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Introduction

Tea (Camellia sinensis) is popular drink worldwide linked to good health. Black tea contains relatively high levels of polyphenolics with the major phenolics being the flavan-3-ols ((epi)catechins, (epi)gallocatechins and their gallate esters), the flavonols (mono-, di-, and tri-glycoside conjugates of myricetin, quercetin and kaempferol) the flavones and quinic acid esters of gallic, coumaric and caffeic acids. Black tea has a reduced flavan-3-ol monomer content and higher levels of their polymerized derivatives theaflavins, which account for about 10-30% of the converted catechins, and thearubigins [START_REF] De Mejia | Bioactive components of tea: Cancer, inflammation and behavior[END_REF][START_REF] Rouanet | Berry juices, teas, antioxidants and the prevention of atherosclerosis in hamsters[END_REF]. Although there is a growing interest in the hypothesis that tea has a preventive effect against cardiovascular diseases and that tea polyphenols may mediate the observed benefits [START_REF] Sharangi | Medicinal and therapeutic potentialities of tea (Camellia sinensis L.)-A review[END_REF][START_REF] Stangl | The role of tea and tea flavonoids in cardiovascular health[END_REF], the intricate mechanisms of polyphenolic action still need to be comprehensively understood.

The potentiality that tea consumption can reduce the risk of cardiovascular diseases and total mortality can be deduced from epidemiological studies [START_REF] Sharangi | Medicinal and therapeutic potentialities of tea (Camellia sinensis L.)-A review[END_REF][START_REF] Stangl | The role of tea and tea flavonoids in cardiovascular health[END_REF], but data are not uniform and consistent. This may be due to confounding factors including varying socioeconomic status of participants, dietary habit and lifestyle, and difference in experimental protocols [START_REF] Pietta | Catechin metabolites after intake of green tea infusions[END_REF][START_REF] Serafini | In vivo antioxidant effect of green tea and black tea in man[END_REF][START_REF] Van Het Hof | Consumption of green and black tea does not increase resistance of low-density lipoprotein to oxidation in humans[END_REF]. Also many of these studies have mainly targeted populations with established pathologies, with few investigations reported in normal populations. The objective of this study was to determine the effects of black tea consumption on fasting serum glucose, total cholesterol, triglycerides, HDL, LDL and antioxidant status in a normal population.

following criteria: gender, age group from 25-60 yrs old, non-smoker or former smokers who had stopped for less than 6 months, alcohol intake (less than 2 standard drinks/day), postmenopausal women not receiving hormone replacement therapy and ejection fraction greater than 40%. Written informed consent was obtained from all volunteers prior to the study, which was conducted following approval by the Ministry of Health and Quality of life National Ethics Committee (Republic of Mauritius).

Study Design

The study consisted of a randomized, controlled clinical trial (clinicaltrial.gov Identifier NCT00114907) with treatment and control groups set in parallel in the ratio of 7:3, over a 15-week intervention period. The random allocation sequence was generated by a qualified statistician using a random generator that keeps in view ratio allocation to each group as well as age and gender distribution. A simple randomization approach was adopted with no blocking, with particular care to maintain the power of the design for each group. The treatment group consumed 3 x 200 ml of black tea infusate/day (3 standard cups of 200 ml hot water each containing 3 g of black tea (infused for 5 minutes)) for 12 weeks without additives (milk or sugar) followed by a 3 week wash-out period by consuming same volume of hot water/day. Tea bags were purchased from Mauritius Corson Tea Estate Co Ltd. The control group consumed equivalent volume of hot water for same intervention period. Subjects were maintained on their normal diet and were required to fill a diet survey form over the study period.

Blood collection and preparation for sample analysis

Blood collection was made at the Cardiac Centre of the SSRNH, Pamplemousses. Subjects were requested to fast for at least 10 hours before blood collection. 15 ml of fasting blood were collected and dispensed into 4 different tubes comprising 2 heparinized tubes (2x4 ml), fluoride oxalate tube (2-5 ml) and plain tubes. Fresh blood samples were preserved in icebags for analysis. Fluoride oxalate tubes were centrifuged at 3000 rpm for 10 mins and supernatant removed for determination of fasting glucose level using reagent kits. Heparinized tubes were centrifuged and plasma removed for determination of total cholesterol, triglycerides, HDL, LDL and antioxidant status using the TEAC and FRAP assays.

Analysis of biomarkers and Plasma total antioxidant activity

All analyses were made in either clear blood serum or plasma samples after centrifugation at the University of Mauritius The automated HumaStar 80 apparatus was used for colorimetric analysis of all biomarkers maintained at 37 °C. Reagent kits for total cholesterols, low density lipoproteins (LDL) and high density lipoprotein (HDL) measurements were from Human Co (Weinsbaden, Germany), for glucose and triglycerides from Biosystem (Barcelona, Spain). Reagent kits for measurement of Trolox equivalent antioxidant capacity (TEAC) in blood plasma were from RANDOX (Crumlin, UK). The Ferric-reducing ability of plasma (FRAP), which measures the ability to donate electrons, was assessed with the method of [START_REF] Benzie | The ferric reducing ability of plasma (FRAP) as a measure of 'antioxidant power': the FRAP assay[END_REF]. Units for both TEAC and FRAP are in millimole activity per litre of plasma

Survey of diet forms

Compliance to protocol was assessed by a follow-up of the daily diet of the volunteers. A dietary questionnaire indicating food items consumed daily during the three main meals was issued to each subject and was collected dully filled after blood sampling exercise from each volunteer. This Information enabled the assessment of any possible changes in the diet during the study. Statistical analysis of these forms consisted of a ranking strategy based on the fat/lipid value (USDA Food Composition database, 2006) of each food item consumed by both study group and control group (e.g. a food item high in fat content (e.g. red meat) would score 10/10 marks while a vegetable low in fat would be assigned 1/10; the mean value in arbitrary units obtained per day being further averaged on a weekly basis and the trend observed during the 15-week intervention period) Determination of total phenolic, flavonoid and proanthocyanidin contents of black tea extract

The total phenolic content of black tea infusate was estimated using the Folin-Ciocalteu method adapted from [START_REF] Singleton | Colorimetry of total phenolics with phosphomolybdicphosphotungstic acid reagents[END_REF]. Results are expressed in mg of gallic acid equivalent g -1 fresh weight of plant material. The AlCl 3 method adapted from [START_REF] Lamaison | Teneurs en principaux flavonoïdes des fleurs de Crataegus monogyna Jacq et de Crataegus alevigata (Poiret DC) en fonction de la vegetation[END_REF] was used for the determination of the total flavonoid content of the tea infusate. Flavonoid contents are expressed in mg quercetin equivalent g -1 fresh weight of plant material. The modified acid/butanol assay of [START_REF] Porter | The conversion of procyanidins and prodelphinidins to cyanidins and delphinidins[END_REF] was used to quantify the total proanthocyanidin content of the tea infusate. Results are expressed in mg of cyanidin chloride g -1 fresh weight.

HPLC-PDA-MS 2 analysis of phenolic derivatives from black tea

The black tea was analyzed for its phenolic derivatives by the HPLC-PDA-MS 2 system essentially as described in Del [START_REF] Del Rio | HPLC-MS analysis of phenolic compounds and purine alkaloids in green and black tea[END_REF]. The tea sample was prepared in accordance with the protocol given to the volunteers i.e. by infusion of one tea bag (3 g) in 200 ml of boiling water for 5 minutes. Aliquots of the tea extract were taken, allowed to cool down and spun on a bench micro-centrifuge at 6000 g. The supernatant was directly injected into the HPLC-PDA-MS 2 system.

Statistical Analysis

Simple regression analysis was performed to calculate the dose-response relationship of standard solutions used for calibration as well as test samples. The Unicam Vision 32 software (Unicam Ltd, UK) was used to evaluate initial and final antioxidant rate values for FRAP assay. Plasma antioxidant data (TEAC and FRAP) were recorded on Microsoft Excel. After data cleaning, statistical analyses were carried out using both Microsoft Excel and SPSS 13.0 statistical software. Statistical analysis of data involved descriptive a well as inferential statistics. For descriptive statistics tables of summary statistics including mean, standard deviation, percentage, minimum and maximum values as well as graphs such as histograms and bar charts with error bars and box plots were used. Prior to inferential analyses, choices of tests were based on normality of data. Where data were normal (Shapiro-Wilk's test not significant, i.e. p > 0.05) parametric tests were used. Tests of significance of observed mean differences over the intervention period for 2 sets of data were performed using Student's t-test and where data were not normal the non-parametric alternative Mann-Whitney U test was used. Kruskal Wallis test was used as a non-parametric alternative for one-way ANOVA for comparing more than 2 sets of data. The critical limits for test of significance were set at 5%, 1% and 0.1% successively.

Results

Phenolic analysis of tea infusate

Total phenolics, flavonoids and proanthocyanidins of the tea infusates were respectively 89 ± 25 mg gallic acid/g dry weight, 21 ± 7 mg quercetin/g dry weight and 35 ± 5 mg cyanidin chloride/g dry weight. HPLC-MS 2 analysis of tea clearly suggests a a complex phenolic profile (Fig. 1). The feature identified include, 5-galloylquinic acid (Peak 2), (+)-gallocatechin (Peak 3), catechins and derivatives ((+)-gallocatechin (peak 3), (-)-epigallocatechin (peak 4), (+)-catechin (peak 5), (-)-epicatechin (peak 7) (-)-epigallocatechin gallate (peak 8), (-)epicatechin gallate (peak 13), (six quercetin glycosides (Peaks 9-12, 14 and 15), three unknown quercetin derivatives (Peaks 6, 22 and 25), four kaempferol glycosides (Peaks 17-20), three unknown kaempferol derivatives (Peaks 16, 23 and 28) and theaflavin and its derivatives (Peaks 21, 24, 26 and 27), Quantification using appropriate standard curves showed that total gallic acid derivatives in the tea infusate amounted to 50 ± 1 mg/L. Total flavan-3-ols and flavonols were 42± 2 mg/L and 32 ± 1 mg/L respectively while the total theaflavin content was 89 ± 1 mg/L . The TEAC and FRAP values were of the order of 1055 ± 25 and 825 ± 23 μmol/g dry weight respectively.

Study subjects

The number of subjects at the end of the 15-week intervention period was 77 representing a 12% drop-out from the initial population size. Reasons for drop-out were occupational and familial constraints. There was no incidence of pathological events during that period. The final sample population consisted of 42 (55%) males and 35 (45%) females in the age group of 25-60 years old. The levels of biomarkers measured under both tea and control regimens at the beginning of the study, its percentage change at the end of the intervention period and after a three week wash-out period were recorded.

The Diet scores

The compiled diet scores calculated as per the lipid/fat contents of the food items consumed during the study varied from 28 to 218 arbitrary units at baseline analysis. The mean data show that the scores remained relatively constant for both the tea and control groups in the combined male and female population from baseline to washout period (Fig. 2).

Fasting blood glucose concentration

The mean fasting blood glucose level, recorded at baseline, was 134 ± 66 mg/dL for males and 111 ± 38 for female subjects. These levels were greatly influenced by tea consumption with a significant drop of 20.3% and 14.8% (p b 0.001) respectively after 12 weeks (Table 1). Wash-out treatment generally increased the blood glucose level in the study groups. Non significant decreases (12.6% and 22%) were also observed in the control groups with subsequent non significant increases with the wash-out treatments.

Lipid profiles

Tea consumption did not significantly influence total cholesterol (TC) levels in male subjects while an increase of 14% (p b 0.05) was measured in the female population (Table 1). The wash out of the study group resulted in very slight non significant increases compared to the 12th week levels. Very slight non-significant increases were also observed in the control groups.

The triglycerides (TG) baseline data for men and women in the tea group were 166 ±138 mg/dL and 102 ± 65 mg/dL. These values were significantly reduced by 38.6% and 28.6% (p b0.01) following tea intake (Table 1) Wash out significantly increased TG levels recorded at week 12 by 25% and 24% (p b 0.05) respectively. In the control group non significant decreases of TG levels were noted for both males and females after 12 weeks followed by non significant increases after the wash out period. A slight non significant reduction of low density lipoprotein (LDL) cholesterol (2%) was noted in the male study group while a nonsignificant increase (14.6%) occurred among the female subjects (Table 1). Wash out increased the LDL levels non significantly in both male and female. In the control group hot water consumption induced non-significant increases of 10.8% and 11.6% during the intervention period.

Baseline HDL levels for males and females in the study group were 42 ± 15 mg/dL and 43 ± 15 mmol respectively. Tea consumption increased these levels by 17% (p b 0.05) and 24% (p b 0.05) (Table 1). High significant increases of 15% and 29% (p b 0.001) were recorded after the wash-out. No significant changes were recorded in the male control group while in the female control group hot water consumption induced a highly significant increase (50% : p b 0.001) after 12 weeks and this rise in HDL levels continued during the wash out period (+ 16.7% : p b 0.05).

Lipoprotein content was expressed as the ratio of LDL to HDL which is a more reliable predictor of atherosclerosis risk; a ratio b 3 being considered as normal. The mean LDL/HDL values for males and females in the tea group were respectively 2.64 ± 1.3 and 2.47 ± 1.5 (Table 1). Tea intake induced significant decreases of 16.5% (p b 0.05) and 16.6 (p b 0.05) in males and females during the intervention period to reach ratios of 2.20 ± 0.8 and 2.06 ± 0.7. These values were further decreased (non significant for the male group and significant p b 0.05 in the female group) during the wash out period.

Plasma total antioxidant capacity

The mean baseline FRAP values in males and females were 1.13 ± 0.6 mmol/L and 1.18 ± 0.7 mmol/L. Plasma FRAP antioxidant capacity for tea treated male volunteers increased markedly (+440% p b 0.05) and significantly to reach a mean value of 6.1± 1.3 mmol/L (Table 1). This value was further significantly increased (+58.8%,; p b 0.01) during the wash out period. Hot water consumption also induced a significant increase of 482% (p b0.01) among male controls during the intervention period. Subsequently non significant increases were recorded during wash out. Similar observations were made for females under tea regimen with a significant 386% increase (p b0.05) after 12 weeks. Wash out produced a non significant increase of 59%. A non significant increase was also noted in the female control group during the intervention period. Wash out in this group produced a significant rise (+ 60%, p b 0.01).

Mean baseline TEAC values were 2.26 ± 0.2 mmol/L in males and 2.43 ± 0.46 mmol/L in females. Tea intake slightly reduced TEAC plasma antioxidant status in men (-4.1%; p b 0.05) and in women (-10.6%; p b 10,6%) (Table 1). This continuous decrease could be noted throughout the wash out period for males (-6.3%; p b 0.01) while for females a very slight significant increase was measured. In the control group a decrease in TEAC data was observed for both males (-15% p b 0.01) and females (non significant) prior to non significant increases after the wash out.

Discussion

The HPLC-PDA-MS 2 analysis of the black tea used indicated a highly complex polyphenolic profile with a large distribution of phenolic acids, catechins, flavonols and theaflavins. The total phenols (89 ± 25 mg/g dry mass) compare favorably with the levels found in previously surveyed phenolic rich Mauritian tea infusates [START_REF] Luximon-Ramma | Characterization of the antioxidant functions of flavonoids and proanthocyanidins in Mauritian black teas[END_REF], 2006) and are consistent with those obtained for Chinese Pu'er tea infusates, which ranged from 64 to 126 mg/g [START_REF] Shao | The analysis by HPLC of green, black and Pu'er teas produced in Yunnan[END_REF].

The antioxidant capacity of the black tea used in the clinical trial as reflected by its TEAC (1055 ± 25 μmol/g) and FRAP (825 ± 23 μmol/g) values was among the highest when compared to other commercially available Mauritian teas, which ranged from 423 ± 31 μmol/g to 1147 ± 58 μmol/g for TEAC and 357 ± 21 μmol/g to 927 ± 51 μmol/g for TEAC [START_REF] Luximon-Ramma | Characterization of the antioxidant functions of flavonoids and proanthocyanidins in Mauritian black teas[END_REF]. Previous studies on the antioxidant power of different teas using the FRAP assay [START_REF] Benzie | Total antioxidant capacity of teas by the ferric reducing antioxidant power assay[END_REF] found values of 132-1654 μmol/g for black teas. It is noteworthy that the black tea FRAP data was 52% higher than that of China black tea, 60% higher than that of Pu Li, tea, 38% higher than that of oolong tea (a Table 1 Mean (SD) values of blood biomarkers measured during the 12-week intervention period and 3-week wash-out period in a male and female Mauritian population (N = number of subjects) under the tea and control regimens.. Significance testing between baseline and week 12 values and wash-out period for both study group and control group was performed by Student's t-test comparing mean values of two samples. *p b 0.05 (significance at 5%), **p b 0.01 (significance at 1%), ***p b 0.001 (significance at 0.1%). semi-fermented tea), 28% higher than that of Jasmine tea and 21% higher than that of Japanese teas.

Tea

The daily intake of 9 g of black tea (corresponding to 1.5%; w/v) represented a supplementation of 738 mg of polyphenols/day. This tea dose was consistent with the range of the doses (0.7 to 1.6% w/v.) utilized by [START_REF] Langley-Evans | Consumption of black tea elicits an increase in plasma antioxidant potential in humans[END_REF] and [START_REF] Shimada | Oolong tea increases plasma adiponectin levels and low-density lipoprotein particle size in patients with coronary artery disease[END_REF] to study the effects of Oolong, black and green teas on plasma antioxidant capacity and a number of risk factors in patients with coronary artery disease. While some human intervention studies evaluating effects of tea consumption on selective biomarkers of oxidative stress have been confronted with certain confounding lifestyle factors, this study was designed to minimize effects of smoking and alcohol on levels of the measured biomarkers. It is impossible for all subjects to maintain the same food consumption throughout the study period. The subjects were asked to maintain their former diet during the study and it was expected that the randomized design could balance eventual bias between the study and control groups. Nevertheless their daily diet was monitored and diet form data indicated that the fat/lipid content of the population diet did not change significantly during the intervention trial.

The baseline mean values of fasting serum glucose in both normal male and female tea and control groups were higher than the international standard values which vary between 70 and 111 mg/dL. It is noteworthy to situate these data in the context whereby health reports indicate a 23,6% incidence of diabetes in the Mauritian population (age 25-74) and further emphasize that for every known case of diabetes, there was one newly diagnosed case (Ministry of Health and Quality of Life, Mauritius, 2009). Consumption of the black tea infusate for 12 weeks significantly reduced the fasting glucose level by 20% in males and 15% in females. An antihyperglycemic effect of black tea can therefore be anticipated.

In the lipid profiles, circulating triglycerides were reduced and the decrease was more pronounced in men than in women. Triglyceride levels thus fell by 38.6% in males and 28.6% in females in the tea study groups. Relatively marked non-significant reductions were also observed in the control groups thereby questioning the apparent inertness of hot water. Total cholesterol levels were not significantly influenced by tea uptake with slight increases recorded in both intervention and control groups. HDL levels in both genders were significantly increased with tea ingestion and this was reflected in the LDL/HDL ratio, which is increasingly suggested as a better predictor of atherosclerosis risk. This ratio was non-significantly reduced in both male and female tea and control groups. Several studies have evaluated the relationship between tea consumption and cholesterol, triglyceride, LDL and HDL levels. [START_REF] Kono | Green tea consumption and serum lipid profiles: a cross-sectional study in Northern Kysushi, Japan[END_REF] and [START_REF] Imai | Cross sectional study of effects of drinking green tea on cardiovascular and liver disease[END_REF] observed in men an inverse relationship of green tea consumption with total cholesterol and triglycerides. The data on the effects of tea intake on triglycerides levels presented in this study are consistent with these findings. In this study black tea consumption did not seem to significantly influence the levels of total and LDL cholesterol.

The data presented demonstrate that an intervention with human subjects, who consumed three cups of black tea per day for a period of 84 days, can significantly improve plasma antioxidant status. Both FRAP assays showed significant increases in the antioxidant status of human plasma at the end of the intervention period for male and female groups. Increase in FRAP values were substantial for women (+ 440%) and men (+386%). A high plasma antioxidant level offers protection against oxidative stress through the quenching capacities of endogenously present low molecular weight antioxidants on reactive oxygen species and reactive nitrogen species.

The putative role of polyphenolics as effective in vitro antioxidants has been emphasized to explain tea effects. High levels of polyphenolics, including thearubigins and theaflavins in tea can protect cells and tissues from oxidative damage by scavenging oxygen-free radicals.

Tea phenolics may therefore be active antioxidants in the digestive tract and in other tissues after uptake.

In conclusion, moderate intake of black tea improves the levels of independent risk factors of cardiovascular disease and antioxidant defenses in plasma. The effects seem to be ascribed primarily to the synergistic effects of the tea phenolics and most probably with other antioxidant elements (endogenous or exogenous) not characterized in this study. Although the underlying biological mechanisms for these effects and the exact role of phenolics warrant an extensive study, tea may provide an important source of dietary antioxidants in many individuals.
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 12 Fig.1. HPLC-MS 2 profile of the Mauritian Golden Pekoe black tea at 280 nm (black trace A) and 360 nm (red trace B). 1: gallic acid; 2: 5-galloylquinic acid; 3: gallocatechin; 4: epigallocatechin; 5: catechin; 6: unknown quercetin derivative; 7: epicatechin; 8: epigallocatechin gallate; 9: quercetin-rhamsosylgalactosyglucoside; 10: quercetin-3rutinosylglucoside; 11: quercetin-rhamsosylglucoside; 12: quercetin-3-rutinoside; 13: epicatechin gallate; 14: quercetin-3-galactoside; 15: quercetin-3-glucoside; 16: unknown kaempferol derivative; 17: kaempferol-rutinoside; 18: kaempferol-3-rutinoside; 19: kaempferol-galactoside; 20: kaempferol-3-glucoside; 21: theaflavin; 22: unknown quercetin derivative; 23: unknown kaempferol derivative; 24: theaflavin-3-gallate; 25: unknown quercetin derivative; 26: theaflavin-3'-gallate; 27: theaflavin-3-3'-digallate and 28: unknown kaempferol derivative.
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