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Abstract: Background: The aim of this study is to evaluate the effect of Ramadan fasting on the fat-soluble antioxidants [all-trans-Retinol (Vitamin A) and α-tocopherol (Vitamin E)] in healthy Pakistani subjects. Methods: Thirty (30) healthy male volunteers (aged 30-50 years) with Ramadan fasting have participated in the study. Blood sampling from these subjects was conducted 1 day before and on 15th and 28th days of Ramadan. The serum levels of all-trans-Retinol and α-tocopherol of the collected samples on respective days were measured using liquid-chromatography linked with UV-visible (HPLC-UV). Results: In order to assess the profile of these antioxidants we analyzed data by Minitab software at a 95% confidence interval (p˂0.05) as significant. The comparison between the samples taken at different time was made applying 2-sample and paired t-test. Although slight changes in the levels of all-trans-Retinol on15th and 28th days of Ramadan were found when compared with its levels on 1 day before Ramadan however no significant changes have been found in its values before and Ramadan values. The levels of α-tocopherol on 28th Ramadan have been decreased significantly when compared with its values before Ramadan (p<0.0001) while the changes in its values between before Ramadan and on 15th Ramadan were non-significant (p=0.0936). Conclusion: From our study it is concluded that that there is no significant change in the levels of all-trans-Retinol during the month of Ramadan while the levels of α-tocopherol have been decreased significantly on 28th day of Ramadan however no change has been observed on 15th day of Ramadan when compared with their values before Ramadan. It is therefore suggested that the fasting of Ramadan have effect on the levels of α-tocopherol and food-based interventions might be necessary to modify the diet during Ramadan.
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2. Introduction
Fasting is defined in Islam as the total abstention from all type of foods and drinks for a specific time period of the day starting from dawn (Sahri) till sunset (Iftar) during the month of Ramadan. Fasting of Ramadan is for one month (29 or 30 days) per lunar year during which only two meals have been taken. The one which is taken at the dawn is called Sahri while the one taken at sunset is called Iftar. (1, 2) Muslims fast for 29 or 30 days consecutively during the month of Ramadan each year. It is therefore of interest to know about the effects of Ramadan fasting on human health. The effects of Ramadan fasting on the metabolic profile, antioxidants and biomarkers of oxidative stress might be explored to optimize the diet through necessary interventions.
Vitamin A (all-trans-Retinol) and Vitamin E (α-Tocopherol) are both fat-soluble vitamins/antioxidants that play a vital role in the human body’s antioxidant system. Vitamin A occurs in a variety of forms including pro-vitamin A carotenoids the dietary precursors of retinol. The chemical structure of retinol is given in Fig. 1 A. Retinol is found in esterified form in egg, meat, oily salt-water fish, butter, fortified margarine and whole milk. Pro-vitamin A including (α, β, and γ-carotene, lutein, zeaxanthin, and cryptoxanthin) the most active of which is beta carotene are found in green and yellow vegetables and fruits and converted to retinol in humans.(3) Vitamin A is formed from the cleavage of beta-carotene and other carotenoids. Studies have shown that all-trans-Retinol is an important antioxidant and biomarker of various diseases. (4, 5) Vitamin A exerts its antioxidant function through its hydrophobic polyene units that scavenges singlet oxygen, stabilizes peroxyl radicals and neutralizes thioyl radicals. At normal oxygen tension it is more effective while in oxidative stress it is autoxidized and may act as pro-oxidant. In physiological conditions retinol are deposited in retinoid-binding proteins and protected by other antioxidant in-vivo. The lipid peroxidation propagation is prevented by vitamin A and other carotenoids and hence its antioxidant role is determined4. Similarly Vitamin E collectively used for eight naturally occurring compounds is a fat-soluble vitamin exist in various forms i.e., alpha-(α), beta-(β), gamma-(γ), and delta (δ) tocopherol and tocotrienol in human body the most dominant and crucial of which is α-tocopherol (RRR-α-tocopherol) (Fig. 1 B). It is obtained from natural foods to fulfill the body requirements. The rich sources of alpha-tocopherol are vegetables, fortified cereals, seeds, nuts, oils, meat, fats, poultry, mango, and tomato. It is absorbed from small intestine and metabolized in the liver where α-tocopherol is resecreted through hepatic α-tocopherol transfer protein (α-TTP) and the rest forms of vitamin E are eliminated. Serum level of α-tocopherol is therefore higher as compared with its others forms(6-10). Vitamin E is an important antioxidant of the human body that combats against free radicals and minimize the risk of oxidative stress along with its other roles in the immune function, cell signaling, regulation of gene expression and other metabolic processes. It also inhibit cell proliferation and differentiation and platelet aggregation via inhibition of protein kinase C in smooth muscles cells, monocytes, and platelets and suppression of arachidonic acid metabolism, thereby mounting prostacycline release from endothelium, that dilate blood vessels and inhibit platelet aggregation, respectively. (6-10)
Several studies have reported improvements in metabolic profile in healthy subjects11, 12 and diabetic patients13 during the month of Ramadan while some other studies have not found significant changes in these parameters during this month(14, 15). Studies till date have found controversial effects of Ramadan fasting on antioxidants status. In a study reduction in malondialdehyde (MDA) level in red blood cells while no change in serum or plasma level have been reported(16). Similarly no change in the concentration of glutathione as well activities of glutathione peroxidase and catalase in red blood cells have been observed. The decreased plasma levels of β-cryptoxanthin and total carotenoids have been reported however plasma levels of vitamin C, β-carotene, lycopene, and lutein were not changed significantly during Ramadan fasting. In this study no changes have been reported for the plasma levels of α-tocopherol, γ-tocopherol, retinol, α-carotene, and zeaxanthin16. In another study Chaouachi et al., 2009(17) have reported an increase in blood levels of vitamin A and a decrease in blood levels of vitamin E in healthy subjects during Ramadan. Due to these controversial results extensive studies are required to study the effects of Ramadan on human health and explore the changes in human body’s antioxidants and metabolic profile associated with fasting of Ramadan.
The aim of the current study was to evaluate the effect of Ramadan fasting on the fat-soluble antioxidants and biomarkers of oxidative stress including all-trans-retinol (vitamin A) and α-tocopherol (vitamin E) in diet-controlled healthy Pakistani research scholars. This study is the part of our complex study to investigate the effect of Ramadan fasting on the antioxidants, micronutrients, and biomarkers of oxidative stress. In the light of these studies food-based interventions might be suggested to modify the diet and fulfill the deficiency.

3. Materials and Methods
[bookmark: _Toc306739336][bookmark: _Toc306747006][bookmark: _Toc306878000][bookmark: _Toc306918690][bookmark: _Toc307279030]Selection of Subjects
[bookmark: _Toc299284627][bookmark: _Toc299284898][bookmark: _Toc299333795][bookmark: _Toc299339491][bookmark: _Toc299359404][bookmark: _Toc299680173][bookmark: _Toc299842039][bookmark: _Toc306739337][bookmark: _Toc306747007][bookmark: _Toc306878001][bookmark: _Toc306918691]Thirty healthy Pakistani subjects (men aged 30-50 years) were participated in this clinical study after detailed interviews including questions related to their social life, medical history, and nutritional history. These subjects were selected randomly from research scholars in Department of Pharmacy, University of Peshawar after their willingness to take part in the study. A written informed consent letter was signed from each participant at the beginning of this study. This study was conducted in accordance with the guidelines of the Declaration of Helsinki during Ramadan (August 10 to September 8, 2010) in Pakistan. The study was approved by the ethical committee Department of Pharmacy, University of Peshawar.
[bookmark: _Toc307279031]
Inclusion Criteria
[bookmark: _Toc299284628][bookmark: _Toc299284899][bookmark: _Toc299333796][bookmark: _Toc299339492][bookmark: _Toc299359405][bookmark: _Toc299680174][bookmark: _Toc299842040]Inclusion in this study was based on the normal physical and biochemical evaluation of laboratory investigations including, blood pressure (BP), fasting blood glucose (FBG), blood cholesterol, serum creatinine, liver function tests (LFTs), lipid profile, serum electrolytes profile, routine urinalysis, complete blood count (CBC) and blood Hb. The tests were carried out in pathology laboratory of Hayatabad Medical Complex (HMC), Peshawar. The normal control subjects having neither any type of disease nor smokers. The volunteers considered for this study have not consumed any multivitamins, antioxidants, alcohol, and any other medicines in the recent past.

Samples Collection
All the participants were kept on uniform diet during this whole study. Blood samples were collected from the participants after a 14-hour fast on three different days: 1 day before Ramadan (D1), on day 15 (D15) and day 28 (D28) of Ramadan, respectively. Blood samples 1 day before Ramadan were collected at 9:00-10:00 am while during Ramadan these were collected at 11:00-12:00 pm. The difference in the time of collection of samples before and during Ramadan was due to the last meal taken before and during Ramadan. Since the dinner was taken at 9:00-12:00 pm before Ramadan while the sehri was taken at 1:00-3:00 am during Ramadan. Each subject has been treated as his own control by comparing the values of antioxidants before Ramadan to those during Ramadan.

Samples Preparation
The blood samples from all the participants were collected in Gel and clot activator tubes (≈ 5 mL) and were centrifuged at 1600 × g for 10 min at 5 ºC to separate the serum.(18) The serum samples were then stored at ‒80 ºC until analysis. The samples were thawed and spiked with internal standard (IS) solution (12.5 µL of IS stock solution 10µg/mL) to keep its concentration 0.5 µg/ml in the final dilution. The all-trans-retinol and α-tocopherol were then extracted with liquid-liquid extraction procedure from these samples. To the serum (250 µL) sample a mixture (750 µL) of ethanol-methanol (95:5, v/v) was added for deproteination followed by extraction with a mixture (1000 µL) of n-hexane-dichloromethane (70:30, v/v) containing BHT (10 µg/mL). The whole mixture was vortexed and centrifuged at 1600 × g for 10 min at 5 ºC. The extraction process was repeated thrice and the clear supernatant was transferred to Eppendorf tubes. The supernatant was then evaporated under nitrogen and the residues were reconstituted with methanol before injection to HPLC system.

Method
The study was performed using a Perkin Elmer HPLC system (Norwalk, USA) consisted of a pump (series 200), on-line vacuum degasser (series 200), autosampler (series 200), column oven (series 200), linked by a Pe Nelson network chromatography interface (NCI) 900 with a UV/VIS detector (series 200). The whole HPLC system was controlled by Perkin Elmer Total Chrom Workstation Software (version 6.3.1). The analysis was performed on chromatographic columns; Kromasil 100 C18 column (150 mm × 4.6 mm, 5 μm; Thames Restek, UK), at 292 nm wavelength using methanol-water (99:1, v/v), as mobile phase at a flow rate of 1.5 mL/min. The retinyl acetate was applied as internal standard.

Statistical analysis
[bookmark: _Toc299359480]The statistical tools such as mean (X) ± standard deviation (SD), and relative standard deviation (%RSD) were applied for the quantification of these antioxidants in human serum. The values of all-trans-retinol and α-tocopherol in all the participants at different time points were compared applying unpaired and paired student’s t-tests and one-way analysis of variance (ANOVA), considering p ˂ 0.05 as significant.


4. Results
Serum biochemical analyses
The fasting blood glucose (FBG) level, blood pressure (BP), total cholesterol, triglyceride, LDL, HDL, and VLDL of healthy subjects are given in Table 1. The mean plasma blood glucose levels are 124.3 mg/dL with SD of 16.08 before Ramadan while its values decreased significantly during Ramadan having values of 112.7 mg/dL with SD of 9.08. Similarly the values of triglyceride have been decreased significantly during Ramadan; however the mean values of systolic blood pressure, diastolic blood pressure, total cholesterol, LDL, HDL, and VLDL have not been change significantly as presented in Table 1. 

Quantification of Serum Vitamins A and E levels in Healthy Subjects
The all-trans-retinol (Vitamin A) and α-tocopherol (vitamin E) were quantified in the serum samples of healthy subjects. The respective values of vitamin A before Ramadan, 15th Ramadan, and 28th Ramadan are; 0.9450 µg/mL ± 0.1505, 0.9340 µg/mL ± 0.1522, and 0.9494 µg/mL ± 0.1574, respectively. Similarly the corresponding mean values with SD of vitamin E before Ramadan, on 15th, and on 28th Ramadan are; 6.660 µg/mL ± 1.950, 6.235 µg/mL ± 1.727, and 5.442 µg/mL ± 1.861, respectively as given in Table 2. Although slight variations were found in the before Ramadan and during Ramadan values of all-trans-Retinol however no significant changes were recorded for its values before and during Ramadan as represented in Table 2 and Figure 2. On the other hand although the changes in the concentration of α-tocopherol before Ramadan and 15th Ramadan were not significant (p= 0.0936), however the changes in its values before Ramadan and 28th Ramadan were highly significant (p<0.0001). The respective values of α-tocopherol before Ramadan, 15th Ramadan, and 28th Ramadan with its variations are given in Table 3 and represented in Figure 3. The overlay of chromatograms showing the serum concentration of vitamin A and vitamin E obtained from healthy subjects is shown in Fig. 4. 


Figure 1. A. Chemical structure of all-trans- Retinol (vitamin A). B. Chemical structure of α-Tocopherol (A).


Figure 1: The graphical representation of all-trans-Retinol (Vitamin A) before Ramadan (0-Time), 15th Day, and 28th Day of Ramadan (n=30).


Figure 2: The graphical representation of α-tocopherol (Vitamin E) before Ramadan (0-Time), 15th Day, and 28th Day of Ramadan. (n=30).


Figure 4. Serum Concentration of Vitamins A and E in Healthy Subjects.
Peaks; A: Vitamin A; IS: Internal Standard; and E: Vitamin E. 


Table 1. Clinical Characteristics and Laboratory Tests of Health Subjects (n=30).
	Variables                           	Before Ramadan
	During Ramadan

	Mean age (years)                    	40.0 ± 5.5
	---------------------

	Body weight (kg)                    	65.57 ± 5.48
	---------------------

	Hemoglobin (g/l)                   	145.65 ± 9.85
	143.46 ± 7.38

	Glucose (mg/dl)                     	124.3 ± 16.08
	112.7 ± 9.08 a

	HbAIC  (%)                                                  	5.4 ± 0.16
	4.8 ± 0.23

	Systolic BP (mmHg)              	126.33 ± 5.88
	124.54 ± 4.38

	Diastolic BP (mmHg)               	90.10 ± 5.39
	88.65 ±   5.72

	Total cholesterol (mg/dL)    	184.97 ± 9.91
	179.26 ± 6.53

	LDL-Cholesterol (mg/dL)   	112.03 ± 5.41
	109.03 ± 6.55

	Triglycerides (mg/dL)          	102.67 ± 4.14
	91.45 ± 5.64 a

	HDL-Cholesterol (mg/dL)     	54.27 ± 5.73
	51.76 ± 6.23

	VLDL-Cholesterol (mg/dL)  	29.67 ± 3.16
	30.15 ± 2.64


Note: Data are expressed as means ± standard deviation (n = 30). a denote significant differences (p <0.05).

Table 2. Descriptive statistics of all-trans-Retinol (Vitamin A) and α-tocopherol (Vitamin E) before and during Ramadan. (n=30)
	Antioxidans
	Time
	Mean
	Std. Deviation
	Minimum
	Maximum

	All-trans-retinol(Vitamin A) (Conc. µg/mL)
	Before Ramadan
	0.9450
	0.1505
	0.5832
	1.155

	
	15th Ramadan
	0.9340
	0.1522
	0.6278
	1.172

	
	28th Ramadan
	0.9494
	0.1574
	0.6102
	1.248

	Alpha-tocopherol (Vitamin E) (Conc. µg/mL)
	Before Ramadan
	6.660
	1.950
	2.874
	9.960

	
	15th Ramadan
	6.235
	1.727
	3.123
	8.908

	
	28th Ramadan
	5.442
	[bookmark: OLE_LINK1]1.861
	2.068
	9.459



Table 3. Profile of all-trans-Retinol (Vitamin A) and α-tocopherol (Vitamin E) before Ramadan (0-Time), 15th Ramadan, and 28th Ramadan. (n=30)
	Antioxidans
	Before Ramadan (0 Time)
	15th Ramadan
	Two-tailedp-value
	28th Ramadan
	Two-tailedp-value

	All-trans-retinol
(Vitamin A)
(Conc. µg/mL)
	0.9450 ± 0.1505
	0.9340 ± 0.1522
	0.3063
	0.9494 ± 0.1574
	0.6807

	Alpha-tocopherol
(Vitamin E)
(Conc. µg/mL)
	6.660 ± 1.950
	6.235 ± 1.727
	0.0936
	5.442 ± 1.861
	< 0.0001


Note: All values are mean ± SDs obtained from Paired-samples t-test (p <0.05).
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4. Discussion
The association of antioxidants and Ramadan fasting has been reported in previous two studies; however our study is the first well-controlled dietary study to evaluate the effect of Ramadan fasting on fat-soluble antioxidants. The fat-soluble antioxidants and biomarkers of oxidative stress such as all-trans-Retinol (Vitamin A) and α-tocopherol (Vitamin E) were investigated during Ramadan to show the effect of Ramadan fasting on the values of these antioxidants and make the necessary diet-based interventions to restore the deficiency of these micronutrients. A little effect of Ramadan fasting on the biochemical parameters like body weight, hemoglobin, systolic and diastolic BP, LDL- and HDL-cholesterol and total cholesterol has been noted, while a significant effect on the blood glucose and triglycerides levels was observed. The decrease in the concentration of blood glucose(16 19-21) and triglycerides have been reported in several studies.(11, 16, 22) while some other studies have reported no change in blood glucose (23, 24) and triglycerides levels.(21, 23, 24-27) We have found non-significant changes in the serum level of all-trans-Retinol during Ramadan. The small changes observed in its values during Ramadan might be diet-based as egg, meat, fish, fruits and vegetables were includes in the diet taken during Ramadan in comparison with the diet before Ramadan. Since the diet taken during Ramadan is the rich source of vitamin A and this type of diet was taken more regularly during Ramadan in comparison with the diet taken before Ramadan therefore a slight increase in individual subjects has been observed. Overall the vitamin A level has not been affected during Ramadan. Similarly no significant changes have been found between the levels of α-tocopherol before Ramadan and on 15th Ramadan; however the changes in its levels between before Ramadan and on 28th Ramadan were highly significant. There is no suitable explanation for the decrease; however it has been observed that after half of the Ramadan the intake of diet in most of the participants was decreased that might be the possible reason of decrease in the levels of α-tocopherol. Some other possible reasons of the decrease might be variations in the sampling time, instruments and protocols, hydration status of the subjects, and pharmacokinetic parameters.
The results of our study are in contradiction to the studies conducted by Ibrahim et al., 2008 where no change in levels of retinol and α-tocopherol have been observed16 and studies conducted by Chaouachi et al., 2009, where increase in the levels of all-trans-retinol and decrease in the levels of α-tocopherol were reported17. In summary it can be concluded that no change in the levels of all-trans-Retinol during Ramadan has been observed while a decrease in the levels of α-tocopherol has been noted in the last decade of Ramadan; however it is suggested that these studies might be carried out on a large scale on whole body antioxidants and biochemical parameters in a more controlled dietary environment to show the effect of Ramadan fasting on these antioxidants and biomarkers of oxidative stress. Moreover it is also recommended to include vegetables and fruits in the Ramadan diet to restore the deficiency of α-tocopherol during Ramadan.
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