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Abstract

Persistent hyperglycemia causes increases in the production of free radicals
especially reactive oxygen species (RO&)ich promotethe development of many

complications of diabetes mellitus

The purpose of this study was to evaluate the effect of vitamin C alone or in
combination with vitamin E as adjunctive therapy in reducing the serum level of glucose,
glycosylated hemoglobin and lipid profile iype 2 dabetic patients in Gaza strip. To
achieve this purpose sixty type 2 diabetic patients were selectedPatestine Medical
Relief Society and some UNRWA health centers in Gaza Strip. All patients were treated
with metformin and divided into three groupbut two patients withdrawn due to
incompliance. The first group (n=20) continued on metformin therapy (coyntrol
group). The second grougn=19) was treated with vitamin C along with metformin
whereas the third groufm=19) was treated with vitamins &d E combination together
with metformin.All patients were followed up for three months. A number of biochemical
tests were carried out for each patient on the start and at the end of the experimental
protocol including fasting blood sugdFBS), glyosylated hemoglobitHbAlc) and lipid
profile (TG, TC,LDL,HDL).

The results showed significant reduction in FBf®Alc and lipid profile among
patients who used vitamin C (Ga8hdcombinations ofitamin C and E (G3yompared to
the control group after theemonths of treatment. the reductions in FBS , HbAlc and TG
were more significant in G3 than G2, while the reduction in total chole{fE@)l was
similar in both groups. The reduction in LDL was more significant in G2 than G3.
Intake of vitamin C aloner vitamins C and E combination caused a small increases in

HDL -cholestergl however these increases were not significant.

Conclusion: The study revealed that the use of antioxidants like vitamin C alone or
the combination of vitamin C and E can provalgood glycemic control and reduce TG
TC, and LDL-cholesterol levels significantly and improve Higholesterol level.

Key words: Reactive Oxygen SpecigROS); Vitamin C, Vitamin E Fasting Blood
Sugar (FBS), Glycosylated hemoglobifHbALc), Triglyceride (TG); Total cholesterol
(TC); Low Density LipoproteiLDL) ; High Density Lipoproteir{HDL)
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Abbreviations:

AA
ADA
AFR
AGEs
ASF
BMI
CoQ12
Cu-SOD
DHA
DHLA
DKA
DM
DPP4
Enos
FBS
GHb
GLUT4
GPx
GSH
H202
HbAlc
HDL
HNO2
HOCI
HRO2
5-HMF
IDDM
LDL
LPL
MDA
MDR
Mn-SOD

Ascorbic acid

American Diabetic Association
Ascorbate free radical
Advanced glycosylation endproducts
Ascorbyl free radical

Body mass index

Coenzyme Q12

Copper superoxide dismutase
Dehydroascorbate
Dihydrolipoic acid

Diabetic ketoacidoses

Diabetes mellitus

Dipeptidyl peptidase 4 inhibitors(Gliptins)

Endothelial nitric oxide synthase
Fastirg blood sugar

Glycated Hemoglobin
Insulinrinduced Glucose transport 4
Glutathione peroxidase(GPx)
Reduced glutathione

Hydrogen peroxide

Glycosylated haemoglobin

High density lipoprotein

Nitrous oxide

Hydrochlorous acid

Hydroperoxyl species
5-Hydroxymethylfurfural

Insulin dependent diabetes mellitus
Low density lipoprotein

Lipoprotein lipase
Malondialdehyde

Multi Drug Resistance family

Manganese superoxidbsmutase

\



MOH-PHIC
NIDDM
NKHS
NO
NO2
OGTT
ONOO
Ox-LDL
02
"OH
PAA
PLTP
PPARS
RDA
RNS
RONOO
ROS
'RO2
SOD
TBA
TC
TCA
TG
TZDs
VLDL
VSMC
WHO

Ministry of Healthi Palestinian Health Information Cente

Non insulin dependent diabetes mellitus
Non-ketotic hyperosmolar state
Nitric oxide

Nitrogen dioxide

Oral glucose tolerance test
Peroxyritrite

Oxidized Low Density Lipoprotein
Superoxide species

Hydroxyl species

Plasma Ascorbic Acid

Phospholipid transfer protein
Peroxisome proliferateactivated receptors
Recommended Dietary Allowances
Reactive nitrogen species

Alkyl peroxynitrates

Reactive oxygen species

Peroxy species

Superoxide dismutase
Thiobarbitric acid

Total cholesterol

Tricarboxylic acid

Triglyceride

Thiazolidinediones

Very low density lipoproteins
Vascular smooth muscle cells

World Health Organization
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Introduction



Introduction

1.1.Background

Diabetes mellitus (DM) is a chronic progressive metabolic disaharacterized
by dysfunction in the metabolism of fat, carbohydrai@®tein and insulin(Bastaki S.
2005; Shargel L. et al. 200Mtatough F. et. al.2012)with inappropriate hyperglycemia due
either to an absolute deficiency of insulin secretion or reduction of its biological
effectiveness or botRfancis S. et al. 2003 ; Kgralkar V. et.al.201@&DA. 2011). It is
also associated with lonterm damage, dysfunction, and failure of different organs,

especially the eyes, kidneys, nerves, heart, and blood vessels (ADA.2011

Diabetes is the most common endocrine disorder ,itgafmece is expected to rise
in the next decade. In 2000,the World Health Organization(WHO) recorded a total of 171
million people for all age groups worldwide (2.8%o0f the global populatiati) diabetes,
and the numbers are expected to rise to 366 n@lidAo of the global population) by 2030
(Mousa S. 2008; Rafighi Z. 20Hrejuwa O. 2012Matough F. et. al.2012).
In Palestine by the year of 2000, the estimated prevalence rate of diabetes was 9:0% in
adults aged 30 years and old@&1OH,2004;HusseiniA.et. al.,2009).
Routine data gathered by the UN Relief and Works Agency in 2010, showed that the
prevalence rate was 11.5% in the West Bank and 11-3% in the Gaza Strip among the
registered Palestinian refugees aged 40 years and older (The Annual Repoet o
Department of Health, 2010).

Diabetes mellituscan be diagnosed either by the fastlsigod sugartest which
must be 0126 mg/dl (7.0 mmol /L) or ORB6 or al
mg/dl (11.1 mmol/L).Also by the presence of symptahsyperglycaemia and random
bloodgl ucose 0200 mgMork Iretehtly, arlintenmatiorial/expgrt committee
has recommended that DM can also be diagnosed by demonstrating increased haemoglobin
Alc (HbA1lc) of O 48 mmol / nolo has dlse heeri endoriseel iyt t o (
the WHO(ADA.2011 and the national medicines information centre.2011).

Different classes of antidiabetic drugs can be used for treatment of diabetes mellitus
type 2,including Biguanides, Sulfonylureand Repagtiide, UGlucosidase inhibitors and

Thiazolidinediones ,while insulin by its different forms is used for treatment of diabetes



mellitus type land sometimes in type 2, that are not controlled by oral antidiabetic
druggKumar B. 200).

During diabetes, persistent hypgiggmia causes increased production of free
radicals especially reactive oxygen species (ROS) from glucoseoxddadion and protein
glycosylation(Maritim A. et al 2003;Moussa 2008. The increase in the level of ROS in
diabetes could be due to their increased production/aod decreased destruction by
nonenzymic and enzymic catalase (CAT), reduced glutathione (GSH) and superoxide
dismutae (SOD) antioxidants(Kangralkar V. &t 2010), these RO&an lead to damage
of cellular organelles and enzymes, increased lipid peroxidation, and development of
insulin resistance, which consequently promotes the development of complications of
diabetesmellitus, especiallyincreased incidence of atherosclerofdaritim A. et al.
2003)

Thus the antioxidant can play a good role asradie therapy of diabetes mellitus type 2,
to achieve good glycemic control and minimize the cardiovasadaplications. So our
study was intended to investigate the role of antioxidants including vitamin C alone or in
combination with vitamin E in glyceim control and controlling the lipid profile among
type 2 diabetic patients in Gaza strip by measuring the fasting blood sugar, glycosylated
hemoglobin and lipid profile at the start of the study and after three months of antioxidants

intake.

1.2.Justification of the study

Diabetes mellitus is the most common endocrine disorder in whérsistent
hyperglycemia causes increased production of free radicals especially reactive oxygen
species (ROS)thus vitamin C and vitamin E which are a potent antioxgl@an play an
important role in protecting free radidaduced tissue damage, also vitamin C is
structurally similar to glucose, so it can replace it in many chemical readtiisst is
effective in preventing nonenzymatic glycosylation of protemaddition, vitamin C acts
as a regulator of catabolism of cholesterol to bile acid and has been demonstrated to be an
important factor in lipid regulation (Afkhami M. et al. 2007itamin E has anti
inflammatory properties, and it can prevent damage ipasl within membranes or
lipoproteins by oxygen free radicals attack on lipaisp it may improve insulin action and
insulin secretionHalliwell B. 2002;Simin L. et al. 2006).


http://www.ncbi.nlm.nih.gov/pubmed?term=Maritim%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=12616644
http://www.ncbi.nlm.nih.gov/pubmed?term=Maritim%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=12616644

According to these properties, vitamins C and E can be used to improve the
FBS,HbA1C and lipid profile in diabetic patients and reduce the risk of future
cardiovascular complications of diabeteSherefore, we designed this prospective
controlled study which is the first in Gaza strip to evaluate the effect of vitamin C @lone
in combination withvitamin E combinationas supplements on fasting blood sugar level,
HbA1C and lipids profile intype 2 diabetic patientsthat might give better glycemic

control and minimize futurecardiovasculacomplications

1.3.Main Objective:
Evaluate the effect of vitamin C alone or in combination with vitamin E as
adjunctive therapy in reducingasting blood sugar levelglycosylated hemoglobin and

lipid profile in type 2 diabetic patients.

1.4.Specific Objectives:

1. Evaluate the effect of tamin C therapy alone or in combination with vitamin E as
adjunctive therapy on fasting blood sugar (FBS) level in type 2 diabetic patients.

2. Evaluate the effect of vitamin C alone or in combination with vitamin E as adjunctive
therapy in reducing theesum level of glycosylated hemoglobin (HbA1C)in type 2 diabetic
patients.

3. Evaluate the effect of vitamin C alone or in combination with vitamas Edjunctive
therapyon the lipid profile in type 2 diabetic patients.

4.To suggest recommendations adarg to the results of the study concerning the use of
vitamin C alone or the in combination with vitamin E as adjunctive therapyin

management of diabetes mellitus
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Literature Review

2.1.Diabetes mellitus
2.11.General aspects:

Diabetes mellitus (DM) is a chronic progressive metabolic disocteracterized
by dysfunction in the metabolism of fat, carbohydrates, protein and ir&dirdel L. et
al., 2004Bastaki S., 2005;Matough F. et. al., 2012) with inappad@ hyperglycemia due
either to an absolute deficiency of insulin secretion or reduction of its biological
effectiveness or botR(ancis S. et al., 2003; Kangralkar V. et.al., 20ADA,2011) and it
is associated with loagrm damage, dysfunction, anfhilure of different organs,

especially the eyes, kidneys, nerves, heart, and blood vessels PADA).

2.1.2.Classification:

Diabetes mellitus type (I):

It is called insulin dependent diabetes mellitus(IDDM), it accounts for about 10%

of diabetic patists and it I's most common in children

et al ., 2004) . There is absolute deficiency

it is characterized by hyperglycemia and -lifthreatening ketoacidosis(Bastaki S.,
2005Howland R. et aJ2006).

Diabetes mellitus type(ll):

It is called noninsulin dependent diabetes mellitus(NIDDMgccounts for about
90% of diabetic patientd-rancis S. et gl2003;Shargel L. et al., 2004} is most common
in adults > 30 years oldhe insulin production and secretion may be altered or reduced but
not totally lacked and it is characterized by hyperglycemia and insulin resigtémetand
R. et al., 2006).

Gestational diabetes mellitus :

It is defined as any degree of glucose intaleeathat occur during pregnancy, it
occurs in about 2% of pregnant women during the second and third trimester and it
increases the risk of developing DM type (1) in the fut(Bastaki S., 2005;Buchanan A.
and Xiang A., 2005).

Other specific types(Secadary diabetes):
It is caused by genetic defects of the pancreatic 3 cells or in insulin action pathways

(insulin receptor mutations or peasiceptor defects) as well as disease of the exocrine

a

(0]



pancreas (e.g. Pancreatitis, pancreatic reaction, or cyd$tiosif). Endocrinopathies
producing excess i nsul in counter regul ator
Acromegaly) also result in diabetes and certain drugs like glucocorticoids, pentamidine,

ni aci ninterfexom chay@lso lead to diabe®@aétaki S., 205 ADA, 2011).

2.1.3.Epidemiology of diabetes mellitus

Diabetes is the most common endocrine disoadleover the world the prevalence
of diabetes is expected to rise in the next decade. In 2000/Vorld Health Organization
(WHO) recorded a total df71 million people from all age groups worldwide (2.8%the
global population) with diabetes, and the numbers are expected to rise to 366 million
(4.4% of the global population) by2030 (Sarah W,2004; Mousa S., 2008; Rafighi
Z.,2011Erejuwa O., 201Matough F. et. al., 2012
In Palestine by the year 02000, the estimated prevalence rate of diabetes was 0% i
adults aged 30 years and old@&1OH,2004;Husseini Aet. al.,2009.
Routine data gathered by the UN Relief and Works Agenc2010, showedthat the
prevalence rate wakl.3% in the West Bank and 13% in the Gaza Strip among the
registered Palestinian refugees aged 40 years and @lter Annual Report of the
Department oHealth, 2010)

2.1.4.Diagnosis of diabetes mellitus

For decades thdiagnosis of diabetes has been basedlond glucose criteria,
either the fastindplood sugaror the 75gram oral glucose tolerance test. More recently, an
international expert committee has recommended that DM can also be diagnosed by
demonstrating incesed haemoglobin Alc (HbAlqg) f O 48mmol / mol (equi v
6.5%),which has also been endorsed by the W@#DA,2011and National Medicines

Information Centre2011).

Criteria for diagnosis of diabetes mellitus

Diabetes mellitus can be diagnosed according to one of the four faljdests:

1. HbAlc O 48mmol/ mol (equivalent to O 6.5%)
2. Fastingblood sugat®1 26 mg/ dl (O7.0 mmol/L). Fasting
for at least 8 hrs.

3. Two hourbloodg! ucose 0200 mg/ dI (11.1 mmol /L) du
test(OGTT). The test shouldbe performed as described by (WHQ@)ing a glucose load

containing the equivalent of 75 g anhydrous glucose dissolved in water.



4. Symptoms of hyperglycaemia and randaiood suga©2 0 0

testing(ADA,2011;National Medicines Information Centre,2011).

2.1.5.Treatment of diabetes mellitus

Table 2.1:Current therapeutic agents of diabetes mellitus

mg/ dl (11. 1

In the absence of unequivddayperglycemia, criteria 113 should be confirmed by repeat

Drug class Available drugs Mode of actbns
Sulphonylureas and Chlorpropamide Increase insulin
Repaglnide Tolbutamide secretion

Glibenclamide

Glipizide

Gliclazide

Tolazamide

Glibornuride

Acetohexamide
Biguanides Metformin Counter insulin

resistance

UGlucosidase inhibitors | Acarbose Slow carbohydrate

digestion

Thiazolidinediones

Roziglitazone

Selectively increase

Pioglitazone insulin sensitivity
Dipeptidyl  peptidase 4 Sitagliptin Triggering pancreatic nsulin
(DPPR4) inhibitors(Gliptins) | Vildagliptin secretion, suppressir|
pancreatic glucagon secretig
and signaling the liver t
reduce glucose production
Insulin Insulin lispro, Decrease hepatic

Insulin aspart
Insulin glargine,

Insulin detemir

glucose production
and increase
peripheral glucas

utilization

mmol /



2.1.5.1.Antidiabetic drugs :
Drug therapy of NI DDM shoul d be considere

increased physical activity have failed to achieve individual treatment goals.

Sulphonylureas

Sulphonylureas are widely considerad treatment of NIDDM patients who are not
grossly obesethey are classified as insulin secretagogldsey with a new sho#cting
insulin releaser (repaglinide) act directly on the ifetells to close ATRensitive K+
channels, which stimulate insalsecretior{atzung B.,2004; KumarB., 2004Bastaki S.,
2005;Howland R.,2006

Biguanides

Metformin is the only established antidiabetic drug that deals with insulin
resistance and classified as insulin sensitizer. Its gldooszing effect is mainly a
consequence of reduced hepatic glucose output (gluconeogenesis and glycogenolysis) and
increased insulistimulated glucose uptake and glycogenesis in skeletal muscle.
Metformin improves insulin action in tissues that are acutely sensitive to insulin by
increasing insulirstimulated insulireceptor phosphorylation and tyroskiease A.
Another action of metformin is to reduce fatty acid oxidation in an apparently msulin

independent manner.

U-glucosidase inhibitors

Acarbose and rel ated ¢ 0 mylocosidakes thatoanep et i t i
associated with the brush border membrane of the small intestine which are responsible for
the digestion of complex polysaccharides and sucrose. This slarbohydrates digestion

and lowers pogprandial hyperglycemia.

Thiazolidinediones (TZDs)

Peroxisome proliferatesictivated receptors (PPARs) are ligandictivated
transcription factors (members of the nuclear receptor family) which offer a promising
therapeutic approach to the metabolic syndrome. This new class of oral antidiabetic agents
targets the nuclear PPAR which increases transcription of certain inssknsitive
genes. Thus, TZDs provide a new approach to the treatment of insulin resistasceare
represented byfroglitazone, Roziglitazone, andPioglitazone (Bastaki S., 2005;Howland
R.,2006).



Dipeptidyl peptidase 4 (DPP4) inhibitors (Gliptins)

The dipeptidyl peptidase 4 (DRP inhibitors enhance the body's own ability to
control blood glaeose by increasing the active levels of incretin hormones in the body.
Their mechanism of action is distinct from any existing class of oral ghloaseing
agents. They control elevated blood glucose by triggering pancreatic insulin secretion,
suppressig pancreatic glucagon secretion, asmnaling the liver to reduce glucose
productiorfBarnett A.,2006)

2.1.5.2.Insulin

The discovery of insulin in 1922 by Banting and Best was a breakthrough in the
treatment of diabetes. Insulin produces a remarkableectancy for diabetics, whether
of type | or type Il. Insulin therapy, however; should be reserved to patients who have
failed on an adequate trial of diet, exercise, and oral antidiabetic. drugs
Insulin administration significantly reduces glucose emti@ations by suppressing hepatic
glucose production, increasing postprandial glucose utilizatemgd improving the
abnormal lipoprotein composition commonly seen in patients with insulin resistance.
Insulin therapy may also decrease or eliminate thetsfigf glucose toxicity by reducing
hyperglycemia to improve insulin sensitivity atfecell secretary function. It suppresses
ketosis and helps in delaying or arresting diabetic complicafiéazung B.,2004;Kumar
B., 20().

Initially, injectable bovine b bovineporcine mixtures were used for treating
diabetes. However, it was difficult to replicate the normal pattern of nutekred and
basal insulin secretion due to high iatend intrasubject variability in subcutaneous
absorption. The advent oécombinant DNA technology provided an opportunity to design
insulin analogues in an attempt to overcome these limitations. The subsequent availability
of rapidacting (insulin lispro, insulin aspart) and long acting (insulin glargine and detemir
insulin) insulin analogues for meal and basal requirements offer both individual and
collective advantageastaki S., 2005;Howland R.,2006

2.1.6.Complications of diabetes mellitus
2.1.6.1.Acute complications
These include diabetic ketoacidoses (DKA) and -kentic hyperosmolar state

(NKHS). While the first is seen primarily in individuals with type 1 DM, the latter is



prevalent in individuals with type 2 DM. Both disorders are associated with absolute or

relative insulin deficiency, volume depletion, and@temental statéKumar B., 20).

2.1.6.2.Chronic complications

The chronic complications of diabetes mellitus affect many organ systems and are
responsible for the majority of morbidity and mortality. Chronic complications can be
divided into vascular rad nonvascular complications. The vascular complications are
further subdivided into microvascular (retinopathy, neuropathy, and nephropathy) and
macrovascular complications (coronary artery disease, peripheral vascular disease, and
cerebrovascular disegse(Donaghue K.,2009) Nonvascular complications include

problems such as gastroporesis, sexual dysfunction, and skin clignges B., 200).

2.2.0Oxidative/ Nitrosative Stress:

Recently, oxidative/nitrosative stress has been associated with diabbids is
defined in general as excess formation and/or insufficient removal of highly reactive
molecules such as reactive oxygen species (ROS) and reactive nitrogen EpBS@s
(Mousa S., 2008; Kangralkar V. et.al.,2010;Matough F. et.28l12).Generally ddants
are generated as a result of normal intracellular metabolism in mitochondria and
peroxisomes, as well as from a variety of cytosolic enzyme systems. In addition, a number
of external agents can trigger ROS production. A sophisticated enzymatic and
nonenzymatic antioxidant defense system including catalase (CAT), superoxide dismutase
(SOD) ,glutation peroxidase (GPx) and reduced glutathione (GSH) counteracts and
regulates overall ROS /RNS levels to maintain physiological homeostasis. Lowering ROS
levds below the homeostatic set point may interrupt the physiological role of oxidants in
cellular proliferation and host defense. Similarly, increased ROS may also be detrimental
(Kangralkar V et.al.,2010)as it can damage cellular lipids, proteins, or DR/ inhibit
their normal function (Valko M., 2007), thus leading to cellular death or to acceleration of
aging and ageelated diseases, all are summarized in the following figiiak¢ M.,
2007Kangralkar V.et.al.,2010).
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Figure 2.1.:The sources andcellular responses to reactive oxygen species(RO
(Kangralkar V. et.al.,2010)

2.2.1.Reactive molecular species:

Free radicals can be defined as molecules or molecular fragments containing one or
more unpaired electrons in atomic or molecular orbitélss unpaired electron(s) usually
gives a considerable degree of reactivity to the free radical. Radicals derived from oxygen
represent the most important class of radical species generated in living organisms (Valko
M., 2007).

ROS include free radicals ducas superoxide‘(()z‘), hydroxyl €OH), peroxyl
(/SROZ), hydroperoxyl fHROz‘) as well as nomadical species such as hydrogen peroxide
(H202) and hydrochlorous acid (HOGNfemsperger NF., 2003;Johansen J.
et.al.,2005Vogiatzi G,2009; Erejuwa O., 2012)while RNS include free radicals like
nitric oxide (ZNO)and nitrogen dioxidefNOz‘) as well as nomadicals such as peroxynitrite
(ONOQ), nitrous oxide (HNO2) and alkyl peroxynitrates (RONOO). Of these reactive
molecules, onIy’bz‘, NO and ONOO can play an important roles in the diabetic
cardiovascular complications(Johansen J. et.al.,2005; Erejuwa O., Mttté)oxidemO)
is normally produced from -arginine by endothelial nitric oxide synthase (eNOS) in the
vasculature, it mediates endothelidieendent vasorelaxation by its action on guanylate
cyclase in vascular smooth muscle cells (VSM@)itiating a cascade that leads to
vasorelaxation(Johansen J. et.al.,2005;Ulker S. et al.,2004;Valko M., 2007pnlso



displays antiproliferative propertiesd inhibits platelet and leukocyte adhesion to vascular
endothelium. ThereforéNO is considered a vasculoprotective molecule. Howetm,

easily reacts with superoxide, generating the highly reactive molecule peroxynitrite
anion(ONOOQO), which triggersa cascade of harmful everniteluding DNA fragmentation

and lipid oxidationjohansen J.et.al.,2005;Valko M., 200Therefore , presence &ﬂz—,
determines whethéNO exerts protective or harmful effecBuperoxide bZ) is produced

by one electron redtion of oxygen by several different oxidases including NAD(P)H
oxidase, xanthine oxidase, cyclooxygenase and even eNOS under certain conditions as
well as by the mitochondrial electron transport chain during the course of normal oxidative
phosphorylation. Under normal conditior‘l%)z‘ is quickly eliminated by antioxidant
defense mechanisms, as it is dismutated 202Hby manganese superoxide dismutase-(Mn
SOD) in the mitochondria and by copprperoxide dismutasgCu-SOD) in the cytosol,

which is convertedo H20 and Q by glutathione peroxidase (GSPk) or catalase in the
mitochondria and lysosomes, respectively. BuOHcan also be converted to the highly
reactive’OH radical in the presence of transition elements like iron and cofplear(sen

J. et.al.2005Kangralkar V.et al.,2010). Furthermore thé&roduction of one ROS or RNS

may lead to the production of others through radical chain reactions, as summarized in the

following figure(Johansen J. et.al.,2005).

—

Nonenzymatic sources

Mitochondrial respiratory chain 'OH
Glucose autoxidation

Glycation-formation of AGE products

Activation of polyol pathway t
Enzymatic sources Fenton reaction
Endothelial and ¥VSMC NAD{P)H Oxidase (Fe or Cu)
Xanthine oxidase
Cyclooxygenase
Uncoupled NOS )
Mn-SOD
(mitochondria)
0O, . H,0,
2 Cu-SOD
{cytosol)
GSH
*NO % GSH-Px
GSH-reductase { (mitochondria)
y {-’Bﬁ' catalase
o (peroxisome)
GSSG
v
H.O + O,

2 2

Figure 2.2..Generation of reactive pecies in diabetes(Johansen J. et.al.,2005)




2.22.0xidative stress and its sources in diabetes mellitus

Under normal conditions and in most diseases including diabetes mellitus,
mitochondriais the main source of reactive specig®S) and oxidative stres During
mitochondrial oxidative metabolism, the bulk of oxygenz)(Qitilized is reduced to
H20,while less than 2% of consumed is converted®- ,which is an important ROS
because it may be converted to other reactive species includidg BH and ONOO
Within physiological conditions, the body is protected from the detrimental effects of these
free radicals by a network of antioxidant defense system; however, this defense system
becomes impaired in diabetes mellitus and is further exacerbated hynicch
hyperglycemia which generates ROS, resulting in oxidative stress. Some of the various

sources of ROS and oxidative stress in diabetes mellitus include

1.Hyperglycemia

Chronic hyperglycemia is the hallmark of diabetes mellitus. With persistent
hypeglycemia, disproportionate amounts of glucose are delivered to cells. This results in
enhanced glucose flux through glycolysis and the tricarboxylic acid (TCA) cycle ,which
leads to an overdrive of the mitochondrial electron transport chain, that gergests
amounts ofO2i more than mitochondrial SOD can dismuta®éiemsperger NF.,2003
Johansen J. et.al.,20@sejuwa O., 2012)This tilts the normal delicate balance between
mitochondrial ROS production and mitochondrial ROS degradation in favor of
mitochondrial ROS genetian, and oxidative stress ensueBhrough norenzymatic
glycation reaction, glucose can react with proteins or lipoprotein to produce several
intermediate products such as Sciff base and more stable Amadori proestckiown as
hemoglobin Alcbefore @nerating advanced glycosylation endproducts (AG#sEh are
more stable and irreversible accelerating atheroscle¢asmson D., 2002; Wiemsperger
NF., 2003Erejuwa O., 2012RQIso evidence indicates ROS are generated at each step of
these reactions. Meover, with excessive glucose in diabetes, it has been shown that
glucose is diverted to other pathways such as sorfptiyol) and hexosamine pathways
where glucose is metabolized and ROS are generdighr{sen J.et.al.,20@sejuwa
0.,2012)
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Figure 2.3.:The formation of advanced glycosylation end productg¢Arnoson D.,2002)

2.Impaired antioxidant defense system

Impaired antioxidant defense system, such as reduced levels of endogenous
antioxidants reduced/enhanced antioxidant enzyme activities Becre@ased levels of
oxidative stress markers such Ek&londialdehyde(MDA), is very common in diabetes
mellitus. The mechanisms for the impaired antioxidant defenses in diabetes mellitus
remain poorly understood. It may be due to-eomymatic glycation othese enzymes by
hyperglycemia and thereby impairs their individual functions. Furthermore, evidence
indicates that the antioxidant enzymes produce optimal protection when they function
together. Thus, glycation of any of these antioxidant enzymes mayr ithpeefficiency of
the entire antioxidant defense system or netwgiktaly M. and Laaksonen
D.,2002;Erejuwa O., 2012;Matough F.,2012)

3.Increased activity of ROSgenerating enzymes

The activities of many RO§enerating enzymes such as cyclooxygenasethixe
oxidase, lipoxygenases, myeloperoxidase, NADPH oxidases and eNOS are augmented in
diabetes. Besides, evidence implicates a role of endothelial NO synthase(eNOS). The
eNOS produces NO which scavengf@zsxT in nondiabetic subjects. However, the eNOS
has been found to be uncoupled in diabetic blood vessels where it pr&dmc'rm;tead of
No. Hyperglycemia might play an important role in the upregulation and uncoupling of
ROSgenerating enzymeggohansend. et.al.,200&rejuwa O., 2012)



4.Hyperinsulinemia / Insulin deficiency

Insulin resistance characterized by hyperinsulinemia or insulin deficiaiogh
are frequent in the majority of the individuals with type 2 diabetes mellitus. Insulin induces
the rdease of HO2 by activating its receptors, while Insulin deficiency augments the
activity of fatty acyl coenzyme A oxidase, which is an enzyme responsible for the
oxidation of fatty acids, resulting in the increased generation20b.HEventhough kD2 is
a nonfree radical, it is membrane permeable and can diffuse to other sites, different from
its site of production. In the presence of transition metals such as copper andz@on, H
undergoes Fenton reaction to be reduced and ger{bateNhich is implicaéd in the
initiation and propagation of lipid peroxidation. Thus, hyperinsulinemia and insulin
deficiency via HO:2 formation may increase RS and contribute to oxidative stress and
damage in diabetes mellitus. Besides, insulin stimulates the release of many
neurotransmitters, via activation of sympathetic nervous system, which are known to

generate ROS and induce oxidative str&ggesperger NF.,2008rejuwa O., 2012)

5.0ther sources of ROS and oxidative stress in diabetes mellitus

Diabetes mellitus is chacterized by lipid abnormalities such as elevated LDL and
cholesterol. These abnormalities are further exacerbated by the increased oxidizing
environment which enhances the formation of oxidized LDLs (oxLDLs), glycated LDL
and oxysterols (formed from thexidation of cholesterol). These oxidized lipid products
bind to specific receptor proteins or activate inflammatory proteins which generate ROS.
The import of oxLDLs in the vascular wall is the main mechanism by which ROS and
oxidative stress induce atlsclerosidrejuwa O., 2012 Matough F.,2012) Evidence
indicates that the levels of certain fmadants such as ferritin and homocysteine are
elevated in diabetes .Such as free iron can increase ROS generation and the oxidation of
LDL cholesterol. While homocysteine can generate ROS in the presence of transition
metals and enhancde oxidation of LDL cholesterolOther potential sources of ROS

include aging, menopause, diet and physical act(étgjuwa O., 2012)

2.23.Role of oxidative stress in theathogenesis of diabetes mellitus
Evidence implicates the role of oxidative stress in different stages of the
development of diabetes mellitus, starting from the-dimbetes state, impaired glucose

tolerance, postprandial hyperglycemia, mild diabetesfiaadly to overt diabetes mellitus .



Besidesb -cell dysfunction, insulin resistance is a major characteristic feature of type 2

diabetes mellitus in which oxidative stress plays an importaniEokuwa O.,2012)

2.23.1.Role of oxidative stress irb-cdl dysfunction

The b -cells express low level of antioxidant enzymes such as SOD, CAT and GPx
and therebyincrease their susceptibility to oxidative stress. Increased mitochondrial ROS
production in theb -cells results from enhanced glucose or fatty aftick through
glycolysis and the TCA cycle, generates exd&xs which gives rise to other ROS and
RNSChang Y.,201@eriello A. and Motz E., 2012;Matough F.,201p Besides
mitochondria, NADPH oxidases, nitric oxide synthases, and phagocytes are other key
sources of ROS in thie -cells. Furthermore the pancreas is highly susceptible to oxidative
stressas HO2 and products of oxidative stresgich inhibit glucose stimulated insulin
secretion Erejuwa O., 2012; Matough F.,2012)

2.23.2.Role of oxidative stress in insulin resiance

Various mechanisms by which oxidative stress contributes to insulin resistance
have been identified, which include :oxidative stiegsaired insulininduced Glucose
transport 4 (GLUT4) translocation , oxidative striegkiced impairment in insulin
gimulation of protein kinase B and glucose transport, oxidative stréssed interruption
of insulininduced cellular redistribution of insulin receptor substiateand
phosphatidylinositol &Xinase in adipocytes. Oxidative stress can directly induce
corsiderable insulin resistance in skeletal muscle by interfering with insulin signaling,
glucose uptake and glycogen synthesis . Evidence has also implicated a role of inducible
nitric oxide synthase antNO donor in the degradation of insulin receptor salbsfiand
increased itrosylation of certain molecules or pathways involved in insulin signaling
such as insulin receptor, insulin receptor substtategich has been reported to play an

important role in insulin resistang¢elenriksen E.,201Erejuwa O.2012).

2.3.Types of antioxidants

To protect the cells and organ systems of the body against reactive oxygen species,
humans have evolved a highly sophisticated and complex antioxidant protection system. It
involves a variety of components, both endogersms exogenous in origin or enzymatic
or nonenzymatic in mechanism, that function interactively and synergistically to neutralize
free radicalgPerival M., 1998;Jeanette J. et.al.,2005)



These components include:

1.Nutrientderived antioxidants like asdoc acid (vitamin C), tocopherols and tocotrienols
(vitamin E), carotenoids, and other phytonutrient substances like flavonoids .

2 Metal binding proteins, such as ferritin, lactoferrin, albumin, and ceruloplasmin that
sequester free iron and copper itimgt are capable of catalyzing oxidative reactions.
3.Antioxidant enzymes as: superoxide dismutase(SOD),catalase, glutathione peroxidase
(GPX , and glutathione reductase.

4 Lipoic acid, Ceenzyme Q12(CoQ12) and glutathion

2.4 Vitamin C

2.4.1.Chemistry

L-ascorbic acid with empirical formula of (C6H8O6) is the trivial name of Vitamin C.

It is described chemically as -dko-L-threchexonel,4-lactone2,3-enediol (Naidu

K., 2003).

L-ascorbic is a water soluble-c6a r b eketolactdne with two enolic hydrogen
atomgPacker L.,2002),while Ascorbyl palmitate which is the synthetic form is lipid
soluble Ascorbic acid is sensitive to air, light, heat and easily destroyed by prolonged

storage and over processing of fildidu K., 2003).

Chemical structure

Chemical structure of vitamin C

2.4.2.Biochemistry
Vitamin C is a sixcarbon lactone that is synthesized frolacgse in the liver of
most mammalian species, but not by humans;humnan primates and guinea pi@3arr
A. and Frei B., 199®adayatty S.,2003Nantel G.,200% These species do not have
gulonolactone oxidase enzyme, which is essential for synthesis of the ascorbic acid

immediate precursor , -iZetol-gulonolactone,as the DNA encoding for gulonolactone
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oxidase has undergomibstantialmutation, resultingin the absence of this functional
enzyméPadayatty S.,2003).

2.4.3.Mechanism of antioxidant Activity of vitamin C

L-Ascorbateds uni qgue structure i ncludes t
carbonyl makes this molecule an excellent hydrogen or electnoor.ddherefore, it takes
part as a cdactor in many enzymatic reactions, and also acts as a plasma localized anti
oxidant moleculegFarbstein D.2010)

The two major properties of vitamin C which make it an ideal antioxidant: First is
the low oneelecton reduction potentials of both ascorbate (282 mV) and iteelec&on
oxidation product, the ascorbyl radical (2174 mV) which is derived from theliehe
functional group in the molecule .These low reductarentials enable ascorbate and the
ascorbylradical to react with and reduce basically all physiologically relevant radicals and
oxidant s. For this reason, vitamin C has be
ordero (Carr A. and Frei B.,1999). Tchhe secor
an effective antioxidantsi the stability of semidehydiascorbic acid or ascorbyl free
radical(ASF) ,the species formed after the loss of one electron, with difehadf
10 “seconds and low reactivity of the(@arr A. and Frei B., 199Backer L., 2002;
Padayatty Set.al.,20030nce oxidized, ascorbate is turned into ascorbate free radical
(AFR) a molecule that is relatively stable due to electreloadlization. Although AFR
can donate another electron, it does not undergo further oxidation. Rather, it is reduced
back to ascorbate via NADHependent and independent mechanisms. AFR accumulation,
resulting from increased oxidative conditions, leadsatareaction between two AFR
molecules that form one molecule of ascorbate and one molecule of dehydroascorbate
(DHA), if dehydroascorbic acid is not reduced back to ascorbic acid, it is hydrolyzed
irreversibly to 2,3 diketogulonic acid which is further aimilized into xylose, xylonate,
lyxonate and oxalate (Carr A. and Frei B., 1999; Padayatty S.208a083).

2.4.4 Pharmacokinetics:
Absorption and metabolism of Ascorbic acid

Ascorbic acid is present in foods , readily available and easily absorbedil®y/ act
transport in the intestine . Most of it (800%) will be absorbed when the intake is up to
100 mg/day.
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Eventhough ascorbic acid is a watetuble compound, easily absorbet,s not
stored in the body. The average half life of ascorbic acid in &duftan is about 120
days, with a turn over of 1.0 mg/kg body and a body pool of 22 mg/kg at plasma ascorbate
concentration of 50emol/ L . The major metabolites of ascorbic acid in human are
dehydroascorbic acid, 2gketogulonic acid and oxalic a¢Maidu K., 2003Nantel
G.,2004) The main route of elimination of ascorbic acid and its metabolites is through
urine. It is excreted nchanged when high doses of ascorbic acid are conghaidd
K., 2003).

L-ascorbic acid

I

Ascorbyl radical —» L-ascorbate
]l sulphate

Dehydroascrobate —» CO;

"\.‘_.-‘

2 ,3-diketogulonic acid

J

Oxalic acid

Figure2.4.: Catabolism of ascorbic acidNaidu K.,2003)

2.4.5.Dietary sources and recommendation of vitamin C

Ascorbic acid is widely distributed in fresh fruits and vegetablegsu€iruits and
juices are particularly rich sources of vitamin C but other fruits including cantaloupe,
honeydew melon, cherries, Kkiwi fruits, mangoes, papaya, strawberries, tangelo,
watermelon, and tomatoes also contain variable amounts of vitamin €talskxy such as
cabbage, broccoli, Brussels sprouts, bean sprouts, cauliflower, kale, mustard greens, red
and green peppers, peas, tomatoes, and potatoes may be more importanbkeiiaces
C than fruits(NaiduK., 2003Nantel G.,200%
The new averag daily intake level that is sufficient to meet the nutritional requirement of
ascorbic acid or recommended dietary allowances (RDA) for adults (>19 yr) is 90 mg/day

for men and 75 mg/day for womé@arr A and Frei B.,1998laiduK., 2003).

2.46.Side effet:

Ascorbic acid is generally neoxic but at high doses (B g/day) it can cause
gastrointestinal disturbances or diarrijsaiduK.,2003).



2.5.Vitamin E
2.5.1.Chemistry

Vitamin E is the major lipid soluble antioxidants that exists in at least eight
naurallyoccur ri ng comp<9 urbdasn dt 0o0 o p b di, ok abhndd oU
tocotrienol (garashi O andKiyose C, 1999Dutta A., and Dutta S.,2003heir
lipophilicity is attributed to their hydrophobic tail, a saturated phytyl chain in the
tocopherols and an unsaturated phytyhin in the tocotrienol@arbstein D., 2010).All of
these are derivatives of-dhromanol, but differ in the number and position of methyl
groups on the ring structur@he four tocopherol homologued-{}, d-b-, d-o-, andd-U-)
have a saturated igirbon phytyl side chain, whereas the tocotrienlet( d-b-, d-o-, and
d-U-) have three double bonds on the side cha&ifarig X and Quinn R,1999Nantel
G.,2004) . Within the vi t-tacophemol i€thefmsnbidlogicalio f ¢ o mp

active and occurs naturally as one isonirigeliusFlohé RandTraber M,1999)

Chemical structure:

A B

H

o-tocopheral w-tocotrienol

HO HO:

B-tocopherol P-tocotriencl

HO HO
W m\w
y-tocopherol y-tocotrienol
HO HO.
W m\w
dtocopherol d-tocotrienol

Figure 2.5:Chemical structure of naturally occurring vitamin E (Brigelius-Flohé R
and Traber M .,1999)
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2.5.2.Mechanism of antioxidant activity of vitamin E :

Vitamin E is a phenolic antioxidant, which readily donate the hydrogen from the
hydroxyl (OH) group on the ring structure to free radicals, then become unred@tve.
donating the hydrogen, the phenolic compound itself becomes a relatively unreactive free
radical because the unpaired electron on the oxygen atom is usually delocalised into the

aromatic ring structure, thereby increasing its stability (Nantel G.,2004)

Vitamin E is classified as an antioxidant due to its ability to scavenge lipid radicals
and terminate oxidative chain reactiorls can terminate radical chain reactions by
interacting with the lipid peroxyl radical (Farbstein D., 2p1€onverting it toa lipid
hydroperoxide(Burton G.,1993which subsequently must be removed before it becomes a
source of new free radicalfurton G.,1994;Farbstein D., 201hus preventing it from
generating a new radical and perpetuating the chain reaction by oxidtheglipids. This
is due to the rate constant of the reaction between lipids and lipid peroxyl radicals, which is
1,000fold lower than the rate consid of t he r e-woopghera and lipelt we e n
peroxyl radicals (102 MS' compared to 105.06 M'S?), sot hat a small amoun
Tochopherol can protect a large amount of polyunsaturated (Bidton G., 1994;
Farbstein D., 2010t is unlikely tha vitamin E would interfere with the radical chain
reaction in other stages. The radical chain reaction is usually initiated by water soluble
molecules, where vitamin E is sparse due to its lipophilic nature. Its interaction with lipid
radicals is unlikelysince the rate constant of the reaction between lipid radicals and oxygen
is 1001,000Gfold higher compared to that of lipid radicals and vitamin E. Following its
oxidation, vitamin E can be recycled back to its native unoxidized form by various soluble
antioxidants such as vitamin (Burton G.,199). This process prevents the accumulation
of vitamin E radicals and their subsequent peroxidation of lipids and is considered to be

critical for the antioxidant activity of vitamin &arbsteinD., 2010).
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Figure 2.6:Ascorbate regenerates vitamin E from its radical form generating the
semidehydroascorbyl radica{Robert J. et. a|1996)

2.5.3.Pharmacokinetics:
Absorption and Metabolism

Being a lipophilic molecule, vitamin E is absorbed in the gut via micelles,then
incorporated into chylomicrongiarashi O. and Kiyose .(1999; Nantel G.,2004). When it
reaches the circulation, vitamin E is transferred to other lipoproteins by the action of
phospholipid transfer protein (PLTP) and to cells by the action diPPand lipoprotein
lipase (LPL) . Vitamin E is also taken up anedrstributed by the liver, with the uptake of
chylomicrons and the release of very low density lipoproteins (VLDL), (Nantel G.,2004).
The | iver can al so -tecepherok r an s f €& aTMP)wbideésibly ¢ b e
hi ghl y s ptecaphefol and nfediates itd transfer to various lipoproteins. Vitamin E
levels are tightly regulated by enzymatic activity of the CYP enzyiies,activity of
whi ch changes i n-tocogherq levels @arbistein Dp, 2Gi8).nThe ptimary
oxidation product ot} ocopherol is a tocopheryl quinone that can be conjugated to yield
the glucuronate after prior reduction to the hydroquinoh&hvis excreted in the bile via
the Multi Drug Resistance (MDR) family of transporter molecules(Burton G.,
1994:Farbstein D.,2010) or further degraded in the kidneysttxopheronic acid and
hence excreted in the bile (Nantel G.,2004).

2.5.4.Dietary souces and recommendation of vitamin E

vitamin E is naturally present in plabased diets and animal products and is often
added by manufacturers to vegetable oils and processed foods. Plant sources are cereal
grains, nuts ,beans and seeds thed rich inhigh potency oils.Vegetable oils, cereal

products, fish, meat, animal fats, eggs, dairy products, green leafy vegetables also provide



significant amountsCurrently, the RDA of vitamin E foan average size person is 15 mg
Utocopherol per dagDutta A.and Dutta S.,200Ball G.,2004.

2.5.6.Side effect:

Vitamin E, has very low toxicity at different ranges of doses, and even where their
use extends over a long period of time. However ;it shbel noted that oral intake of high
levels of Vitamin E can exacerbate the blood coagulation defecVitdmin K deficiency
caused by malabsorption or anticoagulant therapy. High levafganfin E intake are,
therefore, contraindicated in those sulg@¢ippus H.,1992;Hathcock 1997).

2.6.Relationship between vitamin C and vitamin E , diabetes mellitus and lipid

regulation:

Numerous studies in humans and animals have investigated the relationship

between vitamin C ,vitamin E , diabetes mellitus apid labnormalities.

A populationbasedstudy conducted on 2,898 men and 3,560 women betweerdAears

of age between 1995 and 199@emonstrated an inverse relationship between plasma
vitamin C and glycated hemoglobin(HbAlc) levels, in such a way tleatman plasma
vitamin C was significantly higher in individuals with HbAlc < 7 per cent than in those
with HbAlc > 7% Bargeant L. et al,200@®Iso Kositaswat J.et. al. ,201Analyzed data
collected from 7697 adult participants in the National Health Muattition Examination
Survey (NHANES) between 20606, who did not report a history of diabet&sey
confirmed that Vitamin C concentrations were inversely associated with HbAlc
concentration.

However a different study evaluated the serum ascorbicl atatus in 46 type 2
diabetic patients in the oc#tatient Clinic of the University College Hospital in Nigeria and
that of 42 nondiabetic adult subjects who served as control, found that the mean serum
ascorbic acid level of the patients was signifigatdwer than that of the control (Fadupin
G.et al 2007).

A number of studies have been carried out in humans to investigate the effect of
vitamin C and/or vitamin E on diabetes mellitus, either its effect on blood glucose ,

glycosylated hemoglobin or dipid profile.

Bishop N.et al.,1985compared the effect of 500 mg vitamin C daily with placebo

in fifty type 2diabetic patients for foumonths, he found no significant difference between



vitamin C and placebo therapy in fasting whole blood glucosajmsecholesterol,
triglycerides, and glycosylated hemoglobin levelurthermore, Davie S. et al.,1992,
followed up twelve nondiabetic subjects who consumed 1.0 g/day vitamin C for three
months, they found no significant changes in fasting glycemic levelle wioth
glycosylated hemoglobin and glycosylated albumin were decreased significantly.

But when Erikssonand Kohvakka ,1995 studied the effect of magnesium (600 mg) and
ascorbic acid (AA 2.0 g/day) supplementation on metabolic control in 56 outpatient
diabetics over a 9@ay runin period which was followed by two 9fny treatment
periods, they found no beneficial effect of magnesium supplementation on glycemic
control, lipids or blood pressure in type 2 diabetes mellitus subjects, while AA
supplementation improved fasting blood agise HbAlc, cholesterol and triglycerides

levels in type 2 diabetes mellitus subjects.

In a different study, Afkhami and Shojaoddiny ,2007 followed 84 patients with type
2 diabetes at Yazd Diabetes Research Center in Iran, the patients received raittiemly
500 mg or 1000 mg daily of vitamin C for six weeks. They found a significant decrease in
FBS, TG, LDL, HbAlc and serum insulin in the group supplemented with 1000 mg
vitamin C, while the dose of 500 mg vitamin C, did not produce any significangehan

any of the parameters studied.

In addition Dakhale G.et al., 2011 studied 70 patients with type 2 DM for 12
weeks, the patients were divided randomly into placebo group and vitamin C supplemented
(1000 mg) group ,both along with metformifhey foundthat PAA was low in diabetic
patients and it was reversed significantly after treatment with vitamin C compared to
placebo, FBS, and HbAlc levels showed significant improvement after 12 weeks of

treatment with vitamin C.

ParkH. and Lee Y.2003conducteda study from June to August 2001 ont@pe 2
diabetic patients, they took 1.0 g/day vitamin C for 4 weeks, faéierperiod patients took
vitamin C 3.0 g/day for 4 weeks. Plasma vitamin C concentration, fasting blood sugar,
HbAlc, superoxide scavenginactivity and hydrogen peroxide scavenging activity were
measured .They found that the plasma vitamin C concentration was significantly increased,
fasting blood sugar and HbAlc was significantly decreased sapdroxide scavenging
activity and hydrogen pexide scavenging activity was significantly increasedttaibugh

the dosing period.
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While Rafighi Z.,2011 carried out a study on 1%¢pe 2 diabetic patients to
compare the effect of combination of vitamin C and vitamin E (266.7 mg), (300IU)
respectivly, and placebo ,all three times aday for three morBiechemical measurement
for HbAlc, glucose and lipid profile werdone at the start and the end of study. The
researcher found aignificant decrease in FBS, TG, LDL, cholesterol and Hb#lthe

suppemented groupsompared to placebo .

However; tripleblind, placebecontrolled clinical trial conducted on 100 type 2
diabetic patients, aged BD years old were at the Isfahan Social Security Service Diabetes
Clinic to determine the effect of vitamin 200 IU/day) alone on fasting blood sugar
(FBS), serum insulin, and glycated hemoglobin (GHb). Serum vitamin E, total cholesterol
(TC), triglycerides (TG), FBS, insulin, and HbA1C were measured at the beginning and at
the end of the study (a period of 2°€eks). Findings of this study showed no effect of

vitamin E supplementation on the measured parameters (Boshtam M. et al.,2005).

Vaksh S.(2013) conducted a study in India on thirty type 2 diabetic patients who
were treated with their usual oral hypoglyeemrugs along with vitamin C 1000 mg, after
four weeks of follow upthey found a significant decrease in FBS, as it decreased from
141.9+439.1 to 129.0+29.5 at P value 0.01,which suggesteda role for vitamin C

supplementationin improving FBSin such @tients.

2.7.Relationship between vitamin C, vitamin E and oxidative stress:

Numerous studies have looked at the relationship between vitamin C, vitamin E
and oxidative stress. An-tro study carried out byLiu M., et. al, 2002, toinvestigate
the dfects of alphaocopherol alone and a mixed tocopherol preparation on hydrogen
peroxideinduced lipid peroxidatioron human erythrocytesThey found that both alpha
tocopherol and the tocopherol mixture protected the cells from lipid peroxidation, but the

mixture were much more potent than akpbeopherol alone.

Ble-Castillo et al.,2005 evaluated the effects of alfgw@pherol on the metabolic
control and oxidative stress in thifiyur female type 2 diabetics 4 years , who were
randomly divided inwo groups: Control group and alpt@opherol group (800 IU/day)
for 6 weeks. Malondialdehyde, glycated hemoglobin, selenium depegidathione
peroxidase, Cu,/Zn-superoxide dismutase in erythrocytes and total antioxidant status,

glucose, lipid and liporoteins in serum all were measured. They found that erythrocyte



malondialdehyde decreased and setotal antioxidant status increased after alpha
tocopherol treatment. However, an unexpected increase on cholesterol levels and a reduced
erythrocyteCu, Zn-superoxide dismutase activity was observed after dipdwpherol
treatment, and alpHacopherol administration did not affect glucose, glycated

hemoglobin, triglycerides, lipoprotein levels and serum malondialdehyde.

Furthermore, the serum level of mmidant enzyme Glutathion reductase,
superoxide dismutase ,catalase and also serum level of (Mi2fg analyzedn 130
menopausal women ,age range between7(®5years, with or without diabetes in
Allahabad, who were divided into 40 women, supplementeld wiamin E (group 1) and
40 women are supplemented with vitamin C (group IlI) andvé®nen servedis control
group. This study concluded that supplementation with vitamin C or vitamin E reduced the
oxidative stress and increased the antioxidant serummaszyevel, but vitamin Bvas
more effective (Rosin D., 2012).

However Mazloom Z. et. al.,2011gllowed 30 type 2 diabet patients, aged 30 to
65 from Nader Kazemi Clinidran, that were randomly divided into 2 groujp$tamin C
treated group (1000 mggnd placebo group from May to September 2010. Fasting and
postprandial lipid profile and Malondialdehyde (MDA) level were measured at the
beginning of the study and after six weeks of supplementation. The researchers found a
significant decrease in fastirand postprandial MDA in the vitamin C group compared to

theplacebo group ,but no effect on lipid profieas observed

Different animal studies have evaluated the effect of vitamin C alone or in
combination with vitamin E on oxidative stredsor exampe, Owu D. et al, 2004
evaluated the effect of oral vitamin C administration on basal metabolic rate and lipid
profile on alloxaAnduced diabgc rats. Vitamin C was administered at 200 mg/kg body
wt. for four weeks to diabetic rats after which the resting metabolic rate and plasma lipid
profile were determined. The results showed that vitamin C administration significantly
reduced the resting etabolic rate in diabetic rats; and also lowered plasma triglyceride,
total cholesterol and lowdensity lipoprotein cholesterol. In a different animal study
conducted on one hundred and twenty male rats and evaluated the effect of vitamin C and/
or vitaminE in reducing blood sugar, HbAlc, and lipid profile in both control and diabetic

rats induced by Streptozotocifthe study demonstrated that combined vitamins C and E
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therapy was the most effective in ameliorating diabetsced dyslipidemia and

oxidative stress(Soliman G., 2012).

Garg M. 2005, induced diabetes by streptozotocin (50 mg/kg body wt, i.p.) in the
rats , after supplementation with vitamin E (200 mg/kg body wt., ip) for 5 weeks, he found
no-significant decrease in blood glucose levels busmi malondialdehyde levels were
reduced to below normal level&lso plasma vitamin E, vitamin C, uric acid and red blood
cell glutathione levels and the activities of antioxidant enzymes, catalase , glutathione
peroxidase , and glutathione reductase westored to near normal levels on vitamin E

supplementation in diabetic ratdien compared to control diabetic rats.
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Methodology
3.1.Study Design

This study is norrandomizedprospective controlled trial designed to evaéduthe
effects of using vitamin C alone (1000 mg per day) andcombination with vitamin E
(800 mg per day)as adjunctive therapyor three monthson fasting blood sugar,

glycosylated hemoglobin (HbA1C) and lipid profile in type 2 diabetic patients.

3.2.Study Setting and period:

The study was performed on diabetic type 2 patients at the diabetic clinic of
Palestine Medical Relief Society and some UNRWA health centers in Gaza Strip .
The period of study was three montitswas carried out from July 2012 tDecember
2012.

3.3. Study population:

The patients participatl in the study were type 2 diabetic patients, treated only
with the oral hypoglycemic drug metformin, between the age e6B@ears, from both
genders, who are presented to the diabeticccbh Palestine Medical Relief SocieGaza

and some UNRWA health centers in Gaza Strip

3.3.1.Sample size and sampling method:

The sample of the study consdtof 60 patients, they were divided into three
groups each group received their usual oral hylgoemic drug metformirand divided as
follow:

a Twenty patients (group 1) did not receive vitamin C or vitamin E supplements.

b- Twenty patients (group 2) received vitamin C (1000 mg per day) divided in two doses
(500mg each dose) for three months.

c- Twenty patients (group 3) received vitamin C (1000 mg per day) and vitaf@@CEmg

per day), both were divided into two doses for three months.

3.3.2.Criteria

3.3.2.1Inclusion Criteria:

1.Newly diagnosed gtients of type 2 DM aged between thirty to dy years, who have
fasting blood sugar level in the range of 126 to 200 mg/dl, HbAlc equal twore than
6.5 mg/dl, triglycerides (TG) level more than 150 mg/dl and total stestd level more
than 200 mg/dlbut both are not more than 400 mg/dl.



2. Pdients who are only treated by metformmgt by otheroral hypoglycemic drugs or

insulin therapy.

3.3.2.2Exclusion Criteria:

1.Patientsaged more than 6gears or less than 30 years.

2.Patients with fasting blood sugar level less than 126 or more@i@amg/dI.

3.Patients with serum levels of triglyceridasdtotal cholesterob 400 mg/dl.

4.Patients with medical illnesses including other endocrine, metabolic disorders, type 1
DM, pregnancy, isolated postprandial hyperglycemia.

5.Patients with comgpications of diabetes ingtling nephropathy, retinopathy,
cardiovascular diseases, history of renal stones and hypoglycemia .

6.Patients who have received vitamin C or vitamin E or any other antioxidant over the last

three months .

3.4.Ethical Consideration
0 Approval from the College of Pharmacy .
0 Approval from the Dean of Postgraduate StudieScgentific Research

0 Approval letters from The Dean of Pharmacy to the general directaomerned

institutions.
0 Approval from the Helsinki Commi ttee on th
0 Inform consent was taken from the patient

nature, purpose, and potential risks of the study .

3.5Data Collection
3.51.Health Records

The medical record file of the patients was reviewed regarding personal information such
as (age, gender, marital status, education level, place of residence, height, weight, etc..)
medical history of any other diseases, the medicataken for these diseases and
hypoglycemic drugs.
3.52.Questonnair concerning the life style of patients fpatients inclusion or exclusion
in the study.
3.5.3.Biochemical Measurements

The biochemical measurements were done for each patients atrthaf e study
and after three months of vitamin C and vitaminddpplementationOne day before the

required analysisparticipants were phoned to visit the diabetic clinic and asked to be



fasted for at least 1Brs. Blood samples were drawn from theigdeeral circulation of the
patients, and the samples were labeled by their names and date and sent immediately to the
laboratory to perform the required tests, which inafludeasting blood sugar, glycosylated

hemoglobin and lipid profile.

Fasting blood wgar (FBS) HbAlc and lipid profile testsvere done after fasting at
least 12 hrs, with free wateexcess by using photometric spectrogcopssay which
depend on different enzymatic reactionfor each parametereleasng colored compound
that its conceftration is measured at certain wavelengthnd proportional to the

concentration of the parameter which found in the sample.

3.6.Statistical analysis

The collected data and variables entered to the computer, defined, coded and
analyzed using the staisdl package of social scien€dSPSS) software package version
20. Statistical tests as frequency and distribution were done to express our data as numbers,
percentages and Pie charts. Moreover, paired T test was used to compare fasting blood
sugar, glycogated hemoglobin and lipid profile individually in each group before and

after three months aupplementation

Dependent variables

The dependent variables included in the study were:
- Fasting blood sugar(FBS).

- Glycosylated hemoglobin(HbA1c).

- Lipid profile.

Independent variables

The independent variables included in the study were :

- Treatment with vitamin E (800 mg per day).

- Treatment with vitamin @1000 mg per day).

- Treatment with vitamin C in combination with vitamin(EEOOO mg per dayand 800 mg

per day respectively).
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Results

This chapter deals with the study results. During the study period, sixty type 2
diabetic patients were selected according to the inclusion criteria, two patients were
excluded from he study due to incompliancearticipating patientsvere divided into three
groups based on the vitamins supplement used. The study was carriedtteitdetbetic
clinic of Palestine Medical Relief Sociegnd UNRWA health centers (Gaza Stripata
was collected from patients files. iBchemical analysis of blood including fasting blood
sugar level, glycosylated hemoglobin and lipid profile were carried by the researcher. The
obtained results dealt with the distribution of the study population by-datiographic
variables, educational level and body mass in@il). Moreover, the results evaluated
the effect of vitamin C alone or in combination with vitamins&pplementson fasting
blood sugar(FBS), total cholesterol, triglyceride, HDtholesterol, LDEcholesterol and
glycosylated hemoglobin(HbAlc). Alsahe results compared FBS, HbAlc and lipid
profile among control group patients and patient groups receiving vitamin C alone or in

combination with vitamin E before and after three months of vitamake

4.1 .Distribution of the study population
4.1.1.Distribution of the study population by soettemographic variables

The total number of the study population who completed the study was fifty eight
patients divided into three groups ,the first groupktoeetformin only and consisted of
twenty patients(control groQip The second group took vitamin C along with metformin,
and third group took vitamin C and vitamin E combination along with metformin, both
consisted of nineteen patients. The participantsewhvided into 31(53.4%) males and
27(46.6%) females, and their age ranged from 31 to 60 years with a mean of 51+7.33years
(Table 4.1).

Table 4.1:Distribution of the study population by sex and age

Male 31 53.4%
Sex
Female 27 46.6%
Age From:31 To:60 Mean:51+7.333

The demographic distribution of the study is shown in figi4rd), where 9(15.5%) of
them lived in Khanyounis governorate, X24.1%) lived in middle governorate and
35(60.3%) lived in Gaza city.
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Figure4.1.:Distribution of the study population by demographic variables(Gaza strip
Governorate)

The control group included 11(55%hales and 9 (45%) females. The age of
participants was 460 years and according to governorate distributioif15%) lived in
Khanyounis,4 (20%) in middle governorate and 185%) were from Gazatheir BMI
rangedfrom 27-32 k g fiTime second group was treated with vitamin C together with
metformin and consisted of 947.3%) males and 10 (52.7%) females. The age of
participants was 360 years and according to governorate distributd{th.8%) lived in
Khanyounis,2 (10.5%) Ived in middle governorate and 143.7%)were from Gazawyith
BMI from 27-3 1 K.oha mhird group was treated with vitamin C and vitamin E
combination together with metformin and included 11(57.9%gles and 8 (42.1%)
females. The age of participants w60 years and according to governorate distribytion
3 (15.8%) lived in Khanyounis{ (36.8%) in middle governorate and(47.4%)were from
Gazawith BMI from 27-32kg/ m?® (Table 4.2)

The body mass index(BMI) of the participants ranged fron82kg / m?, participating
patients were either overweight or obese, which is usually the case of most diabetic

patients where obesity and diabetes are correlated positively.



Table 4.2:Distribution of the studygroups by demographic variables,

educational lexel and BMI(kg/m?)

Variable Control Vitamin C Vitamin
(G1) only(G2) C+E (G3)
(N=20) (N=19) (N=19)
Age(yrs) 40-60 36-60 31-60
Sex Male 11(55%) 9(47.3%) 11(57.9%)
Female 9/(45%) 10(52.7%) | 8(42.1%)
Gaza Strip Gaza 13(65%) 14(73.7%) | 9(47.4%)
Governorate| Middle Governorate | 4(20%) 2(10.5%) 7(36.8%)
Khanyounis 3(15%) 3(15.8%) 3(15.8%)
Educational | University 3(15%) 8(42%) 7(36.8%)
level Diploma 3(15%) 4(21%) -
Tertiary 4(20%) 4(21%) 5(26.3%)
Secondary 8(40%) 3(16%) 4(21%)
Primary 2(10%) - 3(15.9%)
BMI ( Bg 27-32 27-31 27-31

4.1.2. Distribution of the study population by educational level
The population study showed tha{@l9%) with primary educational level, 135.9%) had
secondary level, 1822.4%) were with tertiary level of educatjon (12.1%) of them had

diploma and 1932.8%) had university level of educati¢hable 4.2, Figure 4.2)

12.10%

25.90%

22.40%
6.90%

University Diploma

Tertiary

Secondary

Primary

Figure 4.2:Distribution of the study population by educational level




4.2 .Effect of vitamin C alone or in combination with vitamin E supplementson

fasting blood sugar(FBS)

Table 4.3 represemtdata about FBS levels among the study population .To

illustrate ,in the control group; FBS was 144.00+£20.708lingt the baseline and increased

slightly

133.421N23.059mgudl

to

144.750N28.353
was no significant difference in FBS in the control group at p value of 0.05, while in group

2 patients FBS was 143.632+20.268 1l at the baseline of the study and decreased to
foll owi ngGrouphZ shewedamo nt h's

mg u d |

at

t he

significant decreasen FBS at p value 0.0%hen compared teontrol group. In group 3

patients FBS was 159.158+158Mdllg at the baseline of the studydecreased to

122.947+23.787 mdl. Significantly decrease in FBS was seen at p value equal to 0.00.
The reduction in FBS was equal to 22.75%.This reduction was more significant compared

to that seen in group yhich was calculatedtbe 7.0%.This means that the combination

of vitamin C with vitamin E gave better effect on FBS levels in type 2 diabetic patients

than the use of vitamin C alone.

Table 4.3:Effect of vitamin C alone or in combination with vitamin E

supplementson fasting blood sugar(FB9

Group Time Number of FBS(mg/dl) P-value
patients (M £ S.D)

Control FBS before 20 144.000 + 20.703 0.862
(G1) treatment

FBS after 20 144.75 + 28.353

treatment
Vitamin C only | FBS before 19 143.632 + 20.268 0.006
(G2) treatment

FBS afer 19 133.421 + 23.059

treatment
Vitamin C +E FBS before 19 159.158 + 30.051 0.000
(G3) treatment

FBS after 19 122.947 + 23.787

treatment

P-values for FBS arewere calculated by pairedsamples T test before and after three months of vitamins

intake

end
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Figure 4.3: Effect of vitamin C alone or in combination with vitamin E on fasting

blood sugar(FBS)in mg/dl

4.3.Effect of vitamin C alone or in combination with vitamin E supplementson

glycosylated hemoglobin(HbAlc)

Data abat glycosylated hemoglobitevel (HbAlc) among the study population is
shown (Table 4.4). In the control grqufbAlc was 7.435mfgll at the baseline, decreased to
7.370mgil at the end of the study, this difference in HbAlc was slight and insignificant (P
value equal to 0.612), while in group 2 patiemtbAlc was 7.153migll at the baseline of
the study and decreased significantly at p val@:08 to 6.326mgl, the redation in HbAlc
equaled 11.5%ln group 3 patientdibAlc was 7.321mfgll at the baseline and decreased to
6.126 mg/dl at the end of study with reduction equato 16.3%. Data analysis showed a
significant differences irHbA1C with p value <0.05 in both B3and G3,but the difference
was more significant in group 3 than in group 2, who used vitamin C alone, which is

indicative and was likely due to the use of vitard in combination with vitami© .



Table 4.4:Effect of vitamin C alone or in combination vith vitamin E

supplementson glycosylated hemoglobin(HbAlc)

. Number of HbAlc
Group Time ) P-value
patients (M £S.D)
HbA1C before
20 7.435+0.797
Control treatment
0.612
(G1) HbA1C after
20 7.370 £ 0.598
treatment
HbA1C before
o 19 7.153 £ 0.583
Vitamin C only | treatment
0.000
(G2) HbA1C after
19 6.326 + 0.465
treatment
HbA1C before
19 7.321 + 0.554
Vitamin C +E treatment
0.000
(G3) HbA1C after
19 6.126 £ 0.502
treatment

P-values for HbAlc were calculated by pairedamples T test before and aftereth months of vitamins

intake

4.4. Effect of vitamin C alone or in combination with vitamin E supplementson

total cholesterol

Table 4.5 demonstrates data about total choles{@i@) level among the study
population. To clarify, in control group TC wa84200+29.486mgl at the baseline and
increased insignificantly to 241.550+41.313shgover three months. In group 2 patients
who used vitamin C alone, TC was 244.842+34.4668h@t the baseline, it decreased to
210.158+38.063m(dl at the end of the study, this means that TC decreased significantly
over the three months of treatment (@lue <0.05).The decrease in TC in response to
vitamin C use alone equaled to 14.1%. Also TC in group 3 who used the vitamin C in
combination with vitamin E was 233.842+22.843dhgat the baseline, it decreased to
200.105+27.264 midl at the end of study it a reduction equal to 14.4%0 a significant
difference at p value 0.05 in TC was seen in group 3, and the reduction in TC seen in

group 2 and group 3 following vitamins intake was closely similar.



Table 4.5:Effect of vitamin C alone or in combinatio with vitamin E

supplementson total cholesterol(mgull)

Number
Group Time of TC (mg/dl)(M £ S.D) | P-value
patients
TC before
20 234.200 + 29.486
Control treatment
0.424
(G1) TC after .
20 241.550 +41.313
treatment
TC before
19 244.842 + 34.466
Vitamin C only | treatment
0.001
(G2) TC after
19 210.158 + 38.063
treatment
TC before
19 233.842 = 22.843
Vitamin C +E treatment
0.000
(G3) TC after
19 200.105 = 27.264
treatment
P-values for TC were calculated by paireesamples T test before and afteree months of vitamins intake
2342 24155 244842 233.842
528 210.158 200.105
220
200
— 180
o 160
G 140
S 120
o 100
F 80
60
40
20
0 ’
Befor Aft Befor Aft Befor Aft
TC Control TC Vitamin C only TC Vitamin C +E
TC

Figure 4.5: Effect of vitamin C alone or in combination with vitamin E supplements

on total cholestero(mg/dl)



4 5:Effect of vitamin C alone or in combination with vitamin E supplementson
total triglyceride(TG) (mg/dl)

In the following table (4.6)data about total triglyceride (TG) level among the
study population is shown. In control group, TG was 209.950+51.7/6B=igthe baseline
increased to 222.950+52.211fdlg at the end of the study,

in group 2 patients who used vitamin C alon&g was

this difference was
insignificant, however,
242.316+78.505m(dl at the baseline, decreased significantly to 196.053+66.3db g

the end of study with p value <0.0Burthermore a statistical significant reduction in TG
with p value <0.05 in group 3 patients (used vitamin C in combination with vitamin E)
was found, as TG was 241.000+68.708 /ahgat the baseline, it decreasd to
183.947+40.669 midl at the end of study. The reduction in this group was more
significant than that seen in G2 patients, where the reduction was equal to 19.2% and
23.6% in G2 and G3 respectively.

Table 4.6:Effect of vitamin C alone or in combinaton with vitamin E

supplementon total triglyceride(TG)

. Number TG(mg/dl)
Group Time ) P-value
of patients (M £ S.D)
TG before
20 209.950 +51.753
Control treatment
0.124
(G1) TG after
20 222950 +52.211
treatment
TG before
_ _ 19 242.316 + 78.505
Vitamin C only treatment
0.001
(G2) TG after
19 196.053 + 66.346
treatment
TG before
_ _ 19 241.000 + 68.708
Vitamin C +E treatment
0.000
(G3) TG after
19 183.947 + 40.669
treatment

P-values for TG were calculated by pairedamples T test before and after thmeonths of vitamins intake
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Figure 4.6: Effect of vitamin C alone or in combination with vitamin E supplements
on total triglyceride(TG) in mg/dl

4.6:Effect of vitamin C alone or in combination with vitamin E supplementson
LDL -Cholesterol (mg/dI)

In the following table (4.7) data about LBTholesterol levels among the study
population is shown. In the control group, a slight increase in-Cbalesterol was found
over the three months of study, it was 156,8000+31.32dInag the baseline, increased to
158.850+£39.278mgl at the end of the study. In group 2 patients , a reduction in- LDL
cholesterol equal to 36.474 mg/dl was seen over the three months study period, which is a
highly significant reduction at p value <0.05. However LDL was 147.842+29.02V ey
the baskne, and decreased to 123.263+29.16/4tm G3 patients who used vitamin C in
combination with vitamin Ethis means a significant difference at p value 0.05 in LDL was
found ,but the difference in group 2 patients was more significant than that in §roup
patients group. The reduction in LBZholesterol was equal to 23.1% and 16.6% in G2

and G3 respectively.



Table 4.7:Effect of vitamin C alone or in combination with vitamin E on LDL-

Cholesterol
LDL -
) Number of
Group Time _ cholesterol(mg/dl) P-value
patients
(M £ SD)
LDL before
20 156.800 £ 31.324
Control treatment
0.797
(G1) LDL after
20 158.850 £ 39.278
treatment
LDL before
o 19 157.474 £ 31.691
Vitamin C only | treatment
0.003
(G2) LDL after
19 121.000 £ 45.931
treatment
LDL b efore
o 19 147.842 +29.027
Vitamin C +E | treatment
0.001
(G3) LDL after
19 123.263 £ 29.164
treatment
P-values for LDL were calculated by pairedamples T test before and after three months of vitamins intake
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Figure 4.7: Effect of vitamin C alone or in combination wih vitamin E supplements

on LDL -Cholesterolin mg/dl



4.7.Effect of vitamin C alone or in combination with vitamin E supplementson
HDL -Cholesterol (mgud])

The data in table 4.8 shows that the HDL Cholesterol levels throughout the study
population incrased slightly but statistically neamgnificant at the p valug 0.05 in all
groups after three months of the experimental protocol, suggesting no effect for vitamin C
alone or in combination with vitamin E on HDL Cholesterol level among the study
popuktion.

Table 4.8:Effect of vitamin C alone or in combination with vitamin E

supplementson HDL-Cholesterol(mgdl)

HDL -Cholesterol
_ Number .
Group Time _ (mguil) P-value
of patients
(M +£S.D)
HDL before
20 37.150 £ 7.450
Control treatment
0.392
(G1) HDL after
20 38.350 +£8.123
treatment
HDL before
19 41.421 +9.358
Vitamin C only | treatment
0.084
(G2) HDL after
19 44.368 + 7.096
treatment
HDL before
19 37.895 +2.289
Vitamin C +E treatment
0.058
(G3) HDL after
19 39.947 £5.275
treatment

P-values for HDL were calculated by pairedamples T test before and after three months of vitamins intake
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Discussion

The present study was designed to investigate and compare the effect of vitamin C
alone or in combination with vitamin Btake on fasthg blood sugafFBS), glycosylated

hemoglobin(HbA1c) and lipid profile among type 2 diabetic patients in Gaza Strip.

To achieve this purpossixty type 2 diabetic patients treated only with metformin
were selected fronthe Palestine Medical Relief Socjeind some UNRWA health centers
in Gaza Strip. Two of the participants were excluded during the study period due to
incompliance to vitamingitake Based on the experimental protocol , the participants were
divided into three groups, the first group (tohgroup) treated by metformin without any
vitamin supplement added (n=20).The second group was treated by metformin along with
vitamin C alone (n=19) and the third group was treated with metformin along with vitamin
C in combination with vitamin E. Aligroups were then followed for three months. A
number of biochemical tests including fasting blood sugar(FBS), glycosylated
hemoglobin(HbA1c) and lipid profiléTC,TG, LDL, HDL) were performed before starting
vitamins intake and after three months. At tinel ef the study period (3 monthsgsults
showed significant changes in FBSbAlc, TC, TG and LDL, indicating the effectiveness
of vitamin C alone or in combination with vitamin E adjunctive therapy of type 2
diabetic patients. Also there was slight lisignificant increase in HDL in all groups. In
Gaza strip no similar study was conducted previously. However; different studies in

different countries concerning this topic were previously carried out.

5.2. Sociedemographic characteristics of the poplation sample

The current study did not show important differences among patients based on
socicdemographic variables. The results showed that the age of the patients wa&d-from
60 years with a mean of 51+7.33arBcipants were divided into 31(53.4%) lew and
27(46.6%) femaleqtable 4.1) Furthermore, the largest numbe5 (60.3%) of the
participants were from Gaza city ,while @5.5%) of them lived in Khanyounis

governorate and 144.1%) lived in middle governoratéigure 4.1).



5.3.Educational level of the population sample

The population study showed that a low percentage with primary educational level
4(6.9%), 15(25.9%) had secondary level, @2.4%) had tertiary level of educatjon
7(12.1%) of them had diplomand the largest number wewgth university level of
education 1932.8%)(Table 4.2, figure 4.2)

5.4.Body mass index of the study population
The body mass inde@MI) of the participants ranged from B2 kgm? with a
mean of 29+3.% g % snggesting that participants were either overweight or obese, which
is usually the case of most diabetic patients where obesity and diabetes are correlated
positively. These patientsvould be at high risk of chronic diabetic complications, if no

intervention is carried out.

5.5. Effect of vitamin C alone or in combination with vitamin E intake on
fasting blood sugar

Results of the present study shoveedignificant difference at p value <0.05 in FBS
between the control group who used metformin oahd group 2 patients who used
metformin along with vitamin C supplement. FBS was 143.632+20.26&ll nag the
baseline of the study, decreased to 133.421+23.0&®nigllowing three months of

vitamin C intake.

But in group 3 patients, whimok vitamin C n combination with vitamin E, FBS
was 159.158N158mgddtr easdac et dak24ith ®@ldeN23. 787
equal to 0.00 and a reduction in FBS equaled to 22.75%.This reduction was more
significant compared to that seen in group 2 which a@sal to 7% suggesting that the
combination would give better effect on FBS level in type 2 diabetic patients than the use
of vitamin C alone. Generallythe use of antioxidants asljunctivetherapy in diabetes
mellitus gives better glycemic control, whicwould decrease the risk of future

complications.

These results were similar toode found by other researchef&riksson and
Kohvakka ,199%ark H. and Le2003;Afkhami and Shojaoddiny,2007; Dakhale G.et al
2011; Rafighi Z., 2011 and Vaksh,®13. For examplethe study of Vaksh §2013)
which was conducted in India on thirty type 2 diabetic patients, aged betweéty (43

years), and treated with their usual oral hypoglycemic drugs along with vitamin C 1000 mg



for four weeksHe found a significantecrease in FBS, as it decreased from 141.9+39.1 to
129.0£29.5mg/dl at P value< 0.01,confirminthe role of vitamin C supplementatiom

improving FBS in type 2 diabetic patients.

In a different studyconducted by Park H. and Lee Y.,2003 on 31 dialigpe 2
patients, who took (1.0 g/day) of vitamin C for 4 weeks, after one week free of vitamin C
intake, the patienttook vitamin C (3.0 g/day) for another 4 weeks. The study found that
plasma fasting blood sugar wakecreasedsignificantly all through tb dosing period,
which means thatitamin C intake {.0 g/day or 3.0 g/daycauses significant decrease in
FBS.

Both studies followed up type 2 diabetic patients for 4 weeks ,and concluded that
administration of high dose of vitamin Cat least 1.0 g/d3y as adjactive therapy to oral
hypoglycemic drugs was indicative of the positive role of vitamin C in improving FBS,

due to its ability to increase insulin sensitivity.

On the other hand, other studies conductedisiiop N.et al., 1985 an®davie S.
et al.,1992 showed no effect of vitamin C on FBS. In the study Bishop N. et
al.,1985who followed up fifty type 2 diabetic patients for four monthfer supplemented
with vitamin C (500 mg)aily. They found no effect of vitamin C on FBShowing the
negative effect of vitamin C at low doses in improving the glycemic control. In the study
of Davie S. et a).vitamin C was administrated to twelve nondiabetic subjectsdose of
1.0 g/day for 3 monthsjo significant change in fasting blood sugar waseoved. This
negative effect may be due to conduction of the study on nondiabetic patients, as the

insulin sensitivity was normal.

5.6. Effect of vitamin C or in combination with vitamin E intake on
glycosylated hemoglobin(HbAlc)

In the current study, wéound that vitamin Gintake significantly reduced HbAlc
after three months of vitamin @take (1000 mg in divided doseswhere HbAlc
decreased fronY.153mgil at the baseline of the study to 6.32€thgThe reduction in
HbAlc equaled 11.5%Also, vitamin C in combination with vitamin Ecaused larger
reductionin HbAlc levelthanvitamin C alone, as HbAlwas 7.321mgll at the baseline
and decreased to 6.126uwtgat the end of study with a reduction equaled to 16\8Bich

is indicative and was likely du® the use of vitamin E in addition to vitamint@oughout



the experimental period he results showethat vitamin Cintakealone or in combination
with vitamin E, improved HbAlcin type 2 diabetic patientsyhich is hopeful forpeople
with this chronic disease,in which poor glycemic control increase the risk of future
cardiovascular diseases.

Various studies including Ceriello A. et al., 19%Hrjksson and Kohvakka, 1995
Park H. and Lee Y.,2003 ;Afkhami and Shojaoddiny, 200Rafighi Z., 2011, Dakhad
G.et al, 2011 ,Vijayakumer A. 201land Vaksh 3013 agreed with our results. For
instance ,the results of our study were compatible with that obtained by Dakhale G.et
al.(2011). The study was carried out in India on 70 type 2 DM patients aged betWeen (3
60 years). The patients were divided randomly into placebo gioe®5) and vitamin C
group (n=35) in which vitamin C was administrated in a dose of 1000 mg in two divided
doses, both along with metformin, the patients were followed for 12 wébles HAlc
decreased from 8.26+0.09 to 7.80+0.08 at P value <0.01 at the end of the study period,

indicating the positive role of vitamin C in a dose of 1000 mg in controlling FBS.

In another study done by Shinde S. (2011) in India on 120 subjects agesb (40
years), divided into control group (n= 40 ) who were healthy subjeci®@gears), and
test group comprising 80 diabetic type 2 patients. The test group was further categorized
into Groupl (n = 40) treated only by hypoglycemic drugs (Sulfonylurea aetfammin),
while group Il (n = 40) received both hypoglycemic drugs as well as vitamin E (400
mg/day). Both groups received the treatment for a period of 3 months. The researchers
found a significant reduction at p value <0.05 in HbAlc level in the vitdiimeated
group , as it decreased from 10.1% + 1.5 to 8.23 %+Th& means that vitamin E as

antioxidant can play an important role in treatment of type 2 diabetes mellitus.

While a study done by Vijayakumer A.(2011) in India, on 74 diabetic patee@s
between 3%5 years,treated by hypoglycemic drug@netformin, glibenclamide and
combination),and divided into control group(n=36) treated only by hypoglycemic drugs
and interventiongroup (n=38)They were treated by hypoglycemic drugs in addition t
vitamin E in a dose of 600 mg once daily. Patients were followed for three mtehs,
study showed a significant reduction in HbAlc at p value <thObe intervention group

compared tdhe control group.

A different studycarried outby Bishop N. anchis collegue(1985), they followed
up fifty type 2 diabetic patients for foumonthstreated by500 mg vitamin C daily



Comparison with placebgroup revealednsignificant difference between vitamin C and

placebo on HbAlc. Showing the inability of thevidose of vitamin C to improve HbAlc.

5.7. Effect of vitamin C alone or in combination with vitamin E intake on total
cholesterol(TC)

Results of the present study demonstrated positive effect of vitamin C on TC
which was 244.842+34.466miy at the baselinegnd itdecreased to 210.158+38.063dig
at the end of the studyl'his means that TC was decreased significantly over the three
months of treatment (p value <0.09)he decrease in TC in response to vitamin C use
alone equaled 14.1%. Mever TC in patients who used vitamin C in combination with
vitamin E was 233.842+22.843vlj at the baseline, decreased to 200.105+27.264lmg
at the end of study with a reduction equal to 14.4%.This means that a significant difference
was found at p vake 0.05 in TC in this group of patients, and the reduction in TC
following vitamins intake was closely similar. This result means that vitamin C alone or
vitamin C in combination with vitamin E can play an important role as hypolipidimic
agents in type 2idbetic patientghat could help slowing dowthe progression otoronary
artery diseases as a consequences and complication of diabetes mellitus.

These results are similar tooge found by other researchers suchEagksson and
Kohvakka,1995;Afkhami and Shojaoddiny2007; Dakahle G.201Rafighi Z., 2011
Soliman G, 2012 and Vaksh S.,2013. For examptee study of Eriksson and Kohvakka
(1995) which was carried out on 56 type 2 diabetic outpaténtalmi municipal hospital
in Finland. The patients wersupplemented with laigh dose of ascorbic acid supplement
( 2.0 g per dayThe study showed an improvement in cholesterol levels of patedter
six months of vitamin C supplementation.

On the other hand Mazloom Z. et al, (20t&)ried out a study in Iran in order to
evaluate the effect of vitamin C supplementation on fasting and postprandial oxidative
stress and lipid profile on 30 tye diabetic patients aged between&® years andvere
treated by hypoglycemic drugRatientswere randomly divided into 2 groups; vitamin C
(1000 mg per day) treated group and placebo group , and they followed up for six weeks
Fasting and postprandiapid profile and Malondialdehyde (MDA) level were measured at
the beginning and the end of the study. The result of the study showed a significant
decrease in fasting (p = 0.006) and postprandial MDA (p < 0.001) in vitamin C treated
group compare to placédo group,but insignificant reduction in lig profile included TC

was found
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5.8.Effect of vitamin C alone or in combination with vitamin E intake on total
triglyceride (TG)

Data about total triglyceride (TG) level among the study population showed a
significant decrease in the level of triglyceride in patients who used vitamin C alone ,as
TG was 242.316+78.505nd at the baseline, decreased to 196.053+66.346nag the
end of study. Furthermore, a statistical significant reduction in TG with @ wOW5 in
patients who used vitamin C in combination with vitamin E was found, as TG was
241.000+£68.708 mddl at the baseline, decreased to 183.947+40.669dhat the end of
study. The reduction in this group was more significant than that seetientpavho used
vitamin C alone. Tareduction in TG in both groups who eithteiok vitamin C alone or
vitamin C in combination with vitamin E was indicative and means that, these antiexidant

can be considered an important adjuvant therapy in type 2idigiagients.

Different studies previously concluded that either vitamin C alone or in
combination with vitamin E gave positive effect on serum levetiglyceride (Owu DU et
al., 2006; Afkhami and Shojaoddiny, 2007 and Rafighi Z.,2Q01Epr example,a study
conducted byOwu DU et al.(2006) teevaluate the effect of oral vitamin C administration
on basal metabolic rate and lipid profile alloxarinduced diabetic rateh=6), vitamin C
was administered at 200 mg/kg body wt for eight weeks. The resut®dtbat vitamin C
administration significantly reducetiglyceride On the other hand, studies Bishop N.
et al. 1985and Boshtam M. et al.2005 showed that vitamin C and/or vitamin Had no
effect on TG. For examplBoshtam M. et al.(2005) conductadclinical study on 100 type
2 diabetic patients in Iran to determine the effect of vitamin E(200 IU/day) on TG for a
period of 27 weeks. Findings of this study showed no effect of vitamin E supplementation
on TG improvement. This could be explained by kw dose of vitamin E use¢{00
IU/day) .

5.9Effect of vitamin C alone or in combination with vitamin E intake on LDL -

cholesterol

In the current study, we used vitamin C (1000 mg per dawendivided dose) or
vitamin C(1000 mg per day in divided dose)combination with vitamin 800 mg per
day intwo divided dose) as antioxidanto evaluate their effect on LDL among type 2
diabetic patients. We found that a reduction in Efbiolesterol equaled to 36.474 fulig

was seen over the three months stuesiool, which was a highly significant reduction at p



value <0.05.The LDL level was 147.842+29.027nd at the baseline, decreased to
123.263+29.164mgl in the patients group who used vitamin C in combination with
vitamin E. The reduction in LDL levein the patients who used vitamin C alone agher

than that in the patients group who used vitamin C in combination with vitamin E, and the

reduction was equal to 23.1% and 16.6% in each graspectively.

Recently, it has been suggested that either mita C alone or vitamin C in
combination with vitamin E as antioxidant can play an important role in improving lipid
profile including LDL among type 2 diabetic patients. For examiile studies of both
Afkhami and Shojaoddiny2007 and Rafighi 22011 eached similar conclusion.

Rafighi Z. (2011)for example, carried out a study on 170 type 2 diabetic patients in
Iran Patients were divided into four groups; Vitamin C group was g(&&6.7 mg three
times aday), vitamin E group wassen (300IU three tineaday), vitamin C+E group was
given (3001U+266.7mg each three times aday) and the placebo group was given a capsule
of starch three times aday. The study extended three months. She found a significant
decrease in LDL level in all supplemented groups @egbto placehcand this decrease
was most significant in the combination group. These results weoenpatible with our

result.

On other hand , studies such as that carried out by MazlooB9Z1, and afkhami
and Shojaoddiny,2007 evaluated the effeadf vitamin C alone or vitamin C in

combination with vitamin E on LDL and found no effect.

For exampleAfkhami and Shojaoddiny (2007) conducted a study at Yazd Diabetes
Research Center in Iran on 84 patients with type 2 diabetes who were divided/anto t
groups,the first group(n=41) treated by vitamin C (500 mg) and the second @gne43)
treated by vitamin C (1000mg), both for six weekey found that vitamin C in a dose of
500 mg did not produce any significant decrease in LDL level, but theolds800 mg
decreased LDL level significanflyvhich means that a dose higher than 500mg per day is

needed to produce positive effect on LDL level.



5.10.Effect of vitamin C alone or in combination with vitamin E intake on
HDL -Cholesterol

The results of or study showed that the HDL Cholesterol levels throughout the
study period increased slightly but statically insignificard ptvalue< 0.05 in all groups
after three months of vitamin supplementation, suggesting no effect for vitamin C alone or
in combination with vitamin E on HDL cholesterol level among the study population.

This resultagreed with the result ofhe studycarried out byDakhale G.et a{2011), which

was carried out in India on 70 type 2 DM patients aged betweeQ3@ars). The
paients were divided randomly into placebo grdug35) and vitamin C groum=35)
Vitamin C was administrated in a dose of 1000 mg in two divided doses, both along with
metformin, patients were followed for 12 weeks. The study shawedignificant charg

in the serum levels of HDL in both groups.
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Conclusiormns and Recommendations

6.1.Conclusiors

Vitamin C and vitamin E are among the most widely studied dietary antioxidants,
which can play an important elas adjactive therapy of diabetes mellituso produce
better glycemic control and improve the lipid profile of diabetic patients , in orddelay

or prevent future chronic diabetic complications.

This study was carried out diity eight (three group) type2diabetic patients (Gaza
Strip) to evaluate the effeof vitamin C alone or in combination with vitamihon fasting
blood sugar (FBS),glycosylatdd hemoglobin(HbAlc)and lipid profile among those
patients. Furthermore; the study was also conduiiedompare the effect of vitami@
alone or vitamin C in combination with vitamin iBtake on the same parameteand the
same population. At the end of the study and following data analysispncludd:

1. Both vitamin C (500 mg twice adagJone and ¥amin C in combination with vitamin E
(400 mg twice aday) had excellent antioxidant effect and gave a clear positive effect on
FBS, HbAlc, TC, TG and LDL among type 2 diabetic patients. They both reduced these
parameters significantly after three montifigreatment.

2. Both vitamin C (500 mg twice adagone and vitamin C in combination with vitamin E
(400 mg twice aday) increased the level of HDL slightly but statisticallysigmificant.

3. The reduction in FBSIbAlc and TG caused by vitamin C (50Qyiwice aday)in
combination with vitamin 400 mg twice aday) was more than the reduction caused by
vitamin C (500 mg twice aday) alone, while the reductionTi@ caused by both was
closely similar (Table 6.1)

4. The reduction in the serum level of LDkas more significant in vitamin 600 mg
twice aday) treated group than time group treated byitamin C (500 mg twice adayh
combination with vitamin E400 mg twice adayjTable 6.1)

5. The improvement in lipid profilseen in this studgould leadto reductionof the future

type 2 diabetes mellitus complicat®n



Table 6.1:The effect of vitamin C(500mg twice aday) alone or in combination

with vitamin E (400 mg twice aday) on the study parameters

Parameter Vitamin C alone Vitamin C in combination
with vitamin E

FBS 7.00%Z 22.75%

HbAlc 11.50%Z 16.30%Z

TG 19.20%Z 23.60%Z

TC 1410%Z 14 40%Z

LDL 23.10%Z 16.60%Z

6.2.Recommendations

1. Increase awareness of diabetic patients to the consequences and complications of
diabetes mellitus.

2. Patents compliance to their oral hypoglycemic drugs in order to delay or avoid chronic
diabetic complication.

3. Increase awareness about the relationship between chronic diabetic disease and
oxidative stress.

4. Recommend the use of antioxidants as radixe therapy for type 2 diabetic patients as

they give good glycemic control and improve the lipid profile in order to delay or ovoid
chronic complications of diabetesellitus

5. Further studies on a larger number of patients and for a Idal@w-up peliods are
recommended to assess the long effect of antioxidants on glycemic control and lipid profile

in type 2 diabetic patients.
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Annexes

Questionnaire concerning life style of patients

Name of the patient: éééééééééécécéce
Agee éééééeéé. sex ¢€ééééé

Height: é é é Weight: é é é . BMI(Kg/m2): é é é

Educational level é é ¢ é é é é .

////////

/////////////////////////

eéeééeéeécéeeéecceecéecéeeccéee

Do you have other disease?

a)Yes b)No

I f yes, name of diseaseééeéeéeéeééééé
Do you take any drug otherthan metformin?

a)Yes b)No

I f yes, Name the drug: éééeéeéecée.

Do you eat or drink green tea daily?

a)Yes b)No

Do you eat or drink cinnamon daily?

a)Yes b)No

Do you eat vegetables and fruits daily?

a)Yes b) No

Do you eat garlic daily?

a)Yes b)No

Do you take garlic supplement daily?

a)Yes b)No

Do you take mini or multivitamins supplements daily?
a)Yes b) No

I f yes, Name the supplement éééeéeeeéeecéecé.

Did you take mini or multivitamins during the last three months?
A)Yes b)No

I f yes, Name the supplement éééééééeécé.
Do you take omega3 daily?

a)Yes b) No
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