


Lipid Profile of Wistar Albino Rats Orally Administered Natural Honey and Refined Granulated Sugar
ABSTRACT
Honey develops as a primary food for honeybees in wax honeycombs inside beehives. Its biochemical and pharmacological activities vary depending on its origin and processing. Several metabolic disorders and detrimental health problems have been associated with excessive intake of these added sugars. This study aimed to assess the lipid profile of wistar albino rats orally administered natural honey and refined granulated sugar. Twenty-five (25) healthy albino rats aged 12 weeks were used for this study. The albino rats were divided into five (5) groups with each group consisting of five (5) rats. The albino rats were grouped based on the dose of honey and refined granulated sugar namely: T1 (1.02g of natural honey kg/BW), T2 (1.40g of natural honey kg/BW), T3 (1.02g of refined granulated sugar kg/BW), T4 (1.40g of refined granulated sugar kg/BW). However, the albino rats in T5 were not administered honey and refined granulated sugar hence served as the control. The administration of the natural honey and refined granulated sugar was done orally by the use syringe and after 3 weeks, blood samples were collected for analysis of total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL-C) and low-density lipoprotein (LDL-C). The fructose and micronutrients of natural honey and refined granulated sugar were determined using standard scientific method. The data were analyzed subjected to One-way analysis of variance (ANOVA). All data were analyzed using SPSS statistics version 23 at 5% significance level. The results showed that Total cholesterol was highest in T1 (83.16mg/dl) and lowest in T4 (22.42mg/dl) while Triglyceride was highest in T5 (100.58mg/dl) and lowest in T1 (42.07mg/dl). Also, high-density lipoprotein was highest in T1 (45.55mg/dl) and lowest in T4 (0.35dmg/dl) while Low-density lipoprotein was the highest in T2 (30.23mg/dl) and lowest in T4 (0.35md/dl). Consumption of T1 was shown to reduce cardiovascular risk indicated by decreased TC, TG and increased HDL-C. Based on the findings of this study, it is recommended that humans should substitute refined granulated sugar with natural honey in their daily consumption.
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INTRODUCTION
“Sweeteners when used provide a sweet taste to food and beverages.  They can be used in food preservation, fermentation, baking, and  the browning  and  caramelization  of  foods.  Natural sweeteners  may be  both nutritive and flavorful, making them popular as both food and flavoring agent. The utilization of sweeteners has been shown  to  increase  the  metabolism  rate  in  the human  body.  Furthermore, sweeteners  contain essential nutrients which can be utilised for body growth,  development,  and  maintenance  of  the body system” (Ononye et al., 2022). “Honey and refined granulated sugar (table sugar) are common sweeteners used globally. These sweeteners are referred to as chemical compounds, present in nature or chemically synthesized, which have a sweet taste that determines their usage as sweetening agents” (Mooradian et al., 2017). “Sweeteners usually contain simple sugars such as monosaccharides (glucose, fructose, and galactose) and disaccharides (lactose, maltose, and sucrose) which bring about intense sweetness” (Carocho et al., 2017). Due to its unique nutritional and therapeutic benefits, which are ascribed to the interaction of the various chemical groups it contains, natural honey is one of the most popular products. In the past, doctors have used honey to treat patients' illnesses because it contains both enzymatic and non-enzymatic antioxidants (Ononye et al., 2023).

Honey is a natural byproduct produced by honeybees, genus Apis mellifera foraging for nectar from many different floral sources (Dasilva et al., 2016). “Honey develops as a primary food for honeybees in wax honeycombs inside beehives. Its biochemical and pharmacological activities vary depending on its origin and processing. Honey has trace quantities of a variety of minerals and vitamins, including magnesium, potassium, iron, zinc, niacin, copper, riboflavin and zinc” (Al-Waili et al., 2013). “The antioxidant properties of honey and a range of health benefits associated with its long-term use make it better than refined granulated sugar” (Dasilva et al., 2016). 

“Refined granulated sugar is obtained from sugar cane or sugar beet juice which is refined to remove molasses” (Panda, 2011). “Refined granulated sugar has several uses in the food processing industry such as food preparation, processing, etc” (Newens and Walton, 2016). “It is an important ingredient used in food products because of some functional properties such as colour, texture and taste” (Brisbois et al., 2014). “One tablespoon of granulated sugar contains 49 calories while a tablespoon of honey has 68 calories, illustrating why honey is greater in density and weight than refined granulated sugar” (Kumar et al., 2010). 
“Several metabolic disorders and detrimental health problems have been associated with excessive intake of these added sugars” (Bray and Popkin, 2014). “Potential connection between added sugar consumption and dyslipidaemia characterized by high low-density cholesterol lipoprotein (LDL-C) and triglycerides (TG)” (Kell et al., 2014, Rippe, 2014). “Some studies have also linked it with low high-density lipoprotein cholesterol (HDL-C) concentrations” (Kell et al., 2014, Rippe and Angelopoulos, 2016, Vos et al., 2017). “There is a correlation between sugar intake and fasting and post-prandial concentrations of triglycerides, which are seen as absolute biomarkers of cardiovascular diseases” (SiriTarino, 2011, Kim and Jee, 2015). “Excessive intake of sugar is related to increased levels of triglyceride, which is known to facilitate the onset of coronary heart disease” (Dinicolantonio and OKeefe, 2017). “In addition, the association between sugar intake and Low-Density Lipoprotein Cholesterol (LDL-C) or High-Density Lipoprotein Cholesterol (HDL-C) remains unclear” (Johnston et al., 2013, Atangwho et al., 2017). 

“There is a worldwide concern about the elevated consumption of natural sweeteners and its association with a number of health conditions” (WHO, 2015). Studies have shown that excess sugar intake causes Dyslipidaemia (abnormal level of lipids in the blood) “and cardiovascular disease (CVDs)” (Fitch and Keim, 2012, WHO, 2015, Rogers et al., 2016). “These health conditions have made consumers become more conscious of the use of these natural sweeteners” (Bruyère et al., 2015). 
“Sweeteners form a paramount and essential dietary component in unprocessed or processed foods due to their sweet taste. Food knowledge and nutrition deficits among many consumers have negatively affected food choices and dietary patterns. It is believed that less processed natural sweeteners such as brown sugar and honey are all healthier than granulated sugars coupled with product advertisement which has increased the use and consumption of added sugars” (Bailin et al., 2014). “In recent years, metabolic syndrome has emerged as a major global health issue because of excessive sugar intake” (Kahn and Sievenpiper, 2014). “The cost of health care for individuals suffering from the complications of excessive consumption of added sugar or nutritive sweeteners has caused socio-economic burden on families” (WHO, 2016). It has become necessary to explore the effect of these natural sweeteners on biochemical indices of cardiovascular health. Therefore, this work is aimed at comparing the effects of natural honey and refined granulated sugar on the lipid profile of albino rats by estimating concentrations of Total cholesterol (TC), Triglyceride (TG), High-Density Lipoprotein (HDL) and Low-Density Lipoprotein (LDL). This study aimed to assess the lipid profile of wistar albino rats orally administered natural honey and refined granulated sugar.
MATERIALS AND METHODS
Study Area
The study was carried out in the Animal House of the Department of Biochemistry, Nnamdi Azikiwe University, Awka, Nigeria. The experimental site lies between latitude 6° 15′18.06″N and longitude 7° 06′41.37″E. Awka town is located at latitudes 6°9'19"N 7°07'12"E and stretches 8km in an east-west direction along the Enugu-Onitsha expressway and about 5km in a North-south orientation. The dimension of Awka is 1207800m2 or 12007 ha. Ecologically, Awka lies in the Guinea Savanna and has experienced 1798.52mm of rain annually between 1977 and 2019. It experiences two seasons: the dry and the wet seasons with a spell of harmattan between December and January (Abajue and Ewuim, 2020).

Procurement of Experimental Materials
The albino rats used for the study were bought from Mr. Onyewuchi farms, Awka. Albino rats were carefully transferred and kept in the animal house of the Department of Biochemistry, Nnamdi Azikiwe University, Awka. The sucrose product (Dangote refined granulated sugar) used in the experiment was purchased from Eke-Awka market, Awka, Anambra State, Nigeria. The natural honey (Benbeela honey) was purchased from Uzoben Integrated Services, Awka, Anambra, Nigeria.

Management of Experimental Animals
In the study area, the albino rats were intensively managed in an improvised metal cage with wire lid to allow proper ventilation in the animal house. The dimensions of the cages were 20.3 cm (W) × 28.7 cm (L) × 17.3 cm (H) with soft wood shavings as bedding. Rats were kept in the unit throughout the study under the following conditions; a temperature of 28OC ± 4OC, relative humidity of 70 ±4% and alternating 12-hour period of light and 12- hour period of darkness (12-hour light/dark cycle). During the course of the experiment, the rats were subjected to similar managerial and sanitary conditions. The animals were acclimatized to their environment for a period of one week.
Experimental Design
Twenty-five (25) healthy albino rats aged 12 weeks, with a mean weight of 41.21±1.769g were used for this study. For easy identification, the experimental rats were labeled H for head, Ab for abdomen, C is for center, N for neck and T for Tail. The rats were divided into five (5) groups with each group consisting of five (5) rats. The groups set up were as follows: T1 (1.02g of honey kg/BW), T2 (1.40g of honey kg/BW), T3 (1.02g of refined granulated sugar kg/BW), T4 (1.40g of refined granulated sugar kg/BW) while rats in T5 were not administered honey and granulated sugar hence served as control. The experiment was set up in a completely randomized design. 

Administration of Treatment 
The prepared refined granulated sugar or honey solution of 0.1ml was administered orally, mimicking the usual daily doses and route of intake by humans. The duration of the study was for 3 weeks. The use of syringe for administration was adopted to ensure complete delivery of the substances used in the treatments. The oral administration of the treatments was performed daily at 9am.
Lipid Profile Determination
This was determined according to the method of Sidhu and Naugler (2012) with slight modification.

Lipid profile Analysis 	
Lipid profile comprising total cholesterol (TC), total triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) were analysed with an autoanalyser machine and test kits according to the manufacturer’s instructions (Mindray BioMedical Electronics Bs-200e, Shenzhen, China). 
Cholesterol
The cholesterol content of the serum was measured at 546nm using Autochemistry Analyser (Mindray BA-88).
Principle of Assay: The cholesterol was determined after enzymatic hydrolysis and oxidation. The indicator quinoneimine is formed from hydrogen peroxide and 4-aminoantipyrine in the presence of phenol and peroxidase.
Cholesterol + H2O 	cholesterol esterase		Cholesterol + Fatty Acid
Cholesterol + O2	cholesterol esterase		Cholestene-3-one + H2O2
2H2O2 + Phenol + 4-Aminoantipyrine 	Peroxidase		Quinoneimine + H2O 
Procedure: The serum (5µL) was mixed with 500µL of Cholesterol reagent and allowed to stand for 10mins at room temperature after which the total cholesterol content was measured using Auto chemistry analyzer (Sidhu and Naugler 2012).
Triglyceride
The Triglyceride content of the serum was measured at 546nm using Autochemistry Analyser (Mindray BA-88).
Principle of Assay: This was determined after enzymatic hydrolysis with lipases.
Triglyceride + H2O 		Lipases		Glycerol + fatty acid
Glycerol + ATP 		Glycerol kinase		Glycerol-3-Phosphate
Glycerol-3-Phosphate + O2	Glycerol-3-Phosphate Oxidase 
Dihydroxyacetonephosphate + H2O2
2H2O2 + 4-Aminophenazone + 4-chlorophenol    POD    Quimomneimine + 
HCl+4H2O
Procedure: The serum (5µL) was mixed with 500µL of Triglyceride reagent and allowed to stand for 10mins at room temperature after which the Triglyceride content was measured using Auto chemistry analyzer (Sidhu and Naugler 2012).
Low Density Lipoprotein
This was determined by measuring the amount of cholesterol remaining in the serum after precipitation with polyvinyl sulphate. The LDL content is the difference between the total cholesterol and the cholesterol remaining in the solution after precipitation. This was analyzed using Auto-chemistry Analyzer.
Procedure: The serum (200µL) was mixed with 500µL of polyvinyl sulphate reagent and allowed to stand for 10 minutes at room temperature. It was then centrifuged at 4000rpm for 10mins. The supernatant (100µL) was mixed with 500µL of cholesterol reagent and allowed to stand for 10mins after which the LDL content was measured using Auto chemistry analyzer (Sidhu and Naugler 2012).
High-Density Lipoprotein
This was determined by measuring the amount of cholesterol remaining in the serum after precipitation of LDL, VLDL and Chylomicron by the addition of phosphotungstic acid and magnesium chloride. The HDL content was measured as the remaining cholesterol in the sample solution after precipitation.
Procedure: The serum (200µL) was mixed with 500µL of Mindray HDL reagent and allowed to stand for 10mins at room temperature. It was then centrifuged at 4000rpm for 10mins. The supernatant (100µL) was mixed with 500µL of cholesterol reagent and allowed to stand for 10mins after which the HDL content was measured using an Auto chemistry analyzer (Sidhu and Naugler 2012). 
Statistical Analysis 
The data on Total Cholesterol (TC), Triglyceride (TG), High Density Lipoprotein cholesterol (HDL-C) and Low-Density Lipoprotein cholesterol (LDL-C) of the albino rats were subjected to One-way analysis of variance (ANOVA). The sample means were statistically separated using Tukey Honestly Significant Difference test. Graph of fructose concentration of honey and refined granulated sugar was plotted with Microsoft Office Excel (2016 version). All data were analyzed using IBM SPSS statistics version 23 at 5% significance. 
RESULTS AND DISCUSSION
The results showed the total cholesterol was highest in T1 (83.17±6.268mg/dl) followed by T2 (49.47±32.393mg/dl) while the lowest was T4 (22.42±30.278mg/dl). Triglyceride was recorded highest in T5 (100.58±41.784mg/dl), followed by T3 (80.33±16.560mg/dl) while the lowest was recorded in T1 (42.07±6.778mg/dl). HDL-C was highest in T1 (45.55±12.339mg/dl) followed by T3 (28.01±25.910mg/dl). HDL-C was lowest in T4 (0.3467±0.150mg/dl). LDL-C was highest in T2 (30.23±17.453mg/dl) followed by T3 (28.01±25.910mg/dl) while the lowest was T4 (0.3467±0.150mg/dl). However, there was no significant difference in the TC, Triglyceride, HDL-C and LDL-C level of the albino rats (p>0.05).

Table 1: Mean Concentration on Lipid Profile of Albino Rats	
	Treatments
	TC
	TG
	HDL-C
	LDL-C

	T1
	83.17±6.268
	42.07±6.778
	45.55±12.339     
	12.34±7.124

	T2
	49.47±32.393              
	57.67±19.336 
	17.71±30.230
	30.23±17.453

	T3
	46.26±6.740               
	 80.33±16.560
	28.01±25.910
	 30.23±17.453

	T4
	22.42±30.278               
	59.93±29.579
	0.3467±0.150
	 0.15±0.867

	T5
	37.96±13.226              
	100.58±41.748
	 23.53±11.725
	11.73±6.769





[bookmark: _GoBack]This study showed that natural honey had higher fructose concentration than refined granulated sugar. This is in line with the study of Sohaimy et al., (2015) who reported that “dextrose (glucose) and lacvulose (fructose) are the main sugars in honey. These are the building blocks for more complex honey sugars and account for about 85% of the solids present in honey”. Also, Adekanmbi et al., (2019) reported that “honey is rich in fructose, glucose and minerals such as magnesium, potassium, sulphur, ferrous, calcium, sodium chloride as well as vitamins such as B1, B2, B5, B6 and C”.
The micronutrient of refined granulated sugar and natural honey showed that copper was higher in natural honey (0.15±0.190ppm) while the least value was obtained in refined granulated sugar (0.04±0.013ppm). The high content of copper and manganese present in honey could be attributed to the fact that some honey according to Nigussie et al., (2012) are “richer in minerals and due to their mineral content, they are said to be less suitable for storage in the winter. However, it was observed that refined granulated sugar recorded a high concentration of iron. The reduced iron content of honey could be as a result of the plants visited by honey bees”.
In this study, the effect of the intake of the two natural sweeteners refined granulated sugar and honey on the TC, TG, HDL-C and LDL-C level of albino rats showed there was no significant difference between TC, TG, HDL-C and LDL-C levels in all the treatment groups. This is similar to a study by Mohammadimanesh et al., (2019) that also observed no significant difference between the HDL-C, TC, TG and LDL-C levels in the treatment group of natural sweeteners administered to rats. Also from this study, there were significant increases in LDL-C as well as reduced HDL-C concentration of rats treated with T3 and T4. The increase and decrease seen in LDL-C and HDL-C respectively are strong indicators of cardiovascular risk. However, rats treated with T1 and T2 showed significant decreases in TG and increase in HDL-C. This is in line with previous studies conducted by Clifford et al., (2016) which stated that “natural honey decreased total cholesterol and low-density lipoprotein and increases high-density lipoprotein, while refined granulated sugar might increase lipids because of the presence of fructose”.
 
CONCLUSION 
The findings from this study showed that refined granulated sugar increased LDL-C level and reduced HDL-C concentrations which indicate tendencies to cause cardiovascular disease while natural honey increased HDL-C concentration which were shown to reduce cardiovascular disease. Therefore, an indication from this study is that a high intake of refined granulated sugar could predispose one to coronary heart disease compared to honey.

RECOMMENDATIONS 
There is a need for further research to understand the mechanism of the effect of refined granulated sugar on lipid profile especially on LDL-C to ascertain if there is the threshold of added sugars below which there are no negative effects on cardiovascular health.
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