level
when compared to the diabetic rats fed with HCD
alone. Further decreased percentage change in blood
glucose level were observed in diabetic rats fed with
HCD + ALA + MFM when compared to diabetic rat
fed with HCD + ALA. The findings in Figures 1, 2,
3, and 4, respectively, are consistent with a number
of previous research showing that ALA can enhance
the absorption of glucose. ©5 8. 670 Specifically,
Eason et al. showed that insulin had no effect on
glucose absorption; in the muscles of ob/ob mice, a
model of extreme insulin resistance, ALA alone
increased glucose absorption by 300% ®% and this
implies that ALA has an impact on insulin resistance.

Inflammatory biomarkers are markers that modulate
the inflammatory response of all cells of the immune
system®®. According to Elgazzar and Elmonayeri 69
and Zhao et al. @@ inflammation is a complicated,
dynamic defensive reaction to vascularized tissues'
damage, poisons, or microbial infection. Ansar and
Ghosh () state that once the causal agent is diluted,
eliminated, or isolated, a series of molecular events
are set in motion that eventually result in the repair,
healing, and reconstitution of the injured tissue. Its
most important features are the response in tissues
and its microcirculation, which is clinically expressed
as redness (erythema), heat (hyperemia), swelling
(exudation), pain (caused by nerves and chemical
mediators), and loss of function (pain).
Pathologically, it manifests as hyperemia, stasis,
leukocyte accumulation, fluid exudation, fibrin
deposition, vasoconstriction, and vasodilation. The
combined vascular and cellular inflammatory
responses are triggered by an inflammatory stimulus
and are subsequently mediated by chemical mediators
derived from specific cells or blood plasma.
According to Ansar and Ghosh (™ mediators are
released even by dead or damaged tissues.
Inflammation can have many different causes,
including microbiological infections (infections by

bacteria, viruses, fungus, etc.), physical agents (such
as burns, stress, trauma from cuts, radiation),
chemicals (drugs, poisons, alcohol), and immunologic
reactions (such as rheumatoid arthritis). Numerous
mediators are released from the attack site, and
different host immune system cells infiltrate the area
during inflammation. Without the combination of
regulated leukocyte population migration, different
inflammatory mediators, inflammatory biomarkers
(acute or systemic inflammatory marker), and
subsequent  physiologic  changes that carry
inflammatory responses, it would be impossible to
assemble and regulate inflammatory responses.
Tumour necrosis factor (TNF) is a cytokine and an
adipokine that is made up of several transmembrane
proteins that have a homologous TNF domain(2, It
was identified by Rolski and Blyszczuk® and
Koelman et al. ™)., According to studies (Qu et al. ),
and Sethi and Hotamisligil™, TNF functions as an
adipokine that increases insulin resistance and is
linked to obesity-induced type 2 diabetes. On the
other hand, TNF functions as a cytokine that the
immune system uses for cell signalling®. Thus, as
part of an inflammatory response, TNF is released by
macrophages, which are specific types of white blood
cells, upon detecting an infection” 8, Immune cell
modulation is TNF's main purpose(™®. As an
endogenous pyrogen, TNF can cause fever,
inflammation, cachexia, and apoptosis. It can also
stop the growth of tumours and the spread of viruses,
and it can react to sepsis by activating cells that
produce IL-1 and IL-67%. Numerous human diseases,
such as Alzheimer's disease®), cancer(™), major
depression @9 and inflammatory bowel disease
(IBD) 82 have all been linked to dysregulation of
TNF production. Despite controversy, some research
has connected elevated TNF levels to depression and
inflammatory bowel disease (IBD)®?. As seen in
figure 5a-b, a statistically significant increased TNF-
alpha and C. Reactive Protein levels were observed in
non-diabetic rats given HFD as well as HCD
respectively when compared to the non-diabetic
control rats given rat chaw, however, a significant
decreased TNF-alpha as well as C-Reactive Protein
were observed in non-diabetic rats fed with HPD
when compared to non-diabetic rats fed with HFD as
well as HCD respectively while in figure 6a-b, a
statistically significant increased TNF-alpha and C.
Reactive Protein levels were observed in diabetic rats
fed with HFD as well as HCD respectively in contrast
to the diabetic control rats that received rat chaw,
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whereas, TNF-alpha and C Reactive Protein levels of
diabetic rats that received HPD where significantly
decreased when compared to diabetic rats fed with
HFD as well as HCD respectively. The findings of
this investigation align with the reports of Aryani et
al. ® and Koelman et al. ™, which asserted Dietary
Protein and Changes in Biomarkers of Inflammation
and Oxidative Stress in the Framingham Heart Study
Offspring Cohort. These reports verified that food

sources exhibit varying impacts on distinct
biomarkers of inflammation, and that dairy
consumption is largely inconclusive concerning

biomarkers like CRP, IL-6, and TNF-o. Reduced
levels of inflammation have also been linked to
dietary patterns high in protein sources®® 84,
substituting whole for refined grains appears to
modulate select cytokines (e.g., TNF-a)® 89
According to the results of an 8-week trial comparing
an energy-restricted high (30% energy) protein diet
with a low (15% energy) protein diet, high protein,
especially meat protein—but not plant or fish
protein—increases a  score  that  includes
concentrations of CRP, IL-6, TNF-a, and PAI-1¢9,
The findings also indicated that while protein source
and quantity may contribute to inflammation,
underlying dietary and health settings may also be
significant®®®), It has been established that consuming
too much fat can lead to a loss of muscle mass since it
can accumulate lipids and induce inflammation in the
muscles®. High-fat diets (HFD) produce reactive
oxygen species (ROS) that trigger a chronic
inflammatory response and release pro-inflammatory
cytokines like interleukin (IL)-1pB or IL-6, as well as
tumour necrosis factor (TNF)-a®® &), An
inflammatory response aids in muscle autophagy and
regeneration under normal physiological conditions(®®
8). on the other hand, an overabundance of pro-
inflammatory cytokines may cause muscle loss,
muscle atrophy, and muscle-cell apoptosis(©® 89,

Result in figure 7a-b of this study showed a
statistically significant increased TNF-alpha and C.
Reactive Protein levels were observed in diabetic rats
fed with HFD + ALA as well as HCD + ALA
respectively when compared to the diabetic control
rats that received rat chaw + ALA, However, TNF-
alpha and C Reactive Protein levels of diabetic rats
given HPD + ALA where statistically significantly
decreased when compared to diabetic rats fed HFD +
ALA as well as diabetic rats fed HCD + ALA
respectively, while in figure 8a, a statistically

significant increased TNF-alpha level were observed
in diabetic rats given HFD + ALA + MFM when
compared to diabetic control rats that received rat
chaw + ALA + MFM as well as diabetic rats fed
HCD + ALA + MFM. However, when comparing
diabetic rats fed HPD + ALA + MFM to diabetic rats
fed HCD + ALA + MFM, no statistically significant
difference was seen; however, TNF-alpha levels were
significantly lower in diabetic rats fed HPD + ALA +
MFM than in diabetic rats fed HFD + ALA + MFM.
Figure 8b shows that when diabetic rats fed HFD +
ALA + MFM and HCD + ALA + MFM were
compared to diabetic control rats fed rat chaw + ALA
+ MFM, their levels of C-Reactive Protein increased
significantly. Conversely, when diabetic rats fed HPD
+ ALA + MFM were compared to diabetic rats fed
HFD + ALA + MFM and diabetic rats fed HCD +
ALA + MFM, respectively, their levels of C-Reactive
Protein significantly decreased. According to studies
on the impact of dietary patterns on inflammatory
biomarkers in adults with type 2 diabetes mellitus,
Shivappa et al. ©9, Denova-Gutiérrez et al. ©9,
Sureda et al. ®?, and Sanchez-Rosales et al. (93) all
found similar results.

Vegetables and plants are rich sources of a-lipoic acid
(ALA), a naturally occurring antioxidant®®,
According to earlier research®: %) ALA has a
calming effect on inflammation and inflammatory
responses in addition to diabetes and its aftereffects.
In Otsuka Long Evans Tokushima Fatty (OLETF)
rats, ALA was shown to maintain skeletal muscle
mass®). Furthermore, in healthy older subjects, ALA
help to maintain muscle mass and strength®®), Many
studies show that ALA reduces inflammation and
oxidative stress in skeletal muscle®> %), Additionally,
studies have shown that ALA lowers pro-
inflammatory

TNF-o and boosts the production of the anti-
inflammatory IL-10 in the insulin-resistant rats'
brain®, According to Ko et al. ®,  ALA has
multidirectional effects in the brain because it inhibits
neuronal death. Remarkably, reduces
oxidative/glycative stress, protein nitrosative damage,
inflammation, and apoptosis while enhancing
antioxidant balance®. Increases in TNF-alpha and C
were statistically significant, as shown in figures 9a-
b, 10a-b, and 1la-b. Reactive protein levels were
measured in the diabetic rats fed HPD, HFD, and
HCD, respectively, and compared to the non-diabetic
rats fed the same diets. However, when alpha lipoic
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acid was administered to the diabetic rats fed HPD,
HFD, and HCD, respectively, TNF-alpha and C.
Reactive Protein were significantly lower than in the
diabetic rats fed HPD, HFD, and HCD alone. Further
decrease in TNF-alpha and C reactive proteins were
observed in diabetic rats fed with HPD + ALA +
MFM, HFD + ALA +MFM as well as HCD + ALA +
MFM when compared to diabetic rats fed with HPD
+ ALA, HFD + ALA and HCD + ALA respectively.
According to research, High Fat Diet causes
excessive intercellular oxidative stress and stimulates
pro-inflammatory cytokine secretion, resulting in the
occurrence of inflammatory responses and DM@ 97),
In addition, excessive cytokine production may had
been reported to inhibit muscle regeneration by
requlating mTOR  expression, which  may
subsequently lead to muscle loss in DM®®, The
mechanism thought to be involved in the findings of
this study is that ALA ha influence the nuclear factor
kappa B, JNK, and PI3K/AKT signalling pathways in
muscles, as reported by Hong et al. ®. The current
investigation revealed that ALA reduced TNF-o and
C-reactive protein levels in muscle tissues, indicating
that ALA may reduce inflammation via inhibiting the
TNF-o/JNK pathway in type 2 diabetes rats' muscles.
Since a prior study by Ko et al. ®¥ had also
confirmed that ALA enhanced PI3K/AKT protein
expression in the liver and brain tissues of rats with
T2DM, it is assumed that ALA enhanced the protein
expression of PISK/AKT in the soleus muscle and
reduced IR in rats with T2DM. In general, low-degree
inflammation stimulates appropriate secretion of
cytokines and subsequently stimulates insulin-like
growth factor (IGF)-1 and fibroblast growth-factor
secretion for satellite cell proliferation®). The
increase in myogenic regulatory gene expression
promotes the differentiation of satellite cells into
myoblasts in the formation of muscle fibers®®),
whereas excessive TNF-o suppresses MyoD protein
and inhibits muscle regeneration®). On the other
hand, stimulation of the PI3K/AKT pathway
increases the expression of the MyoD protein and the
development of satellite cells, which make up
myoblasts®®), Similarly, activation of the PISBK/AKT
pathway encourages mTOR protein production and
muscle growth(®),

Summary of Findings

1. In rats without diabetes, high protein diets
(HPD) considerably reduced blood sugar
levels; in contrast, these rats' blood sugar

levels increased dramatically in response to
HFD and HCD. HFD and HCD considerably
enhance blood sugar levels in streptozotocin-
induced diabetic rats, but an HPD
dramatically lowers blood sugar levels in the
same rats.

2. In diabetic rats that received the various
modified diets and treated with ALA and
MFM, blood glucose levels  were
significantly decreased

3. High Fat Diets (HFD) as well as High
Carbohydrates Diets (HCD) significantly
increases a-tumor necrosis factor as well as
C-reactive protein levels in both non-diabetic
and streptozotocin-induced diabetic wistar
rats, while High protein diet (HPD)
significantly decreases a-tumor necrosis
factor as well as C-reactive protein levels in
both non-diabetic and streptozotocin-induced
diabetic wistar rats.

4. Treatment with ALA as well as MFM to the
rats given the different modified diets
significantly decreases a-tumor necrosis
factor as well as C-reactive protein levels in
diabetic rats.

Contribution to Knowledge

1. This study showed that a high-protein diet
alone and in conjunction with alpha lipoic
acid, lowers blood glucose levels. As a result,
it may be a helpful strategy for managing
blood sugar levels and, consequently,
diabetes.

2. This study also demonstrated that a high-
protein diet (HPD) and alpha lipoic acid
supplementation reduce levels of C-reactive
protein and alpha-tumor necrosis factor,
respectively. This helps control the
inflammation brought on by diabetes.

Conclusion

The current study's findings indicate that high protein
diets alone and in combination with ALA decreases
blood glucose level and inflammatory damage caused
by streptozotocin toxicity, hence, has the potential to
manage  diabetes  and autoimmune-induced
inflammation in diabetes mellitus.

Recommendation
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A balanced eating pattern that includes more
proteins, fewer carbohydrates and fats, as well as
food that falls within a reasonable calorie range,
should be implemented as it provides the basis
for healthy eating.
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