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The free radical scavenging potential of methanolic extract of Lagenaria siceraria leaves (MELS) was studied on in vitro antioxidant models. The antioxidant potential was evaluated by determining the activity of hydroxyl and hydrogen peroxide (H2O2) radicals scavenging and 1,1-diphenyl-2-picryl hydrazyl (DPPH) assay. In all these studies, a significant correlation existed between concentrations of the extract and percentage inhibition of free radicals. The extract was also shown to have high phenolic content i.e. 99.09±0.10 μg/mg. These results clearly indicated that MELS could be a potential source of natural antioxidant and effective against free radical mediated diseases.
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INTRODUCTION

Free radicals, often called reactive oxygen species (ROS), are fundamental to any biochemical process and represent an essential part of aerobic life and metabolism (Tiwari 2001). They are generated as by-products of biological reactions or from exogenous factors. When ROS production is greater than the detoxification capacity of the cell, excessively generated ROS causes extensive damage to DNA, proteins, lipids etc. and acts as a mediator of pro-inflammatory and carcinogenic events (Kowaltowski and Vercesi 1999). Such conditions are considered to be important causative factors in the development of diseases such as diabetes, stroke, arteriosclerosis, cancer and cardiovascular diseases (Yamaguchi et al. 2000). In the treatment of such diseases, antioxidant therapy has gained an immense importance. These antioxidants interfere with the oxidative processes by reacting with free radicals, chelating catalytic metal ions and also by acting as oxygen scavengers (Buyukokuroglu, Oktay and Kufrevioglu 2001). The biological effects of dietary antioxidants have generated a lot of interests in the modern era due to their potent antioxidant activities, absence of side effects and economic viability (Auudy et al. 2003). Many scientists have tried to obtain dietary antioxidants such as ascorbate, tocopherol and carotenoids from fruits and vegetables as they could help in protecting cells from cellular damages induced by oxidative stress.


The plant, Lagenaria siceraria (Molina) standl. (Family: Cucurbitaceae), known as bottle gourd, is a common fruit vegetable used throughout India. Since time immemorial the fruit has been used as immunosuppressant (Sankari et al. 2010), diuretic (Ghule et al. 2007), cardio-tonic, cardio-protective (Hassanpour, Bodhankar and Dikshit 2008) and nutritive agent (Rahman et al. 2008). The fruit has been also reported to possess good source of vitamin B complex and choline along with fair source of vitamin C and β-carotene (Kirtikar and Basu 2001). It is also reported to contain cucurbitacins, fibres and polyphenol (Nadkarni 1954). Among other activities reported with the fruits of L. siceraria include antioxidant activity (Shirwaikar and Sreenivasan 1996) and hypolipidemic in triton-induced hyperlipidemic rats (Jiwajinda et al. 2002). HPLC analysis of methanol extract from plant showed the presence of flavones-c glycosides. Lagenin (a ribosome inactivating protein) isolated from the seeds of L. siceraria possessed immuno-protective, antitumor, anti HIV and antiproliferative properties (Wang and Ng 2000). Aerial parts of the plant also have been reported to have antihyperglycemic (Saha et al. 2011a) and anticancer (Saha et al. 2011b) activities.

In view of the immense medicinal importance of the plant, the present investigator focused onto exploration of free radical scavenging activity of the leaves of this plant to determine and establish its role in various oxidative stress conditions generated by various reactive oxygen species.

METHODS

Chemicals and Reagents

All the drugs and chemicals used in the study were of analytical grade. 1,1-diphenyl-2-picryl hydrazyl (DPPH) and Folin-Ciocalteu reagent were obtained from Sigma Chemicals (St. Louis, MO, USA). Nitro blue tetrazolium (NBT), ethylene diamine tetra acetic acid (EDTA), sodium nitroprusside (SNP), trichloroacetic acid (TCA), thiobarbituric acid (TBA), 2-deoxy-2-ribose and other chemicals used for evaluation of oxidative stress parameters were obtained from Sisco Research Laboratories (Mumbai).

Plant Material

The leaves of L. siceraria were procured locally from Pakbara village, Moradabad District of Uttar Pradesh, India and were identified by Dr. Beena Kumari (taxonomist, Hindu College, Moradabad, India) as L. siceraria (Molina) standl. (Cucurbitaceae) leaves. A voucher specimen was preserved at the herbarium (HC.MBD/HAP/BK/2010/7/167) in the Department of Botany, Hindu College, Moradabad for further references. Leaves were washed with tap water, dried in shade and were then ground to coarse powder and stored in an airtight container.

Preparation of Extract

The dried and coarsely powdered plant material was extracted with petroleum ether (60°–80°) by hot percolation in soxhlet apparatus. The defatted plant material was then extracted with methanol until it became colourless. The extract was concentrated under reduced pressure to yield a crude semi-solid mass. The last traces of the solvent were evaporated under reduced pressure in rotatory evaporator. Standard methods were used for preliminary phytochemical screening of the extract to recognise the phytoconstituents present in the extract (Harborne 1984). It was concluded that the extract contained terpenoids, steroids, flavonoids and tannins.

In Vitro Antioxidant Activity

DPPH assay

The ability of the extracts to scavenge DPPH radicals (DPPH•) was determined according to the method prescribed (Zeyep, Muberra and Esra 2007) with minor modifications. A 50 μL aliquot of extract, in 50 mM Tris–HCl buffer (pH 7.4), was mixed with 450 μL of Tris–HCl buffer and 1.0 mL of 0.1 mM DPPH• in methanol. After 30 min incubation in darkness and at ambient temperature, the resultant absorbance was recorded at 517 nm against corresponding blanks (0.01 mM DPPH in methanol) and ascorbic acid was used as standard. All the tests were performed in triplicate and the graph was plotted with ±SEM of three observations.

Superoxide Scavenging Assay

The previously described (Liu and Ng 2000) method was used to investigate the superoxide anion radical scavenging activity of the methanolic extract of L. siceraria leaves (MELS). For the said purpose a non-enzymatic phenazine methosulfate-nicotinamide adenine dinucleotide (PMS-NADH) system was used to generate the superoxide anion through the reaction of PMS, NADH and oxygen. It was assayed by the reduction of NBT. To generate the superoxide anion, 3 mL of Tris-HCl buffer (100 mM, pH 7.4) containing 0.75 mL of NBT (300 µM) solution, 0.75 mL of NADH (936 µM) solution and 0.3 mL of different concentrations of the extract were used. The reaction was initiated by adding 0.75 mL of PMS (120 µM) to the mixture. After 5 min of incubation at room temperature, the absorbance at 560 nm was measured on spectrophotometer.

Scavenging of Hydroxyl Radicals

The competition for hydroxyl radicals generated from the Fe3+/ascorbate/EDTA/hydrogen peroxide (H2O2) system, between deoxyribose and the extracts, was measured in the study. These hydroxyl radicals attack on deoxyribose lead to the formation of thiobarbituric acid-reactive substances (TBARS) (Halliwell and Gutteridge 1981). The formed TBARS were measured by a previously described method (Ohkawa, Ohishi and Yagi 1979). The extracts were added to the reaction mixture containing 2.8 mmol/L deoxyribose, 100 µmol/L FeCl3, 104 µmol/L EDTA, 100 µmol/L ascorbic acid, 1 mmol/L H2O2 and 230 mmol/L phosphate buffer (pH 7.4), making a final volume of 1.0 mL. One mL of TBA (1%) and 1.0 mL TCA (2.8%) were added to the test tube and incubated at 100°C for 20 min. After cooling, absorbance was measured at 532 nm against a blank containing deoxyribose and buffer. The percentage inhibition of hydroxyl radical by the extract was determined by comparing the absorbance values of the control and experimental tubes.


Hydrogen Peroxide (H2O2) Radical Scavenging Activity

H2O2 scavenging activity of the extract was estimated by a previously prescribed method (Sroks and Cisowski 2003). A solution of H2O2 (20 mM) was prepared in phosphate buffer saline (pH 7.4). Different concentrations of plant extract and standard ascorbic acid solution viz. 10–100 μg/mL in methanol (1 mL) were added to H2O2 solution (2 mL). Absorbance of H2O2 at 230 nm was determined after 10 min against a blank solution containing phosphate buffer without H2O2. For each concentration, a separate blank sample was used for back ground subtraction. The experiment was performed in triplicate.

Nitric Oxide Scavenging Activity

Nitric oxide radical scavenging activity was determined according to the reported method (Garrat 1964). SNP in aqueous solution at physiological pH spontaneously generates nitric oxide which interacts with oxygen to produce nitrite ions that can be determined by the use of the Griess Illosvoy reaction. Two mL of 10 mM SNP in 0.5 mL phosphate buffer saline (pH 7.4) was mixed with 0.5 mL of extract at various concentrations and the mixture was incubated at 25°C for 150 min. From the incubated mixture 0.5 mL was taken out and added into 1.0 mL sulfanilic acid reagent (33% in 20% glacial acetic acid) and incubated at room temperature for 5 min. Finally, 1.0 mL naphthylethylenediamine dihydrochloride (0.1% w/v) was mixed and incubated at room temperature for 30 min before measuring the absorbance at 540 nm on the spectrophotometer. Consequently nitric oxide radical scavenging activity was calculated.

Estimation of Total Polyphenol Content

The total polyphenol content (µg/mg extract) was analysed using the Folin-Ciocalteu reagent method (Singleton, Orthofer and Ramuela-Raventos 1999). One hundred mg of the MELS extract was dissolved in 250 mL of methanol/water (60:40, V/V, 0.3% HCl) and filtered through a 0.45 μm Millipore filter. To 100 mL of filtrate, 100 mL of Folin-Ciocalteu reagent (50%, V/V) and 2.0 mL of sodium carbonate (2%, m/V) were added and mixed completely. After 2 hrs, the absorbance of the solution was measured at 750 nm. Quantification was based on the standard curve of gallic acid (0–1.0 mg/mL) dissolved in methanol/water (60:40, V/V, 0.3% HCl). Phenolic content was expressed as milligrams per gram of gallic acid equivalent (GAE).

Reducing Power Assay

The Fe3+ reducing power of the extract was determined by previously described method (Oyaizu 1996). The methanolic extract (10–100 µg/mL) was mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL potassium ferricyanide [K3Fe(CN)6] (1%), and then the mixture was incubated at 50°C for 30 min. Afterwards, 2.5 mL of TCA acid (10%) was added to the mixture and then centrifuged at 3000 rpm for 10 min. Finally, 2.5 mL of upper layer of the solution was mixed with 2.5 mL distilled water and 0.5 mL FeCl3 (0.1%) and the absorbance was measured at 700 nm. Ascorbic acid was used as the reference material. All the tests were performed in triplicate and the graph was plotted with the average of three observations. Increased absorbance of the reaction mixture indicated increased reducing power.

Statistical Analysis

The results are expressed as mean±standard error (mean±SE) of three observations. The % inhibition of various radicals was calculated by comparing the results of the test with those of control using the formula (Shirwaikar, Rajendran and Dinesh Kumar 2004).

% inhibition = absorbance (control) – absorbance (test)/absorbance (control) X 100

RESULTS

Several concentrations ranging from 10–100 μg/mL of the methanolic extract were compared for their antioxidant activity in different in vitro models. It was observed that free radicals were scavenged by the extracts in a concentration dependent manner (within the predetermined concentration range) in all the models.

DPPH Radical Scavenging Activity

Free radicals scavenging activity of DPPH has been widely used to evaluate the antioxidant activity of natural products obtained from plant and microbial sources. In DPPH scavenging activity model it was observed that MELS (10–100 μg/mL) significantly scavenged DPPH• in a concentration dependent manner. However extract showed weak scavenging activity in lower concentrations; the higher concentrations (50–100 μg/mL) exhibited promising DPPH• scavenging activity ranging from 36.26% to 65.93% (Table 1). DPPH is a relatively stable free radical and the assay determines the ability of MELS to reduce DPPH• to the corresponding hydrazine by converting the unpaired electrons to form pairs. This conversion is the action of the antioxidant.

Superoxide Radical Scavenging Activity

The superoxide anion radical scavenging activity of L. siceraria leaves extract assayed by the PMS-NADH system is shown in Table 1. The superoxide scavenging activity of MELS was increased markedly with the increase in concentrations of the extract. Thus, higher inhibitory effects of the extract on superoxide anion formation noted herein possibly rendered its promising antioxidant potential. The half inhibition concentration (IC50) of MELS was 63.49 µg/mL (Table 2). These results suggested that MELS had a potent superoxide radical scavenging effects.

Hydroxyl Radical Scavenging Activity

Activity of the different concentrations of MELS on hydroxyl radical had been as shown in Table 1. MELS exhibited concentration dependent scavenging activity against generated hydroxyl radical. The IC50 value of extract was found to be 56.15 μg/mL (Table 2). The observed dose dependent scavenging effect could be explained by understanding the nature and generation of radicals as well as studying different physical and chemical properties of the naturally occurring antioxidant.


Table 1: Antioxidant activity of methanolic extract of L. siceraria.
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Table 2: Free radical scavenging ability of L. siceraria and ascorbic acid.



	Activity
	IC50(μg/mL)



	MELS
	Ascorbic acid



	DPPH
	73.98

	38.49




	Hydroxyl radical
	56.15

	50.91




	H2O2 scavenging
	186.37

	60.29




	Superoxide scavenging
	63.49

	49.57




	Nitric oxide scavenging
	71.00

	57.64





Hydrogen Peroxide Radical Scavenging Activity

MELS also demonstrated H2O2 decomposition activity in a concentration dependent manner with an IC50 of 186.37 μg/mL (Table 2). The decomposition of H2O2 by MELS might have partly resulted from its antioxidant and free radical scavenging activity.

Nitric Oxide Scavenging Activity

MELS significantly inhibited nitric oxide in a dose dependent manner (Table 1) with the IC50 being 71.00 µg/mL. The result indicated that the extract might contain compounds able to inhibit nitric oxide and offered scientific evidence for the use of the leaves in oxidative stress conditions.


Reducing Power Activity

The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity. Similar to the antioxidant activity, the reducing power of MELS increased with increasing concentration. The result showed that MELS consists of hydrophilic poly phenolic compounds that might have caused the greater reducing power.

Amount of Total Phenolic Compounds

In the present study, total phenolic content present in extract was estimated using modified Folin-Ciocalteu method. The extract was found to contain 99.09±0.10 µg/mg total polyphenolics expressed as GAE (micrograms per milligram of GAE).
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Fig. 1: Gallic acid standard graph for total phenolic contents of L. siceraria.



DISCUSSION

Free radicals are chemical entities that can exist separately with one or more unpaired electrons. The propagation of free radical can brings about many adverse reactions leading to extensive tissue damage. Lipid proteins are all susceptible to attack by free radical. Many plant species with antioxidant activities act as protective agents against these radicals. In the present investigation potent antioxidant activity of L. siceraria leaf extract was observed using different methods. However the efficacy of extract to scavenge the different radicals differed in each method depending upon the mechanism of free radical scavenging and assay methodology.

The result of DPPH scavenging activity assay in this study indicated that the plant was potently active. This suggested that the plant extract did contain compounds that could be capable of donating hydrogen to a free radical in order to remove the odd electron which is responsible for the radical’s reactivity.

Hydroxyl radical is highly reactive oxygen centred radical formed from the reaction of various hydroperoxides with transition metal ions. It attacks proteins, DNA, polyunsaturated fatty acid in membranes and most biological molecules it contacts (Aruoma 1999) and is known to be capable of abstracting hydrogen atoms from membrane lipids (Yen and Duh 1994) and brings about peroxidic reaction of lipids. In the present study a significant correlation existed between the concentration and hydroxyl radical scavenging ability of the extract.

H2O2 is a weak oxidising agent and can inactivate a few enzymes directly, usually by oxidation of essential thiol (-SH) groups. It can cross cell membranes rapidly. Once inside the cell, H2O2 can probably react with Fe2+, and /or Cu2+ ions to form hydroxyl radical and this might be the origin of many of its toxic effects (Halliwell and Gutteridge 1981). It is therefore biologically advantageous for cells to control the amount of H2O2 getting accumulated. Scavenging of H2O2 by the plant extract could be attributed to its phenolics which donate electron to H2O2, thus reducing it to water. The extract was capable of scavenging H2O2 in a concentration dependent manner.

It is well known that superoxide anions damage biomolecules directly or indirectly by forming H2O2, •OH, peroxy nitrite or singlet oxygen during aging leading to pathological events such as ischemic reperfusion injury. Superoxide has also been observed to directly initiate lipid peroxidation (Yen and Duh 1994). The scavenging activity of this radical by the plant extract compared favourably with the standard reagent suggesting that the plant could also be a potent scavenger of superoxide radical. The probable mechanism of superoxide scavenging would be attributed to the inhibitory effects of MELS towards generation of superoxide in the in vitro reaction system.

Nitric oxide is an essential bioregulatory molecule required for several physiological processes like neural signal transmission, immune response, control of vasodialation and control of blood pressure (Rees, Palmer and Moncada 1989; Palmer, Ferrige and Moncada 1987) etc. However, the elevation of the NO• results in several pathological conditions including cancer. Moreover in the pathological conditions, nitric oxide reacts with superoxide anion and form potentially cytotoxic molecules, peroxynitrite. Nitric oxide inhibitors have been shown to have beneficial effects on some aspects of inflammation and tissue damage seen in inflammatory diseases. The level of nitric oxide was significantly reduced in this study by the crude extract. Since NO• plays a crucial role in the pathogenesis of inflammation, this may explain the use of L. siceraria for the treatment of inflammation.

For the measurements of the reducing ability, the Fe3+–Fe2+ transformation was investigated in the presence of MELS. Such reducing capacity of a compound might serve as a significant indicator of its potential antioxidant activity. However, the activity of antioxidants would have been assigned to various mechanisms such as prevention of chain initiation, binding of transition metal ion catalysts, decomposition of peroxides, prevention of continued hydrogen abstraction, reductive capacity and radical scavenging (Yildrim et al. 2000).

Phenolics are the most wide spread secondary metabolite in plant kingdom. These diverse groups of compounds have received much attention as potential natural antioxidant in terms of their ability to act as both efficient radical scavengers and metal chelator. It has been reported that the antioxidant activity of phenol is mainly due to their redox properties, hydrogen donors and singlet oxygen quenchers (Rice-Evans et al. 1995). The preliminary photochemical analysis suggested the presence of terpenoids, steroids, flavonoids and tannins in the methanolic extract; hence the observed antioxidant activity could be due to the presence of any of these constituents in the extract. However, the confirmation of activity by these constituents requires further analysis and would be the matter of investigation in our group.


CONCLUSION

The results obtained in the present study indicated that L. siceraria leaves extract exhibited free radical scavenging activity against hydroxyl, peroxide and DPPH•. The overall antioxidant activity of MELS might be attributed to its polyphenolic content and other phytochemical constituents. The findings of the present study suggested that L. siceraria leaves could be a potential source of natural antioxidant that would have great importance as therapeutic agents in preventing or slowing the progress of reactive oxygen species and associated oxidative stress related degenerative diseases.
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INDONESIAN HERBALS REDUCE CHOLESTEROL LEVELS IN DIET-INDUCED HYPERCHOLESTEROLEMIA THROUGH LIPASE INHIBITION
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Water and ethanolic extracts of Guazuma, Gynura, Muraya and Roselle were evaluated for their antihypercholesterolaemia and antilipase activities in high fat diet (HFD)-induced rats. Ethanolic and water extracts were given on days 31–45. Total cholesterol and lipase activity in serum were measured. Guazuma water(Guw) and ethanolic (GuEt) extracts, Gynura water (Gyw) extract, Muraya ethanolic (MEt) extract as well as Roselle water (Rw) and ethanolic (REt) extracts caused reduction in cholesterol levels of HFD-induced rats significantly (17%–23%; p<0.05). The potency of GuEt extract and Rw extract were similar to that of orlistat. Gyw extract, MEt extract and Rw extract reduced dietary fat absorption by inhibiting lipase activity.

Keywords: Guazuma, Gynura, Muraya, Roselle, Lipase activity

INTRODUCTION

Cholesterol, which is an important component for maintaining normal function of the cells is also associated with the incidence of atherosclerosis (Attie 2007). Nowadays, there has been a dramatic increase in obesity cases resulting from an excess of cholesterol in the human body (Kim et al. 2007). Traditional herbal medicines have been used in the treatment of obesity (Mochizuki and Hasegawa 2004; Sayama et al. 2000). Several studies reported that some herbal medicines such as Garcinia extract, hibiscus tea, garlic, turmeric and green tea exhibit potential antiobesity effect (Sukandar et al. 2010; Kim et al. 2007, 2003).

Several Indonesian herbal medicines such as Guazuma ulmifolia Lam, Gynura procumbens (Lour.) Merr., Muraya paniculata and Hibiscus sabdariffa L (Roselle) have been used as cholesterol lowering traditional herbal medicines in Indonesia. However, research on cholesterol lowering activity of these extracts has not been conducted yet. Polysaccharides, epicatechin (EP), and procyanidin oligomers, have been isolated from Guazuma extract (Rocha et al. 2007; Hor et al. 1996). Guazuma extract has been shown to exhibit antidiabetic activity is some studies (Alonso-Castro and Salazar-Olivo 2008; Alarcon-Aguilara et al. 1998) while the ethanolic extract of Gynura is shown to possess antitumour and anticancer activities (Sugiyanto et al. 2003, 1993). Several studies have found that Gynura contains flavonoid, sterol and steroid as well as some proteins such as peroxidase, catalase, carboxylase, osmotin-like protein and thaumatin-like protein (Hew and Gam 2010; Sudarsono et al. 2002). Muraya extract contains meranzin hydrate and has been used to reduce cholesterol levels in some Indonesian herbal medicine (Julaeha et al. 2010). Roselle phenolic compound, protocatechuic acid has been studied as an inhibitor of low-density lipoprotein (LDL) whereas Roselle anthocyanins are well known as antioxidants (Lee et al. 2002; Wang et al. 2000).

The purpose of this study was to investigate the effect of Guazuma, Gynura, Muraya and Roselle ethanolic and water extracts on the reduction of cholesterol level in serum and its inhibitory activity on lipase.

METHODS

The study was conducted in the Pharmacology Laboratory, Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, Gadjah Mada University. All experimental procedures were approved by the Animal Ethics Committee of the Integrated Research and Training Laboratory (Laboratorium Penelitian dan Pengujian Terpadu) of Universitas Gadjah Mada.

The plant materials were washed thoroughly with tap water and dried at 60°C in an incubator, diced into small pieces, powdered in a mixer grinder, and then the dried powders were macerated with 95% ethanol for 24 hours. The macerated extracts were subsequently filtered; the residue was macerated again with water for 24 hours. The ethanolic and water extracts were evaporated in a Rotavapor at 60°C under pressure. The plant extracts were kept at 20°C.

The research was conducted on 50 male Wistar rats aged 2 months with an average body weight of 150 g. Animals were divided into 10 groups of 5 rats. Rats were induced with high fat diet (HFD) containing 0.15% of lard and 0.05% of egg yolk. HFD was given for 45 days. On day-30, after 18 hours of fasting, blood was taken for initial cholesterol level and lipase activity. On day-31, either Guazuma, Gynura, Muraya, Roselle extracts or orlistat (obtained from P.T. Roche, Jakarta, Indonesia) were given to the rats. The doses of ethanolic or water extract were determined from what has been traditionally used in the community (Sudarsono et al. 2002). Doses of Guazuma water (Guw) extract, Guazuma ethanolic (GuEt) extract, Gynura water (Gyw) extract, Gynura ethanolic (GyEt) extract, Muraya water (Mw) extract, Muraya ethanolic (MEt) extract, Roselle water (Rw) extract and Roselle ethanolic (REt) extract are given in Table 1.


Table 1: Doses of ethanolic and water extracts of herbs.



	Herb
	Dose of extract (mg/kg body weight)



	Ethanol
	Water



	Guazuma
	59.6
	69.1



	Gynura
	63.0
	36.5



	Muraya
	44.6
	32.8



	Roselle
	63.0
	45.0




The extracts and orlistat were suspended in sodium carboxymethyl cellulose (CMC) 0.5%. After 15 day-treatments with either ethanolic extract, water extract or orlistat, blood were taken for serum cholesterol and pancreatic activity analysis. Total cholesterol level in serum was measured using Cholesterol Fluid Stable (DiaSys, Holzheim, Germany) whereas lipase activity in serum was analysed using Lipase Activity Assay Kit (Biovision, California, USA). Lipase activity test conducted in 7 groups indicated significant cholesterol level reduction and control group. All experiments data were represented as mean±SEM of 5 replicates. One-way ANOVA was used to analyse the statistical significance followed by Fisher’s Least Significant Difference (LSD) test. The statistical analysis was performed using SPSS 18.0 for Windows.

The formula to calculate reduction of cholesterol = [C30–C45/C30] × 100%,

where,

C30=cholesterol level at day 30

C45=cholesterol level at day 45.

The formula to calculate reduction of lipase activity = [L30–L45/L30] × 100%,

where,

L30=lipase activity at day 30

L45=lipase activity at day 45.

RESULTS

The present study showed that the HFD-induced hyperlipidaemia resulted in an increased total cholesterol level (32.2±1.8%; p<0.05). Guw and GuEt extracts, Gyw extract, MEt extract as well as both Rw and REt extracts reduced total cholesterol level significantly as compared to the HFD group. The effects of GuEt and Rw extracts were comparable to that of orlistat (Table 2). Furthermore, lipase activity decreased by 12%–41% (p<0.05) after Gyw, MEt and Rw extracts treatment for 15 days. Rw extract significantly inhibited lipase activity higher than orlistat (p<0.05) (Table 3).

DISSCUSSION

Cholesterol level in the body is controlled by the biosynthesis of endogenous cholesterol, absorption of exogenous cholesterol and elimination through bile acids (Jones 1997). High cholesterol levels in serum are associated with greater risk of cardiovasvascular diseases (Klag et al. 1993). Diet and exercise have been recognised as non-pharmacological approaches in the management of hypercholesterolaemia. However, a non-pharmacological approach is not sufficient to lower cholesterol level for most people. Therefore, using traditional herbal medicine could be one of the alternatives for reducing cholesterol levels.

Some plants demonstrated the ability to reduce plasma lipids in both animal study and clinical trial (Duangjai et al. 2010; Sukandar et al. 2010; Martins et al. 2009; Birari and Bhutani 2007; Carvajal-Zarrabal et al. 2005; Kim et al. 2003). This study provides evidence suggesting the potential hypocholesterolaemic action of Guazuma, Gynura, Muraya and Roselle extracts. Guw, GuEt, Rw and REt extracts as well as Gyw and MEt extracts reduced cholesterol levels of HFD-induced hypercholesterolaemic rats. GuEt and Rw extracts exhibited similar potency on hypocholesterolaemic activity as orlistat [(−)-tetrahydrolipstatin, N-formyl-L-leucine (1S)-1-[[(2S,3S)-3-hexyl-4-oxo-2-oxetanyl]methyl]dodecyl ester], a pancreatic lipase inhibitor that acts locally in the gastrointestinal tract to inhibit lipase.


Table 2: Cholesterol levels in rats fed with experimental diets.



	Treatments
	Day 30 (mg/dL)
	Day 45 (mg/dL)
	Percentage (%)



	HFD
	94.4±5.3
	100.8±4.5
	+6b



	HFD+orlistat
	94.0±2.5
	72.2±4.6
	–23a



	HFD+Guw
	83.7±5.5
	69.7±3.8
	–17ab



	HFD+GuEt
	93.8±2.2
	72.2±5.7
	–23a



	HFD+Gyw
	93.0±6.2
	76.2±3.7
	–18ab



	HFD+GyEt
	92.8±4.6
	93.0±2.5
	+0.2b



	HFD+Mw
	91.8±7.3
	87.2±8.2
	–5b



	HFD+MEt
	85.2±7.6
	70.8±6.6
	–17ab



	HFD+Rw
	94.5±3.9
	74.7±2.0
	–21a



	HFD+REt
	91.7±5.7
	75.9±4.7
	–17ab




Notes: Data are expressed as mean±S.E.M (n=5)

Cholesterol levels on day 0 are 69.2±1.3 mg/dL (n=50)

ap<0.05 compared with HFD

bp<0.05 compared with HFD+orlistat

+ = increase

− = decrease


Table 3: Lipase activity in rats fed experimental diets.



	Treatments
	Day 30 (mU/mL)
	Day 45 (mU/mL)
	Percentage (%)



	HFD
	11.0±1.5
	12.0±0.6
	+9b



	HFD+orlistat
	12.0±0.9
	8.2±1.1
	–32a



	HFD+Guw
	11.7±1.4
	10.7±2.1
	–9b



	HFD+GuEt
	10.9±2.2
	12.7±2.5
	+17b



	HFD+Gyw
	12.0±1.7
	9.4±0.6
	–22ab



	HFD+MEt
	12.6±2.1
	11.1±1.4
	–12ab



	HFD+Rw
	11.2±2.9
	6.6±1.2
	–41ab



	HFD+REt
	11.7±1.1
	11.0±2.4
	–6b




Notes: Data are expressed as means±S.E.M (n=5)

ap<0.05 compared with HFD

bp<0.05 compared with HFD+orlistat

+ = increase

− = decrease

Lipase activity inhibition is one of the most widely studied mechanisms for the determination of the potential efficacy of herbal medicine as antihypercholesterolaemia (Birari and Bhutani 2007). In this study, Gyw and Rw extracts showed promising inhibitory activity against lipase. Pancreatic lipase is responsible for the hydrolysis of 50%–70% of total dietary fats (Birari and Bhutani 2007). Therefore, phytochemicals identified from traditional herbal medicine present an opportunity for the development of newer therapeutics as antilipase agents (Duangjai et al. 2010; Martins et al. 2009; Birari and Bhutani 2007). Pancreatic lipase plays an important role in dietary cholesterol absorption as pancreatic lipase-mediated hydrolysis of the triacylglycerols was shown to be necessary for cholesterol transport to the intestinal cells (Huggins et al. 2003; Young and Hui 1999). As pancreatic lipase inhibition reduces dietary lipid digestion and absorption, Gyw and Rw extracts as well as MEt extract prevented long-term HFD consumption which was shown in the reduction of total cholesterol (Table 2) of high fat diet animals. Polyphenolics such as flavonoid obtained from rhizomes of Alpinia officinarum and from fruits of Mangifera indica showed moderate inhibition of pancreatic lipase (Moreno et al. 2006; Shin et al. 2003). Flavonoids, the main polyphenols in Gyw extract, might be responsible for antilipase activity. However, this does not rule out that other components present in Gyw extract might also be implicated in antilipase effect. Protocatechuic acid components present in Rw extract and meranzin hydrate have been shown to reduce cholesterol levels (Julaeha et al. 2010; Lee et al. 2002). However, there was no inhibition on lipase activity after the treatment of either Guw or GuEt extracts or REt extract. The reduction of cholesterol level which was caused by either Guw or GuEt extracts as well as REt extract might not be through the inhibition on cholesterol absorption which is regulated by lipase activity. Tannin and gel compound of Guazuma were hypothesised to reduce fat absorption in the gastrointestinal tract (Utomo 2008). Hibiscus acid being the main compound of REt extract inhibited pancreatic α-amylase function and oxidative stress in the human body (Hansawasdi et al. 2000; Tseng et al. 1997).

CONCLUSION

This study shows that Guazuma water, Muraya ethanolic and Roselle water extracts are able to reduce dietary fat absorption by inhibiting lipase activity suggesting that these herbals exhibit antilipase properties.
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Nyctanthes arbortristis Linn is widely used in Bangladesh and South Asia. The plant has a long history of traditional medicine use in the treatment of various ailments. This study examined the hypoglycemic effects of N. arbortristis Linn ripe seed and leaves extracts in rat models. Aqueous and 2% ethanol extracts of seed and leaves of N. arbortristis were used at a dose of 1.25 g/kg body weight. Male Long-Evans rats, bred at Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and Metabolic Disorders (BIRDEM) animal house, weighing between 180–200 g were used in the study. Type 1 and Type 2 diabetic models of rats were induced with intraperitoneal injection of streptozotocin using conventional methods. Experiments were done in normal, Type 1 and Type 2 model rats with a single feeding in different prandial states. Control rats received water. Glibenclamide and insulin were given to positive control groups. Serum glucose was measured by glucose-oxidase methods. Orally administered ripe seed extracts had significant effect on blood glucose level in fasting condition (p<0.005) as well as when the extract fed simultaneously with glucose (p<0.001) and 30 min before glucose load (p<0.05) in diabetic and normal model rats compared with control group. The leaves extract also reduced blood glucose level significantly in Type 1 model rats (p<0.05) compared to control rats. The extracts of the plant of N. arbortristis exhibited hypoglycemic effects which merits further exploration both chemically and biologically.

Keywords: Nyctanthes arbortristis Linn, Leaf, Ripe seed, Hypoglycemic

INTRODUCTION

Diabetes is a life-long disease effecting mankind all over the world. Traditional preparations from plant sources are widely used almost everywhere in the world to treat this disease. Therefore, alternative strategies to the current modern pharmacotherapy of diabetes mellitus are urgently needed (WHO 2002), because of the inability of existing modern therapies to control all the pathological aspects of the disorder, as well as the enormous cost and poor availability of modern therapies to many rural populations in developing countries. To the best of our knowledge there has been no published report on the antidiabetic properties of Nyctanthes arbortristis Linn.

N. arbortristis Linn (Seuli) (Fig. 1) is a shrub cultivated as a garden plant throughout Bangladesh and in the sub-himalayan region. It is a C3 plant (Rao and Kodandaramaiah 1982). The leaves are used extensively in Ayurvedic and Unani medicine for the treatment of chronic fever, rheumatism, intestinal worms and as a laxative, cholagogue, diuretic, diaphoretic, expectorant and for antimoebic purposes (Singh et al. 1995; Srivastava et al. 1990; Chopra et al. 1956). The seeds of this plant are known for their use in Ayurvedic system of medicine for throat, leprosy, eye diseases, skin infections and intestinal worm infection treatment (Singh and Jindal 1985). In accordance with WHO (1980) recommendation, we therefore undertook this work to study the hypoglycemic effects of N. arbortristis ripe seeds and leaves extracts in normal, Type 1 and Type 2 diabetic model rats.

METHODS

Plant Materials

Ripe seeds and fresh leaves of N. arbortristis were collected from Dhaka city, Bangladesh from January to February, 2003. The plant was identified by a taxonomist, Dr. Md. Salar Khan of Bangladesh National Herbarium Centre, Dhaka, Bangladesh and a voucher specimen (DACB accession number-35121) was kept in the Bangladesh National Herbarium Centre, Dhaka, Bangladesh.

Preparation of the Extracts

Ripe seeds and fresh leaves of N. arbortristis were cleaned and air-dried followed by drying in an oven at 40°C. The dried ripe seeds and leaves were ground to coarse powder and stored separately. The powdered ripe seeds (1.9 kg) extracted with distilled water for 8 days at room temperature and the powdered leaves (0.75 kg) were extracted with 2% ethanol for 5 h at 70°C by the Soxhlet method. After extraction, filtrates were evaporated at 50°C in a vacuum dryer to give final yields of 96.6 g and 46.5 g, respectively. The extracts were stored in the refrigerator at −2°C until use.

Experimental Animals

Adult male Long Evans rats, weighing (180–200 g), were used throughout the study. The animals were bred at Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and Metabolic Disorders (BIRDEM) animal house. All animal experiments were approved by the Ethical Review Committee of Diabetic Association of Bangladesh (Ref no.18/03/A/ERCDAB) and followed the guideline of the International Guidelines for Handling of Laboratory Animals (Derrell 1996). The rats were housed 5 rats per cage at a temperature of 22±2°C with 12 h light/12 h dark cycle with access to feeding with standard pellet diet and water ad libitum. The rats were fasted 12 h before and during the whole period of blood sampling.



[image: art]

Fig. 1: Nyctanthes arbortristis Linn (Seuli).



Induction of Type 1 Diabetes

Type 1 diabetes was induced by a single intra-peritoneal injection of streptozotocin (Upjohn Company, Kalamazoo, Michigan, USA) dissolved in 0.1 M sterile citrate buffer, pH 4.5, at a dose of 60 mg/kg. Fasting blood glucose was determined on the 7th day after induction, and rats with fasting blood glucose of 18 mmol/L or more were considered for the experiment.


Induction of Type 2 Diabetes

Type 2 diabetes was induced by a single intra-peritoneal injection of streptozotocin (90 mg/kg) to 48 hour-old pups as described by Bonner-Weir et al. (1981). Three months later oral glucose tolerance test was performed and rats with serum glucose of 8 mmol/L or more were considered for the experiments.

Control Group

Rats in negative control groups received water (10 mL/kg) daily whereas the positive control group in Type 1 model received insulin (5 µL/kg) once daily and Type 2 model received glibenclamide (5 mg/kg) daily. Normal rats also received glibenclamide (5 mg/kg) daily.

Effect of the Ripe Seed and Leaf Extracts on the Fasting Glucose Levels of Rats

Rats were fasted for 24 h before the experiment. The ripe seed and leaf extracts (1.25 g/kg) were administered orally to rats. The blood samples were withdrawn for measurement of the glucose level after cutting the tail tip of rats under mild ether anesthesia at 0 min, 60 min and 120 min.

Effect on Blood Glucose Levels of Rats when the Ripe Seed and Leaf Extracts were Fed Simultaneously with Glucose

The rats were kept fasting overnight (at least 12 h), without free access of water, before testing the blood glucose level. Rats were kept in an airtight jar or desiccator with saturated ether vapour for 1 min for anesthesia, before fed with the extracts. The extracts (1.25 g/kg) were administered orally to rats, simultaneous with glucose (2.5 g/kg) and blood samples were drawn at 0 min, 30 min and 75 min.

Effect on Blood Glucose Levels of Rats when the Extracts were Fed 30 Min before Glucose Load

Extracts (1.25 g/kg) were fed by metallic smooth tubes to the rats fasted 12 h under mild ether anesthesia. All rats were given glucose (2.5 g/kg) 30 min after the administration of extracts. Blood samples were drawn at 0 min, 60 min and 105 min.

Blood Collection and Determination of Serum Glucose Level

Blood was collected by amputation of the tail tip under mild ether anesthesia. The serum was separated by centrifugation and glucose levels in the serum samples were estimated on the same day by an automated colorimetric method (Peridochrom Glucose GOD-PAP, Boehringer, Germany) at absorbance of 510 nM (Nahar et al. 2000).

Data and Statistical Analysis

All analyses were done using the Statistical Package for Social Sciences (SPSS). Results were expressed as mean±standard error (mean±SE). Statistical comparisons with the control were made by one way ANOVA test (Duncan’s new multiple-range test post hoc). The values with p<0.05 were considered significant.

RESULTS

In Table 1, fasting blood glucose was 20.3±1.0 to 22.7±2.5 mmol/L on the 7th day after induction. In Type 2 diabetic model rats fasting glucose level was only marginally higher (6.9±0.2 to 8.5±0.5 mmol/L at 0 min) indicating the presence of functioning β-cells. The aqueous extract of N. arbortristis ripe seeds significantly lowered fasting blood glucose levels (7.0±0.1 mmol/L) in Type 2 diabetic rats (p<0.05 at 120 min). Glibenclamide had significant effect in reducing blood glucose in normal and Type 2 diabetic model rats at 120 min (p<0.05) and 60 min (p<0.05), 120 min (p<0.01) in this condition, respectively.

The leaves extract did not decrease the blood glucose significantly in normal rats at 60 min (5.9±0.5 mmol/L) and 120 min (5.2±0.6 mmol/L) compared to normal control rats. Leaf extract did not show any hypoglycemic activity in Type 1 and Type 2 rats in fasting condition. On the other hand, the seed extract did not significantly lower fasting blood glucose levels in normal and Type 1 diabetic model rats in fasting condition.


Table 1: Effect of N. arbortristis Linn aqueous extract of ripe seeds and 2% ethanol extract of leaves on fasting serum glucose levels of normal and diabetic models (Type 1 and Type 2) rats.



	Group
	0 min
(mmol/L)
	60 min
(mmol/L)
	120 min
(mmol/L)



	Normal rats
	
	
	



	Water control (10 mL/kg)
(n=7)
	6.1±0.3
	5.7±0.4
	5.7±0.3



	Glibenclamide (5 mg/kg)
(n=7)
	6.6±0.3
	4.6±0.6
	4.2±0.4*



	N. arbortristis ripe seed
(n=6)
	6.1±0.3
	6.3±0.4
	5.3±0.6



	N. arbortristis leaves
(n=7)
	6.3±0.4
	5.9±0.5
	5.2±0.6



	Type 1 diabetic model rats
	
	
	



	Water control
(n=6)
	22.1±2.9
	22.0±2.5
	20.3±1.3



	Insulin control
(n=6)
	20.3±1.0
	3.6±0.6***
	2.4±0.1***



	N. arbortristis ripe seed
(n=7)
	22.7±2.5
	22.4±2.7
	21.1±2.5



	M arbortristis leaves
(n=7)
	21.9±2.2
	20.9±2.3
	22.3±3.0



	Type 2 diabetic model rats
	
	
	



	Water control
(n=6)
	8.5±0.5
	8.4±0.3
	7.9±0.2



	Glibenclamide control
(n=6)
	8.4±0.3
	7.3±0.3*
	6.8±0.2 **



	N. arbortristis ripe seed
(n=7)
	7.2±0.2
	8.8±0.1
	7.0±0.1*



	N. arbortristis leaves
(n=7)
	6.9±0.2
	7.8±0.1
	7.5±0.1




Notes: Values are expressed as mean±SE; n = number of rats; *p<0.05, **p<0.01, ***p<0.001 compared to control rats. Statistical significant test for comparisons were done by one way ANOVA followed by Duncan’s new multiple-range test.

Postprandial Condition with Simultaneous Glucose Load

In this experimental situation (Table 2), aqueous extract of N. arbortristis leaves significantly opposed the rise of blood glucose (25.9±2.8 mmol/L) of Type 1 diabetic rats at 75 min (p<0.05) compared to control diabetic rats. In Type 2 diabetic rats, ripe seed extract showed significant antihyperglycemic effect (9.0±0.1 mmol/L) at 75 min (p<0.01) compared to control diabetic rats. Glibenclamide had significant hypoglycemic effect (5.2±0.6 mmol/L) in normal rats (p<0.01) at 75 min, but did not show significant effect of lowering blood glucose in Type 2 diabetic model rats in this condition. On the other hand, in normal and Type 2 diabetic model rats, glibenclamide did not show significant effect opposing the rise of blood glucose at the time point, i.e. 30 min.

In normal rats, the oral administration of postprandial condition with simultaneous glucose load and the extracts did not significantly affect the lowering of blood glucose levels at 30 min and 75 min (i.e. leaves extract 7.6±0.4 mmol/L and 6.9±0.4 mmol/L; ripe seed extract 7.6±0.5 mmol/L and 7.1±0.4 mmol/L). In Type 1 diabetic model rats, N. arbortristis ripe seed extracts did not show significant effect opposing the rise of blood glucose at 30 min and 75 min. Similarly, in Type 2 diabetic model rats, N. arbortristis leaves extracts did not show significant effect of lowering blood glucose levels at 30 min (15.4±1.4 mmol/L) and 75 min (16.2±1.0 mmol/L).

Postprandial Condition when the Extract was Fed to Rats 30 Min before Glucose Load

Table 3 shows the effect of postprandial condition when the extract was fed 30 min before glucose load administration. The ripe seeds extract of N. arbortristis significantly opposed the rise of blood glucose (6.7±0.3 mmol/L) at 60 min in nondiabetic rats (p<0.05) compared to control rats. On the other hand, the leaves extract did not show significant lowering of blood glucose in normal rats under this condition. Glibenclamide had significant antihyperglycemic effect (5.7±0.2 and 4.1±0.2 mmol/L) in normal rats at 60 min (p<0.01) and 105 min (p<0.001) in this condition, respectively.


Under this condition, N. arbortristis ripe seeds and leaves extracts had no significant antihyperglycemic effect in Type 1 and Type 2 diabetic model rats. There was no significant change in lowering blood glucose in Type 2 glibenclamide control diabetic model rat in this condition.


Table 2: Effect of N. arbortristis Linn aqueous extract of ripe seeds and 2% ethanol extract of leaves on serum glucose levels of normal and diabetic models (Type 1 and Type 2) rats when the extract was fed simultaneously with glucose.



	Group
	0 min
(mmol/L)
	30 min
(mmol/L)
	75 min
(mmol/L)



	Normal rats
	
	
	



	Water control
(n=6)
	5.9±0.5
	7.4±0.5
	7.6±0.4



	Glibenclamide control
(n=7)
	6.6±0.4
	6.8±0.5
	5.2±0.5**



	N. arbortristis ripe seed
(n=7)
	6.9±0.3
	7.6±0.5
	7.1±0.4



	N. arbortristis leaves
(n=7)
	6.6±0.4
	7.6±0.4
	6.9±0.4



	Type 1 diabetic model rats
	
	
	



	Water control
(n=6)
	22.3±1.9
	34.2±1.3
	32.0±0.8



	Insulin control
(n=6)
	22.5±0.5
	22.1±0.7***
	11.4±1.2***



	N. arbortristis ripe seed
(n=10)
	24.5±1.2
	32.5±1.2
	27.1±2.3



	N. arbortristis leaves
(n=8)
	22.3±0.8
	30.6±1.1
	25.9±2.8*



	Type 2 diabetic model rats
	
	
	



	Water control
(n=6)
	8.1±1.0
	17.1±0.5
	15.9±0.5



	Glibenclamide control
(n=6)
	8.3±0.8
	19.2±1.4
	17.0±1.2



	N. arbortristis ripe seed
(n=8)
	8.3±0.9
	15.4±1.1
	9.0±0.1**



	N. arbortristis leaves
(n=7)
	7.1±0.9
	15.4±1.4
	16.2±1.0




Notes: Values are expressed as mean±SE; n = number of rats; *p<0.05, **p<0.01, ***p<0.001 compared to control rats. Statistical significant test for comparisons were done by one way ANOVA followed by Duncan’s new multiple-range test.


Table 3: Effect of aqueous extract of N. arbortristis Linn ripe seed and 2% ethanol extract of leaves on serum glucose levels of normal and diabetic models rats (Type 1 and Type 2) when the extract was fed 30 min before glucose load.



	Group
	0 min
(mmol/L)
	60 min
(mmol/L)
	105 min
(mmol/L)



	Normal rats
	
	
	



	Water control
(n=6)
	6.1±0.2
	7.9±0.2
	7.3±0.3



	Glibenclamide control
(n=7)
	6.1±0.3
	5.7±0.2**
	4.1±0.2***



	N. arbortristis ripe seed
(n=8)
	6.3±0.4
	6.7±0.3*
	7.3±0.3



	N. arbortristis leaves
(n=6)
	5.9±0.4
	7.4±0.3
	6.8±0.2



	Type 1 diabetic model rats
	
	
	



	Water control
(n=5)
	22.2±4.6
	30.4±3.3
	26.7±2.8



	Insulin control
(n=6)
	21.4±3.2
	9.5±4.1***
	5.2±2.0***



	N. arbortristis ripe seed
(n=7)
	19.6±3.3
	27.7±3.0
	24.4±2.8



	N. arbortristis leaves
(n=6)
	19.5±6.1
	27.3±3.8
	27.2±4.0



	Type 2 diabetic model rats
	
	
	



	Water control
(n=6)
	9.2±0.5
	18.6±1.6
	17.6±1.0



	Glibenclamide control
(n=7)
	9.0±0.5
	16.8±1.9
	15.0±1.7



	N. arbortristis ripe seed
(n=5)
	9.4±0.3
	19.5±1.8
	19.0±1.7



	N. arbortristis leaves
(n=6)
	9.8±0.8
	17.6±1.7
	19.4±1.6




Notes: Values are expressed as mean±SE; n = number of rats; *p<0.05, **p<0.01, ***p<0.001 compared to control rats. Statistical significant test for comparisons were done by one way ANOVA followed by Duncan’s new multiple-range test.

DISCUSSION

Streptozotocin-induced hyperglycemic has been described as a useful experimental model to study the activity of hypoglycemic agents (Szkudelski 2001). Streptozotocin selectively destroys the pancreatic insulin secreting β-cells, leaving less active cells and resulting in a diabetic state (Szkudelski 2001; Kamtchouing et al. 1998). At a postprandial state when the extract (1.25 g/kg) was fed simultaneously with glucose (2.5 g/kg), the leaves extract produced significant reduction (p<0.05) in the blood glucose concentration of Type 1 diabetic rats at 75 min. This effect indicates that the extract has hypoglycemic activities, either acting through stimulation of insulin release from pancreatic β-cells and/or acting either at the gut level or at the peripheral tissues. Analysis of the nature of the action of the plant leaves extract (no effect in fasting state, but significant effect when fed simultaneously with the glucose load) indicates its probable effect at the glycogen synthesis level, since glycogenesis is the predominant mechanism at fed state in contrast to gluconeogenesis which is characteristically activated in diabetic animals (Felig and Bergman 1990).

Glibenclamide treatment (5 mg/kg) was not as effective in reducing blood glucose in STZ-diabetic rats as in normoglycaemic rats. It has been reported that glibenclamide was not effective when destruction of β-cells has occurred and hence more effective in moderate diabetic rats than in severe diabetic animals (Hosseinzadeh et al. 2002; Cetto et al. 2000; Sharma et al. 1997). The acute hypoglycemic effect of glibenclamide in rats has been shown from the stimulation of insulin release from the residual β-cells and inhibition of glucagon secretion (Moller 2001). But, in Type 2 glibenclamide control model rats on fasting state, significant lowering of blood glucose occurred at 60 min (p<0.05) and 120 min (p<0.001). This result (Type 2 glibenclamide control model rats on fasting state) opposed the observation in fasting condition. Glibenclamide might possess insulin like effect on peripheral tissues either by promoting glucose uptake and metabolism or inhibiting hepatic gluconeogenesis in fasting condition.

N. arbortristis ripe seed extract had significantly opposed the rise of blood glucose on the fasting state in Type 2 diabetic model rats indicating that the extract possesses hypoglycemic activities, which acts by releasing of insulin from pancreatic β-cells.

In this study, it was observed that administration of N. arbortristis ripe seed in postprandial states (Type 2 and normal rats) to both types of rats lower their blood glucose which was also reflected in their sugar level. Activity in this prandial state is probably due to a systemic action, i.e. as a result of the stimulation of β-cells and subsequent release of insulin or enhancement of insulin action.

CONCLUSION

Based on the results of this study, it may be concluded that N. arbortristis ripe seeds and leaves extracts show interesting possibilities as a source of oral hypoglycemic agents. We believe that this plant must be considered as an excellent candidate for future studies on determining the mechanisms of its hypoglycemic activity, as well as for the isolation and identification of active hypoglycemic substances.
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Studies were conducted to assess the percutaneous absorption of the triacyglycerols (TAGs), tocols and carotenoids present in crude and refined palm oil. In vitro experiments using upright Franz diffusion cells were employed to investigate the permeability of these compounds across full thickness human skin and into the receptor solution. Cetrimide, a cationic surfactant was chosen to be used as a solubilising agent in the receptor phase with an optimum concentration of 3.0 mg/mL and was able to provide sink conditions throughout the permeation. TAGs, tocols and carotenoids all permeated human skin from crude palm oil (CPO), whereas only TAGs permeated when refined palm oil (RPO) was used. Of the TAGs, oleic acid-containing TAGs was preferentially absorbed despite palmitic acid being the most prevalent fatty acid (FA) in TAGs. Tocols in the form of α-T3 showed the highest permeation followed by γ-T3, α-T and the lowest permeation was observed for δ-T3. Carotenoids (α-carotene and β-carotene) also showed an appreciable amount of permeation from CPO.

Keywords: Franz cell, Tocol, Carotenoids, Cetrimide, Percutaneous

INTRODUCTION

Palm oil produced from the fruit of Elaeis guineensis tree is the most widely used of all vegetable oils. Initially introduced to Malaysia as an ornamental plant, the first commercial planting of oil palm tree was in 1977 (Sambanthamurti et al. 2000). The palm oil tree is unique in producing two types of oil; crude palm oil (CPO) obtained from the fleshy mesocarp and is used mainly for its edible properties and, the palm kernel oil produced from the kernel (seed) which has wide applications in the oleochemical industry (Sundram 2000). The major constituents present in CPO are fatty acids (FAs) in the form of triacyglycerols (TAGs). Palm oil is different from other vegetable oils as it contains 50% saturated FAs, 40% monounsaturated FAs and 10% polyunsaturated FAs (Sambanthamurti et al. 2000). The palm fruit also contains phytonutrients that can endow the oil with nutritional and health beneficial properties. These phytonutrients are present in the form of tocols [tocotrienols (T3) and tocopherols (T)], carotenoids (α-, β- and γ-carotenes) and sterols. CPO contains approximately 78%–82% tocotrienols and 18%–22% tocopherols as well as 3.3%–54% of carotenes. α- and β-carotenes are the major carotenes present in the CPO (Mortensen 2005).


The presence of tocols and carotenoids in palm oil suggests that there could potential benefits in using this oil as an excipient in cosmetic and topical pharmaceutical formulations. It may even be possible to deliver therapeutic amounts of these nutrients via the transdermal route. Tocotrienols are structural analogues of the tocopherols and they are present in greater amounts in CPO than any other vegetable oil (Schwarts et al. 2007). Tocotrienols are known to possess a higher antioxidant activity than the tocopherols and they may have benefits in protecting the skin against free radical peroxidation (Zafarizal and Ismail 2009) as well as having cardioprotective, neuroprotective and anticancer properties (Aggarwal et al. 2010; Sen et al. 2007, 2005). The transdermal delivery of palm oil constituents such as tocols and carotenoids has been largely overlooked even though these substances have often been incorporated in topical formulations for their antioxidant activity. Consequently, the skin seemed to be a promising portal through which to deliver these components for a systemic effect. Moreover, these highly lipophilic compounds have a very low aqueous solubility, whilst there is also the possibility that they may be degraded in the hostile stomach environment (Anatoly and Vladimir 2004). It is possible that these issues could be overcome if the transdermal route is considered.

The present study was therefore initiated to investigate the feasibility of delivering palm oil derived phytonutrients beyond the skin for systemic purposes. At the same time, it was also important to consider the fact that other compounds in palm oil, such as myristic acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid and linolenic acid, could also potentially be absorbed if palm oil is used as an excipient. So from a toxicological perspective it was important to evaluate TAG absorption at the same time. As palm oil constituents are highly lipophilic the solubility of these compounds was investigated prior to the commencement of the permeation experiments in order to ensure that sink conditions in the receptor phase of the diffusion cells were maintained throughout the experiment. It was important to ensure that the permeant concentration in the receptor phase did not exceed 10% of the saturation solubility (Scheindlin 2004).

METHODS

Materials

CPO was obtained from Havys Oil Mill (Selangor, Malaysia) and refined palm oil (RPO) was purchased from The Store Sdn. Bhd. (Semenyih, Malaysia). Phosphate buffered saline (PBS) with pH 7.4 was prepared according to the British Standard International (BSI) method (British Pharmacopoeia 2010). Supelco standard (reference-07631-1AMP) of fatty acid methyl esters (FAME) was purchased from CNG Sdn. Bhd. (Selangor, Malaysia). Tocol and carotenoid standards were a gift from Carotech Bhd. (Perak, Malaysia). Virkon®, the disinfectant used during all experimental work involving human skin, was obtained from Labsystem Scientific (Cheras, Malaysia). Ex vivo human skin samples were obtained from a local private hospital, post-abdominoplasty (tummy-tuck). Cetrimide, used as a solubilising agent and all buffer chemicals were purchased from Fisher Scientific (Selangor, Malaysia).


Analysis of TAG

Analysis of TAG was performed by converting it into FAME. FAME standard was prepared by dissolving 100 mg in 1 mL of hexane and stored at −20°C according to Tang’s Malaysian Palm Oil Board (MPOB) test method (Tang 2004). This method employs a base-catalysed transesterification process. In this process, 50 mg of oil was dissolved in 0.95 mL of hexane. Vials were shaken using a vortex mixer for 5 seconds in order to dissolve the oil. Then, 0.05 mL of sodium methoxide solution was pipetted into the vials and vortex mixed again for 5 minutes. Two distinct layers were observed at this stage and the upper layer, known to contain the methyl esters was transferred to new vials prior to gas chromatography (GC) analysis.

Analysis of FAME was carried out using a Perkin Elmer Clarus 500 GC (Perkin Elmer Sdn. Bhd., Petaling Jaya, Selangor, Malaysia) equipped with flame ionisation detector (FID). 0.5 µL of each FAME sample was manually injected into the injector port using a 5 µL glass injector syringe. Separation of FAME was carried out using a 30 mm x 0.32 m, 0.2 µm film fused capillary column coated with a chemically bonded stationary phase. The oven temperature was programmed at 185°C for 8 minutes at isothermal condition, the injector and detector temperature were both set at 240°C with a flow rate of 0.6 mL/min with a split ratio of 1:100. Peak area measurements were carried out using TotalChrom Navigator (TCNav) software (version 6.01).

Tocols Analysis

Quantification of the tocols was carried out with a Perkin Elmer 200 series HPLC system (Perkin Elmer Sdn. Bhd., Petaling Jaya, Selangor, Malaysia) complete with a quaternary pump and Hitachi fluorescence detector. A Supelco Ascentis C18 reverse phase column (5 μm, 25 cm × 4.6 mm) was used with a mobile phase of acetonitrile and methanol (50:50 by volume). The flow rate was 1 mL/min and the injection volume was 20 μL throughout. The excitation wavelength was 295 nm and the emission wavelength was 325 nm. Peak responses were measured using TotalChrom Navigator (TCNav) software (version 2.0).

Carotenoids Analysis

Carotenoids were analysed using the same HPLC system equipped with a Perkin Elmer UV/Vis detector (tungsten lamp). A mobile phase consisting of 70% acetonitrile, 25% methanol and 5% dichloromethane (by volume) was used and the flow rate was set at 2 mL/min. A Supelco Ascentis C18 column (5 µm, 25 cm × 4.6 m) was used and the injection volume was 20 µL throughout. Peak responses were measured at 450 nm by TotalChrom Navigator (TCNav) software (version 6.01).

Receptor Phase Development

Determination of the Critical Micelle Concentration (CMC) of Cetrimide in PBS

Cetrimide, a cationic surfactant, was chosen as a receptor phase additive with the intention that it would be able to act as a solubilising agent for the highly lipophilic palm oil constituents. The critical micelle concentration (CMC) of cetrimide in PBS was determined using a dynamic light scattering method. The Malvern Zetasizer Nano, APS software (version 2) [DKSH Technology, Petaling Jaya, Selangor, Malaysia] was used to determine the CMC of cetrimide in PBS. Concentrations in the range of 0.05 mg/mL to 2.5 mg/mL of cetrimide in PBS were prepared and degassed before being analysed with the Zetasizer to detect the formation of micelles and also to measure their particle size in the form of hydrodynamic diameter. At each cetrimide concentration, three particle size measurements were taken and the z-average hydrodynamic diameter was calculated. A graph of intensity of scattered light (%) and z-average hydrodynamic diameter was plotted as a function of the cetrimide concentration in PBS (mg/mL).

Solubility Studies of Palm Oil Constituents in PBS Containing Cetrimide

The solubility of ‘palm oil’ in PBS containing cetrimide was evaluated using standard methodology. Technically, it was the concentrations of the individual palm oil components (TAG, tocols and carotenoids) in aqueous samples saturated with palm oil that were being measured. Four solutions of cetrimide in PBS were prepared (0.5, 1.0, 2.5 and 5.0 mg/mL) and 4 mL of CPO was added to 8 mL of each solution. After agitation for 48 hours using an orbital shaker, 2 mL of the lower aqueous layer was removed and extracted. Triplicate analysis was performed for each cetrimide. Extraction for each compound was performed as mentioned in the analysis of TAGs method.

Transdermal Diffusion Studies

Skin Preparation

Human abdominal skin was obtained from a local hospital following abdominoplasty surgery on four female patients. Ethics approval was granted by the Joint Ethics Committee of Lam Wah Ee Hospital and Universiti Sains Malaysia (Pulau Pinang, Malaysia). Subcutaneous fat was removed from the tissue by blunt dissection with care being taken not to damage the epidermis. The full-thickness skin samples were cut into squares of approximately 2 cm2, wrapped in aluminium foil, placed into self-sealing polythene bags and stored at −20°C until required.

Permeation Studies

Assessment of CPO and RPO

Permeation studies were performed using upright Franz-type glass diffusion cells (Permegear, USA). Prior to mounting the skin, the thickness of each excised skin was measured using a digital caliper. The average thickness of the excised skin was 0.34±0.24 mm. High vacuum silicone grease was applied to the flanges of both halves of the diffusion cells in order to prevent leakage of the donor or receptor phases. The receptor compartments (approximate volume: 2 mL) were filled with PBS, containing cetrimide (3 mg/mL). Cetrimide also possesses antimicrobial properties, therefore no additional antimicrobial agent was used. After an equilibration period of 1 hour, 2 mL of CPO, i.e. an infinite dose was added to the donor compartment. The donor compartments for the control cells were left empty and occluded with parafilm to mimic the occlusive effect of the CPO. The cells were placed on a submersible magnetic stirring block and immersed in a water bath at 37°C. Throughout the experiment the receptor phases were agitated with magnetic stirring bars. At predetermined time intervals up to 72 hours, 400 μL samples were withdrawn from the receptor compartments and stored at −20°C prior to analysis. An equivalent volume of pre-warmed receptor phase was returned to the receptor compartment of each diffusion cell after sampling. The same permeation experiment was repeated with the exception that RPO was used as the donor phase.

Samples Analysis

To determine the permeation of FA (from TAG), 100 µL of the samples from the permeation experiment were extracted 3 times with 100 µL of hexane. FAME was subsequently prepared from the hexane extracts as described in the analysis of TAG method. However, the concentration of TAG in the permeation samples (as shown by the analysis of the 72 hours samples) was too low to be detected, as such, it was necessary to concentrate the samples. The 300 µL (combined extracts) of hexane were left in a fume cabinet to facilitate solvent evaporation. After 4 to 5 hours, the residues were dissolved in a smaller volume (100 μL) of hexane and FAME was prepared as described and quantified in the analysis of TAG method. For tocol analysis, the permeation samples were immediately subjected to HPLC analysis as described in tocol analysis method. For carotenoids analysis, 200 μL of the permeation samples were extracted 3 times with hexane before being subjected to HPLC analysis as in the tocol analysis method.

Data Analysis

Because TAG from CPO and RPO could only be detected in 56 and 72 hour samples it was not possible to construct the type of permeation profiles that would normally be used to illustrate results. The total amount of TAG permeated from CPO and RPO after 56 hours was therefore presented using line graphs. The pseudo-flux was calculated for each FA by determining the concentration gradient from the plotted line graph. The permeation of tocols and carotenoids through the excised full thickness human skin from CPO and RPO was represented by plotting a graph of the cumulative amount permeated (µg/cm2) versus time (hours). The flux for each compound is determined individually by calculating the concentration gradient from the plotted graph.

Statistical analysis was performed using SPSS for Windows 16, which was used to make a comparison between the permeation of α-T3 and α-T as these compounds were both present at approximately the same concentration in CPO. An independent sample T-test was used to analyse the significance of the difference in the flux of these two vitamin E compounds. A p value of <0.05 was considered statistically significant.

RESULTS

Qualitative and Quantitative Analysis of TAG, Tocols and Carotenoids

The amount of individual FA, tocols and carotenoids present in CPO and RPO was quantified as in Table 1. The five main FAs found in CPO and RPO were myristic acid (C14), palmitic acid (C16), stearic acid (C18), oleic acid (C18:1) and linoleic acid (C18:2). Palmitoleic acid (C16:1) and linolenic acid (C18:3) were present in both CPO and RPO, but these FAs were found in much smaller quantities. Four major tocols (α-T3, γ-T3, δ-T3 and α-T) were detected in the CPO sample. These same tocols were also detected in RPO but in much smaller quantities (Table 1). The remaining minor carotenoids were not detected in the sample. The same isomers were also detected in RPO but at very low levels. Two carotenoids, α- and β-carotene, were detected in the CPO sample.


Table 1: Composition of FAs (from TAGs), tocols and carotenoids quantified from CPO and RPO.



	Components
	Composition in CPO (%)
	Composition in RPO (%)



	FAs ( from TAGs)
	
	



	Myristic acid
	1.1
	0.8



	Palmitic acid
	45.0
	43.2



	Palmitoleic acid
	0.8
	0.3



	Stearic acid
	3.7
	2.7



	Oleic acid
	38.2
	37.6



	Linoleic acid
	11.6
	10.2



	Linolenic acid
	0.5
	0.1



	Tocols
	
	



	α-T
	20.1
	5.0



	α-T3
	20.8
	5.3



	β-/γT3
	46.0
	20.4



	δ-T3
	12.2
	2.5



	Carotenoids
	
	



	α-carotene
	32.4
	21.5



	β-carotene
	54.2
	36.8




CMC of Cetrimide in PBS

Figure 1 illustrates the changes in the size of particles present in the PBS containing cetrimide as the cetrimide concentration is increased. The average hydrodynamic diameter (d.n.m) and the intensity of scattered light by the particles present in the solution were measured as a function of the different cetrimide concentrations (mg/mL) in PBS. It was observed that at cetrimide concentrations below 1.0 mg/mL the size of particles present and the intensity of scattered light were almost constant. The size of particles present in solution started to increase as cetrimide concentrations rose above 1.0 mg/mL. Similarly, the increase in the intensity of light scattered by the particles showed a change in gradient above the same concentration. The increase in particle size detected above 1.0 mg/mL was attributed to the formation of cetrimide micelles (Fig. 2). These two empirical observations taken together strongly suggest that the CMC of cetrimide in PBS is approximately 1.0 mg/mL.
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Fig. 1: Graph showing the light scattering intensity and average hydrodynamic diameter of particles present against concentration of cetrimide in PBS.
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Fig. 2: Formation of a cetrimide micelle above the CMC.



Solubility Studies of Palm Oil Constituents in PBS Containing Different Concentrations of Cetrimide

Figures 3, 4 and 5 illustrate that the different palm oil constituents were solubilised in all four concentrations of cetrimide in PBS to a varying extents. It was noted that higher cetrimide concentrations were generally able to solubilise greater amounts of TAG, tocols and carotenes. For the FA present in TAG, the solubility of palmitic acid was the highest followed by oleic acid, linoleic acid and then the rest of the FAs. The sequence of FA solubility was in accordance with the composition of the FA present in the palm oil TAG.

For the tocols, the solubility of γ-T3 was the greatest and this was followed by α-T3, α-T and then δ-T3. This corresponded with the concentrations of each tocol present in palm oil. The solubility of β-carotene increased steadily as the concentration of cetrimide increased, however, the solubility of α-carotene did not increase at the same extent. Based upon these solubility data and the CMC value of cetrimide, 3 mg/mL of cetrimide in PBS was selected as an appropriate concentration to be included in the receptor phase with the aim of ensuring satisfactory sink conditions throughout the permeation experiments.
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Fig. 3: Solubility of FA (from TAG) in different concentrations of cetrimide in PBS (the error bars show n=3, +SE).
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Fig. 4: Solubility of tocols in different concentrations of cetrimide in PBS (the error bars show n=3, +SE).



Permeation Studies Using CPO and RPO

Permeation of FA in the Form of TAGs

Table 2 shows the ‘pseudo-fluxes’ of the different FA (as a proxy for TAG) present in CPO and RPO across full thickness human skin. The amounts which permeated the skin from CPO were higher than that from RPO. With both CPO and RPO, only five TAG-derived FA were detected in the receptor phase samples. The FA which permeated the skin were myristic acid, palmitic acid, stearic acid, oleic acid and linoleic acid (Figs. 6 and 7). The pseudo-flux values calculated were highest for oleic acid followed by palmitic acid, linoleic acid, stearic acid and then myristic acid (Table 2). The same rank order was observed when RPO was applied to the skin (Table 2).
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Fig. 5: Solubility of α-carotene and β-carotene in different concentrations of cetrimide in PBS (the error bars show n=3, +SE).
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Fig. 6: Permeation of FA from TAG across full thickness human skin following CPO application (n=8, ±SEM).



Table 2: FA from TAG: Chain length, ‘pseudo-fluxes’ across full thickness human skin and proportion of total FA that permeated full thickness human skin (n=8; ±SEM).
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Permeation of Tocols and Carotenoids from CPO and RPO

The permeation of tocols and carotenoids across full thickness human skin was only noticed from CPO sample. The permeation of these compounds was not detected in the receptor phase when the RPO was used as the donor phase. Figure 8 illustrates the cumulative permeation profiles of the three T3 and α-T from CPO. The greatest flux was observed for α-T3 followed by γ-T3 (Table 3). The flux of δ-T3 was the lowest of all the tocotrienol forms. The flux of α-T was slightly higher than that of δ-T3. It was noted that the flux of α-T3 was 9-fold higher than that of α-T. The flux of α-T3 was also observed to be 3-fold higher than that of γ-T3.

The permeation of α- and β-carotene across full thickness human skin was also investigated since these compounds are present in appreciable quantities in CPO (Fig. 9). The flux of β-carotene was almost twice that of α-carotene (Table 3), which was as expected given that the concentration of β-carotene in palm oil is much greater than that of α-carotene.


Table 3: Fluxes of tocols and carotenes that permeated full thickness human skin from CPO and RPO (n=8; ±SEM).



	Compound
	MW
	*C Log P
	Flux (ng/cm2/h) CPO
	Flux (ng/cm2/h) RPO



	α-T3
	424.66
	11.92
	28.05±5.00
	–



	γ-T3
	410.60
	11.38
	9.56±4.58
	–



	δ-T3
	396.60
	10.83
	2.73±1.27
	–



	α-T
	430.71
	12.18
	3.17±0.97
	–



	α-carotene
	536.87
	12.78
	208.88±44.97
	–



	β-carotene
	536.87
	12.78
	317.5±75.31
	–




Note: *partition coefficient
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Fig. 7: Permeation of FA from TAG across full thickness human skin following RPO application (n=8, ±SEM).
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Fig. 8: Mean cumulative amount of α-T3, γ-T3, δ-T3 and α-T that permeated full thickness human skin from CPO (n=8, ±SEM).



DISCUSSION

These studies have demonstrated that palm oil constituents such as FA (from TAG), tocols (tocotrienols and tocopherols) and carotenoids (α- and β-carotenes) can all permeate full thickness human skin. The highly lipophilic nature of these palm oil constituents meant that a suitable receptor phase was required that could mimic physiological conditions and also provide the necessary sink conditions. PBS is often employed as a receptor phase in diffusion studies and in this case it was modified by adding cetrimide, a cationic surfactant, which was shown to be capable of solubilising palm oil. Researchers have often considered the use of organic solvents, in particular ethanol, as a means of enhancing sink conditions during permeation experiments. In the receptor phase, ethanol acts as a co-solvent and can facilitate the dissolution of many hydrophobic drugs (Sartorelli et al. 2000).
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Fig. 9: Mean cumulative amount of α-carotene and β-carotene that permeated full thickness human skin from CPO (n=8, ±SEM).



However, adding high concentrations of ethanol into the receptor phase may also have detrimental effects on the skin. Exposing the skin to ethanol for long periods can perturb the barrier properties of the stratum corneum (SC) as ethanol tends to disrupt the lipid bilayers therein and reduce the integrity (Megrab et al. 1999). This could, in turn, lead to an overestimation of the permeant flux in vitro.Thus, to avoid the complications of using ethanol, surfactants were considered as means of increasing the solubility of the permeants in the receptor phase. However, adding significant higher amount of cetrimide in the receptor phase could contribute to the same implication as using ethanol; therefore the amount of cetrimide to be added into the receptor phase should be minimised and at the same time be able to maintain sink conditions throughout the permeation studies. In order to obtain the minimum amount of cetrimide to be added into the receptor phase without violating the sink conditions, the formation of cetrimide micelles and the solubility of palm oil in different cetrimide concentrations were performed and optimised.

The amount of cetrimide required in the receptor phase was determined using a light scattering method. The mode of action of cetrimide as a solubilising agent in aqueous solutions is based upon the formation of micelles which can carry lipophilic molecules in their core above a particular surfactant concentration (Mahato 2007). The concentration at which the free cetrimide monomers start to aggregate together to form micelles is known as the CMC. Above the CMC, the insoluble palm oil constituents become incorporated in the core of the micelle and, therefore, sink conditions can be maintained throughout the duration of the permeation experiment. The solubility studies with palm oil showed that the component solubilities increased steadily as the cetrimide concentration was increased (Figs. 3, 4 and 5). Above the CMC, which was shown to be around 1.0 mg/mL, the number of micelles present would have increased with increasing cetrimide concentration and this explains the steady increase in solubility of the palm oil components. Based on these solubility studies and knowledge of the CMC value of cetrimide in PBS, a cetrimide concentration of 3.0 mg/mL was selected as appropriate to be included in the PBS receptor phase in order to prolong sink conditions. A study by Karia et al. (2004) showed that cetrimide at a concentration of 30 mg/mL could increase the solubility of the highly lipophilic compounds tamoxifen and γ-linolenic acid in an aqueous receptor solution without damaging the integrity of the skin. This was also supported by Morris et al. (2009) who also noted that cetrimide enhanced the solubility of another lipophilic drug, haloperidol, without damaging the integrity of the skin barrier.

TAG containing all of the five major FAs present in palm oil was able to permeate the skin and be detected in the receptor phase. The amount of FA (from TAG) which permeated the skin was greater from CPO than from RPO. Interestingly, TAG containing palmitic acid, which is the major FA present in TAG, permeated the skin to a lesser extent than TAG containing oleic acid, which is present in palm oil TAG at lower level. The reason for this observation could possibly be explained by the kinked shape of the unsaturated chain of oleic acid. This unsaturated chain, due to its shape, may have disrupted the ordered intercellular lipid in the SC. This disruption would have, in turn, promoted the diffusion of TAG across the SC. This was also the conclusion of Dae and Yie (1995), who noted that oleic acid enhanced the delivery of zalcitabine. Others have shown that unsaturated FA is more effective penetration enhancers than saturated FA. Wang et al. (2003) showed that oleic acid and linolenic acid (both unsaturated FA) enhanced the permeation of midodrine to a greater extent than the saturated FA, lauric acid and decanoic acid. However, in the case of CPO and RPO, oleic acid was the only unsaturated component of TAG that permeated the skin to a greater extent than would have been expected from the starting concentration. Despite from having different chemical structures, the permeation of other FA (from TAG) was observed to be in the same rank order as their occurrence in palm oil TAG.

The sudden surge fluxes observed from the permeation of FA after 48 hours are attributed to the slow diffusion of the TAGs across the skin. The ability of TAGs to diffuse through the skin membranes is a function of its molecular weight. Since TAG, which is a combination of three different FAs, has greater molecular weight than the individual FA itself, this resulted in slower diffusion across the skin, therefore, prolonging the lag time of TAGs permeation across the skin. The loss of skin integrity during the prolong exposure of receptor phase could also contribute to the permeation of TAG observed in the experiment which may account to the long lag time. Moreover, TAG do not confer any significant health benefits, therefore, the percutaneous permeation of this compound is not further pursued. Investigation of TAG permeation was more for toxicology purpose because of the fact that this compound might be used as a vehicle to deliver vitamin E and carotenoids through the human skin.

The percutaneous permeation of the tocols and carotenoids was only observed from CPO. The flux of α-T3 was the highest followed by that of γ-T3, α-T and then δ-T3, which had the lowest flux. The latter compound is only present in small quantities in palm oil so its low flux was not surprising. However, even though the tocotrienols and tocopherols do not differ greatly in structure, the permeation of α-T3 was significantly greater than that of α-T and this was unexpected. α-T3 and α-T possess a similar molecular weight (MW) [424.7 and 430.7 respectively] and they have the same methyl substitutions on the chromanol ring. The difference between these two vitamin E forms is the side chain and it is possible that the superior percutaneous absorption of α-T3 can be explained by its unsaturated nature. The unsaturated kinked side chain of the tocotrienols may have exhibited a similar effect to oleic acid, a known penetration enhancer (Theriault et al. 1999). It is known that tocotrienols are more mobile within bilayers and that they are more likely to move across phospholipid membranes than tocopherols (Atkinson et al. 2008; Suzuki et al. 1993). It is quite possible that a similar effect was being seen here and that α-T3 is more likely to permeate the multiple lipid lamellae present in the SC at a faster rate than α-T for this reason.

Differences in the rates of permeation were also observed within the tocotrienol group. γ-T3, which is present at the highest concentration in CPO, exhibited a lower flux than that of α-T3. Since both of these permeants possess the same ‘kinked’ unsaturated isoprenoid side chain, the most likely explanation for this difference in flux is that the substituent at the chromanol head group could play a role in altering permeation across the skin. The percutaneous permeation of carotenoids in the form of α- and β-carotene was also observed from CPO. The permeation of β-carotene was greater than that of α-carotene, however, this can be explained by its difference chemical structure or higher starting concentration as the MW and partition coefficient was the same for the both compound.

CONCLUSION

The results have provided important data about the ability of palm oil constituents such as TAG, tocols and carotenoids to permeate full thickness human skin. A suitable receptor phase for the highly lipophilic palm oil constituents was developed using cetrimide as a solubilising agent. It was encouraging to observe that TAG, the tocols and the carotenes all permeated the skin from CPO. From RPO, only TAG permeated the skin and not the tocols or the carotenes, which were present in the oil at much lower starting concentrations. The TAG which permeated the skin, oleic acid, followed by palmitic acid was the most prevalent constituent FA from both CPO and RPO. Of the tocol group, the permeation of α- and γ-tocotrienol was observed to be superior to that of α-tocopherol. Additionally, the percutaneous permeation of α- and β-carotene was also observed to be greater from CPO than RPO.
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The objective of the present research work is to overcome the barriers of poor oral bioavailability through transdermal drug delivery (TDD). Among the available transdermal systems, ethosomes are the promising ones with increased penetration effect due to the combination of lipid bilayer and ethanol in its structure. Curcumin has poor oral bioavailability and can be given as transdermal ethosomes to enhance bioavailability along with local action of antiinflammation. Curcumin ethosomes were prepared and optimised for lipid and ethanol concentrations based on entrapment efficiency, vesicular size and drug penetration. Drug penetration capability of the ethosomes was compared with aqueous, ethanolic and liposomal solutions. The optimised ethosomes were compared for the cumulative drug penetration (74.2±0.236%) into skin with aqueous (5.61±0.263%), ethanolic (62.31±0.263%), liposomal (59.3±0.44%) and ethosomal curcumin-β-cyclodextrin complex (78.01±0.22). It was found that the penetration was enhanced and maximum in ethosomes incorporated with curcumin-β-cyclodextrin complex because of combined effects of ethanol, lipid bilayer along with increased dissolution of curcumin with β-cyclodextrin complex. This formulation will be suitable to treat local skin inflammations with enhanced penetration via ethosomes incorporated with curcumin-β-cyclodextrin complex.
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INTRODUCTION

Transdermal drug delivery (TDD) is an effective means of drug delivery for local as well as systemic action. It avoids first pass metabolism and fluctuations in plasma drug concentration (Vaibhav et al. 2007). It also has the general advantages of being noninvasive and increasing patient compliance. In spite of several advantages, only few molecules are able to permeate through skin mainly because of stratum corneum (a thick and tough lipid layer) which acts as a barrier. To enhance TDD through skin, various approaches were proposed and they include both physical and chemical methods (Jhong, Zhai and Maibach 2007; Barry 2001). Vesicular systems are one among such approaches. In recent years, research on TDD vesicular systems is focussed on ethosomes, which are modified liposomes. Ethosomes are the vesicular systems which contain lipid bilayer just like conventional vesicles but they contain ethanol in higher concentration in place of cholesterol (Manish, Lifeng and Sui 2011). Ethanol is a well known skin penetration enhancer. It increases the drug penetration into the skin by reduction in the barrier property of stratum corneum (Magnusson et al. 1997). Ethosomes are soft, malleable vesicles which present an ample chance to deliver the drugs in to the deeper layers of the skin than the conventional vesicles (Vaibhav et al. 2007).

Most of common inflammatory skin disorders desire that the drug should be delivered to the deeper skin layers where inflammation occurs (Punith et al. 2012). From the herbal hub of India, curcumin extracted from Curcuma longa is used for the variety of skin inflammatory conditions including cancer and wound healing effects. It was reported in the literature that curcumin is poorly absorbed from intestine and undergoes metabolism very quickly to different metabolites through reduction and conjugation (Radha et al. 2006). Poor absorption, quick metabolism and less solubility in water are the main reasons for the low bioavailability of curcumin (Aggarwal and Sung 2008, Mukherjee et al. 2007). To overcome these problems, our investigation focuses on formulation and optimisation of curcumin ethosomes for transdermal delivery.

METHODS

Materials

Curcumin was from S.D. Fine Chemicals (Mumbai). Soya lecithin was a kind gift sample from Dr. Reddy’s Laborateries (Bachupally, Hyderabad). Ethanol, Span 20, 60 and 80 were of analytical reagent grade from S.D. Fine Chemicals (Mumbai). All other reagents used were of analytical grade.

Preparation of Ethosomes and Liposomes

Ethosomes were prepared with the concentrations of soya lecithin (from 1% to 4%; w/v) and ethanol (from 25% to 45%; v/v); the formulations (soya lecithin, ethanol) F1 (1, 25), F2 (1, 35), F3 (1, 45), F4 (2, 25), F5 (2, 35), F6 (2, 45), F7 (3, 25), F8 (3, 35), F9 (3, 45), F10 (4, 25), F11 (4, 35) and F12 (4, 45). For the preparation of ethosomes, soya lecithin and curcumin (100 mg) were first dissolved in ethanol. Aqueous phase of water (volume up to 100 mL) was slowly added under continuous stirring at 700 rpm using a mechanical stirrer (Remi Motors, Mumbai) for 5 min at room temperature (Elisabetta, Enea and Rita 2004). For the preparation of liposomes, soya lecithin at 3% (w/v) and curcumin (100 mg) were added to a mixture of ethanol (90.3%; v/v), methanol (5.1%; v/v) and isopropanol (4.6%; v/v). The mixture was injected 5 times the volume of aqueous phase of water at continuous stirring at 700 rpm for 5 min at room temperature.

Curcumin-β-cyclodextrin inclusion complex was prepared in 1:1 ratio by solvent evaporation method by using ethanol as solvent for curcumin and water as solvent for β-cyclodextrin (Sang et al. 2012). The inclusion complex (100 mg curcumin equivalent) was incorporated into optimised ethosomal formulation in place of curcumin.

Vesicular Size Analysis and Entrapment Efficiency

To understand the effect of lipid and ethanol concentrations on vesicular size, the prepared ethosomes and liposomes are studied for vesicular size by using electron microscope attached with digital camera (Lafco, Hyderabad with Sony DSC-W520). For entrapment efficiency, 10 mL of formulation was taken and centrifuged. Sediment and supernatant was separated. To the sediment, ethanol was added to make up the volume to 5 mL and the amount of curcumin was estimated by UV spectrophotometer (Elico SL 159, Mumbai) at 426 nm.

Drug Penetration Studies Through Skin

Drug penetration studies were conducted using pig ear skin from local slaughter house. Ten mL formulation was placed in donor compartment by using fabricated Franz diffusion cell. Fifty mL phosphate buffer (pH 6.4) was placed in receptor compartment. The experiment was carried out for 24 hours. Five mL sample was withdrawn at predetermined intervals and the same volume was replaced with phosphate buffer. Samples were estimated by UV spectrophotometer for curcumin content at 426 nm.

RESULTS

Drug Entrapment Efficiency and Vesicle Size

With the increased concentration of ethanol there was a gradual increase in the entrapment efficiency from 31.1±0.23 (at 25%; v/v) to 68.1±1.89 (at 45%; v/v). The values of both vesicle size and entrapment efficiency were represented in Figure 1. Higher entrapment efficiency was observed with the increase in the lecithin concentration from 1% to 4% (w/v). At 1%, 2%, 3% and 4% (w/v) of lecithin, the entrapment efficiencies were found to be 34.5±3.2, 40.14±0.73, 72.94±3.61 and 63.65±1.89, respectively. At optimum concentration of lipid (3%), the increase in entrapment efficiency was from 55.49±2.79 (at 25%) to 73.65±1.89 (at 45%). In case of effect of lecithin at optimum concentration of ethanol (at 45%), the entrapment efficiency was increased up to 73.65±1.89 from 34.57±3.2. The vesicle size of ethosomes was found to be between 2.0±1.27 to 5.6±1.91 µm. The microscopic and electron photographs of the vesicles were represented in Figures 2 and 3.
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Fig. 1: Entrapment efficiency (bar) and vesicle size (line) changes with different ratios of lecithin and ethanol.
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Fig. 2: Microscopic pictures of curcumin ethosomes (45X10 magnification).
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Fig. 3: Electron photograph of the curcumin ethosomes (45X10 magnification).



Drug Penetration Study Through Skin

Drug penetration studies were conducted for ethosomes by varying ethanol and lecithin ratios (Figs. 4 and 5). The maximum amounts of drug permeated at hour 24 were 62.5±2.38, 68.5±3.12 and 74.2±3.61 at 3% soya lecithin and 25%, 35% and 45% (v/v) ethanol, respectively.

There was good enhancement in drug diffusion into the skin with increased amount of lecithin in ethosomes. It was found that the percentage of drug permeated through skin at 1%, 2%, 3% and 4% of lecithin concentrations were 41.5±0.998, 53.0±1.080, 74.2±0.236 and 68.1±0.413, respectively.

Transdermal flux (given in Table 1) is a crucial parameter for calculating the penetration of drug. By increasing the ethanol volume and the phospholipid concentration up to 3%, flux value was increased. Further increase in the lecithin concentration decreases the flux due to increase in the thickness of phospholipid double layer that retards the release of ethanol from vesicle, i.e. F9 shows highest flux (64.352±0.31).
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Fig. 4: Percentage of drug penetrated into skin from ethosomes with 3% lecithin and varying concentrations of ethanol at 25% ([image: art]), 35% (■) and 45% (▲) [v/v].
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Fig. 5: Percentage of drug penetration of ethosomes through skin with varying lecithin concentrations at 1% ([image: art]), 2% (■), 3% (♦) and 4% (▲) [w/v] at 45% [v/v] of ethanol.



The percentage of drug penetrated from various systems was represented in Figure 6. After 24 hours, aqueous solutions of curcumin achieved a maximum penetration of drug of 5.61±0.263%. The penetration of curcumin, when given as ethanolic solution was 62.31±0.263%. Drug penetration with liposomes of curcumin was 59.3±0.44%. There was a slight enhancement in drug penetration with vesicles. As ethosomes, the penetration of curcumin in skin was 74.2±0.236%. The ethosomes prepared by enclosing cyclodextrin inclusion complex was found to have a drug diffusion of 78.01±0.22% indicating the role of both dissolution and penetration in drug diffusion through skin.


Table 1: Transdermal flux values for the prepared ethosomes.



	Formulations (soya lecithin %, ethanol %)
	Transdermal flux (µg/hr/cm2)



	F1 (1, 25)
	10.952±2.05



	F2 (1, 35)
	15.408±0.26



	F3 (1, 45)
	18.764±0.34



	F4 (2, 25)
	17.805±0.65



	F5 (2, 35)
	21.626±0.17



	F6 (2, 45)
	23.762±0.60



	F7 (3, 25)
	40.742±0.77



	F8 (3, 35)
	54.743±0.07



	F9 (3, 45) [selected ethosomes]
	64.352±0.31



	F10 (4, 25)
	41.286±0.27



	F11 (4, 35)
	49.877±0.17



	F12 (4, 45)
	51.725±0.23
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Fig. 6: Comparison of transdermal penetration of curcumin from various systems: aqueous (•), ethanolic (□), ethosomal (■), liposomal (♦) and ethosomal cyclodextrin complex (▲).



DISCUSSION

Entrapment is expected to increase with the increase in the amount of lecithin. Generally hydrophilic drugs are entrapped in the aqueous core inside lipid layer while the lipophilic drugs are retained in lipid lamella. Encapsulation of a hydrophilic drug depends on the captured aqueous volume and that of lipophilic drug depends on the number of bilayers of lipid (Manish et al. 2011). Curcumin is a lipophilic moiety (Mukherjee et al. 2007). Being lipophilic in nature curcumin’s entrapment efficiency was more dependent on the lipid concentration than that of the ethanol. At optimum concentration of lipid (3%), the increase in entrapment efficiency with increased ethanol concentration was less. In case of effect of lecithin at optimum concentration of ethanol (at 45%) the entrapment efficiency was increased significantly. This indicates the higher influence of lipid concentration on entrapment efficiency of lipophilic curcumin than ethanol. At 4% of lipid the increase in entrapment efficiency was decreased. This may be due to saturation effect on increase in solubility of curcumin in lipid.

Ethosomes are spherical vesicles with lamella extending throughout the entire volume of vesicles to the core (Godin and Touitou 2004). This multi lamellarity of ethosomal vesicles along with the ethanol allows the better solubility of both lipophilic and hydrophilic molecules (Dayan and Touitou 2000). This might be the reason for the increased entrapment efficiency of ethosomes when ethanol concentration was increased. According to literature, ethosomal systems are generally composed at 20%–45% of ethanol concentration. If ethanol concentration above 50% (v/v) was used, that may lead to the excess increase in the fluidity so that the entrapment efficiency decreases due to leakage (Zhang et al. 2012).

Both lecithin and ethanol have significant effect on vesicle size. Increased lecithin concentration was found to increase the vesicle size. At 1% the vesicle size was around 2 µm and at 4% the size was 5 µm. This may be because of the lipid leading the formation of vesicle wall (Vaibhav et al. 2007; Barry 2001). The increased concentration of the lipid in solution might have caused the deposition of multimolecular layer of the surfactant at the vesicle wall causing increased thickness of wall and ultimately the vesicle size.

Ethanol at increased concentration was found to have decreasing effect on size. This may be due to solubilisation of lipids in ethanol or by the formation of hydrocarbon phase with interpenetrating properties (Rahul et al. 2012). Because of interpenetration, the size decreases. Another fact behind the decreased size is due to modification of the surface charge of ethanol that confers some degree of stabilisation and thus, it may finally decrease the mean vesicle size (Elsayed et al. 2007).

There is a clear evidence of increased drug diffusion into the skin with increased concentration of ethanol. There is increased diffusion with decreased vesicle size (Zhang et al. 2012). This is because of the increased surface area available for diffusion. In this study, the ethosomes size decreased with increased concentrations of ethanol (25% to 45%; v/v). It is assumed that when the size is around 100 nm they can penetrate into the skin by nanoporus pathway present in stratum corneum (Cevc and Richardson 2002). As the size of ethosomes becomes larger, this may not be possible. Ethanol was found to increase the fluidity of the lipids in skin and hence can be easily absorbed into the skin (Cevc 2004). Ethanol also increases the fluidity of lipids of the vesicle, making them soft and less rigid than liposomes. Being soft and flexible, the ethosomes can penetrate easily in to the deeper layers of skin. Ethanol being an aliphatic chain, disrupts the stratum corneum of skin by extracting the lipid (Bommannan, Potts and Guy 1991).

There is enhanced transdermal drug diffusion due to the presence of lipid bilayer in the vesicle structure, which is similar to the structure of skin. Lipids can also penetrate into the skin by follicular transport pathway (Dayan and Touitou 2000) and hence there is an enhanced diffusion with increased concentration of the lecithin in ethosomes.

Aqueous solutions of curcumin were found to achieve a negligible penetration of drug after 24 hours. This may be because of poor water solubility (Aggarwal and Sung 2008). When given as ethanolic solution, the penetration of curcumin was increased indicating the ability of the ethanol to increase drug penetration into the skin by various mechanisms (Cevc 2004). Liposomes of curcumin were found to have a drug penetration near to that of ethanolic solution. This may be because of the phospholipid bilayer of the vesicle which increases the penetration ability of curcumin. As ethosomes the penetration of curcumin in skin was almost doubled and this indicates the synergistic effects of ethanol and vesicular system for the enhanced delivery (Cevc 2004).

Topical skin diseases like psoriasis, inflammations and deep fungal infections require the delivery of the drug into the deeper layers of the skin (Bhalaria, Sachin and Misra 2009; Yi et al. 2009). Ethosomes loaded with curcumin-β-cyclodextrin inclusion complex results in increased dissolution of the curcumin complex and can be used to enhance drug penetration.

CONCLUSION

In our present investigation, the prepared ethosomes with smaller vesicle size and maximum drug penetration which makes it suitable delivery system for curcumin to treat inflammatory diseases of skin. In inflammatory conditions there is a need to deliver the drug to deeper layers. This is possible with ethosomes which release drug at various points along the penetration pathway.
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Non-communicable diseases are raising much concern in Malaysia due to changing lifestyles which is parallel to the economic development. Intervention program like community health screening (CHS) allows early detection, prevention and reduction of chronic diseases and its risk factors. This study aimed to assess the obesity level, risk factors for chronic diseases and blood cholesterol level among the Malaysian public. A health screening program was conducted on April 2012 at Sungai Pinang township, in the state of Pulau Pinang, Malaysia. A convenient sample of the general public was recruited. Screening tests consisted of measurements of blood pressure, body mass index (BMI), body fat percentage, visceral fat accumulation (VFA) and blood cholesterol. Chi-square analysis was used to determine the difference between prevalence of obesity among subjects with different age groups and gender. Out of 76 recruited subjects, 23.7% had systolic blood pressure of 140 mmHg or greater and 7.9% had diastolic blood pressure of 90 mmHg or greater. Approximately 51% of the subjects were obese (BMI ≥ 27.5 kg/m2). Body fat percentage was high in 63.6% and 63.0% of male and female subjects, respectively. High VFA (≥15) was found in 19.8% of subjects. There were three newly discovered hypercholesterolemia cases (total cholesterol ≥ 5.2 mmol/L). Counselling was given during the health screening program to help the public to take necessary measures to reduce risk factors while preventing complication resulting from these chronic diseases. In conclusion, prevalence of obesity found to be high in the present screened population.

Keywords: Community health screening, Obesity, Body mass index, Body fat percentage, Visceral fat accumulation

INTRODUCTION

Over the decades, rapid urbanisation and modernisation along with changing lifestyles in Malaysia have left significant impacts on the general health of the population. While the nation experiences the reduction in communicable diseases, non-communicable diseases such as diabetes mellitus, hypertension and cardiovascular diseases are on the rise (Wagner and Brath 2012). In Malaysia, cardiovascular disease is the number one cause of death in government hospitals in 2009 (Ministry of Health 2010). Besides that, the third National Health and Morbidity Survey in 2006 has shown that the prevalence of the Type 2 diabetes mellitus (T2DM) for adults aged 30 years old and above in Malaysia is 14.9%, which is a 79.5% increase over a 10-year span (Academy of Medicine of Malaysia 2009).

Prompt actions should be taken to overcome the increasing prevalence of common chronic illnesses. One of the measures is to carry out community health screening (CHS). CHS is an important part of preventive health care which allows early detection of serious and chronic health problems and identification of new cases of diseases (Strong et al. 2005). It provides detections for individuals with risk factors and clinical manifestations of chronic illnesses (Australian Population Health Development Principal Committee 2008). Besides, health counselling and education by trained healthcare providers provide useful information to the public to maintain optimum health and prevent chronic diseases. Referrals of possible new cases for further evaluation help to reduce health burden due to disease complications. This study aimed to assess the obesity level, risk factors for chronic diseases and blood cholesterol level among the Malaysian public.

METHODS

A one day CHS program was held at Jalan Sungai Pinang Primary School, Sungai Pinang township, in the state of Pulau Pinang, Malaysia on April 2012 by the School of Pharmaceutical Sciences, Universiti Sains Malaysia (USM). Sungai Pinang is a suburban area with a total population of 1696. The majority of the population consisted of Malays (73.6%), followed by the Chinese (22.1%), Indians (0.6%) and others (3.7%) [Department of Statistic Malaysia 2010]. Convenient sampling was used to collect data from the general public. Any public who voluntarily walked into the health screening counter and requested for the screening tests were recruited as the subjects. Two weeks before the health screening, flyers were placed at the main sites of Sungai Pinang township to advertise the venue, date and time of the screening. The public was asked to fast 10 hours prior to screening. This study was granted approval from the “1 Malaysia Community” Committee, Department of Information, Pulau Pinang.

Among the screening tests carried out were measurements of blood pressure, body mass index (BMI), body fat percentage, visceral fat accumulation (VFA) and blood cholesterol. Body fat percentage and VFA were measured through bioelectrical impedance analysis (model HBF-362, Omron Healthcare Co. Ltd., Kyoto, Japan). Blood pressure measurement was performed using British Hypertension Society-validated electronic blood pressure sets (model HEM-2703, Omron Healthcare Co. Ltd., Kyoto, Japan; accuracy ±3 mmHg). Subjects were in seated position during the tests. The arm used in the measurement was elevated to heart level and supported by a table. Subjects were well rested for 5 minutes before measurement was taken in the morning. Two measurements were taken for each subject at 15 minutes apart. Total cholesterol was measured using 1 or 2 drops of blood obtained through a finger prick. The finger prick was done using a spring-loaded lancet device (Accu-Check® Safe-T-Pro Plus, Roche Diagnostics, Mannheim, Germany) that punctures the fingertip. The blood sample was placed on a test strip that was measured in a blood cholesterol monitor (Accutrend® Cholesterol, Roche Diagnostics, Mannheim, Germany; accuracy at 5.17 mmol/L, bias was −2.3% with a total error of 15%, at 6.21 mmol/L, bias was −0.2% with a total error of 13%).

Data analysis was performed using SPSS® for Window, version 16.0. Chi-square analysis was used to determine the difference between prevalence of obesity among subjects with different age groups and gender. Statistical significant was set at a p value of less than 0.05.


RESULTS

Demographic Data of Subjects

A total of 76 subjects were screened and 71.0% of the subjects were female (Table 1). The mean age of the subjects was 47.4±13.8 years old and the majority (56.6%) of them were between 40 to 59 years. Most of the screened subjects were Malay (61.8%) and married (86.8%). Approximately 32% of the subjects were employed while the common co-morbidities respondents had were diabetes mellitus and hypertension with the prevalence of 13.3% (n=10) and 11.8% (n=9), respectively.


Table 1: Demographic data of the subjects.



	Characteristics
	n (%)



	Gender
	



	Male
	22 (29.0)



	Female
	54 (71.0)



	Age group
	



	<20
	5 (6.6)



	20–29
	2 (2.6)



	30–39
	9 (11.9)



	40–49
	22 (29.0)



	50–59
	21 (27.6)



	60–69
	15 (19.7)



	70–79
	2 (2.6)



	Marital status
	



	Single
	7 (9.2)



	Married
	66 (86.8)



	Missing data
	3 (4.0)



	Ethic groups
	



	Malay
	47 (61.8)



	Chinese
	1 (1.3)



	India
	26 (34.2)



	Missing data
	2 (2.7)



	Employment position
	



	Student
	4 (5.3)



	Working
	24 (31.6)



	Retired
	8 (10.5)



	Unknown
	40 (52.6)



	Co-morbidities
	



	None
	58 (76.3)



	1
	11 (14.5)a



	2
	7 (9.2)a



	aTypes of co-morbidity
	



	Hypertension
	9 (36.0)



	Diabetes mellitus
	10 (40.0)



	Asthma
	4 (16.0)



	Cardiovascular diseases
	2 (8.0)




Notes: aType of co-morbidities from the 18 subjects:

4 subjects have diabetes mellitus and hypertension

2 subjects have asthma and hypertension

1 subject has diabetes mellitus and cardiovascular disease


Results of Screening Tests

The results of screening tests are shown in Table 2. Around 24% of the subjects have systolic blood pressure of 140 mmHg or more. Considering the diastolic blood pressure, 7.9% of the measured levels were at 90 mmHg or greater. Detailed analysis on 9 subjects with pre-existing hypertension found that only 2 subjects had systolic blood pressure of less than 140 mmHg whereas 8 subjects had diastolic blood pressure of less than 90 mmHg. When screening for BMI, 51.3% (n=39) of the subjects were found to be obese (BMI ≥ 27.5 kg/m2). More detailed analysis revealed that 59.1% (n=13) male and 48.1% (n=26) female subjects were obese. High body fat content was found in 63.6% (n=14) male (>25%) and 63.0% (n=34) female (>35%) subjects. A total of 15 subjects (19.8%) had high VFA in which 4 of them had co-morbidities like hypertension, cardiovascular diseases and diabetes. Out of 12 subjects who underwent blood cholesterol screening, 75% (n=9) of them had normal cholesterol value (<5.2 mmol/L). However, the remaining three subjects were found to have high total cholesterol level (≥5.2 mmol/L) and these were newly discovered hypercholesterolemia cases in the present screening program.

Chi-square analysis found that there was no significant difference in the prevalence of obesity among different age groups and gender (Table 3). High fat percentage was noted in 3 (33.3%) out of 9 male and 16 (57.2%) out of 27 female subjects who were non-obese (Table 4).

Appropriate medical advice and counselling on the diseases (hypertension and obesity), the complications, treatment and prevention were delivered to all the subjects by trained healthcare providers (i.e. lecturers from the School of Pharmaceutical Sciences, USM who are also registered pharmacists in Malaysia) during the health screening. Referrals to healthcare institutions were recommended for those with high risks and with clinical manifestations of chronic diseases such as hypertension, obesity and hypercholesterolemia.


Table 2: Results of the screening tests.



	Characteristics
	Gender
	Total,
n (%)



	Male, n (%)
	Female, n (%)



	Systolic blood pressure (mmHg)
	
	
	



	<120
	5 (22.7)
	22 (40.7)
	27 (35.5)



	120–139
	12 (54.5)
	19 (35.2)
	31 (40.8)



	140–159
	4 (18.2)
	12 (22.2)
	16 (21.1)



	160–179
	1 (4.6)
	1 (1.9)
	2 (2.6)



	Systolic blood pressure (mmHg)
	
	
	



	<80
	14 (63.6)
	41 (75.9)
	55 (72.4)



	80–89
	5 (22.7)
	10 (18.5)
	15 (19.7)



	90–99
	3 (13.6)
	2 (3.7)
	5 (6.6)



	100–109
	0 (0.0)
	1 (1.8)
	1 (1.3)



	BMI (kg/m2)
	
	
	



	<18.5
	0 (0.0)
	1 (1.8)
	1 (1.3)



	18.5–22.9
	3 (13.6)
	4 (7.4)
	7 (9.2)



	23.0–27.4
	6 (27.3)
	23 (42.6)
	29 (38.2)



	27.5–34.9
	13 (59.1)
	21 (38.9)
	34 (44.7)



	35.0–39.9
	0 (0.0)
	3 (5.6)
	3 (4.0)



	≥40.0
	0 (0.0)
	2 (3.7)
	2 (2.6)



	Body fat percentage (%)a
	
	
	



	10–20
	2 (9.1)
	0 (0.0)
	2 (2.6)



	21–25
	5 (22.7)
	1 (1.8)
	6 (7.9)



	26–30
	7 (31.8)
	5 (9.3)
	12 (15.8)



	31–35
	5 (22.7)
	12 (22.2)
	17 (22.4)



	>35
	2 (9.1)
	34 (63.0)
	36 (47.4)



	Missing data
	1 (4.6)
	2 (3.7)
	3 (3.9)



	VFA
	
	
	



	1–9
	5 (22.7)
	22 (40.7)
	27 (35.5)



	10–14
	9 (40.9)
	17 (31.5)
	26 (34.2)



	≥15
	7 (31.8)
	8 (14.8)
	15 (19.8)



	Missing data
	1 (4.6)
	7 (13.0)
	8 (10.5)



	Total cholesterol (mmol/L)
	
	
	



	<5.2
	4 (80.0)
	5 (71.4)
	9 (75.0)



	5.2–6.5
	1 (20.0)
	1 (14.3)
	2 (16.7)



	≥6.5
	0 (0.0)
	1 (14.3)
	1 (8.3)




Note: aBody fat is high in male and female if the level is >25% and >35% respectively


Table 3: Prevalence of obese and non-obese subjects according to different age groups and gender.



	Characteristics
	Obese
(BMI ≥ 27.5 kg/m2),
n (%)
	Non-obese
(BMI < 27.5 kg/m2),
n (%)
	Chi-square analysis
result



	Age group (year)
	
	
	



	<50
	18 (47.4)
	20 (52.6)
	X2=0.749; p=0.387



	<50
	21 (55.3)
	17 (44.7)
	



	Gender
	
	
	



	Male
	13 (59.1)
	9 (40.9)
	X2=0.474; p=0.491



	Female
	26 (48.1)
	28 (51.9)
	




Table 4: Sub-group analysis of obese and non-obese subjects as compared to their body fat percentage.



	Characteristics
	Obese
(BMI ≥ 27.5 kg/m2),
n (%)
	Non-obese
(BMI < 27.5 kg/m2),
n (%)



	Body fat percentage (%)a
	
	



	Male
	
	



	10–20
	1 (7.7)
	1 (11.1)



	21–25
	3 (23.1)
	2 (22.2)



	>25
	9 (69.2)
	5 (55.6)



	Missing data
	0 (0.0)
	1 (11.1)



	Female
	
	



	10–20
	0 (0.0)
	0 (0.0)



	21–25
	0 (0.0)
	1 (3.6)



	26–30
	1 (3.8)
	4 (14.3)



	31–35
	1 (3.8)
	11 (39.3)



	>35
	22 (84.6)
	12 (42.9)



	Missing data
	2 (7.7)
	0 (0.0)




Note: aBody fat is high in male and female if the level is >25% and >35% respectively

DISCUSSION

Parallel to the changing lifestyles of Malaysian population, the obesity problem among the public is a rising concern due to its potentially serious complications. Indeed, Malaysia is ranked number six in terms of obesity in Asia (Lim 2008). According to the Malaysian Clinical Practice Guideline on Management of Obesity 2003 (Academy of Medicine of Malaysia 2003), a subject with a BMI between 23.0 to 27.4 kg/m2 is considered pre-obese while a BMI equals or more than 27.5 kg/m2 is considered obese. The present screening shows that approximately half of the subjects screened were obese and the percentage of body fat was found to be high in more than half of the male and female. However, the prevalence of obesity found in the present study (51.3%) was higher than reported in the nationwide data in which 30% of population in Malaysia was obese (Lim 2008). In the present study, there is no significant difference for age group in the prevalence of obesity. This finding reflects that sedentary life style may be common among the screened subjects regardless of their age group.

Overweight or obese people are at increased risk of developing Type 2 diabetes mellitus, dyslipidaemia, metabolic syndrome, breathlessness and sleep apnoea (Said et al. 2010; Caballero 2007; Finkelstein et al. 2007; Academy of Medicine of Malaysia 2003). However, the literatures have elucidated the use of body fat percentage as a more accurate parameter in predicting cardiometabolic risk as BMI does not differentiate between body fat and lean mass (Shea et al. 2012; De Lorenzo et al. 2011). In fact, there were non-obese men and women in our current screening result who had high percentage of body fat. Thus, body fat percentage is an important parameter to predict cardiometabolic risks apart from BMI. Concerted efforts in educating the general public on obesity and body fat issues may help to raise awareness of the complications of these illnesses and promoting healthy lifestyles.

Visceral fat consists of fats in abdominal cavity surrounding muscles and vital organs. Individuals with excess visceral fat have greatly increased chances of having diabetes, cardiovascular disease and hypertension (Nakamura et al. 1994; Kanai et al. 1990). Possible mechanism is metabolism of visceral fats results in excess fatty acids in the liver. This subsequently leads to enhanced lipid synthesis and insulin resistance which may progress to hyperlipidaemia and glucose intolerance (Matsuzawa et al. 1994). In fact, 4 out of 15 subjects manifested with high VFA in the present health screening had such chronic diseases. Hence, health promotion programs and lifestyle modification to reduce the visceral fat are useful and have been shown to be beneficial in reducing obesity-related cardiovascular risks (Okauchi et al. 2010).

The Malaysian National Cardiovascular Disease Database has revealed that 55.9% of patients had dyslipidemia before presentation of acute coronary syndrome (ACS) [National Cardiovascular Disease Database Malaysia 2006]. In the present screening, 3 out of 12 subjects who underwent blood cholesterol test had blood cholesterol level of 5.2 mmol/L or more. This is a worrying finding. A study by the Asia Pacific Cohort Studies Collaboration (APCSC) has shown that every 1 mmol/L increase in the level of total cholesterol is associated with 35% increased risk of coronary death and 25% increased risk of fatal or non-fatal ischemic stroke (Zhang et al. 2003). Furthermore, health-care cost due to complications of dyslipidemia would increase with the increase of population with high cholesterol level in this country. Thus, any activities or programs aiming to control blood cholesterol levels among the public should give more emphasis on this group of subjects. Complete lipid profile should be done for those with manifestation of dyslipidemia as some studies have shown the importance of low density lipoprotein particle size (LDL-P) in predicting cardiovascular disease incidence (El Harchaoui et al. 2007; Cromwell and Otvos 2004).

In addition, the screening program also discovered three new cases of subjects with high blood cholesterol levels. As proposed by the Australia population based screening framework (Australian Population Health Development Principal Committee 2008), individuals with risks or disease symptoms should be referred to health professionals with appropriate expertise for further management. The detection of subjects with risks and symptoms of disease fulfils one of the aims of screening programs, which results in an early management of the condition (Strong et al. 2005).

Hypertension is one of the risk factors of coronary heart disease (CHD). A study by Thomas et al. (2002) had shown that the risk of CHD is dramatically increased, especially in men, in the presence of both hypercholesterolemia and high systolic blood pressure. The present health screening revealed that the majority of the hypertensive subjects have uncontrolled systolic blood pressure. Besides, among all the screened subjects, around 20% have unsatisfactory level of systolic blood pressure (140 mmHg or greater) [Academy of Medicine of Malaysia 2008]. Thus, further management and routine follow up should be carried out to control their blood pressure.

The results of this study cannot be extrapolated to the whole population due to several reasons. Firstly, this study was conducted for one day in one location with only a small number of subjects involved. As the national data shows that different ethnic groups have different prevalence of obesity and hypertension (Rampal et al. 2008, 2007), the small sample size of the Chinese subjects limits the generalisability of the findings. However, this study has provided insights into the prevalence of obesity and associated risk factors for chronic diseases in a local setting.

CONCLUSION

The prevalence of obesity has been found to be high in the present screened population. This calls for more aggressive antiobesity health programs to be held. Early detections of hypercholesterolemia would lead to better health outcomes and reduce national health burden.
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