


Assessment of the Comparative Effect of Sodium Benzoate, Ascorbic Acid, and their Combination on Glucose Levels, Lipid Profile, and Some Cardiovascular Risk Markers in Albino Rats


ABSTRACT
The widespread use of preservatives like sodium benzoate (SB) and ascorbic acid (vitamin C) in processed foods and beverages necessitates assessing their potential health risks. This study examined the effects of sodium benzoate, vitamin C, and their combination on glucose levels, lipid profile, and cardiovascular markers in albino rats. A total of thirty-six rats were divided into six groups: a control group (Group I), two groups receiving sodium benzoate at 120 mg/kg (Group II; low-dose SB) and 240 mg/kg (Group III; high-dose SB), a vitamin C group receiving 100 mg/kg (Group IV), and two combination groups administered low-dose SB + vitamin C (Group V) and high-dose SB + vitamin C (Group VI); treatments were given orally for 28 days. At the end of the study, the rats were allowed to fast overnight, and anesthetized in a closed jar containing chloroform-soaked cotton wool. This was followed by the collection of fasting blood specimens via cardiac puncture for glucose and lipid profile analysis. The results showed FBG and total cholesterol showed no significant differences among groups (p > 0.05). Compared to the control, triglycerides and LDL-c were higher in Group VI (p < 0.05), while HDL-c was lower in Groups V and VI (p < 0.05). The LDL/HDL ratio increased in Group VI (p < 0.05), and non-HDL-c was elevated in Groups II, III, V, and VI. These findings indicate that sodium benzoate, particularly at higher doses and when combined with vitamin C, disrupts lipid metabolism by elevating triglycerides, LDL-c, LDL/HDL ratio, and non-HDL-c while reducing HDL-c in rats. Since these alterations are key cardiovascular risk factors, frequent consumption of such preservatives in processed foods may contribute to cardiovascular disease. Further studies are needed to assess the long-term health effects of these food additives in humans.
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1.0	INTRODUCTION
The growing need to preserve food and beverages for extended shelf life has resulted in the extensive use of preservatives, which play a crucial role in regulating enzymatic activities and microbial growth throughout packaging, storage, distribution, retail, and consumption to prevent spoilage [1]. Food preservatives are primarily classified into two categories: antioxidants and antimicrobials [2]. While antioxidants slow down or prevent oxidative degradation, preserving both the quality and nutritional value of food, antimicrobial agents inhibit the proliferation of spoilage-causing and pathogenic microorganisms, thereby enhancing food safety and longevity [3]. Among the widely used preservatives are sodium benzoate and ascorbic acid.

Sodium benzoate (SB), a commonly utilized preservative, effectively restricts microbial growth even at minimal concentrations and is recognized as safe for food preservation [4]. In Europe, it is labeled as E211 and is a water-soluble, odorless, and tasteless salt known for its antifungal and antibacterial properties [5]. The FDA has approved its use, categorizing it as generally recognized as safe (GRAS) at levels up to 0.1%, making it a frequent ingredient in carbonated beverages, sauces, and jams [6]. On the other hand, ascorbic acid (vitamin C) is a natural preservative with antioxidant properties, preventing oxidative spoilage by limiting oxygen-related reactions in food, thereby maintaining its quality [7]. It extends shelf life by minimizing the formation of harmful compounds and is particularly effective in preserving fruits, vegetables, and meats. Additionally, ascorbic acid is essential for collagen synthesis, immune function, and neutralizing reactive oxygen species (ROS), which helps mitigate oxidative stress [8].

Despite its widespread use, sodium benzoate in processed foods and beverages has been subject to scrutiny due to potential health risks. Upon metabolism, sodium benzoate is converted into benzoic acid, which undergoes glycine conjugation in the liver to form hippuric acid, later excreted through the kidneys. This metabolic process can impose a significant burden on renal excretion, particularly with prolonged or excessive intake. Moreover, studies have reported its association with cancer and genotoxic effects [9]. Such adverse outcomes are especially concerning when sodium benzoate is consumed in large quantities or in combination with other substances.

Certain food and beverage products contain both sodium benzoate and ascorbic acid as preservatives (as depicted in Figure 1), and their interaction has raised concerns regarding the possible formation of benzene, a known carcinogen, when exposed to light or high temperatures [10]. Benzene is a known carcinogen and pro-oxidant that contributes to oxidative stress by generating reactive oxygen species (ROS), leading to cellular damage. This oxidative damage can initiate inflammatory responses, potentially increasing the risk of metabolic and cardiovascular disorders [11]. Oxidative stress occurs when the balance between ROS production and antioxidant defenses is disrupted, resulting in lipid peroxidation, protein oxidation, and DNA damage [12]. Sodium benzoate alone has been shown to induce oxidative damage in various tissues, including the liver and brain, by depleting glutathione (GSH) and impairing antioxidant enzyme activity [6]. When combined with ascorbic acid, the formation of benzene further worsens oxidative stress by promoting lipid peroxidation and mitochondrial dysfunction [6].

Inflammation is closely linked to oxidative stress, as increased ROS levels can activate nuclear factor kappa B (NF-κB), a key transcription factor involved in the upregulation of pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and interleukins (IL-6, IL-1β) [11]. Experimental studies suggest that sodium benzoate exposure enhances inflammatory signaling pathways, leading to systemic inflammation and potential organ toxicity [6]. This inflammatory response may be further intensified by the oxidative stress triggered by benzene formation, highlighting the potential risks associated with the combined consumption of sodium benzoate and ascorbic acid in processed foods.
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Figure 1A and 1B: Labels on Carbonated Beverages Indicating the Presence of Sodium Benzoate and Ascorbic Acid. Adapted from Ibama et al. [13]

Research on the individual and combined effects of sodium benzoate and ascorbic acid (vitamin C) on the glucose levels, lipid profile and lipid ratio markers in albino rats is limited but crucial, given the widespread use of these compounds in the food industry. While the antioxidant properties of vitamin C are believed to counteract oxidative stress, its interaction with sodium benzoate may lead to conflicting outcomes depending on dose, duration of exposure, and underlying physiological conditions. Hence, this study aimed to evaluate the comparative effects of sodium benzoate, ascorbic acid, and their combination on glucose levels, lipid profile, and some cardiovascular markers in albino rats.
2.0	MATERIALS AND METHODS
2.1	Procurement of Materials
Sodium benzoate, sterile bottles, lithium heparin, plain bottles, and filter paper were procured from Nexidon Nigeria Limited reagent store, while syringes, hand gloves, and cotton wool were obtained from Lloyd’s Pharmacy in Port Harcourt.
2.2	Ethical Considerations 
The internationally accepted National Institutes of Health (NIH) Guide for Care and Use of Laboratory Animals were observed.
2.2	Experimental Animals
A total of 36 albino rats, weighing between 140 and 250 g, were randomly chosen for the study. The animals were obtained from the Department of Anatomy, College of Medical Sciences, Rivers State University, and transported in a well-ventilated wire cage to the animal house at the Department of Animal and Environmental Sciences, Rivers State University, Port Harcourt. They were housed under a 12-hour light/dark cycle with unrestricted access to solid poultry chow and water. Before the commencement of the study, the rats were acclimatized for two weeks under standard laboratory conditions and subsequently assigned to six groups.
2.3	Acute Toxicity Study
The study utilized the Fixed Dose Procedure [14] and was carried out in two phases. In the initial phase, three rats were orally administered sodium benzoate at a dosage of 700 mg/kg body weight via gavage and observed for toxicity symptoms over a 14-day period. In the subsequent phase, a different set of three rats received a reduced dose of 300 mg/kg body weight through oral gavage, with toxicity assessments conducted over the same 14-day duration.
2.4	Dose Determination
Following the results of the acute toxicity study, two doses of sodium benzoate were selected: a low dose (120 mg/kg) and a high dose (240 mg/kg). Both doses were below the threshold that caused observable acute toxicity.
2.4.1	Low Dose of Sodium Benzoate
To determine the low dose of sodium benzoate, a dosage of 120 mg/kg body weight was calculated. For instance, for a rat weighing 234 g, the calculation proceeded as follows:
Since 120 mg of sodium benzoate is required for a 1 kg (1000 g) rat, the dose for a 234 g rat was calculated using the formula:
Dose =   = 28.08 mg
Following the Organization for Economic Co-operation and Development (OECD) guidelines for volume selection [13], this 28.08 mg of sodium benzoate was dissolved in 2.34 ml of distilled water, ensuring accurate administration.
2.4.2	High Dose of Sodium Benzoate
To determine the low dose of sodium benzoate, a dosage of 240 mg/kg body weight was calculated. For instance, for a rat weighing 234 g, the calculation proceeded as follows:
Dose =   = 56.16 mg
Following the OECD guidelines for volume selection [14], this 56.16 mg of sodium benzoate was dissolved in 2.34 ml of distilled water, ensuring accurate administration.
2.4.3	Dose Calculation for Ascorbic Acid (Vitamin C)
The dosage of vitamin C used in this study was 100 mg/kg, as adopted from the methodology of Kumar et al. [15]. For a rat weighing 234 g, the dosage was calculated as follows:
Since 100 mg of vitamin C is required for a 1 kg (1000 g) rat, the dose for a 234 g rat was determined using the formula:
Dose =   = 23.4 mg
Following the OECD guidelines for volume selection [14], this 23.4 mg of vitamin C was dissolved in 2.34 ml of distilled water, ensuring accurate administration.
2.5	Experimental Study Design
Following a 14-day acclimatization period, 36 rats were categorized into six groups of six rats each based on their body weight. Group 1 served as the control, receiving standard food, water, and 1.8 ml of distilled water orally once per day for 28 days. Group 2 was administered a low dose of sodium benzoate (120 mg/kg body weight) orally each day for 28 days, while Group 3 received a higher dose of sodium benzoate (240 mg/kg body weight) under identical conditions. Group 4 was given vitamin C at a dose of 100 mg/kg body weight via oral administration once daily for 28 days. Group 5 received a combination of the low dose of sodium benzoate (120 mg/kg) and vitamin C (100 mg/kg) daily for 28 days, whereas Group 6 was treated with the high dose of sodium benzoate (240 mg/kg) alongside vitamin C (100 mg/kg) following the same daily regimen.
2.6	Specimen Collection, Preparation, and Analysis
After the 28-day experimental period, the rats were fasted overnight and anesthetized in a jar containing chloroform-soaked cotton wool. Whole blood samples (5 mL) were aseptically collected via cardiac puncture using sterile syringes and needles. A 2 mL portion was placed in a fluoride oxalate bottle, while the remaining 3 mL was transferred into a plain bottle and allowed to clot. The sample in the fluoride oxalate bottle was centrifuged at 3000 rpm for 5 minutes to obtain plasma, which was analyzed for fasting glucose concentration using the glucose oxidase method. Meanwhile, the clotted blood in the plain bottle was centrifuged under the same conditions to obtain serum, which was used for fasting lipid profile analysis. Additionally, lipid ratio markers, such as the LDL/HDL ratio and non-HDL cholesterol, were calculated based on the lipid parameters.
2.7 	Statistical Analysis 
The data generated from the analysis were expressed as Mean ± standard deviation, and analysed using the Statistical Package for Social Science (SPSS) version 24. Comparison of the mean and standard deviation values were made for the various parameters for the various groups using the one-way ANOVA and Tukey test. Results were considered statistically significant at 95% confidence interval (p≤0.05).
3.0	RESULTS
3.1	Acute Toxicity Study of Sodium Benzoate
The acute toxicity study results for sodium benzoate are shown in Tables 1a and 1b. Table 1a demonstrates that administering 700 mg/kg of sodium benzoate to rats led to visible signs of toxicity, such as wounds, lesions, and decreased activity, although no fatalities were observed. In contrast, Table 1b reveals that treatment with 300 mg/kg of sodium benzoate showed no signs of toxicity or mortality in the rats.
Table 1: Results of Acute Toxicity Study
1a. Phase I
	Dose (mg/kg)
	Observation

	700
	Presence of signs of toxicity such as wounds and lesions, and reduced activity. No mortality
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Figure 2: Photographs Showing Wounds and Lesions on the Skin of Rats Administered 700 mg/kg of Sodium Benzoate During Phase I of the Acute Toxicity Study

1b. Phase II
	Dose (mg/kg)
	Observation

	300
	No signs of toxicity. No mortality



3.2	Comparison of the Levels of Fasting Lipid Profile and Glucose of the Control and Test Groups
Table 2 presents the glucose and lipid profile values across six experimental groups. Glucose levels showed no significant differences among the groups (p=0.308). Total cholesterol also did not differ significantly (p=0.143). However, triglyceride levels were significantly higher in Group II (1.15 ± 0.27 mmol/L) and Group VI (1.33 ± 0.07 mmol/L) compared to other groups (p=0.000). Finally, HDL levels were significantly lower in Group V (1.17 ± 0.29 mmol/L) and Group VI (1.05 ± 0.21 mmol/L) than in other groups (p=0.029). LDL levels were significantly elevated in Group VI (2.87 ± 0.94 mmol/L) compared to the other groups (p=0.002).

Table 2: Plasma Glucose Levels and Lipid Profile in Control and Treatment Groups
	(n=6 per
Groups)
	FBG
(mmol/L)
	T. Chol (mmol/L)
	TG
(mmol/L)
	HDL
(mmol/L)
	LDL (mmol/L)

	Control
	4.6 ± 0.77329
	3.92 ± 1.17
	0.88 ± 0.24a
	1.40 ± 0.14a
	1.12 ± 0.76a

	Low-dose SB
	4.7 ± 0.71
	3.39 ± 0.94
	1.15 ± 0.27b
	1.38 ± 0.14
	1.70 ± 0.71

	High-dose SB
	4.3 ± 0.32
	3.00 ± 0.34
	0.81 ± 0.13a
	1.29 ± 0.12a
	1.53 ± 0.46

	Vit. C
	11.3 ± 13.13
	2.47 ± 0.18
	0.81 ± 0.09c
	1.11 ± 0.17
	0.81 ± 0.08a

	Low-dose SB + Vit. C
	4.3 ± 1.25
	3.20 ± 0.79
	1.08 ± 0.12
	1.17 ± 0.29b
	1.32 ± 0.82

	High dose SB + Vit. C
	5.1140 ± 0.87
	3.12 ± 0.83
	1.33 ± 0.07b
	1.05 ± 0.21b
	2.87 ± 0.94b

	F-value
	1.271
	1.842
	7.550
	3.037
	5.341

	P-value
	0.308
	0.143
	0.000
	0.029
	0.002

	Remark
	NS
	NS
	S
	S
	S


Key: NS = not significant, S = significant, FBG = fasting blood glucose, T. Chol = total cholesterol, TG = triglyceride, HDL = high density lipoprotein, LDL = low density lipoprotein. Values with different superscripts are significantly different (p<0.05), Sodium Benzoate = SB, Vitamin C = Vit. C
Group I = Control, Group II = low-dose SB, Group III = high-dose SB, Group IV = Vit. C, Group V = low-dose SB + Vit. C, Group VI = high dose SB + Vit. C 


3.3	Comparison of the Mean LDL/HDL Ratio and Non-HDL Cholesterol of the Control and Test Groups
Table 3 presents the LDL/HDL ratio and non-HDL cholesterol levels across six experimental groups. The LDL/HDL ratio was significantly higher in Group VI (2.73 ± 0.2) compared to all other groups (p=0.03). Additionally, Groups II, III, V, and VI had significantly higher non-HDL cholesterol levels compared to Group I and Group IV (p=0.001). 
Table 3: Mean LDL/HDL Ratio and Non-HDL Cholesterol Levels in Control and Treatment Groups
	(n=6 per Groups)
	
	LDL/HDL Ratio
	Non-HDL Chol (mmol/L)

	Control
	
	0.8 ± 0.1a
	1.71 ± 0.14a

	Low-dose SB
	
	1.23 ± 0.15b
	2.01 ± 0.18b

	High-dose SB
	
	1.19 ± 0.12b
	2.03 ± 0.19b

	Vit. C
	
	0.73 ± 0.08a
	1.36 ± 0.12a

	Low-dose SB + Vit. C
	
	1.13 ± 0.11b
	2.07 ± 0.22b

	High dose SB + Vit. C
	
	2.73 ± 0.2c
	2.52 ± 0.2c

	F-value
	
	8.492
	10.129

	P-value
	
	0.03
	0.001

	Remark
	
	S
	S


Key: Group I = Control, Group II = low-dose SB, Group III = high-dose SB, Group IV = Vit. C, Group V = low-dose SB + Vit. C, Group VI = high dose SB + Vit. C 




4.0	DISCUSSION
This study aimed to assess the comparative effects of sodium benzoate, ascorbic acid (vitamin C), and their combination on glucose levels, lipid profile, some cardiovascular markers in albino rats. The acute toxicity findings highlight the effects of sodium benzoate on rat health across different dosage levels. At a dose of 700 mg/kg, noticeable signs of toxicity were observed, including wounds, lesions, and reduced activity, although no fatalities occurred. In contrast, the 300 mg/kg dose did not produce any visible signs of toxicity or death. The presence of lesions and decreased activity at the higher dose suggests that sodium benzoate may trigger a stress response or cause specific organ damage, particularly affecting the skin and muscles. However, the absence of fatalities indicates that overall survival was not compromised at this dosage.
The fasting blood glucose levels did not show significant differences among the various treatment groups compared to the control group, indicating that sodium benzoate, vitamin C, and their combination did not substantially affect glucose metabolism in this study. One possible explanation is that the administered doses were insufficient to provoke significant alterations in glucose levels, or that these compounds do not directly influence glucose homeostasis within the context of this experimental model. 
Regarding total cholesterol levels, no significant variations were observed across the groups, suggesting that neither sodium benzoate nor vitamin C, alone or in combination, had a considerable impact on cholesterol metabolism. This could be due to the relatively low doses used or the absence of pre-existing lipid disturbances in the experimental animals. In contrast, a similar study by Olofinnade et al. [16] found that mice fed a diet containing sodium benzoate experienced a significant reduction in total cholesterol levels compared to the control group that did not receive sodium benzoate. The discrepancy between their findings and those of this study may be due to differences in sodium benzoate dosage or the animal model used, as they conducted their research on mice, whereas this study was performed on rats.
Triglyceride levels were significantly elevated in Group II (low-dose SB) and Group VI (high-dose SB + Vit. C), suggesting that sodium benzoate, both independently and in combination with vitamin C, may influence triglyceride metabolism. This could be due to its interference with lipid synthesis or liver function, leading to an accumulation of triglycerides. Elevated triglyceride levels are a well-established risk factor for cardiovascular diseases (CVDs), as they contribute to atherogenesis and increase the risk of pancreatitis [17]. High triglycerides have also been associated with metabolic syndrome, insulin resistance, and hepatic steatosis [18]. This finding is consistent with the study by Olofinnade et al. [16], which reported a significant increase in triglyceride levels in mice fed a sodium benzoate-containing diet compared to the control group that did not receive sodium benzoate.
Similarly, LDL cholesterol levels were significantly higher in Group VI (high-dose SB + Vit. C), indicating that this combination may contribute to an increase in LDL cholesterol. The significantly higher LDL cholesterol levels indicate that the combination of high-dose sodium benzoate with vitamin C may have pro-atherogenic effects. LDL cholesterol is a primary contributor to atherosclerosis, as oxidized LDL particles accumulate in arterial walls, promoting inflammation and plaque formation [19]. This observation does not align with findings from Olofinnade et al. [16] who reported decreased LDL levels in mice fed a sodium benzoate-containing diet compared to the control group that did not receive sodium benzoate. The differences in these results may be due to species variations (mice vs. rats), dosage and exposure differences, dietary factors, metabolic differences, or the presence of vitamin C, which could modulate the effect of sodium benzoate on lipid metabolism.
HDL cholesterol levels were significantly lower in Group V (low-dose SB + Vit. C) and Group VI (high-dose SB + Vit. C), indicating a potential adverse effect of these treatments on HDL levels. The reduction in HDL cholesterol suggests a potential impairment in reverse cholesterol transport, which is a protective mechanism against atherosclerosis. HDL cholesterol plays a crucial role in removing excess cholesterol from peripheral tissues and transporting it to the liver for excretion [20]. A decrease in HDL levels is associated with an increased risk of cardiovascular events, as lower HDL levels reduce the ability of the body to counteract LDL oxidation and arterial plaque formation [21]. The adverse impact of sodium benzoate on HDL levels aligns with findings from Olofinnade et al. [16], which reported reduced HDL levels in mice fed a sodium benzoate-containing diet compared to the control group that did not receive sodium benzoate. 
The LDL/HDL ratio was significantly higher in Group VI (high-dose SB + Vit. C), suggests an imbalance in cholesterol transport, favoring LDL accumulation and reducing HDL-mediated cholesterol clearance. A high LDL/HDL ratio is strongly associated with atherosclerosis, as it reflects an increased presence of pro-atherogenic LDL cholesterol relative to protective HDL cholesterol [19]. This imbalance may promote endothelial dysfunction, oxidative stress, and arterial plaque formation, thereby increasing the risk of coronary heart disease [22]
Lastly, significantly elevated non-HDL cholesterol levels in Groups II (low-dose SB), III (high-dose SB), V (low-dose SB + Vit. C), and VI (high dose SB + Vit. C) compared to Groups I (Control) and IV (Vit. C) suggest that sodium benzoate exposure, particularly when combined with vitamin C, may contribute to an increase in non-HDL cholesterol. This is concerning, as non-HDL cholesterol is a known risk factor for cardiovascular diseases. One possible explanation is that sodium benzoate disrupts lipid metabolism, leading to increased accumulation of non-HDL cholesterol. Non-HDL cholesterol encompasses all atherogenic lipoproteins, including LDL, VLDL, and remnant lipoproteins, making it a strong predictor of CVD risk [23][24]. Elevated non-HDL cholesterol is particularly concerning as it reflects an increased burden of cholesterol-rich lipoproteins that contribute to arterial plaque formation and cardiovascular complications.
5.0	CONCLUSION
[bookmark: _Hlk183865417][bookmark: _Hlk184732344][bookmark: _Hlk184115244]This study highlights the potential impact of sodium benzoate and ascorbic acid (vitamin C), commonly used preservatives in processed foods and beverages, on glucose levels, lipid profile, and some cardiovascular markers in albino rats. While glucose levels and total cholesterol remained unaffected, sodium benzoate significantly elevated triglycerides, LDL cholesterol, LDL/HDL ratio, and non-HDL cholesterol while reducing HDL cholesterol, particularly at higher doses and in combination with vitamin C. These changes suggest a possible pro-atherogenic effect, increasing the risk of cardiovascular diseases. Given the widespread use of these preservatives to extend shelf life, their long-term health implications in humans warrant further investigation, particularly regarding cardiovascular risk.
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