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Abstract

Background: Diabetic nephropathy is one of the most
common complications of type II diabetes mellitus. Different
recent researches investigated the therapeutic effects of
different medications and therapeutic agents on the progression
of diabetic nephropathy.

Aim of Study: Compare the reno-protective effects of
thiamine in addition to ACE inhibitors in type 2 diabetic
kidneys.

Material and Methods: A total of 50 male albino rats were
were divided into 5 groups:

Group 1: Control group.

Group 2: Type 2 diabetic rats.

Group 3: Type 2 diabetic nephropathy rats.

Group 4: Lisinopril-treated type 2 diabetic nephropathy rats.

Group 5: Thiamine mononitrate-treated type 2 diabetic neph-
ropathy rats.

Blood samples were collected for the measurements of
fasting blood glucose, fasting blood insulin, blood urea, and
blood albumin-creatinine ratio. Urine samples were collected
for measurement of urinary albumin excretion. Systolic and
diastolic blood pressure were measured. Nuclear factor kappa-
B gene expression was estimated.

Results: Treatment with ACE inhibitors reduced fasting
blood glucose, fasting blood insulin, blood urea, urinary
albumin excretion, nuclear factor kappa B gene expression,
systolic blood pressure and diastolic blood pressure. While
treatment with thiamine mononitrate reduced fasting blood
glucose, blood urea, urinary albumin excretion and systolic
blood pressure.

Conclusion: The use of ACE inhibitors and thiamine in
the treatment of kidney disease with type 2 diabetes signifi-
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cantly offered renal protection and improved the diabetic
condition and may postpone the onset of renal injury in type
2 diabetic person.

Key Words: Thiamine — Nuclear factor kappa B — Diabetic
nephropathy — renoprotection.

Introduction

DIABETIC nephropathy (DN), also known as
Kimmelstiel-Wilson syndrome, or nodular diabetic
glomerulosclerosis and intercapillary glomerulone-
phritis, is a chronic progressive renal disease caused
by angiopathy of capillaries in the renal glomeruli.
It is characterized by nephrotic syndrome as well
as diffuse glomerulosclerosis. It is caused by long-
standing diabetes mellitus and is a common indi-
cation for dialysis in many countries. It is currently
classified as a microvascular complication of dia-
betes mellitus [1].

Diabetic nephropathy is becoming the most
frequent cause of end-stage renal disease (ESRD)
in most countries and carries an increased risk for
mortality [2].

Hyperglycemia plays a fundamental role in the
development of diabetic nephropathy, and multiple
interactions have been recently described between
the genetic factors and the blood sugar levels for
the risk of onset of microalbuminuria in patients
with newly developed type 2 diabetes. The combi-
nation of positive family history and poor glycemic
control dramatically increases the risk for devel-
opment of diabetic nephropathy [3].
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Furthermore, Diabetic nephropathy is aleading
cause of chronic kidney disease in patients starting
renal replacement therapy [4].

The reactions forming advanced glycation end-
products (AGES) by non-enzymatic binding of
glucose to other organic compounds as proteins,
lipids, and nucleic acids can lead to the alteration
of protein structure and function, oxidative stress,
and expression of multiple proinflammatory cy-
tokines and growth factors [5].

Oxidative stress and generation of reactive
oxygen species (ROS) damage deoxyribonucleic
acid (DNA) and protein, or function as signaling
amplifiersto activate cellular stress pathways such
as protein kinase C (PKC), mitogen-activated
protein kinase (MAPK), and nuclear factor-kappa
B (NF-kB) [6].

Hyperglycemiainduces mitochondrial reactive
oxygen species (ROS). Glucose is metabolized
through the polyol pathway, leading to a decrease
in the amount of reduced nicotinamide adenine
dinucleotide phosphate (NADPH) which in turn
lowersthe availability of glutathione. With less
glutathione, ROS will further increase intracellu-

larly [7].

ACE inhibitors (ACEIs) prevent the conversion
of angiotensin | to ANG II. They can decrease
tissue oxidative stress, and there is a shred of
evidence that they lower the formation of AGEs

(8]

Dysregulation of RAAS plays apivotal rolein
the pathogenesis of diabetic nephropathy [9].

Hyperglycemiais associated with increased
production of ANG Il in glomerular mesangial
cells [10].

Also, renin angiotensin system (RAAS) seems
to be involved in podocyte injury through the
induction of oxidative stress in diabetic nephropathy
[11].

Angiotensin |1l may enhance the generation of
ROS through the activation of NADPH oxidases
in podocytes [12] . Leading to microalbuminuria,
followed by macroalbuminuria and finally chronic
renal failure [13].

Thiamine acts as a coenzyme for the enzymes
transketolase (TK), pyruvate dehydrogenase (PDH)
and alpha-ketoglutarate dehydrogenase enzyme
complexes, enzymes which play a fundamental

rolein intracellular glucose metabolism. A thiamine/
TK activity deficiency has been described in dia-
betic patients [14].

Recent evidence suggests that insulin resistance
forces the pancreas to increase its insulin secretion,
which stresses the B3 cells, resulting in the exhaus-
tion of B-cells. The high blood glucose and saturated
fatty acids levels create an inflammatory medium,
resulting in activation of the non-specific immune
system, resulting in the activation of the NF- kB,
and release of inflammatory mediators [15].

NF-kB isthe most critical transcription factor
involved in the pathophysiology of diabetic neph-
ropathy. It helps to control the expression of nu-
merous genes activated during inflammation [16].

Hyperglycemiaitself can activate NF- KB in
endothelial cells, vascular smooth muscle cells and
proximal tubule cell [17].

Angiotensin |1 has been added to the list of
essential molecules that activate NF-kB. Angi-
otensin activates NF-KkB in the kidney via Angi-
otensin Il receptor type 1 (AT1R) and Angiotensin
11 receptor type 2 (AT2R), and that this peptide
participates in the mononuclear cell recruitment
in experimental nephritis through NF- kB [18].

Moreover, as proteinuriacan also dlicit the
synthesis of ANGII in renal cortex and NF-KB
activation, this pathway has been recently proposed
as a mechanism by which persistent proteinuria
may contribute in the progression of pathological
renal changes [19].

In streptozotocin-induced diabetes, NF- KB
activation in renal cortical tissue has been reported
[20], and in vitro studies have indicated that AGEs
induce oxidative stress and activate NF- KB in
mesangial cells [21].

Other studies in patients with type 1 and type
2 diabetes have reported that insufficient glycemic
control increases NF-kB binding activity in periph-
eral blood mononuclear cells [22].

Thiamine, is avitamin of the B complex. The
best-characterized form is thiamine diphosphate
(ThDP), also sometimes called thiamine pyrophos-
phate (TPP), a coenzyme in the catabolism of
sugars and amino acids [23].

Thiamine has afundamental role in the energy-
yielding metabolic reactions, especially the metab-
olism of carbohydrates. Thiamine diphosphate is
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the coenzyme for three multienzyme complexes
that catalyze oxidative decarboxylation reactions.

Pyruvate dehydrogenase (PDH) in carbohydrate
metabolism; a-ketoglutarate dehydrogenasein the
citric acid cycle; and the branched-chain a-keto-
acid dehydrogenase (BCKDH) involved in the
metabolism of leucine, isoleucine, and valine [24].

In humans, acute thiamine deficiency can be
manifested by diabetic ketoacidosis (DKA), lactic
acidosis and hyperglycemia [25].

Pentose phosphate pathway (PPP) represents
an alternative route for glucose oxidation fulfilling
three crucia functions. (1) Production of reducing
eguivalent NADPH necessary for reduction of
oxidized glutathione thus supporting intracellular
antioxidant defenses; (2) Output of ribose-5-
phosphate required for the synthesis of nucleotides;
and (3) Metabolic use of pentoses obtained from
the diet. Thiamine may have significant effects on
the glucose metabolism through the regulation of
Pentose Phosphate pathway. Indeed, TK activation
by benfotiamine in endothelial cells blocked several
pathways which are responsible for the damage
caused by hyperglycemia and prevented devel op-
ment and progression of diabetic complicationsin
animal models [26].

However, little is currently known about the
exact mechanisms by which diabetes affects thia-
mine metabolism [27].

Thiamine deficiency diminishes the mRNA
levels of Tk and PDH [28] . Pyruvate dehydrogenase
activity is also reduced in diabetic patients [29].

The aim of the work
The objective of this study isto:

1- Test and compare the possible protective effects
of thiamine when added to ACElsin the course
of diabetic nephropathy in type |l diabetic
rats.

2- Test therole of the inflammatory pathway
(cascade) in the promotion & progression of
nephrogenic complications in type 11 diabetic
rats.

Material and Methods

This study was conducted in El-Kasr El-Eini
physiology department's laboratory.

It lasted 3 months from February 2016 till May
2016. All chemical agents and medications were
purchased from the Egyptian international Phar-
maceuticals and chemicals company, 10th of Ram-
adan City, Industrial Zone B (E.I.P.1.C.O).
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Experimental animals:

A total of 50 male albino rats were used in this
study weighing 150-200 grams.

The animals were housed in wire mesh cages
at room temperature, with aregular light-dark
cycle. They were fed the commercial rat chow diet
and had free access to water.

Ethical consideration:

All experimental protocols described in the
present study were approved by the Ethics Review
Committee for Animal Experimentation of Faculty
of medicine, Cairo University.

The animals were divided into the following groups:
Group 1: Control group (n=10):

- Consists of 10 normal rats not subjected to
any drug.

Group 2: Type 2 diabetic rats (n=10):
- They were sacrificed after type 11 diabetes
was confirmed

Group 3: Diabetic nephropathy (DN) rats (n=10):
- Microalbuminuria was established in type |
diabetic rats

Group 4: Lisinopril protected Diabetic nephropathy
(DN) rats (n=10):
- Diabetic nephropathy rats were treated with
oral lisinopril 10mg/kg/day for one month
[30].

Group 5: Thiamine protected Diabetic nephropathy
(DN) rats (n=10):
- Diabetic nephropathy rats were treated with
high dose oral thiamine mononitrate 70mg
/kg/day for one month [31].

Induction of Type 2 diabetes.

Beginning on day O, rats were fed either stand-
ard rodent chow (group 1) or high-fat diet (Other
groups). On day 14, rats on the high-fat diet were
injected with asingle low dose of streptozotocin
(HFD + STZ) (STZ, 30mg/kg i.p., in 0.01 M citrate
buffer pH 4.3) to induce type 2 diabetes [32].

Consumption of ahigh-fat diet eventually leads
to the development of insulin resistance and is
considered to be a major predisposing factor for
type 2 diabetes [33] . Subsequent to STZ treatment,
rats had free access to food and water and were
continued on their planned diets for the duration
of the study.
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STZ causes hyperglycemia by specifically in-
ducing DNA strand breaks in pancreatic iset-cells
and stimulates nuclear poly (ADP-ribose) syn-
thetase, thus depleting intracellular Nicotinamide
adenine dinucleotide (NAD+) and Nicotinamide
adenine dinucleotide phosphate (NADP+) levels.
Reduction of NAD+ and NADP+ inhibits proinsulin
synthesis, leading to a diabetic state [34].

Characterization of Type 2 diabetes and diabetic
nephropathy models:

On day 20, inthe HFD + STZ groups, type 2
diabetes was confirmed by measuring fasting plas-
ma glucose and insulin levels. Blood was sampled
from the retro-orbital plexus under diethyl ether
anesthesiawas used to measure plasma glucose
and insulin concentrations. Rats that had high blood
glucose level were considered as diabetic and were
used for further study. 10 rats were sacrificed and
were considered as group 2.

The onset of diabetic nephropathy in the re-
maining rats began subtly after one month of dia-
betes [35] . It was confirmed by the presence of
microalbuminuria. 10 rats were considered diabetic
nephropathy rats and were categorized as group 3.
Group 4 included 10 rats that were treated with
oral lisinopril 10mg/kg/day for 1 month [30]. Group
5included 10 rats that were treated with high dose
oral thiamine mononitrate 70mg/kg/day for 1 month
(3.

Blood and urine samples from groups 1,3,4 and
5 were taken at the end of the study protocol.

Methods:

1- Measurement of fasting plasma Glucose level
according to (www. amsalliance.com):

Intended use:

AMS glucose kit utilizes the enzymatic color-
imetric technique for the quantitative determination
of glucose in serum, plasma, and urine using the
AMS SAT 450 Chemistry System.

2 - Measurement of the fasting plasma insulin level
(according to de la Rica and Stevens, 2012)
[36]:

In the previously frozen and thawed serum
samples, insulin concentrations were measured by
the method of enzymatic immunoassay using Rat
Insulin ELISA Kits.

Renal function tests;

3- Measurement of blood urea according to
(www. amsalliance.com):

Intended use;

AMS urea UV Kkit utilizes the enzymatic method
for the quantitative determination of ureain serum,
plasma, and urine using the AMS SAT 450 Chem-
istry System.

4 - Measurement of blood creatinine according to
(www. amsalliance.com):

Intended use:

AMS creatinine enzymeatic kit utilizes the en-
zymatic calorimetric method for the quantitative
determination of creatinine in serum, plasma, and
urine using the AM S sat 450 chemistry system.

5- Measurement of albumin in blood and urine
according to (www. amsalliance.com):

Intended use;

AMS albumin kit utilizes the colorimetric meth-
od (BCG) for the quantitative determination albu-
min in serum and urine using AMS SAT 450 Chem-
istry System.

6- Measurement of the arterial blood pressure:

Blood pressure was measured in the conscious
experimental animals immediately before obtain-
ingthe blood samples. The rats were trained to the
apparatus several times before the measurement.
Blood pressurewas measured in the tail region
using an electronic electro sphygmomanometer
device after the animal was pre-warmed for 15
min in order to increase theambient temperature
to 37°C and to maintain an adequate circulation in
the animal's tail to ensure a reliable measurement
of the arterial blood pressure.

The Harvard Rat Tail electronic blood Pressure
Monitor system is an electronic version of the
traditional sphygmomanometer measurement cuff
method, used to determine blood pressure from
the animal'stail indirectly.

At least three consecutive readings were taken
each time for obtaining the average and as a proof
of accurate systolic blood pressure measurements.

Both cuff pressure and pulse are recorded si-
multaneously. While the cuff pressureis above the
systalic pressure, little or no vibration was observed
on the pulse channel of the chart recorder. Systolic
pressure is obtained as the pressure at which the
pulse first appears. While the diastolic blood pres-
sureis estimated by calculation using a software
algorithm [37].
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7- ATr-K(3 gene expression Semiquantitation (ac-
cording to Hinfa et al., 2009) pn:

Reverse transcriptase-polymerase chain reaction

(KT-PCK):

1- Total RNA was extracted from whole blood
using the RNeasy purification reagent (Cat No.
74134, Qiagen, Valencia, CA, USA).

2- Reverse transcription and PCR was conducted
using the One Step RT-PCR Kit (Qiagen, USA,
catalog number 210212).

PCR Detection of beta-Actin:

The presence of RNA in all tissues was assessed
by analysis of the "house-keeping" gene (3-actin.
[3-actin primers (forward 5-TGTTGTCCCT

GTATGCCTCT-3', reverse 5' -TAATGTCAC
GCACGATTTCC-3") were designed from Gen-
Hank (accession no. 300691) and amplified a prod-
uct of 2065p.

Gel Electrophoresis:

PCK products of (NE-0 and beta actin) genes
were electrophorized on 2% agarose gel stained
with ethidium bromide and visualized by ultraviolet
transilluminator. Semiquantitation of PCR product
was conducted using gel documentation system
(BioDocAnalyze System and software, Biometra,
Germany, Géttingen).

Statistical analysis:

Data were statistically described and compared
regarding mean F standard deviation (£ SD) using
the two-sided Student t-test for independent sam-
ples. All statistical calculations and analysis were
done using the computer program SPSS (Statistical
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Package for the Social Science; MM Corp, Armonk,
NY, USA) release 22 for Microsoft Windows.

The p-value or calculated probability was de-
termined. p-values less than 0.05 were considered
statistically significant. While p-values less than
0.01 were considered highly significant. p-values
of more than 0.05 were considered insignificant.

Results

Comparative data of the five studied groups:

Table (1) shows that there is a highly statistically
significant difference between group 1 and group
3 as regard blood urea, urinary albumin excretion,
blood albumin creatinine ratio, fasting blood glu-
cose, fasting blood insulin, Nr-xi3 gene expression,
SBP and DBP (p<0.01). Group 3 had higher blood
urea, urinary/albumin excretion, blood albumin
creatinine ratio, fasting blood glucose, fasting
blood insulin, NE-xp gene expression, SBP and
DBP than group 1.

The table also shows that there is a highly
statistically significant difference between group
2 and group 3 regarding blood urea, urinary albumin
excretion, blood albumin creatinine ratio, fasting
blood glucose and SBP (p<<0.01). While there is a
statistically significant difference between group
2 and group 3 as regard fasting blood insulin and
DBP (p<0.05). Group 3hadhigher blood urea, uri-
nary albumin excretion, fasting blood glucose,
fasting blood insulin, SBP and DBP, and had a
lower blood albumin/creatinine ratio, than group
2. Group 3 had a statistically insignificant higher
ME-kf3 gene expression than group 2.

Table (1): Effect of diabetic nephropathy (DN) on all studied parameters.

Group 1| Group 2 Group 3

Mearr € SD Mean t SD Mearn t SD p-value

Blood urea (mg/dl) 2641 1.654 26.59 1 29.33 1.947 0.002*
0.001.

Urinary albumin excretion (gtn/d1) 0.028 0.012 0.03 0.006 0.437 0.093 0.0co*
0.000.

Blood albumin creatinine ratio (iig/mg) 140.7  25.082 ioi.775  4.605 39.629  1.747 0.000%*
0.000°

Blood glucose (mg/di) 89.6  20.239 212.7 7.212 229.6  9.442 0.000*
0.000-

Blood insulin 04g/1) 0.461 (1056 4.19 0.87 5.14 0.677 0.000*
0.014.

Nr-KB gene expression 0.571  0.034 0.97 0.116 1.09 0.263 0.000*
0.203°

SBP (mmHg) 1123 9.25 136 5.164 149 8.433 0.000*
OOH.

DBP (mmHg) 76.8 10.83 92 2.582 95.5 4.378 0.000*
0.04s.

*p-vaMes significant change comparing group 3 to group 1.

* p-vaMes significant change comparing group 3 to group 2.
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Table (2) showsthat thereisahighly statistically
significant difference between group 1 and group
4 asregard urinary albumin excretion, blood albu-
min creatinine ratio, fasting blood glucose, fasting
blood insulin (p<0.01). While there is a statistically
significant difference between group 1 and group
4 regardingNF-kB gene expression (p<0.05). Group
4 had a higher urinary albumin excretion, fasting
blood glucose, fasting blood insulin, and NF- kB
gene expression, and had alower albumin creatinine
ratio, than group 1. Group 4hadstatistically insig-
nificant higher blood urea, SBP, and DBP than
group 1.

The table also shows that there is a highly
statistically significant difference between group
2 and group 4 as regard urinary albumin excretion,
blood abumin creatinine ratio, fasting blood glu-
cose, NF-kB gene expression and SPB (p<0.01).

While there is a stetistically significant difference
between group 2 and group 4 as regard DBP
(p<0.05). Group 4 had a higher urinary albumin
excretion, and had alower blood albumin creatinine
ratio, fasting blood glucose, NF- kB gene expres-
sion, SPB and DBP, than group 2. Group 4 had a
statistically insignificant lower blood urea, fasting
blood insulin than group 2.

The table also shows that there is a highly
statistically significant difference between group
3 and group 4 asregard blood urea, urinary albumin
excretion, blood albumin creatinine ratio, fasting
blood glucose, fasting blood insulin, NF-xB gene
expression, SBP and DBP (p<0.01). Group 4 had
a higher blood albumin creatinine ratio, and had
alower blood urea, urinary albumin excretion,
fasting blood glucose, fasting blood insulin, NF-
kB gene expression, SBP and DBP, than group 3.

Table (2): Effect of lisinopril treatment on diabetic nephropathy (DN) rats for one month on all studied parameters.

Group 1

Group 2

Group 3

Group 4

Mean

8D

Mean

8D

Mean

8D

Mean

8D

p-value

Blood urea (mg/dl)

Urinary albumin excre-
tion (gm/dl)

Blood albumin creati-
nineratio («g/mg)

Blood glucose (mg/dl)

Blood insulin («g/l)

NF-xB gene expression

SBP (mmHg)

DBP (mmHg)

26.41

0.028

89.6

0.461

0.571

112.3

76.8

1.654

0.012

25.082

20.239

0.056

0.034

9.25

10.83

26.59

0.03

101.775

212.7

4.19

0.97

136

92

1

0.006

4.605

7.212

0.87

0.116

5.164

2.582

29.33

0.437

39.629

229.6

514

1.09

149

95.5

1.947

0.093

1.747

9.442

0.677

0.263

8.433

4.378

26.53

0.091

70.171

197.8

3.68

0.669

1134

82.5

1.486

0.012

4.863

10.993

0.634

0.102

8.316

10.906

0.866
0.917
0.002.

0.000*
0.000
0.000

0.000*
0.000
0.000

0.000*
0.002
0.000-

0.000*
0.151
0.000

0.010*
0.000
0.000

0.783
0.000
0.000

0.256
0.015
0.003

* p-values significant change comparing group 4 to group 1.
p-values significant change comparing group 4 to group 2.
+ p-values significant change comparing group 4 to group 3.
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Table (3) shows that thereisa highly statistically
significant difference between group 1 and group
5 asregard urinary albumin excretion, blood albu-
min creatinine ratio, fasting blood glucose, fasting
blood insulin, NF-kB gene expression, SBP and
DBP (p<0.01). Group 5 had a higher urinary albu-
min excretion, fasting blood glucose, fasting blood
insulin, NF-kB gene expression, SBP and DBP,
and had alower blood albumin creatinine ratio,
than group 1. Group 5 had a dtatistically insignif-
icant higher blood urea than group 1.

The table also shows that there is a highly
statistically significant difference between group
2 and group 5 asregard urinary albumin excretion
and blood abumin creatinine ratio (p<0.01). While
thereisastatistically significant difference between
group 2 and group 5 as regard fasting blood insulin
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(p<0.05). Group 5 had a higher urinary albumin
excretion and fasting blood insulin than group 2.
Group 5 had a statistically insignificant higher
blood urea, NF-kB gene expression and DBP, and
insignificant lower fasting blood glucose, than
group 2.

The table also shows that there is a highly
statistically significant difference between group
3 and group 5 asregard blood urea, urinary albumin
excretion, blood albumin creatinine ratio and fasting
blood glucose (p<0.01). While there is a statistically
significant difference between group 3 and group
5 asregard SBP (p<0.05). Group 5 had a higher
blood albumin creatinine ratio, and had alower
blood urea, urinary albumin excretion, fasting
blood glucose and SBP, than group 3.

Table (3): Effect of thiamine mononitrate treatment on DN rats for one month on all studied parameters.

Group 1 Group 2

Group 3 Group 4 Group 5

p.

Mean *SD Mean +SD

Mean *SD Mean *SD Mean

+gp Vaue

Blood urea (mg/dl) 2641 1654 26.59 1

Urinary albumin 0.028 0.012 0.03 0.006
excretion (gm/dl)

Blood albumin 140.7 25.082
creatinineratio

( mglmg)

101.775  4.605

Blood glucose (mg/dl) 89.6  20.239 2127 7.212

Bloodinsulin( g/ 0461 0056 4.19 0.87
NF-kB gene 0571 0.034 097 0.116
expression
1123 9.25 136 5.164
SBP (mmHg)
768 1083 92 2.582
DBP (mmHg)

0.437 0.093 0091 0012 0125 0.013

39.629 1747 70171 4863 6405 4.885

229.6 9.442 1978

514 0.677 3.68 0634 494 0.566

1.09 0263 0669 0102 0992 0.032

149 8433 1134 8316 136

95.5 4378 825

29.33 1.947 26.53 1486 2699 1388 0.407

0.469
0.006
0.484

0.000*
0.000

0.000
0.000s

0.000*
0.000

0.000-
0.012s

0.000*
0.085

0.000-
0.025s

0.000*
0.035
0.483
0.000s

0.000*
0.570
0.257
0.000s

0.000*
1.000
0.011~
0.000s

0.000*
0.279
0.268
0.007s

10.993 2074 5.719

11.832

10906 935 3375

* p-values significant change comparing group 5 to group.

p-values significant change comparing group 5 to group 2.

+ p-values significant change comparing group 5 to group 3. s p-values significant change comparing group 5 to group 4.
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Group 5 had a statistically insignificant lower
fasting blood insulin, NF-KB gene expression and
DBP than group 3.

The table also shows that there is a highly sta-
tistically significant difference between group 4 and
group 5 as regard urinary albumin excretion ratio,
fasting blood insulin, NF-KkBgene expression, SBP
and DBP (p<0.01). While there is a statistically

29.5
29
28.5
28
27.5
27
26.5
26
25.5
25
24.5
Group 1 Group 2 Group 3 Group 4 Group 5
Fig. (1): Mean blood urea among the studied groups.

Values are represented as mean *+ SD.
* : Statistically significant change comparing groups 5,4,3 and 2 to
group 1 (»<0.05).
« : Statistically significant change comparing groups 5,4 and 3 to
group 2 (»<0.05).
: Statistically significant change comparing groups 5 and 4 to group
3 (p<0.05).

160
140
120
100
80
60
40
20

Group 1 Group 2 Group 3 Group 4 Group 5

Fig. (3): Mean blood albumin creatinine ratio among the
studied groups.

Yalues are represented as mean +SD.
: Statistically significant change comparing groups 5,4,3 and 2 to
group 1 (»<0.05).
+ : Statistically significant change comparing groups 5,4 and 3 to
group 2 (»<0.05).
: Statistically significant change comparing groups 5 and 4 to group
3 (»<0.05).
s : Statistically significant change comparing group 5 to group 4
(p<0.05).

significant difference between group 4 and group
5 as regard blood albumin creatinine ratio and fasting
blood glucose (p<0.05). Group 5 had a higher urinary
albumin excretion, fasting blood glucose, fasting
blood insulin, NF-KB gene expression, SBP and
DBP, and had a lower blood albumin creatinine
ratio, than group 4. Group 5 had a statistically
insignificant higher blood urea than group 4.

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Group 1 Group 2 Group 3 Group 4 Group 5

Fig. (2): Mean urinary albumin excretion among the studied
groups.

Values are represented as mean * SD.

* : Statistically significant change comparing groups 5,4,3 and 2 to
group 1 (»p<0.05).

» : Statistically significant change comparing groups 5,4 and 3 to
group 2 (p<0.05).

: Statistically significant change comparing groups 5 and 4 to group

3 (p<0.05).

s : Statistically significant change comparing group 5 to group 4
(p<0.05).

250
200
150
100

50

Group 1 Group 2 Group 3 Group 4 Group 5
Fig. (4): Mean blood glucose among the studied groups.

Values are represented as mean £ SD

* : Statistically significant change comparing groups 5,4,3 and 2 to
group 1 (»p<0.05)

+ : Statistically significant change comparing groups 5,4 and 3 to
group 2 (p<0.05)

: Statistically significant change comparing groups 5 and 4 to group

3 (p<0.05)

s : Statistically significant change comparing group 5 to group 4
»<0.05)
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Fig. (5): Mean blood insulin among the studied groups.

Values are represented as mean + SD

*

: Statistically significant change comparing groups 5,4,3 and 2 to
group 1 (p<0.05).

: Statistically significant change comparing groups 5,4 and 3 to
group 2 (p<0.05).

: Statistically significant change comparing groups 5 and 4 to group
3 (<0.05).

s : Statistically significant change comparing group 5 to group 4

(p<0.05).
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Fig. (7): Mean systolic blood pressure among the studied

groups.

Values are represented as mean £ SD

*

S

: Statistically significant change comparing groups 5,4,3 and 2 to
group 1 (p<0.05).

: Statistically significant change comparing groups 5,4 and 3 to
group 2 (p<0.05).

: Statistically significant change comparing groups 5 and 4 to group
3 (p<0.05).

: Statistically significant change comparing group 5 to group 4

(»<0.05).
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Fig. (6): Mean NF-KB gene expression among the studied

groups

Values are represented as mean + SD
*

: Statistically significant change comparing groups 5,4,3 and 2 to
group 1 (»<0.05).

: Statistically significant change comparing groups 5,4 and 3 to
group 2 (p<0.05).

: Statistically significant change comparing groups 5 and 4 to group
3 (p<0.05).

: Statistically significant change comparing group 5 to group 4

(<0.05).
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Fig. (8): Mean diastolic blood pressure among the studied

groups.

Values are represented as mean + SD
* . Statistically significant change comparing groups 5,4,3 and 2 to

group 1 (»<0.05).

: Statistically significant change comparing groups 5,4 and 3 to
group 2 (»p<0.05).

: Statistically significant change comparing groups 5 and 4 to group
3 (p<0.05).

s : Statistically significant change comparing group 5 to group 4

(»<0.05).
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Discussion

Induction of type I diabetes produced a signif-
icant increase in SBP and DBP relative to the
control group. Type Il diabetic rats devel oped
diabetic nephropathy (group 3). DN rats showed
asignificant increase in SBP and DBP relative to
both control and diabetic groups (Figs. 7,8).

This result comes in agreement with Zhou et
al., [39] who stated that insulin resistance plays an
important role as arisk factor in the pathogenesis
of hypertension in patients with type 2 diabetes.

Insulin resistance and hyperinsulinemia are
implicated in the development of hypertension
through abnormalities in insulin signaling, associ-
ated cardiovascular and metabolic pathological
changes as well as vascular stiffness, enhanced
sympathetic and Renin angiotensin aldosterone
system (RAAYS) activity with subsequent sodium
retention and volume expansion, progressive rend
disease and endothelial dysfunction [40].

It is now evident that another major causes of
hypertension in diabetic nephropathy include vol-
ume expansion due to increased renal sodium
reabsorption and peripheral vasoconstriction caused
by the dysregulation of the Renin-Angiotensin
system (RAAS) [41].

Type Il diabetic ratsin our study also showed
an insignificant increase in blood urea (Fig. 1) and
urinary albumin excretion (UAE) (Fig. 2), while
there was a significant decrease in albumin/cre-
atinineratio (Fig. 3), maybe as aresult of the elev-
ated blood level of creatinine due to renal insult.

Type Il diabetic nephropathy rats also showed
asignificant increase in fasting blood glucose (Fig.
4), fasting blood insulin (Fig. 5), relative to both
control and diabetic groups.

It has been demonstrated that the renin angi-
otensin aldosterone system (RAAS), regulates
skeletal muscle insulin sensitivity through different
mechanisms. The overactivation of the Renin ANG
Il axis has been associated with the development
of insulin resistance [42].

Intype Il diabetic nephropathy rats, compared
to the control and the diabetic group, blood urea
and UAE were significantly increased (Fig. 1,2),
and blood abumin/creatinine ratio was significantly
reduced (Fig. 3).

As diabetic nephropathy starts to develop, the
kidney's filtration function usually remains normal
during this period. As the disease progresses further

and the amount of albumin in the urine increases,
the kidney's filtration function usually begins to
drop, resulting in the body's retention of various
wastes, such as urea and creatinine [43].

Satchell and Tooke [44] , mentioned that the
glomerular endothelium isthe initial site damaged
leading to the development of microalbuminuria
in diabetes. The mechanism of thisdamageis
disruption of the endothelial glycocalyx whichis
a protein-rich surface layer on the endothelium,
through actions of mediators dysregulated by the
diabetic milieu. Structural changesin the glomer-
ulus, including podocyte damage and loss, eventu-
ally lead to progression of microalbuminuriato
overt nephropathy.

Moreover, there is a positive link between high
blood pressure and microal buminuria. High blood
pressure may cause microalbuminuria by increasing
glomerular filtration pressure and subsequent renal
damage. There may also be common genetic factors
that predispose to both high blood pressure and
microalbuminuria [45] .

In our study, induction of type Il diabetes also
leads to a significant increase in NF-KB gene
expression. Type Il diabetic nephropathy rats also
showed a significant increase in NF- KB gene ex-
pression compared to the control group (Fig. 7),
but the change was insignificant relative to the
diabetic group, indicating continuous renal insult.

Type |l diabetes is associated with low-grade
systemic inflammation and increased levels of
circulating pro-inflammatory mediators which may
play an important role in the pathogenesis of insulin
resistance. The binding of these mediators to their
membrane-bound receptors activates intracellular
signaling pathways that facilitate the dissociation
of nuclear factor NF- KB from itsinhibitor proteins.
NF-kB subsequently enhances the transcription of
avast array of genes encoding various inflammatory
mediators. [46].

NF-KB pathways can be upregulated by other
stimuli such as elevated FFAs, AGEs, ROS and
endoplasmatic reticulum stress, which are frequent-
ly present in diabetic patients [47].

In an attempt to clarify the role played by the
RAAS in the development of diabetes and diabetic
nephropathy, the present study examined the effect
of ACEI in modulating the course of DN in type
Il diabetic rats.

Diabetic nephropathy rats treated with lisinopril
for one month (group 4) showed a significant
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decrease in SBP and DBP compared to both type
Il diabetic rats group and diabetic nephropathy
rats group. Moreover, no significant change was
observed compared to the control group.

Angiotensin converting enzyme inhibitors ther-
apy not only inhibits ANG |1 production but also
increases the output of the vasodilatory factors as
bradykinin, NO, cGMP, prostaglandin E2, and
prostacyclin [48] .

Angiotensin converting enzyme inhibitors are
also important in significantly improving arterial
compliance through cytoprotection of vascular
endothelium [49] .

Diz et al., [50] proposed that the RAAS facili-
tates the sympathetic nervous system and that ACE
inhibition and angiotensin receptor blockade are
anti-adrenergic.

Lisinopril-treated diabetic nephropathy rats
showed a significant decrease in fasting blood
glucose compared to both type Il diabetic rats
group and diabetic nephropathy rats group. While
they showed a significant reduction in fasting blood
insulin compared to the diabetic nephropathy group
but not to type Il diabetic group (Fig. 4).

A Number of studies have also indicated that
drugs which interfere with the renin-angiotensin
system may also decrease levels of advanced gly-
cation end products (AGES) [51] .

Regarding blood urea, lisinopril-treated diabetic
nephropathy rats showed a significant decrease
compared to diabetic nephropathy rats, but the
drop was insignificant compared to type |1 diabetic
rats group (Fig. 1). Treatment with lisinopril for
one month significantly decreased UAE and in-
creased albumin/creatinine ratio compared to both
type Il diabetic rats and diabetic nephropathy rats
(Figs. 2,3).

Anyway, the values of these parametersin
diabetic nephropathy rats did not return to that in
the control group.

The anti-proteinuric and kidney-protecting
effects of the ACEIls originally were thought to be
attributable purely to hemodynamic effects, reliev-
ing the glomerulus by opening the efferent arterioles
(post-glomerular), thereby reducing glomerular
capillary pressure [52].

The pleiotropic effects of ACEI include anti-
inflammatory and antioxidant [53], and also anti-
thrombotic, and profibrinolytic activities [54].
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There are many other reports on the effects of
ACEIson rena function and proteinuria, most of
which, but not all, have shown benefit and broadly
support one or more of the above hypotheses.
Despite solid clinical data, the mechanisms under-
lying this protective effect of RAAS blockade
appear to be complex and has yet to be solved [55].

Lisinopril-treated diabetic nephropathy rats
also showed a significant decrease in NF- kB gene
expression compared to both type |1 diabetic rats
and diabetic nephropathy rats. However, values
remained higher than that in the control group (Fig.
6).

Thiamine and its derivatives have been discov-
ered to decrease the activation of some of the
biochemical pathways which are activated by the
hyperglycemic process [56].

Thiamine deficiency appearsto impair the
normal endocrine function of the pancreas and
exacerbate hyperglycemia. Early studies showed
that insulin synthesis and secretion were altered
in the pancreatic endocrine cells of thiamine-
deficient rats [56] .

Thiswork also aimsto study and evaluate the
impact of thiamine in the course of DM and in the
treatment of diabetic nephropathy intype |l diabetic
rats. And compare its effects against the effects of
lisinopril.

Diabetic nephropathy rats treated with thiamine
mononitrate for one month (group 5) showed no
change in SBP compared to the diabetic group rats.
However, SBP decreased significantly in relation
to diabetic nephropathy rats, and at the same time
was significantly high compared to the diabetic
nephropathy rats treated with lisinopril for one
month. DBP did not change significantly compared
to both the diabetic and diabetic nephropathy rats.
While it was significantly high compared to rats
treated with lisinopril for one month. Both SBP
and DBP did not reach their control values (Figs.
7,8).

A recent study demonstrated that thiamine
decreases the oxidative stress and the production
of the reactive oxygen species (ROS), and also
upregulates the production of the endothelial nitric
oxide synthase enzyme to enhance the generation
and bioavailability of nitric oxide (NO) and sub-
sequently improves the integrity of vascular en-
dothelium and prevent experimental vascular en-
dothelial dysfunction [57].



1160 Thiamine Supplementation is Beneficial as Adjunctive Therapy to ACE Inhibitors

Balakumar et al., [58] concluded that diabetes-
induced oxidative stress, lipids alteration, and
subsequent development of vascular endothelial
dysfunction may be responsible for the induction
of nephropathy in diabetic rats.

Thiamine administration as a therapeutic agent
in cases of diabetes mellitus, can reduce the for-
mation of harmful by-products of glucose metab-
olism, and can reduce the expected oxidative stress
and improve endothelial function. The potential
benefit of long-term replacement in those with
diabetes is not yet known but may reduce cardio-
vascular risk and angiopathic complications [60].

In diabetic nephropathy rats treated with thia-
mine mononitrate, fasting blood glucose was sig-
nificantly low compared to diabetic nephropathy
rats, and was significantly high compared to lisi-
nopril-treated rats for one month. Fasting blood
glucose levels did not show a significant change
compared to type Il diabetic rats (Fig. 4). Treatment
with thiamine mononitrate showed insignificant
decrease in fasting blood insulin compared to DN
rats. However, fasting blood insulin was signifi-
cantly high compared to both type 11 diabetic rats
and lisinopril-treated rats. Both blood glucose and
insulin did not return to their control valuesin
thiamine-treated rats (Fig. 5).

Our results regarding fasting blood glucose and
fasting blood insulin are compatible with those
that announce that thiamine may modulate diabetic
complications by controlling glycemic statusin
diabetic patients [59] .

Additionally, deficiency of thiamine was ob-
served to be associated with dysfunction of (3-cells
and impaired glucose tolerance [61] .

Thiamine deficiency leads to a marked impair-
ment in insulin synthesis and secretion [62] . Besides,
published data suggest that thiamine metabolism
in diabetesis deficient [63] . Thereby insulin defi-
ciency may exacerbate thiamine deficiency and
vice versa. Many observational studies and clinical
trials have recently linked several vitamin deficien-
cies with the pathological process of diabetes;
including thiamine [64] .

Administration of thiamine or a derivative can
influence carbohydrate metabolism by reducing
metabolism through the alternate pathways of
metabolism and improving metabolism viathe
pentose phosphate pathway. This has been demon-
strated in diabetic animal models where treatment
with thiamine reduced fasting glucose and HbA1 ¢
levels [65] .

Asregard blood urea, diabetic nephropathy rats
treated with thiamine for one month showed a
significant decrease compared to diabetic nephrop-
athy rats group. Blood urea did not significantly
change compared to both type |1 diabetic rats group
and lisinopril-treated rats (Fig. 1). Urinary albumin
excretion in thiamine mononitrate-treated rats was
significantly low compared to diabetic nephropathy
rats, but it did not return to the control value. While
it was significantly high compared to both type 11
diabetic rats and lisinopril-treated rats (Fig. 2).
Blood abumin/creatinine ratio in thiamine monon-
itrate-treated rats was significantly elevated com-
pared to diabetic nephropathy rats, but it did not
return to the control value. While it was signifi-
cantly low compared to both type Il diabetic rats
and lisinopril-treated rats (Fig. 3).

Tk (Transketolase) variants and reduced activ-
ities of Tk enzyme were found in diabetic patients
[66] . Genetic variability in Tk and Tk-like might
contribute to the progression of diabetic nephrop-
athy and mortality [67] . Thiamine regulates the
expression genes that code for enzymes using
thiamine as cofactor.

High dose of thiamine and benfotiamine (a
synthetic derivative of thiamine) increased Tk
expression in renal glomeruli and associated with
decreased activation of PKC and also decreased
protein glycation and oxidative stress [39].

Another study showed that the vitamin prevent-
ed oxidative stress induced by the mutagen 4-
nitroquinoline-1-oxide, the uremic toxin indoxyl
sulfate, and the peptide hormone angiotensin 11 in
three different kidney cell lines [68].

Diabetic nephropathy rats treated with thiamine
mononitrate for one month showed an insignificant
changein NF-xB gene expression compared to
both type II diabetic rats and diabetic nephropathy
rats, and it did not return to its control value. While
they showed a significantly high NF-xB gene
expression compared to diabetic nephropathy rats
treated with lisinopril (Fig. 7).

Results of the present work were positively
correlated with the studies that state that dysfunc-
tion of beta-cells and impaired glucose tolerance
occurs in thiamine deficiency, and that thiamine
deficiency leads to a marked impairment in insulin
synthesis and secretion, and this indicates that
thiamine therapy may have afuture role in modu-
lating the course of DM and its vascular complica-
tions. Our results al'so emphasized the renoprotec-
tiverole of ACEIl intype Il diabetes where it
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significantly reduced UAE and had an efficient
impact in slowing the progression of diabetic
nephropathy.

Combining the use of thiamine with ACEI as
apotential effective treatment in diabetic patients
should be taken in consideration, and can make us
avoid the possible side effects and disadvantages
of the prolonged use of ACEI where there are
studies that showed that treatment with ACEls may
be associated with so-called "angiotensin escape’
characterized by the return of plasma ANG 11
concentration to pretreatment levels (although the
beneficial effects on blood pressure usualy persist).

Moreover, Schoolwerth and colleagues [52]
stated that, although ACE inhibitor therapy usually
improves renal blood flow and sodium excretion
rates in congestive heart failure and reduces the
rate of progressive renal injury in chronic renal
disease, its use can aso be associated with a syn-
drome of "functional renal insufficiency" and/or
hyperkalemia. Thisform of acute renal failure, as
assessed by serum creatinine values, most com-
monly develops shortly after initiation of ACEI
therapy but can be observed after months or years
of therapy, even in the absence of prior ill effects.
Such side effects can be ameliorated by keeping
the lowest possible dose which can be hel ped by
other adjunctive therapies as thiamine. Which can
potentially have a marked importance as an adjunc-
tive therapeutic agent.

Conclusion:

From the previously obtained results datain
this study showed that there was a significant
improvement in both groups exposed to thiamine
and ACE inhibitors.

The use of thiamine in type 2 DM significantly
improved the renal functions, lowered the blood
glucose level, increased insulin sensitivity and
lowered the arterial blood pressure may be through
its action in preventing the activation of the bio-
chemical pathways induced by hyperglycemiain
DM. However, its protective effects were less than
those offered by the ACE inhibitors. Which isthe
known gold standard used in diabetic nephropathy.
So thiamine may be used as an adjunctive treatment
in type 2 diabetes mellitus. To minimize the side
effects caused by the ACE inhibitors. However, its
effectsif used solely as a therapeutic agent to delay
the complicationsis still in doubt and needs further
investigations.
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