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Abstract 

 

Persistent hyperglycemia causes increases in the production of free radicals 

especially reactive oxygen species (ROS) which promote the 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 in type 2 diabetic patients in Gaza strip. To 

achieve this purpose sixty type 2 diabetic patients were selected from Palestine Medical 

Relief Society  and some UNRWA health centers in Gaza Strip. All patients were treated 

with metformin and divided into three groups, but two patients withdrawn due to 

incompliance. The first group (n=20) continued on metformin therapy only (control 

group). The second group (n=19) was treated with vitamin C along with metformin,  

whereas the third group (n=19) was treated with vitamins C and 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 sugar (FBS), glycosylated hemoglobin (HbA1c) and lipid 

profile (TG,TC,LDL,HDL). 

The results showed significant reduction in FBS, HbA1c and lipid profile among 

patients who used vitamin C (G2) and combinations of vitamin C and E (G3) compared to 

the control group after three months of treatment. the reductions in FBS , HbA1c  and TG 

were more significant in G3 than G2, while the reduction in total cholesterol (TC) was 

similar in both groups. The reduction in LDL was more significant in G2 than G3.  

Intake of vitamin C alone or vitamins C and E combination  caused a small increases in 

HDL-cholesterol; 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 provide a good glycemic control and reduce TG, 

TC, and LDL-cholesterol levels significantly and improve HDL-cholesterol level. 

Key words: Reactive Oxygen Species (ROS); Vitamin C;  Vitamin E; Fasting Blood 

Sugar (FBS); Glycosylated hemoglobin (HbA1c); Triglyceride (TG); Total cholesterol 

(TC); Low Density Lipoprotein (LDL) ; High Density Lipoprotein (HDL) 
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ƕƨäîìǁä òƢǂǄ 
 èƓùùƑǒðƞǃå êƓùùƙǈã æƕùùƪǒ Ɠùùǆǆ þíùùǃå ǑùùƼ ïǂùùƪǃå ăāƙùùƪǆ ǑùùƼ þùùƑåí ÷ƓùùƽƙïƓƕ ĄƓĄƕāơùùƮǆ ÿāùùǂǒ ăïǂùùƪǃå ôïùùǆ

ăïǂƪǃå ôïǆ èƓƽƵƓưǆ ÿǆ íǒíƶǃå éāíơ æƕƪƙ Ɠǋïāíƕ Ǒƙǃå ƗõƬǈǃå çïơǃå. 
 ÿùǆ úíùǌǃåкƦ Ɨùƪåïíǃå Ā: ïǒƛƋùƙ þǒùǒǀƙ āùǋvitamin C ƴùǆ āá ǉíïùƽǆƕ vitamin E  ǚùƶǂ íƵƓùùƪǆ ê

ÿǆ ýǒǄǀƙǄǃ ïǂƪǃå ăāƙƪǆÜ  ǑùƼ ƗùǒǈƓƛǃå Ɨùƞïíǃå ÿùǆ ăïǂùƪǃå Ǒùưïǆ ÿǒùƕ þíùǃå ǑƼ ÿāǋíǃå ăāƙƪǆā ïǂƪǃå ÿāðƤǆ
çðƹ ÷Ɠõƿ. 
  ßåïùùùùƞǗĀƦ êǚùùùùƵ ÿāǃāƓùùùùǈǒ ÿǒîùùùùǃå ǑǈƓùùùùƛǃå ÷āùùùùǈǃå ÿùùùùǆ ăïǂùùùùƪ ôǒïùùùùǆ ÿǒƙùùùùƪ ïƓùùùùǒƙƤå þùùùùƙ Ɨùùùùƪåïíǃå Ā

metformin éāùùùùùùƺǃå ƗùùùùùùǃƓǂā èåíƓùùùùùùǒƵ ôùùùùùùƶƕā Ɨùùùùùùǒƕõǃå ƗùùùùùùƛƓƹǗå Ɨùùùùùùƪƪâǆ ǑùùùùùùƼ ăïǂùùùùùùƪǃå çíƓùùùùùùǒƵ ÿùùùùùùǆ õùùùùùùǀƼ               
) (UNRWA çðùùƹ ÷Ɠùùõƿ ǑùùƼ ÜƗùùƪåïíǃå ƗùùǈǒƵ ÿùùǆ ÿǒùùưǒïǆ ßƓǈƛƙùùƪå þùùƙ íùùƿ āÜāƦ ǑõƓùùƶƙƕ þǌǆåðùùƙǃå þíùùƶǃ  üùùǃ

Ɨƪåïíǃå çïƙƼ ýǚƤ èƓǈǒǆƓƙǒƽǃå . 
èƓùƵāǆƞǆ éǚùùƛ Ǒùǃã Ǒùùưïǆǃå þǒùƪǀƙ þùƙ : ǑùùǃāǕå ƗùƵāǆƞǆǃå)ÿ=20 (ăïǂùƪǃå êǚùƵ ǑùùǄƵ èïǆƙùƪå 

metformin) (ÿǒǆƓùùƙǒƼ ăá êǚùùƶǄǃ úƓùùưǒ þùùǃā Ü āǆƞǆǃåƗùùǒǈƓƛǃå ƗùùƵ )ÿ=19 (æ ƓùùǌƞǚƵ þùùƙ  vitamin C 
)500  ĄƓùùǒǆāǒ ÿǒƙïùùǆ þùùƞǆ ( êǚùùƶǃ ƗƼƓùùùưǗƓƕmetformin ÜƗùùƛǃƓƛǃå ƗùùùƵāǆƞǆǃå Ɠùùǆǈǒƕ)ÿ=19 (æ ƓùùùǌƞǚƵ þùùƙ 

vitamin C )500  ĄƓùùùǒǆāǒ ÿǒƙïùùùǆ þùùùƞǆ ( ƴùùùǆvitamin E )400  ĄƓùùùǒǆāǒ ÿǒƙïùùùǆ þùùùƞǆ (ǃ ƗƼƓùùùưǗƓƕǄêǚùùùƶ 

(metformin)  . ïùƞã ā Ǒùưïǆǃå ƗùƶƕƓƙǆ þùƙ íùǀǃ ïāǌùƬ Ɨùƛǚƛ íùƶƕā Ɨùƪåïíǃå Ɨùǒåíƕ ǑùƼ þùǌǃ ƗùǒïƕƤǆ èƓùƮāơƼ ßå
ýǆùƬƙ Ǒùǋā þíùǃå ÿāùǋíā ïǂƪǃå ÿāðƤǆ ā þƓǒƮǃå ƗǃƓơ ǑƼ þíǃå ǑƼ ïǂƪǃå ăāƙƪǆ ÿǆ ýǂǃ):ǑùǄǂǃå ýāïƙùƪǃāǂǃå Ü

Ɨǒƛǚƛǃå ÿāǋíǃåÜÿƪơǃå ýāïƙƪǃāǂǃå ā Ɛǒƪǃå ýāïƙƪǃāǂǃå.( 
 ƓùĄưƓƽƤǈå ïùǌöá Ɨùƪåïíǃå ƝƑƓùƙǈ ýǒǄơƙƦǑùƼ ƗǒƑƓùƮơã ƗùǃǙí å þƓǒùƮǃå ƗùǃƓơ ǑùƼ þíùǃå ǑùƼ ïǂùƪǃå ăāƙùƪǆ Ü

 üùǃîā ǑùǃāǕå ƗùƵāǆƞǆǃå Ǒùưïǆƕ  ƗùǈïƓǀǆ ƗƛǃƓƛǃåā ƗǒǈƓƛǃå ƗƵāǆƞǆǃå Ǒưïǆ ǑƼ ÿāǋíǃå ăāƙƪǆ ā ïǂƪǃå ÿāðƤǆ
Ɨƪåïíǃå ÿǆ ïāǌƬ Ɨƛǚƛ íƶƕ. 

 ïùƛǂá ÿƓùǂ Ɨùǒƛǚƛǃå ÿāǋíùǃå ā ïǂùƪǃå ÿāðùƤǆ ā þƓǒùƮǃå ƗǃƓơ ǑƼ þíǃå ǑƼ ïǂƪǃå ăāƙƪǆ ǑƼ ôƓƽƤǈǙå
ǑƼ Ɠơāưā  ƓǒāƓùƪƙǆĄ ƓùƕĄǒïǀƙ ÿƓùǂ ýāïƙƪǃāǂǃå ăāƙƪǆ ǑƼ ôƓƽƤǈǙå ā ƗǒǈƓƛǃå ƗƵāǆƞǆǃƓƕ ƗǈïƓǀǆ ƗƛǃƓƛǃå ƗƵāǆƞǆǃå

ƗùǒǈƓƛǃå ƗùƵāǆƞǆǃå ǑùƼ Ɠơāùưā ïùƛǂá ÿƓùǂ Ɛǒùƪǃå ýāïƙùƪǃāǂǃå ăāƙƪǆ ǑƼ ôƓƽƤǈǙå Ɠǆǈǒƕ  ÿǒƙƵāǆƞǆǃå ƓƙǄǂ ǑƼ .
 ÿùǆ Ąǚùǂ ýāƓùǈƙ æƕùƪƙ íùǀǃāvitamin C āá ǉíïùƽǆƕ ÿùǆ Ąǚùǂ vitamin C ƴùǆ vitamin E  ÿāí Ɨõǒùùƪƕ çíƓùǒð

ƗƛǃƓƛǃå ā ƗǒǈƓƛǃå ÿǒƙƵāǆƞǆǃå ƓƙǄǂ ǑƼ ÿƪơǃå ýāïƙƪǃāǂǃå ăāƙƪǆ ǑƼ ƗǒƑƓƮơã ƗǃǙí. 
ƗùùƮǚƤǃå : ýùùƛǆ çíùùƪǂǕå èåíƓùùưǆ ýāƓùùǈƙvitamin C  ƴùùǆ āá ǉíïùùƽǆƕ ßåāùùƪvitamin E  ýùùƕƿ ÿùùǆ

êǚùùƵ õùùǀƼ ÿāǃāƓùùǈƙǒ ÿǒîùǃå ƗùùǒǈƓƛǃå Ɨùùƞïíǃå ÿùùǆ ăïǂùùƪǃå Ǒùưïǆ  metformin ùùǃã ăíâùùǒ ƗùùǃǙí āî ôƓùùƽƤǈå Ǒ
 ǑƼ ïǂƪǃå ăāƙƪǆ ǑƼ ƗǒƑƓƮơåǂƪǃå ÿāðƤǆā þƓǒƮǃå ƗǃƓơ ǑƼ þíǃåïÜ  ăāƙùƪǆ ǑùƼ Ơùưåā ôƓùƽƤǈå Ǒùǃã üǃîùǂā

þíǃå ÿāǋí. 
ƕøøǐƟƑƗƻǄǁä çƑøøǄǂǀǁä: ƗõùùƬǈǃå çïùùơǃå èƓùùƑǒðƞǃåÜVitamin C ÜVitamin E Ü þíùùǃå ǑùùƼ ïǂùùƪǃå ăāƙùùƪǆ

þƓǒƮǃå ƗǃƓơ ǑƼ Üïǂƪǃå ÿāðƤǆ ÜƗǒƛǚƛǃå ÿāǋíǃå Üå ăāƙƪǆýāïƙƪǃāǂǃ ÜƐǒƪǃå ýāïƙƪǃāǂǃåÜÿƪơǃå ýāïƙƪǃāǂǃå 
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Abbreviations: 
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Introduction  

 1.1.Background 

Diabetes mellitus (DM) is a chronic progressive  metabolic disorder characterized 

by dysfunction in the metabolism of fat, carbohydrates, protein and insulin(Bastaki S. 

2005; Shargel L. et al. 2004;Matough F. et. al.2012)with inappropriate hyperglycemia due 

either to an absolute deficiency of insulin secretion or  reduction of its  biological 

effectiveness or both(Francis S. et al. 2003 ; Kangralkar V. et.al.2010;ADA. 2011). It is 

also associated with long-term 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 ,its prevalence 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%of the global population) with diabetes, 

and the numbers are expected to rise to 366 million(4.4% of the global population) by 2030 

(Mousa S. 2008; Rafighi Z. 2011;Erejuwa O. 2012; Matough 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 older  (MOH,2004; Husseini A.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 Report of the 

Department of Health, 2010). 

Diabetes mellitus can be diagnosed either by the fasting blood sugar test which 

must be Ó126 mg/dl (7.0 mmol/L) or the oral glucose tolerance test which must be Ó200 

mg/dl (11.1 mmol/L).Also  by the presence of  symptoms of hyperglycaemia and random 

blood glucose Ó200 mg/dl(11.1 mmol/L). More recently, an international expert committee 

has recommended that DM can also be diagnosed by demonstrating increased haemoglobin 

A1c (HbA1c) of Ó 48mmol/mol (equivalent to Ó 6.5%) which has also been endorsed by 

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, Sulfonylurea and Repaglinide, Ŭ-Glucosidase inhibitors and 

Thiazolidinediones ,while insulin by its different forms is used for treatment of diabetes 
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mellitus type 1 and sometimes in type 2, that are not controlled by oral antidiabetic 

drugs(Kumar B. 2006). 

During diabetes, persistent hyperglycemia causes increased production of free 

radicals especially reactive oxygen species (ROS) from glucose auto-oxidation and protein 

glycosylation (Maritim A. et al. 2003;Moussa S. 2008). The increase in the level of ROS in 

diabetes could be due to their increased production and / or decreased destruction by 

nonenzymic and enzymic catalase (CAT), reduced glutathione (GSH) and superoxide 

dismutase (SOD) antioxidants(Kangralkar V. et al. 2010), these ROS can lead to damage 

of cellular organelles and enzymes, increased lipid peroxidation, and development of 

insulin resistance, which consequently promotes the development of complications of 

diabetes mellitus, especially increased incidence of atherosclerosis (Maritim A. et al. 

2003).  

Thus the antioxidant can play a good role as adjunctive therapy of diabetes mellitus type 2, 

to achieve good glycemic control and minimize the cardiovascular complications. So our 

study  was  intended to investigate the role of antioxidants including vitamin C alone or in 

combination with vitamin E in glycemic 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 which persistent 

hyperglycemia causes increased production of free radicals especially reactive oxygen 

species (ROS)  thus vitamin C and vitamin E which are a potent antioxidants can play an 

important role in protecting free radical-induced tissue damage, also vitamin C is 

structurally similar to glucose,  so it can replace it in many chemical reactions ,thus it is 

effective in preventing nonenzymatic glycosylation of protein. In addition, 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. 2007). Vitamin E has anti-

inflammatory properties, and it can prevent damage to lipids within membranes or 

lipoproteins by oxygen free radicals attack on lipids, also it may improve insulin action and 

insulin secretion (Halliwell 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
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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 diabetes. Therefore, we designed this prospective 

controlled study which is the first in Gaza strip to evaluate the effect of vitamin C alone or 

in combination with vitamin E combination as supplements on fasting blood sugar level, 

HbA1C and lipids profile in type 2  diabetic patients, that might give better glycemic 

control and  minimize future cardiovascular complications. 

1.3.Main Objective: 

Evaluate the effect of vitamin C alone or in combination with vitamin E as 

adjunctive therapy in reducing fasting blood sugar level, glycosylated hemoglobin and 

lipid profile in type 2 diabetic patients. 

1.4.Specific Objectives: 

1. Evaluate the effect of  vitamin 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 the serum level of glycosylated hemoglobin (HbA1C)in type 2 diabetic 

patients. 

3. Evaluate the effect of  vitamin C alone or in combination with vitamin E as adjunctive 

therapy on the lipid profile in type 2 diabetic patients.  

4.To suggest recommendations according to the results of the study concerning  the use of 

vitamin C alone or the  in combination with vitamin E as adjunctive therapy in 

management of diabetes mellitus. 
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Literature Review 

2.1.Diabetes mellitus 

2.1.1.General aspects: 

Diabetes mellitus (DM) is a chronic progressive metabolic disorder characterized 

by dysfunction in the metabolism of fat, carbohydrates, protein and insulin(Shargel L. et 

al., 2004;Bastaki S., 2005;Matough F. et. al., 2012) with inappropriate hyperglycemia due 

either to an absolute deficiency of insulin secretion or  reduction of its  biological 

effectiveness or both(Francis S. et al., 2003; Kangralkar V. et.al., 2010; ADA,2011) and it 

is associated with long-term damage, dysfunction, and failure of different organs, 

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

2.1.2.Classification: 

Diabetes mellitus type (I): 

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

of diabetic patients and it is most common in children and adults Ò 30 years old (Shargel L. 

et al., 2004).There is absolute deficiency of insulin caused by massive ɓ cells necrosis and 

it is characterized by hyperglycemia and life- threatening ketoacidosis(Bastaki S., 

2005;Howland R. et al.,2006). 

Diabetes mellitus type(II): 

It is called noninsulin dependent diabetes mellitus(NIDDM), it accounts  for about 

90% of diabetic patients (Francis S. et al., 2003;Shargel L. et al., 2004). It is most common 

in adults > 30 years old, the insulin production and secretion may be altered or reduced but 

not totally lacked and it is characterized by hyperglycemia and insulin resistance (Howland 

R. et al., 2006). 

Gestational diabetes mellitus : 

It is defined as any degree of glucose intolerance that occur during pregnancy, it 

occurs in about 2-4% of pregnant women during the second and third trimester and it 

increases the risk of developing DM type (II) in the future (Bastaki S., 2005;Buchanan A. 

and Xiang A., 2005). 

Other specific types(Secondary diabetes): 

It is caused by genetic defects of the pancreatic ß cells or in insulin action pathways 

(insulin receptor mutations or post-receptor defects) as well as disease of the exocrine 
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pancreas (e.g. Pancreatitis, pancreatic reaction, or cystic fibrosis). Endocrinopathies 

producing excess insulin counter regulatory hormones (as Cushingôs syndrome, 

Acromegaly) also result in diabetes and certain drugs like glucocorticoids, pentamidine, 

niacin, and Ŭ-interferon may also lead to diabetes(Bastaki S., 2005; ADA, 2011). 

2.1.3.Epidemiology of diabetes mellitus 

Diabetes is the most common endocrine disorder all over the world, the prevalence 

of diabetes is expected to rise in the next decade. In 2000, the World Health Organization 

(WHO) recorded a total of 171 million people from all age groups worldwide (2.8% of the 

global population) with diabetes, and the numbers are expected to rise to 366 million  

(4.4% of the global population) by 2030 (Sarah W.,2004; Mousa S., 2008; Rafighi 

Z.,2011;Erejuwa O., 2012;Matough 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 older  (MOH,2004; Husseini A.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 Report of the 

Department of Health, 2010). 

2.1.4.Diagnosis of diabetes mellitus  

For decades the diagnosis of diabetes has been based on blood glucose criteria, 

either the fasting blood sugar or the 75-gram oral glucose tolerance test. More recently, an 

international expert committee has recommended that DM can also be diagnosed by 

demonstrating increased haemoglobin A1c (HbA1c) of Ó 48mmol/mol (equivalent to Ó 

6.5%),which has also been endorsed by the WHO (ADA,2011and National Medicines 

Information Centre, 2011).  

Criteria for diagnosis of diabetes mellitus 

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

1. HbA1c Ó 48mmol/mol (equivalent to Ó 6.5%). 

2. Fasting blood sugar Ó126 mg/dl (Ó7.0 mmol/L). Fasting is defined as no caloric intake 

for at least 8 hrs. 

3. Two hour blood glucose Ó200 mg/dl (11.1 mmol/L) during an oral glucose tolerance 

test(OGTT). The test should be performed as described by (WHO), using a glucose load 

containing the equivalent of 75 g anhydrous glucose dissolved in water.  
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4. Symptoms of hyperglycaemia and random blood sugar Ó200 mg/dl(11.1 mmol/L). 

In the absence of unequivocal hyperglycemia, criteria 1ï3 should be confirmed by repeat 

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

2.1.5.Treatment of diabetes mellitus 

Table 2.1:Current therapeutic agents of diabetes mellitus 

Drug class Available drugs Mode of actions 

Sulphonylureas and 

Repaglinide 

 

 

 

Chlorpropamide 

Tolbutamide 

Glibenclamide 

Glipizide 

Gliclazide 

Tolazamide 

Glibornuride 

Acetohexamide 

Increase insulin 

secretion 

 

Biguanides  

 

Metformin Counter insulin 

resistance 

Ŭ-Glucosidase inhibitors 

 

Acarbose Slow carbohydrate 

digestion 

Thiazolidinediones  

 

Roziglitazone 

Pioglitazone 

Selectively increase 

insulin sensitivity 

Dipeptidyl peptidase 4 

(DPP-4) inhibitors(Gliptins) 

 

Sitagliptin 

Vildagliptin  

Triggering pancreatic insulin 

secretion, suppressing 

pancreatic glucagon secretion, 

and signaling the liver to 

reduce glucose production 

Insulin Insulin lispro, 

 Insulin aspart 

Insulin glargine, 

Insulin detemir  

Decrease hepatic 

glucose production 

and increase 

peripheral glucose 

utilization 
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2.1.5.1.Antidiabetic drugs : 

Drug therapy of NIDDM should be considered when diet, patientôs education, and 

increased physical activity have failed to achieve individual treatment goals.  

Sulphonylureas 

Sulphonylureas are widely considered as treatment of NIDDM patients who are not 

grossly obese, they are classified as insulin secretagogues. They with a new short-acting 

insulin releaser (repaglinide) act directly on the islet ß cells to close ATP-sensitive K+ 

channels, which stimulate insulin secretion(Katzung B., 2004; Kumar B., 2004;Bastaki S., 

2005;Howland R.,2006). 

Biguanides 

Metformin is the only established antidiabetic drug that deals with insulin 

resistance and classified as insulin sensitizer. Its glucose-lowering effect is mainly a 

consequence of reduced hepatic glucose output (gluconeogenesis and glycogenolysis) and 

increased insulin-stimulated glucose uptake and glycogenesis in skeletal muscle. 

Metformin improves insulin action in tissues that are acutely sensitive to insulin by 

increasing insulin-stimulated insulin-receptor phosphorylation and tyrosine-kinase A. 

Another action of metformin is to reduce fatty acid oxidation in an apparently insulin-

independent manner. 

Ŭ-glucosidase inhibitors 

Acarbose and related compounds competitively inhibits Ŭ-glucosidases that are 

associated with the brush border membrane of the small intestine which are responsible for 

the digestion of complex polysaccharides and sucrose. This slows carbohydrates digestion 

and lowers post-prandial hyperglycemia. 

Thiazolidinediones (TZDs) 

Peroxisome proliferator-activated receptors (PPARs) are ligand- activated 

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-g, which increases transcription of certain insulin-sensitive 

genes. Thus, TZDs provide a new approach to the treatment of insulin resistance. They are 

represented by Troglitazone, Roziglitazone, and Pioglitazone (Bastaki S., 2005;Howland 

R.,2006). 
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Dipeptidyl peptidase 4 (DPP-4) inhibitors(Gliptins)  

The dipeptidyl peptidase 4 (DPP-4) inhibitors enhance the body's own ability to 

control blood glucose by increasing the active levels of incretin hormones in the body. 

Their mechanism of action is distinct from any existing class of oral glucose-lowering 

agents. They control elevated blood glucose by triggering pancreatic insulin secretion, 

suppressing pancreatic glucagon secretion, and signaling the liver to reduce glucose 

production(Barnett 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 remarkable life expectancy for diabetics, whether 

of type I or type II. 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 concentrations by suppressing hepatic 

glucose production, increasing postprandial glucose utilization, and improving the 

abnormal lipoprotein composition commonly seen in patients with insulin resistance. 

Insulin therapy may also decrease or eliminate the effects of glucose toxicity by reducing 

hyperglycemia to improve insulin sensitivity and ß-cell secretary function. It suppresses 

ketosis and helps in delaying or arresting diabetic complications (Katzung B.,2004;Kumar 

B., 2006). 

Initially, injectable bovine or bovine-porcine mixtures were used for treating 

diabetes. However, it was difficult to replicate the normal pattern of nutrient-related and 

basal insulin secretion due to high inter- and intra-subject variability in subcutaneous 

absorption. The advent of recombinant DNA technology provided an opportunity to design 

insulin analogues in an attempt to overcome these limitations. The subsequent availability 

of rapid-acting (insulin lispro, insulin aspart) and long acting (insulin glargine and detemir 

insulin) insulin analogues for meal and basal requirements offer both individual and 

collective advantages (Bastaki S., 2005;Howland R.,2006).  

2.1.6.Complications of diabetes mellitus 

2.1.6.1.Acute complications 

These include diabetic ketoacidoses (DKA) and non-ketotic hyper-osmolar state 

(NKHS). While the first is seen primarily in individuals with type 1 DM, the latter is 
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prevalent in individuals with type 2 DM. Both disorders are associated with absolute or 

relative insulin deficiency, volume depletion, and altered mental state (Kumar B., 2006).  

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 and 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 disease) (Donaghue K.,2009). Nonvascular complications include 

problems such as gastroporesis, sexual dysfunction, and skin changes (Kumer B., 2006). 

2.2.Oxidative/ Nitrosative Stress: 

Recently, oxidative/nitrosative stress has been associated with diabetes, which is 

defined in general as excess formation and/or insufficient removal of highly reactive 

molecules such as reactive oxygen species (ROS) and reactive nitrogen species (RNS) 

(Mousa S., 2008; Kangralkar V. et.al.,2010;Matough F. et. al., 2012).Generally oxidants 

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 

levels 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 DNA and inhibit 

their normal function (Valko M., 2007), thus leading to cellular death or to acceleration of 

aging and age-related diseases, all are summarized in the following figure (Valko M., 

2007;Kangralkar V. et.al.,2010). 
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Figure 2.1.:The sources and cellular responses to reactive oxygen species(ROS) 

(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 orbitals. This 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 such as superoxide (
Å
O2

-
), hydroxyl (

Å
OH), peroxyl 

(
Å
RO2), hydroperoxyl (

Å
HRO2

-
) as well as non-radical species such as hydrogen peroxide 

(H2O2) and hydrochlorous acid (HOCl)(Wiemsperger NF., 2003; Johansen J. 

et.al.,2005;Vogiatzi G.,2009; Erejuwa O., 2012), while RNS include free radicals like 

nitric oxide (
Å
NO)and nitrogen dioxide (

Å
NO2

-
) as well as non-radicals such as peroxynitrite 

(ONOO
-
), nitrous oxide (HNO2) and alkyl peroxynitrates (RONOO). Of these reactive 

molecules, only 
Å
O2

-
, 
Å
NO and ONOO

-
 can play an important roles in the diabetic 

cardiovascular complications(Johansen J. et.al.,2005; Erejuwa O., 2012). Nitric oxide(
Å
NO)  

is normally produced from L-arginine by endothelial nitric oxide synthase (eNOS) in the 

vasculature, it mediates endothelium-dependent vasorelaxation by its action on guanylate 

cyclase in vascular smooth muscle cells (VSMC). Initiating a cascade that leads to 

vasorelaxation (Johansen J. et.al.,2005;Ulker S. et al.,2004;Valko M., 2007). It also 
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displays antiproliferative properties and inhibits platelet and leukocyte adhesion to vascular 

endothelium. Therefore, 
Å
NO is considered a vasculoprotective molecule. However, 

Å
NO 

easily reacts with superoxide, generating the highly reactive molecule peroxynitrite 

anion(ONOO
-
), which triggers a cascade of harmful events including DNA fragmentation 

and lipid oxidation(Johansen J.et.al.,2005;Valko M., 2007). Therefore , presence of 
Å
O2-, 

determines whether 
Å
NO exerts protective or harmful effects. Superoxide (

Å
O2) is produced 

by one electron reduction 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 conditions,
Å
O2

-
 is quickly eliminated by antioxidant 

defense mechanisms, as it is dismutated to H2O2 by manganese superoxide dismutase (Mn-

SOD) in the mitochondria and by copper superoxide dismutase (Cu-SOD) in the cytosol, 

which is converted to H20 and O2 by glutathione peroxidase (GSH-Px) or catalase in the 

mitochondria and lysosomes, respectively. But H2O2 can also be converted to the highly 

reactive 
Å
OH radical in the presence of transition elements like iron and copper (Johansen 

J. et.al.,2005;Kangralkar V. et. al.,2010).   Furthermore the Production 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). 

 

 

Figure 2.2.:Generation of reactive species in diabetes(Johansen J. et.al.,2005) 
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2.2.2.Oxidative stress and its sources in diabetes mellitus 

Under normal conditions and in most diseases including diabetes mellitus, 

mitochondria is the main source of reactive species (RS) and oxidative stress. During 

mitochondrial oxidative metabolism, the bulk of oxygen (O2) utilized is reduced to 

H2O,while less than 2% of O2 consumed is converted to
Å
O2- ,which is an important ROS 

because it may be converted to other reactive species  including H2O2, 
Å
OH 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 by chronic 

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 

hyperglycemia, 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 generates greater 

amounts of 
Å
O2ī more than mitochondrial SOD can dismutase (Wiemsperger NF.,2003; 

Johansen J. et.al.,2005;Erejuwa O., 2012). This tilts the normal delicate balance between 

mitochondrial ROS production and mitochondrial ROS degradation in favor of 

mitochondrial ROS generation, and oxidative stress ensues. Through non-enzymatic 

glycation reaction, glucose can react with  proteins or lipoprotein to produce several 

intermediate products such as Sciff base and more stable Amadori products best known as 

hemoglobin A1c, before generating advanced glycosylation endproducts (AGEs) which are 

more stable and irreversible accelerating atherosclerosis (Aronson D., 2002; Wiemsperger 

NF., 2003;Erejuwa O., 2012).Also evidence indicates ROS are generated at each step of 

these reactions. Moreover, with excessive glucose in diabetes, it has been shown that 

glucose is diverted to other pathways such as sorbitol (polyol) and hexosamine pathways 

where glucose is metabolized and ROS are generated (Johansen J.et.al.,2005;Erejuwa 

O.,2012). 
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Figure 2.3.:The formation of advanced glycosylation end products (Arnoson D.,2002) 

2.Impaired antioxidant defense system 

Impaired antioxidant defense system, such as reduced levels of endogenous 

antioxidants reduced/enhanced antioxidant enzyme activities and increased levels of 

oxidative stress markers such as Malondialdehyde (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 non-enzymatic glycation of these 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 may impair the efficiency of 

the entire antioxidant defense system or network (Ataly M. and Laaksonen 

D.,2002;Erejuwa O., 2012;Matough F.,2012). 

3.Increased activity of ROS-generating enzymes 

The activities of many ROS-generating enzymes such as cyclooxygenase, xanthine 

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 scavenges 
Å
O2
ī
 in non-diabetic subjects. However, the eNOS 

has been found to be uncoupled in diabetic blood vessels where it produces 
Å
O2īinstead of 

Å
NO.  Hyperglycemia might play an important role in the upregulation and uncoupling of 

ROS-generating enzymes (Johansen J. et.al.,2005;Erejuwa O., 2012). 
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4.Hyperinsulinemia / Insulin deficiency 

Insulin resistance characterized by hyperinsulinemia or insulin deficiency which 

are frequent in the majority of the individuals with type 2 diabetes mellitus. Insulin induces 

the release of H2O2 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 generation of H2O2. Eventhough H2O2 is 

a non-free 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 and iron, H2O2 

undergoes Fenton reaction to be reduced and generate 
Å
OH which is implicated in the 

initiation and propagation of lipid peroxidation. Thus, hyperinsulinemia and insulin 

deficiency via H2O2 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 stress (Wiemsperger NF.,2003;Erejuwa O., 2012). 

5.Other sources of ROS and oxidative stress in diabetes mellitus 

Diabetes mellitus is characterized 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 the oxidation 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 atherosclerosis(Erejuwa O., 2012; Matough F.,2012). Evidence 

indicates that the levels of certain pro-oxidants 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 enhance the oxidation of LDL cholesterol. Other potential sources of ROS 

include aging, menopause, diet and physical activity (Erejuwa O., 2012). 

2.2.3.Role of oxidative stress in the pathogenesis of diabetes mellitus 

Evidence implicates the role of oxidative stress in different stages of the 

development of diabetes mellitus, starting from the pre-diabetes state, impaired glucose 

tolerance, postprandial hyperglycemia, mild diabetes and finally to overt diabetes mellitus . 
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Besides ɓ -cell dysfunction, insulin resistance is a major characteristic feature of type 2 

diabetes mellitus in which oxidative stress plays an important role (Erejuwa O.,2012). 

2.2.3.1.Role of oxidative stress in ɓ-cell dysfunction 

The ɓ -cells express low level of antioxidant enzymes such as SOD, CAT and GPx 

and thereby increase their susceptibility to oxidative stress. Increased mitochondrial ROS 

production in the ɓ -cells results from enhanced glucose or fatty acid flux through 

glycolysis and the TCA cycle, generates excess 
Å
O2

-
 which gives rise to other ROS and 

RNS(Chang Y.,2010;Ceriello A. and Motz E., 2012; Matough F.,2012). Besides 

mitochondria, NADPH oxidases, nitric oxide synthases, and phagocytes are other key 

sources of ROS in the ɓ -cells. Furthermore the pancreas is highly susceptible to oxidative 

stress as H2O2 and products of oxidative stress which inhibit glucose stimulated insulin 

secretion (Erejuwa O., 2012; Matough F.,2012).  

2.2.3.2.Role of oxidative stress in insulin resistance 

Various mechanisms by which oxidative stress contributes to insulin resistance 

have been identified, which include :oxidative stress-impaired insulin-induced Glucose 

transport 4 (GLUT4) translocation , oxidative stress-induced impairment in insulin 

stimulation of protein kinase B and glucose transport, oxidative stress-induced interruption 

of insulin-induced cellular redistribution of insulin receptor substrate-1 and 

phosphatidylinositol 3-kinase in adipocytes. Oxidative stress can directly induce 

considerable 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 and 
Å
NO donor in the degradation of insulin receptor substrate-1and 

increased S-nitrosylation of certain molecules or pathways involved in insulin signaling 

such as insulin receptor, insulin receptor substrate-1which has been reported to play an 

important role in insulin resistance (Henriksen E.,2011;Erejuwa 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 endogenous and exogenous in origin or enzymatic 

or nonenzymatic in mechanism, that function interactively and synergistically to neutralize 

free radicals (Perival M., 1998;Jeanette J. et.al.,2005). 
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 These components include:  

1.Nutrient-derived antioxidants like ascorbic 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 ions that are capable of catalyzing oxidative reactions. 

3.Antioxidant enzymes as: superoxide dismutase(SOD),catalase, glutathione peroxidase 

(GPx) ,  and glutathione reductase. 

4.Lipoic acid, Co-enzyme 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 2-oxo-L-threo-hexono-1,4-lactone-2,3-enediol (Naidu 

K., 2003). 

L-ascorbic is a water soluble 6-carbon Ŭ-ketolactone with two enolic hydrogen 

atoms(Packer 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 food(Naidu K., 2003). 

Chemical structure 

 

 

Chemical structure of vitamin C 

 

2.4.2.Biochemistry 

Vitamin C is a six-carbon lactone that is synthesized from glucose in the liver of 

most mammalian species, but not by humans, non-human primates and guinea pigs (Carr 

A. and Frei B., 1999;Padayatty S.,2003; Nantel G.,2004). These species do not have 

gulonolactone oxidase enzyme, which is essential for synthesis of the ascorbic acid 

immediate precursor , 2-keto-l-gulonolactone,as the DNA encoding for gulonolactone 

http://www.jacn.org/search?author1=Sebastian+J.+Padayatty&sortspec=date&submit=Submit
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oxidase has undergone substantial mutation, resulting in the absence of this functional 

enzyme(Padayatty S.,2003).  

2.4.3.Mechanism of antioxidant Activity of vitamin C 

L-Ascorbateôs unique structure includes two adjacent hydroxyl groups and a 

carbonyl makes this molecule an excellent hydrogen or electron donor. Therefore, it takes 

part as a co-factor in many enzymatic reactions, and also acts as a plasma localized anti-

oxidant molecules (Farbstein D., 2010). 

The two major properties of vitamin C which make it an ideal antioxidant: First is 

the low one-electron reduction potentials of both ascorbate (282 mV) and its one-electron 

oxidation product, the ascorbyl radical (2174 mV) which is derived from the ene-diol 

functional group in the molecule .These low reduction potentials enable ascorbate and the 

ascorbyl radical to react with and reduce basically all physiologically relevant radicals and 

oxidants. For this reason, vitamin C has been said to be ñat the bottom of the pecking 

orderò (Carr A. and Frei B.,1999). The second major property that makes vitamin C such 

an effective antioxidant is the stability of semidehydro-ascorbic acid or ascorbyl free 

radical(ASF) ,the species formed after the loss of one electron, with a half-life of 

10
ī5

 seconds and low reactivity of them (Carr A. and Frei B., 1999;Packer   L., 2002; 

Padayatty S.et.al.,2003).Once oxidized, ascorbate is turned into ascorbate free radical 

(AFR) a molecule that is relatively stable due to electron delocalization. Although AFR 

can donate another electron, it does not undergo further oxidation. Rather, it is reduced 

back to ascorbate via NADH-dependent and independent mechanisms. AFR accumulation, 

resulting from increased oxidative conditions, leads to a reaction 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 metabolized into xylose, xylonate, 

lyxonate and oxalate (Carr A. and Frei B., 1999; Padayatty S.et.al., 2003).  

2.4.4.Pharmacokinetics: 

Absorption and metabolism of Ascorbic acid 

Ascorbic acid is present in foods , readily available and easily absorbed by active 

transport in the intestine . Most of it (80ï90%) will be absorbed when the intake is up to 

100 mg/day.  

http://www.jacn.org/search?author1=Sebastian+J.+Padayatty&sortspec=date&submit=Submit
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Eventhough ascorbic acid is a water soluble compound, easily absorbed, it is not 

stored in the body. The average half life of ascorbic acid in adult human is about 10ï20 

days, with a turn over of 1.0 mg/kg body and a body pool of 22 mg/kg at plasma ascorbate 

concentration of 50 ɛmol/ L . The major metabolites of ascorbic acid in human are 

dehydroascorbic acid, 2,3-diketogulonic acid and oxalic acid(Naidu K., 2003;Nantel 

G.,2004). The main route of elimination of ascorbic acid and its metabolites is through 

urine. It is excreted unchanged when high doses of ascorbic acid are consumed(Naidu 

K., 2003). 

  

Figure2.4.: Catabolism of ascorbic acid(Naidu K.,2003) 

2.4.5.Dietary sources and recommendation of vitamin C  

Ascorbic acid is widely distributed in fresh fruits and vegetables. Citrus fruits and 

juices are particularly rich sources of vitamin C but other fruits including cantaloupe, 

honeydew melon, cherries, kiwi fruits, mangoes, papaya, strawberries, tangelo, 

watermelon, and tomatoes also contain variable amounts of vitamin C. Vegetables such as 

cabbage, broccoli, Brussels sprouts, bean sprouts, cauliflower, kale, mustard greens, red 

and green peppers, peas, tomatoes, and potatoes may be more important sources of vitamin 

C than fruits (Naidu K., 2003;Nantel G.,2004). 

The new average 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 women (Carr A and Frei B.,1999;Naidu K., 2003). 

2.4.6.Side effect:  

Ascorbic acid is generally non-toxic but at high doses (2ï6 g/day) it can cause 

gastrointestinal disturbances or diarrhea (Naidu K.,2003).  
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2.5.Vitamin E 

2.5.1.Chemistry 

Vitamin E is the major lipid soluble antioxidants that exists in at least eight 

naturally occurring compounds, including Ŭ-, ɓ-, ŭ- and ɔ-tocopherol and Ŭ-, ɓ-, ŭ- and ɔ-

tocotrienol (Igarashi O and Kiyose C., 1999;Dutta A., and Dutta S.,2003).Their 

lipophilicity is attributed to their hydrophobic tail, a saturated phytyl chain in the 

tocopherols and an unsaturated phytyl chain in the tocotrienols (Farbstein D., 2010).All of 

these are derivatives of 6-chromanol, but differ in the number and position of methyl 

groups on the ring structure. The four tocopherol homologues (d-Ŭ-, d-ɓ-, d-ɔ-, and d-ŭ-) 

have a saturated 16-carbon phytyl side chain, whereas the tocotrienols (d-Ŭ-, d-ɓ-, d-ɔ-, and 

d-ŭ-) have three double bonds on the side chain (Wang X and Quinn P.,1999;Nantel 

G.,2004).Within the vitamin E family of compounds, Ŭ-tocopherol is the most biologically 

active and occurs naturally as one isomer (Brigelius-Flohé R and Traber M.,1999). 

Chemical structure: 

 

Figure 2.5:Chemical structure of naturally occurring vitamin E (Brigelius-Flohé R  

and Traber M .,1999) 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Igarashi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=10625959
http://www.ncbi.nlm.nih.gov/pubmed?term=Kiyose%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10625959
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=10793887
http://www.ncbi.nlm.nih.gov/pubmed?term=Quinn%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=10793887
http://www.ncbi.nlm.nih.gov/pubmed?term=Brigelius-Floh%C3%A9%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10385606
http://www.ncbi.nlm.nih.gov/pubmed?term=Traber%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=10385606
http://www.ncbi.nlm.nih.gov/pubmed?term=Brigelius-Floh%C3%A9%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10385606
http://www.ncbi.nlm.nih.gov/pubmed?term=Traber%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=10385606
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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 unreactive. On 

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 reactions. It can terminate radical chain reactions by 

interacting with the lipid peroxyl radical (Farbstein D., 2010), converting it to a lipid 

hydroperoxide (Burton G.,1994)which subsequently must be removed before it becomes a 

source of new free radicals( Burton G.,1994; Farbstein D., 2010),thus preventing it from 

generating a new radical and perpetuating the chain reaction by oxidizing other lipids. This 

is due to the rate constant of the reaction between lipids and lipid peroxyl radicals, which is 

1,000-fold lower than the rate constant of the reaction between Ŭ-tocopherol and lipid 

peroxyl radicals (102 M
-1
S

-1
 compared to 105ï106 M

-1
S

-1
), so that a small amount of Ŭ-

Tochopherol can protect a large amount of polyunsaturated lipid (Burton G., 1994; 

Farbstein D., 2010).It is unlikely that 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 unlikely since the rate constant of the reaction between lipid radicals and oxygen 

is 100-1,000-fold 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 C (Burton G.,1994). 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 E (Farbstein D., 2010). 
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Figure 2.6:Ascorbate regenerates vitamin E from its radical form generating the 

semidehydroascorbyl radical(Robert J. et. al,1996).  

 

2.5.3.Pharmacokinetics: 

Absorption and Metabolism 

Being a lipophilic molecule, vitamin E is absorbed in the gut via micelles, and then 

incorporated into chylomicrons(Igarashi O. and Kiyose C.,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 of PLTP and lipoprotein 

lipase (LPL) . Vitamin E is also taken up and re-distributed by the liver, with the uptake of 

chylomicrons and the release of very low density lipoproteins (VLDL), (Nantel G.,2004). 

The liver can also secrete vitamin E by the Ŭ-tocopherol-transfer protein (Ŭ-TTP) which is 

highly specific for Ŭ-tocopherol and mediates its transfer to various lipoproteins. Vitamin E 

levels are tightly regulated by enzymatic activity of the CYP enzymes, the activity of 

which changes in response to plasma Ŭ-tocopherol levels (Farbstein D., 2010). The primary 

oxidation product of Ŭ-tocopherol is a tocopheryl quinone that can be conjugated to yield 

the glucuronate after prior reduction to the hydroquinone which is 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 kidneys to Ŭ-tocopheronic acid and 

hence excreted in the bile (Nantel G.,2004). 

2.5.4.Dietary sources and recommendation of vitamin E 

vitamin E is naturally present in plant-based 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 that are rich in high potency oils. Vegetable oils, cereal 

products, fish, meat, animal fats, eggs, dairy products, green leafy vegetables also provide 
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significant amounts. Currently, the RDA of vitamin E for an average size person is 15 mg 

Ŭ-tocopherol per day (Dutta A.and Dutta S.,2003;Ball 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 should be noted that oral intake of high 

levels of  Vitamin E can exacerbate the blood coagulation defect of  Vitamin K deficiency 

caused by malabsorption or anticoagulant therapy. High levels of Vitamin E intake are, 

therefore, contraindicated in those subjects(Kappus H.,1992;Hathcock J.,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 and lipid abnormalities. 

A population-based study conducted on 2,898 men and 3,560 women between 45-74 years 

of age between 1995 and 1998, demonstrated an inverse relationship between plasma 

vitamin C and glycated hemoglobin(HbA1c) levels, in such a way that the mean plasma 

vitamin C was significantly higher in individuals with HbA1c < 7 per cent than in those 

with HbA1c > 7% (Sargeant L. et al,2000).Also Kositaswat J.et. al. ,2011, analyzed data 

collected from 7697 adult participants in the National Health and Nutrition Examination 

Survey (NHANES) between 2003-2006, who did not report a history of diabetes. They 

confirmed that Vitamin C concentrations were inversely associated with HbA1c 

concentration.   

However a different study evaluated the serum ascorbic acid status in 46 type 2 

diabetic patients in the out-Patient Clinic of the University College Hospital in Nigeria and 

that of 42 non- diabetic adult subjects who served as control, found that the mean serum 

ascorbic acid level of the patients was significantly lower 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 on lipid profile. 

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

in fifty type 2 diabetic patients for four-months, he found no significant difference between 
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vitamin C and placebo therapy in fasting whole blood glucose, serum cholesterol, 

triglycerides, and glycosylated hemoglobin levels. Furthermore, 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 level, while both 

glycosylated hemoglobin and glycosylated albumin were decreased significantly. 

But when Eriksson and 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 90-day run-in period which  was followed by two 90-day 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 glucose, HbA1c, 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 randomly either 

500 mg or 1000 mg daily of vitamin C for six weeks. They found a significant decrease in 

FBS, TG, LDL, HbA1c and serum insulin in the group supplemented with 1000 mg 

vitamin C, while the dose of 500 mg vitamin C, did not produce any significant change in 

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 metformin. They found that PAA was low in diabetic 

patients and it was reversed significantly after treatment with vitamin C compared to 

placebo, FBS, and HbA1c levels showed significant improvement after 12 weeks of 

treatment with vitamin C.  

Park H. and Lee Y.,2003conducted, a study from June  to August 2001 on 31 type 2 

diabetic patients, they took 1.0 g/day vitamin C for 4 weeks, after free period, patients took 

vitamin C 3.0 g/day for 4 weeks. Plasma vitamin C concentration, fasting blood sugar, 

HbA1c, superoxide scavenging activity and hydrogen peroxide scavenging activity were 

measured .They found that the plasma vitamin C concentration was significantly increased, 

fasting blood sugar and HbA1c was significantly decreased and superoxide scavenging 

activity and hydrogen peroxide scavenging activity was significantly increased all through 

the dosing period. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Eriksson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8546437
http://www.ncbi.nlm.nih.gov/pubmed?term=Kohvakka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8546437
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While  Rafighi Z., 2011 carried out a study on 170 type 2 diabetic patients to 

compare the effect of combination of vitamin C and vitamin E (266.7 mg), (300IU) 

respectively, and placebo ,all three times aday for three months. Biochemical measurement 

for HbA1c, glucose and lipid profile were done at the start and the end of study. The 

researcher found a significant decrease in FBS, TG, LDL, cholesterol and HbA1c in the 

supplemented groups compared to placebo . 

However; triple-blind, placebo-controlled clinical trial conducted on 100 type 2 

diabetic patients, aged 20-60 years old were at the Isfahan Social Security Service Diabetes 

Clinic to determine the effect of vitamin E (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 27 weeks). 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 hypoglycemic drugs along with vitamin C 1000 mg, after 

four weeks of follow up, they found a significant decrease in FBS, as it decreased from 

141.9±39.1 to 129.0±29.5 at P value < 0.01,which suggested a role for vitamin C 

supplementation  in improving FBS in such patients. 

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 in-vitro study carried out by  Liu M., et. al., 2002, to investigate 

the effects of alpha-tocopherol alone and a mixed tocopherol preparation on hydrogen 

peroxide-induced lipid peroxidation on human erythrocytes. They found that both alpha-

tocopherol and the tocopherol mixture protected the cells from lipid peroxidation, but the 

mixture were much more potent than alpha-tocopherol alone. 

Ble-Castillo et al.,2005 evaluated the effects of alpha-tocopherol on the metabolic 

control and oxidative stress in thirty-four female type 2 diabetics 40-70 years , who were 

randomly divided in two groups: Control group and alpha-tocopherol group (800 IU/day) 

for 6 weeks. Malondialdehyde, glycated hemoglobin, selenium dependent-glutathione 

peroxidase, Cu, Zn-superoxide dismutase in erythrocytes and total antioxidant status, 

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



 27 

malondialdehyde decreased and serum-total antioxidant status increased after alpha-

tocopherol treatment. However, an unexpected increase on cholesterol levels and a reduced 

erythrocyte-Cu, Zn-superoxide dismutase activity was observed after alpha-tocopherol 

treatment, and alpha-tocopherol administration did not affect glucose, glycated 

hemoglobin, triglycerides, lipoprotein levels and serum malondialdehyde.  

Furthermore, the serum level of antioxidant enzyme Glutathion reductase, 

superoxide dismutase ,catalase and also serum level of (MDA) were analyzed in 130 

menopausal women ,age range between 55-70 years, with or without diabetes in 

Allahabad, who were divided into 40 women, supplemented with vitamin E (group I)  and 

40 women are supplemented with vitamin C (group II) and 49 women served as control 

group. This study concluded that supplementation with vitamin C or vitamin E reduced the 

oxidative stress and increased the antioxidant serum enzymes level, but vitamin E was 

more effective (Rosin D., 2012). 

However Mazloom Z. et. al.,2011, followed 30 type 2 diabetic patients, aged 30 to 

65 from Nader Kazemi Clinic- Iran, that were randomly divided into 2 groups. Vitamin C 

treated group (1000 mg ) and 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 fasting and postprandial MDA  in the vitamin C group compared to 

the placebo group ,but no effect on lipid profile was observed.  

Different animal studies have evaluated the effect of vitamin C alone or in 

combination with vitamin E on oxidative stress. For example, Owu D. et al., 2006, 

evaluated the effect of oral vitamin C administration on basal metabolic rate and lipid 

profile on alloxan-induced diabetic 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 metabolic rate in diabetic rats; and also lowered plasma triglyceride, 

total cholesterol and low-density lipoprotein cholesterol. In a different animal study 

conducted on one hundred and twenty male rats and evaluated the effect of vitamin C and/ 

or vitamin E in reducing blood sugar, HbA1c, and lipid profile in both control and diabetic 

rats induced by Streptozotocin. The study demonstrated that combined vitamins C and E 

http://www.ncbi.nlm.nih.gov/pubmed?term=Owu%20DU%5BAuthor%5D&cauthor=true&cauthor_uid=17301495
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therapy was the most effective in ameliorating diabetes-induced 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 but plasma malondialdehyde levels were 

reduced to below normal levels. Also 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 were restored to near normal levels on vitamin E 

supplementation in diabetic rats when compared to control diabetic rats. 
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Methodology 

3.1.Study Design 

This study is non-randomized prospective controlled trial designed to evaluate the 

effects of using vitamin C alone (1000 mg per day) and in combination with vitamin E 

(800 mg per day) as adjunctive therapy for three months on 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 months, it was carried out from July 2012 to December 

2012. 

3.3. Study population: 

The patients participated in the study were type 2 diabetic patients, treated  only 

with the oral hypoglycemic drug metformin, between the age of 30-60 years, from both 

genders, who are presented to the diabetic clinic of Palestine Medical Relief Society-Gaza 

and some UNRWA health centers in Gaza Strip. 

3.3.1.Sample size and sampling method: 

The sample of the study consisted of 60 patients, they were divided into three 

groups; each group received their usual oral hypoglycemic drug metformin and 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 vitamin E (800 mg 

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

3.3.2.Criteria 

3.3.2.1.Inclusion Criteria:  

1.Newly diagnosed patients of type 2 DM , aged between thirty to sixty years, who have 

fasting blood sugar level in the range of 126 to 200 mg/dl, HbA1c equal to or more than 

6.5 mg/dl, triglycerides (TG) level more than 150 mg/dl and total cholesterol level more 

than 200 mg/dl, but both are not more than 400 mg/dl. 
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2. Patients who are only treated by metformin, not by other oral hypoglycemic drugs or 

insulin therapy. 

3.3.2.2.Exclusion Criteria:  

1.Patients aged more than 60 years or less than 30 years.  

2.Patients with fasting blood sugar level less than 126 or more than 200 mg/dl. 

3.Patients with serum levels of triglycerides and total cholesterol > 400 mg/dl.    

4.Patients with medical illnesses including other endocrine, metabolic disorders, type 1 

DM, pregnancy, isolated postprandial hyperglycemia.  

5.Patients with complications of diabetes including 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 

ǒ Approval from the College of Pharmacy . 

ǒ Approval from the Dean of Postgraduate Studies & Scientific Research.  

ǒ Approval letters from The Dean of Pharmacy to the general director of concerned 

institutions.                                                                                

ǒ Approval from the Helsinki Committee on the proposed study. 

ǒ Inform consent was taken from the patients after explanation and understanding the 

nature, purpose, and potential risks of the study . 

3.5.Data Collection 

3.5.1.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 medication taken for these diseases and 

hypoglycemic drugs. 

3.5.2.Questionnair  concerning the life style of patients for patients inclusion or exclusion 

in the study. 

3.5.3.Biochemical Measurements 

The biochemical measurements were done for each patients at the start of the study 

and after three months of vitamin C and vitamin E  supplementation. One day before the 

required analysis, participants were phoned to visit the diabetic clinic and asked to be 
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fasted for at least 12 hrs. Blood samples were drawn from the peripheral 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 included: Fasting blood sugar, glycosylated 

hemoglobin and lipid profile. 

Fasting blood sugar (FBS), HbA1c and lipid profile tests were done after fasting at 

least 12 hrs, with free water excess by using photometric spectroscopic assay which 

depends on different enzymatic reactions for each parameter, releasing colored compound 

that its concentration is measured at certain wavelength, and 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 statistical package of social science (SPSS) 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, glycosylated hemoglobin and lipid profile individually in each group before and 

after three months of supplementation . 

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 C (1000 mg per day).  

- Treatment with vitamin C in combination with vitamin E (1000 mg per day and 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 the study due to incompliance. Participating patients were divided into three 

groups based on the vitamins supplement used. The study was carried out at the diabetic 

clinic of Palestine Medical Relief Society and UNRWA health centers (Gaza Strip). Data 

was collected from patients files. Biochemical 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 socio-demographic 

variables, educational level and body mass index (BMI). Moreover, the results evaluated 

the effect of vitamin C alone or in combination with vitamin E supplements on fasting 

blood sugar (FBS), total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol and 

glycosylated hemoglobin(HbA1c). Also, the results compared FBS, HbA1c 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 vitamin intake. 

4.1.Distribution of the study population 

4.1.1.Distribution of the study population by socio-demographic variables 

The total number of the study population who completed the study was fifty eight 

patients divided into three groups ,the first group took metformin only and consisted of 

twenty patients(control group). 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 participants were divided 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 

Sex 
Male 31 53.4% 

Female 27 46.6% 

Age From:31 To:60 Mean:51±7.333 

The demographic distribution of the study is shown in figure (4.1), where 9 (15.5%) of 

them lived in Khanyounis governorate, 14 (24.1%) 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%) males and 9 (45%) females. The age of 

participants was 40-60 years and according to governorate distribution, 3 (15%) lived in 

Khanyounis, 4 (20%) in middle governorate and 13 (65%) were from Gaza, their BMI 

ranged from 27-32 kgùm
2
.The second group was treated with vitamin C together with 

metformin and consisted of 9 (47.3%) males and 10 (52.7%) females. The age of 

participants was 36-60 years and according to governorate distribution, 3(15.8%) lived in 

Khanyounis, 2 (10.5%) lived in middle governorate and 14 (73.7%)were from Gaza, with 

BMI from 27-31 kgùm
2
.The third group was treated with vitamin C and vitamin E 

combination together with metformin and included 11(57.9%) males and 8 (42.1%) 

females. The age of participants was 31-60 years and according to governorate distribution, 

3 (15.8%) lived in Khanyounis, 7 (36.8%) in middle governorate and 9 (47.4%) were from 

Gaza, with BMI from 27-32 kg / m
2
 (Table 4.2). 

The body mass index(BMI) of the participants ranged from 27-32 kg / m
2
, participating 

patients were either overweight or obese, which is usually the case of most diabetic 

patients where obesity and diabetes are correlated positively. 
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Table 4.2:Distribution of the study groups by demographic variables, 

educational level and BMI(kg/m
2
) 

Variable Control  

(G1) 

(N=20) 

Vitamin C 

only(G2) 

(N=19) 

Vitamin 

C+E (G3) 

(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 

Governorate 

Gaza 13(65%) 14(73.7%) 9(47.4%) 

Middle Governorate 4(20%) 2(10.5%) 7(36.8%) 

Khanyounis 3(15%) 3(15.8%) 3(15.8%) 

Educational 

level 

University 3(15%) 8(42%) 7(36.8%) 

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(kgùm
2
)  27-32 27-31 27-31 

4.1.2. Distribution of the study population by educational level  

The population study showed that 4 (6.9%) with primary educational level, 15 (25.9%) had 

secondary level, 13 (22.4%) were with tertiary level of education, 7 (12.1%) of them had 

diploma and 19 (32.8%) had university level of education (Table 4.2, Figure 4.2).  

 

Figure 4.2:Distribution of the study population by educational level 
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4.2.Effect of vitamin C alone or in combination with vitamin E supplements on 

fasting blood sugar(FBS) 

Table 4.3 represents data about FBS levels among the study population .To 

illustrate ,in the control group; FBS was 144.00±20.703mg/dl at the baseline and increased 

slightly to 144.750Ñ28.353 mgùdl at the end of the study(3 months), this means that there 

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 mg/dl at the baseline of the study and decreased to 

133.421Ñ23.059mgùdl following three months of vitamin C intake. Group 2 showed a 

significant decrease in FBS at p value 0.05 when compared to control group. In group 3 

patients FBS was 159.158±158mg/dl at the baseline of the study, decreased to 

122.947±23.787 mg/dl. 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 2, which was calculated to be 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 

supplements on fasting blood sugar(FBS) 

Group Time Number of 

patients 

FBS(mg/dl) 

(M ± S.D) 

P-value 

Control  

(G1) 

FBS before 

treatment 

20 144.000 ± 20.703 0.862 

FBS after 

treatment 

20 144.75 ± 28.353 

Vitamin C only 

(G2) 

FBS before 

treatment 

19 143.632 ± 20.268 0.006 

FBS after 

treatment 

19 133.421 ± 23.059 

Vitamin C +E 

(G3) 

FBS before 

treatment 

19 159.158 ± 30.051  0.000 

FBS after 

treatment 

19 122.947 ±  23.787 

P-values for FBS are were calculated by paired -samples T test before and after three months of vitamins 

intake 
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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 supplements on 

glycosylated hemoglobin(HbA1c) 

Data about glycosylated hemoglobin level (HbA1c) among the study population is 

shown (Table 4.4). In the control group, HbA1c was 7.435mg/dl at the baseline, decreased to 

7.370mgùdl at the end of the study, this difference in HbA1c was slight and insignificant (P 

value equal to 0.612), while  in group 2 patients, HbA1c was 7.153mg/dl at the baseline of 

the study and decreased significantly at p value < 0.05 to 6.326mgùdl, the reduction in HbA1c 

equaled 11.5%. In group 3 patients, HbA1c was 7.321mg/dl at the baseline and decreased to 

6.126 mg/dl at the end of study with a reduction equal to 16.3%. Data analysis showed  a 

significant differences in HbA1C with p value <0.05 in both G2 and 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 vitamin E in combination with vitamin C . 
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Table 4.4:Effect of vitamin C alone or in combination with vitamin E 

supplements on glycosylated hemoglobin(HbA1c) 

Group Time 
Number of 

patients 

HbA1c 

(M ± S.D) 
P-value 

Control  

(G1) 

HbA1C before 

treatment 
20 7.435 ± 0.797 

0.612 
HbA1C after 

treatment 
20 7.370 ± 0.598 

Vitamin C only 

(G2) 

HbA1C before 

treatment 
19 7.153 ± 0.583 

0.000 
HbA1C after 

treatment 
19 6.326 ± 0.465 

Vitamin C +E 

(G3) 

HbA1C before 

treatment 
19 7.321 ± 0.554 

0.000 
HbA1C after 

treatment 
19 6.126 ± 0.502 

P-values for HbA1c were calculated by paired-samples T test before and after three months of vitamins 

intake 

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

total cholesterol  

Table 4.5 demonstrates data about total cholesterol (TC) level among the study 

population. To clarify, in control group TC was 234.200±29.486mg/dl at the baseline and 

increased insignificantly to 241.550±41.313mgùdl over three months.  In group 2 patients 

who used vitamin C alone, TC was 244.842±34.466mg/dl at the baseline, it decreased to 

210.158±38.063mg/dl at the end of the study, this means that TC decreased significantly 

over the three months of treatment (p value <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±22.843mg/dl at the baseline, it decreased to 

200.105±27.264 mg/dl at the end of study with a reduction equal to 14.4%,  so 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. 
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Table 4.5:Effect of vitamin C alone or in combination with vitamin E 

supplements on total cholesterol (mgùdl)  

Group Time 

Number 

of 

patients 

TC (mg/dl)(M ± S.D) P-value 

Control  

(G1) 

TC before 

treatment 
20 234.200 ± 29.486 

0.424 
TC after 

treatment 
20 241.550 ± 41.313` 

Vitamin C only 

(G2) 

TC before 

treatment 
19 244.842 ± 34.466 

0.001 
TC after 

treatment 
19 210.158 ± 38.063  

Vitamin C +E 

(G3) 

TC before 

treatment 
19 233.842 ±  22.843 

0.000 
TC after 

treatment 
19 200.105 ±  27.264 

P-values for TC were calculated by paired -samples T test before and after three months of vitamins intake 

 

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

on total cholesterol(mg/dl) 
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4.5:Effect of vitamin C alone or in combination with vitamin E supplements on 

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±51.753mg/dl at the baseline, 

increased to 222.950±52.211mg/dl at the end of the study, this difference was 

insignificant; however, in group 2 patients who used vitamin C alone, TG was 

242.316±78.505mg/dl at the baseline, decreased significantly to 196.053±66.346mgùdl at 

the end of study with  p value <0.05. Furthermore 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 mg/dl at the baseline , it decreased to 

183.947±40.669 mg/dl 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 combination with vitamin E 

supplement on total triglyceride(TG)  

Group Time 
Number 

of patients 

TG(mg/dl) 

(M ± S.D) 
P-value 

Control  

(G1) 

TG before 

treatment 
20 209.950 ± 51.753 

0.124 
TG after 

treatment 
20 222.950 ± 52.211 

Vitamin C only 

(G2) 

TG before 

treatment 
19 242.316 ± 78.505 

0.001 
TG after 

treatment 
19 196.053 ±  66.346 

Vitamin C +E 

(G3) 

TG before 

treatment 
19 241.000 ± 68.708 

0.000 
TG after 

treatment 
19 183.947 ± 40.669 

P-values for TG were calculated by paired -samples T test before and after three months 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 supplements on 

LDL -Cholesterol (mg/dl) 

In the following table (4.7) data about LDL-Cholesterol levels among the study 

population is shown. In the control group, a slight increase in LDL-Cholesterol was found 

over the three months of study, it was 156,8000±31.324mg/dl at the baseline, increased to 

158.850±39.278mgùdl 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±29.027mg/dl at 

the baseline, and decreased to 123.263±29.164mg/dl in G3 patients who used vitamin C in 

combination with vitamin E, this 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 group 3 

patients group. The reduction in LDL-Cholesterol was equal to 23.1% and  16.6% in G2 

and G3 respectively. 
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Table 4.7:Effect of vitamin C alone or in combination with vitamin E on LDL-

Cholesterol 

Group Time 
Number of 

patients 

LDL -

cholesterol(mg/dl)

(M  ± S.D) 

P-value 

Control  

(G1) 

LDL before 

treatment 
20 156.800 ± 31.324  

0.797 
LDL after 

treatment 
20 158.850 ± 39.278 

Vitamin C only 

(G2) 

LDL before 

treatment 
19 157.474 ± 31.691 

0.003 
LDL after 

treatment 
19 121.000 ± 45.931 

Vitamin C +E 

(G3) 

LDL b efore 

treatment 
19 147.842  ± 29.027 

0.001 
LDL after 

treatment  
19 123.263 ± 29.164 

P-values for LDL were calculated by paired -samples T test before and after three months of vitamins intake 

 

Figure 4.7: Effect of vitamin C alone or in combination with vitamin E supplements 

on LDL -Cholesterol in mg/dl  
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4.7:Effect of vitamin C alone or in combination with vitamin E supplements on 

HDL -Cholesterol (mgù/dl)  

The data in table 4.8 shows that the HDL Cholesterol levels throughout the study 

population increased slightly but statistically   non-significant at the p value < 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 

population. 

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

supplements on HDL-Cholesterol(mg/dl) 

Group Time 
Number 

of patients 

HDL -Cholesterol 

(mgùdl) 

(M ± S.D) 

P-value 

Control  

(G1) 

HDL before 

treatment 
20 37.150 ± 7.450 

0.392 
HDL after 

treatment 
20 38.350 ± 8.123 

Vitamin C only 

(G2) 

HDL before 

treatment 
19 41.421 ± 9.358 

0.084 
HDL after 

treatment 
19 44.368  ± 7.096 

Vitamin C +E 

(G3) 

HDL before 

treatment 
19 37.895  ± 2.289 

0.058 
HDL  after 

treatment 
19 39.947 ± 5.275 

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



 45 

 

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

on HDL-Cholesterol(mg/dl)  
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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 E intake on fasting blood sugar (FBS), glycosylated 

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

To achieve this purpose, sixty type 2 diabetic patients treated only with metformin 

were selected from the Palestine Medical Relief Society and some UNRWA health centers 

in Gaza Strip. Two of the participants were excluded  during the study period due to 

incompliance to vitamins intake. Based on the experimental protocol , the participants were 

divided into three groups, the first group (control group) 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. All groups were then followed for three months. A 

number of biochemical tests including fasting blood sugar(FBS), glycosylated 

hemoglobin(HbA1c) and lipid profile (TC,TG, LDL, HDL) were performed before starting 

vitamins intake and after three months. At the end of the study period (3 months), results 

showed significant changes in FBS, HbA1c, TC,TG and LDL, indicating the effectiveness 

of vitamin C alone or in combination with vitamin E as adjunctive therapy of type 2 

diabetic patients. Also there was slight but insignificant 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. Socio-demographic characteristics of the population sample 

The current study did not show important differences among patients based on 

socio-demographic variables. The results showed that the age of the patients was from 31-

60 years with a mean of 51±7.33 .Participants were divided into 31(53.4%) males and 

27(46.6%) females (table 4.1). Furthermore, the largest number, 35 (60.3%) of the 

participants were from Gaza city ,while 9 (15.5%) of them lived in Khanyounis 

governorate and 14 (24.1%) lived in middle governorate (figure 4.1).  
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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, 13 (22.4%) had tertiary level of education, 

7(12.1%) of them had diploma, and the largest number were with university level of 

education 19 (32.8%) (Table 4.2, figure 4.2).  

5.4. Body mass index of the study population 

The body mass index (BMI) of the participants ranged from 27-32 kg/m
2
 with a 

mean of 29±3.9 kgùm
2
, suggesting that participants were either overweight or obese, which 

is usually the case of most diabetic patients where obesity and diabetes are correlated 

positively. These patients would 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 showed a significant difference at p value <0.05 in FBS 

between the control group who used metformin only and group 2 patients who used 

metformin along with vitamin C supplement. FBS was 143.632±20.268 mg/dl at the 

baseline of the study, decreased to 133.421±23.059mg/dl following three months of 

vitamin C intake. 

 But in group 3 patients, who took vitamin C in combination with vitamin E, FBS 

was 159.158Ñ158mgùdl at the baseline, it decreased to 122.947Ñ23.787 mgùdl with p value 

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 was equal 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. Generally, the use of antioxidants as adjunctive therapy in diabetes 

mellitus gives better glycemic control, which would decrease the risk of future 

complications. 

These results were similar to those found by other researchers (Eriksson  and 

Kohvakka ,1995;Park H. and Lee,2003;Afkhami and Shojaoddiny,2007; Dakhale G.et al., 

2011; Rafighi Z., 2011 and Vaksh S.,2013). For example, the study of Vaksh S. (2013) 

which was conducted in India on thirty type 2 diabetic patients, aged between (43-77 

years), and treated with their usual oral hypoglycemic drugs along with vitamin C 1000 mg 
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for four weeks. He found a significant decrease in FBS, as it decreased from 141.9±39.1 to 

129.0±29.5 mg/dl at P value< 0.01,confirming the role of vitamin C supplementation  in 

improving FBS in type 2 diabetic patients.  

In a different study conducted by Park H. and Lee Y.,2003 on 31 diabetic type 2 

patients, who took (1.0 g/day) of vitamin C for 4 weeks, after one week free of vitamin C 

intake, the patients took vitamin C (3.0 g/day) for another 4 weeks. The study found that 

plasma fasting blood sugar was decreased significantly all through the dosing period, 

which means that vitamin C intake (1.0 g/day or 3.0 g/day) causes significant decrease in 

FBS.  

Both studies followed up type 2 diabetic patients for 4 weeks ,and concluded that 

administration of high dose of vitamin C ( at least 1.0 g/day), as adjunctive 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 conducted by Bishop N. et al., 1985 and Davie S. 

et al.,1992 showed no effect of vitamin C on FBS. In the study of  Bishop N. et 

al.,1985,who followed up fifty type 2 diabetic patients for four months, after supplemented 

with vitamin C (500 mg) daily. They found no effect of vitamin C on FBS, showing  the 

negative effect of vitamin C at low doses in improving the glycemic control. In the study 

of Davie S. et al., vitamin C was administrated to twelve nondiabetic subjects in a dose of 

1.0 g/day for 3 months, no significant change in fasting blood sugar was observed. 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 (HbA1c) 

In the current study, we found that vitamin C intake significantly reduced HbA1c 

after three months of vitamin C intake (1000 mg in divided doses), where HbA1c 

decreased from 7.153mgùdl at the baseline of the study to 6.326mgùdl. The reduction in 

HbA1c equaled 11.5%. Also, vitamin C in combination with vitamin E caused larger 

reduction in HbA1c level than vitamin C alone, as HbA1c was 7.321mgùdl at the baseline 

and decreased to 6.126mgùdl at the end of study with a reduction equaled to 16.3%, which 

is indicative and was likely due to the use of vitamin E in addition to vitamin C throughout 
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the experimental period. The results showed that vitamin C intake alone or in combination 

with vitamin E, improved HbA1c in type 2 diabetic patients, which is hopeful for people 

with this chronic disease, in which poor glycemic control increase the risk of future 

cardiovascular diseases. 

Various studies including Ceriello A. et al., 1991; Eriksson and Kohvakka, 1995; 

Park H. and Lee Y.,2003 ;Afkhami and Shojaoddiny, 2007 ; Rafighi Z., 2011, Dakhale 

G.et al., 2011 ,Vijayakumer A. 2011and Vaksh S, 2013 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 (30-

60 years). The patients were divided randomly into placebo group (n=35) 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 weeks .The  HbA1c 

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 aged (40ï65 

years),  divided into control group (n= 40 ) who were healthy subjects (40ï60 years),  and 

test group comprising 80 diabetic type 2 patients. The test group was further categorized 

into Group I (n = 40) treated only by hypoglycemic drugs (Sulfonylurea and metformin), 

while group II (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 HbA1c level in the vitamin E treated 

group , as it decreased from 10.1% ± 1.5  to 8.23 %± 1.2. This 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 patients aged 

between 35-65 years, treated by hypoglycemic drugs (metformin, glibenclamide and 

combination), and divided into control group(n=36) treated only by hypoglycemic drugs 

and intervention group (n=38).They were treated by hypoglycemic drugs in addition to 

vitamin E in a dose of  600 mg once daily. Patients were followed for three months, the 

study showed a significant reduction in HbA1c at p value <0.05 in the intervention group 

compared to the control group. 

A different study carried out by Bishop N. and his collegue (1985), they followed 

up fifty type 2 diabetic patients for four-months treated by 500 mg vitamin C daily. 
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Comparison with placebo group revealed insignificant difference between vitamin C and 

placebo on HbA1c. Showing the inability of the low dose of vitamin C to improve HbA1c. 

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±34.466mgùdl at the baseline, and it decreased to 210.158±38.063mg/dl 

at the end of the study. This means that TC was decreased significantly over the three 

months of treatment (p value <0.05). The decrease in TC in response to vitamin C use 

alone equaled 14.1%. However TC in patients who used vitamin C in combination with 

vitamin E was 233.842±22.843mg/dl at the baseline, decreased to 200.105±27.264 mg/dl 

at the end of study with a reduction equal to 14.4%.This means that a significant difference 

was found at p value 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 2 diabetic patients that could help slowing down the progression of coronary 

artery diseases as a consequences and complication of diabetes mellitus. 

These results are similar to those found by other researchers such as Eriksson and 

Kohvakka,1995; Afkhami and Shojaoddiny, 2007; Dakahle G.2011,Rafighi Z., 2011, 

Soliman G., 2012 and Vaksh S.,2013. For example, the study of Eriksson and Kohvakka 

(1995), which was carried out on 56 type 2 diabetic outpatient of malmi municipal hospital 

in Finland. The patients were  supplemented with a high dose of ascorbic acid supplement 

( 2.0 g per day).The study showed an improvement in cholesterol levels of patients after 

six months of vitamin C supplementation. 

On the other hand Mazloom Z. et al, (2011) carried 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 type 2 diabetic patients aged between 30-65 years and were 

treated by hypoglycemic drugs. Patients were 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 postprandial lipid 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 compared to placebo group, but insignificant reduction in lipid profile included TC 

was found.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Eriksson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8546437
http://www.ncbi.nlm.nih.gov/pubmed?term=Eriksson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8546437
http://www.ncbi.nlm.nih.gov/pubmed?term=Eriksson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8546437
http://www.ncbi.nlm.nih.gov/pubmed?term=Eriksson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8546437
http://www.ncbi.nlm.nih.gov/pubmed?term=Eriksson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8546437
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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±78.505mg/dl at the baseline, decreased to 196.053±66.346mg/dl at the 

end of study.  Furthermore, a statistical significant reduction in TG with  p value <0.05 in  

patients who used vitamin C in combination with vitamin E  was found, as TG was 

241.000±68.708 mg /dl at the baseline, decreased to 183.947±40.669 mg /dl at the end of 

study. The reduction in this group was more significant than that seen in patients who used 

vitamin C alone. The reduction in TG in both groups who either took vitamin C alone or 

vitamin C in combination with vitamin E was indicative and means that, these antioxidants 

can be considered an important adjuvant therapy in type 2 diabetic patients. 

Different studies previously concluded that either vitamin C alone or in 

combination with vitamin E gave positive effect on serum level of triglyceride (Owu DU et 

al., 2006; Afkhami and Shojaoddiny, 2007 and Rafighi Z.,2011). For example, a study 

conducted by Owu DU et al.(2006) to evaluate the effect of oral vitamin C administration 

on basal metabolic rate and lipid profile in alloxan-induced diabetic rats (n=6), vitamin C 

was administered at 200 mg/kg body wt for eight weeks. The results showed that vitamin C 

administration significantly reduced triglyceride. On the other hand, studies of Bishop N. 

et al. 1985 and Boshtam M. et al., 2005 showed that vitamin C and/or vitamin E had no 

effect on TG. For example Boshtam M. et al.(2005) conducted a clinical 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 the low dose of vitamin E used (200 

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 day in two divided dose) or 

vitamin C(1000 mg per day in divided dose) in combination with vitamin E (800 mg per 

day in two  divided dose) as antioxidants to evaluate their effect  on LDL among type 2 

diabetic patients. We found that a reduction in LDL-cholesterol equaled to 36.474 mg/dl 

was seen over the three months study period, which was a highly significant reduction at p 
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value <0.05. The LDL level was 147.842±29.027mg/dl at the baseline, decreased to 

123.263±29.164mgùdl in the patients group who used vitamin C in combination with 

vitamin E. The reduction in LDL level in the patients who used vitamin C alone was higher 

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 group, respectively. 

Recently, it has been suggested that either vitamin 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 example, the studies of both 

Afkhami and Shojaoddiny, 2007 and Rafighi Z., 2011 reached 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 given (266.7 mg three 

times aday), vitamin E group was given (300IU three times aday), vitamin C+E group was 

given (300IU+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  compared to placebo, and this decrease 

was most significant in the combination group. These results were incompatible with our 

result. 

On other hand , studies such as that carried out by Mazloom Z., 2011 and  afkhami 

and Shojaoddiny, 2007 evaluated the effect of vitamin C alone or vitamin C in 

combination with vitamin E on LDL and found no effect.     

For example, Afkhami and Shojaoddiny (2007) conducted a study at Yazd Diabetes 

Research Center in Iran on 84 patients with type 2 diabetes who were divided into two 

groups, the first group(n=41) treated by vitamin C (500 mg) and the second group (n=43) 

treated by vitamin C (1000mg), both for six weeks. They found that vitamin C in a dose of 

500 mg did not produce any significant decrease in LDL level, but the dose of 1000 mg 

decreased LDL level significantly, which means that a dose higher than 500mg per day is 

needed to produce positive effect on LDL level. 
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5.10.Effect of vitamin C alone or in combination with vitamin E intake on 

HDL -Cholesterol  

The results of our study showed that the HDL Cholesterol levels throughout the 

study period  increased slightly but statically  insignificant at a p value< 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 result agreed with the result of  the study carried out by Dakhale G.et al (2011), which 

was carried out in India on 70 type 2 DM patients aged between (30-60 years). The 

patients were divided randomly into placebo group (n=35) and vitamin C  group (n=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 showed no significant change 

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

6.1.Conclusions 

Vitamin C and vitamin E are among the most widely studied dietary antioxidants, 

which can play an important role as adjunctive therapy of diabetes mellitus; to produce 

better glycemic control and improve the lipid profile of diabetic patients , in order to delay 

or prevent future chronic diabetic complications. 

This study was carried out on fifty eight (three groups) type2 diabetic patients (Gaza 

Strip) to evaluate the effect of vitamin C alone or in combination with vitamin E on fasting 

blood sugar (FBS),glycosylated hemoglobin(HbA1c) and lipid profile among those 

patients. Furthermore; the study was also conducted to compare the effect of vitamin C 

alone or vitamin C in combination with vitamin E intake on the same parameters and the 

same population. At the end of the study and following data analysis, we concluded: 

1. Both vitamin C (500 mg twice aday) alone and vitamin C in combination with vitamin E 

(400 mg twice aday) had excellent antioxidant effect and gave a clear positive effect on 

FBS, HbA1c, TC, TG and LDL among type 2 diabetic patients. They both reduced these 

parameters significantly after three months of treatment. 

2. Both vitamin C (500 mg twice aday) alone and vitamin C in combination with vitamin E 

(400 mg twice aday) increased the level of HDL slightly but statistically non-significant. 

3. The reduction in FBS, HbA1c and TG caused by vitamin C (500 mg twice aday) in 

combination with vitamin E (400 mg twice aday) was more than the reduction caused by 

vitamin C (500 mg twice aday) alone, while the reduction in TC  caused by both was 

closely similar (Table 6.1). 

4. The reduction in the serum level of LDL was more significant in vitamin C (500 mg 

twice aday) treated group than in the group treated by vitamin C (500 mg twice aday) in 

combination with vitamin E (400 mg twice aday) (Table 6.1). 

5. The improvement in lipid profile seen in this study could lead to reduction of the future 

type 2 diabetes mellitus complications. 
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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 combinat ion 

with vitamin E  

FBS   7.00%Ź 22.75%Ź 

HbA1c 11.50%Ź 16.30%Ź 

TG 19.20%Ź 23.60%Ź 

TC 14.10%Ź 14.40%Ź 

LDL 23.10%Ź 16.60%Ź 

6.2. Recommendations 

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

diabetes mellitus. 

2. Patients 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 adjunctive 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 diabetes mellitus. 

5. Further studies on a larger number of patients and for a longer follow-up periods 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:ééééééééééééééééé 

Age: ééééééé.                                                   sex: ééééé   

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

Educational level:ééééééé. 

Place of residence:éééééééé 

ééééééééééééééééééééééééé 

Do you have other disease? 

a)Yes                                            b)No 

If yes, name of diseaseéééééééééé 

Do you take any drug other than metformin? 

a)Yes                                            b)No 

If yes, Name the drug:ééééééééé. 

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 

If yes, Name the supplementééééééééé. 

Did you take mini or multivitamins during the last three months? 

A)Yes                                        b)No 

If yes, Name the supplementééééééééé. 

Do you take omega -3 daily? 

a)Yes                                         b) No 
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