Time-Dependent Alterations in Renal Biomarkers of Mice Exposed to Aspartame and Ethanolic Extract of Sacoglottis gabonensis




Abstract
Aim: This study aimed at assessing  the time-dependent alterations in renal biomarkers of Mice exposed  to Aspartame and ethanolic extract. of Sacoglottis gabonensis 
Study Design: The study was a completely randomized design employing relevant statistical tools for analysis and interpretation. 
Place and Duration of Study: The study was carried out in the Department of Animal and Environmental Biology, Rivers State University. The experiment lasted for 90 days between January and April 2021. 
Methodology: A total of ninety mice were assigned to six groups (A-F) of fifteen mice each. Group A received 50mg/kg/bw/day of aspartame and 250mg/kg/bw/day of Sacoglottis gabonensis ethanolic leaf extract.  Group B received 50mg/kg/bw/day of aspartame and 250mg/kg/bw/day of ethanolic bark extract of S.gabonensis.  Group C received 50mg/kg/bw/day of aspartame and 250mg/kg/bw/day of a combination of bark and leaf extract. Group D received 50mg/kg/bw/day of aspartame and 500mg/kg/bw/day of a combination of bark and leaf extract. Group E was the control and group F received 50mg/kg/bw/day of aspartame only. All the groups were exposed to the treatment by oral gavage for 30, 60 and 90days.  Blood samples were collected individually by cardiac puncture to assay for  the kidney function biomarkers and statistical analysis was carried out using Statistical Analyses System SAS 9.4
.
Results: At 30 days, all parameters (TP, ALB, TB, CB, UR and CR) showed only mild fluctuations with no significant(p>0.001) difference in the values across the treatment groups and the control. By 60 days, more pronounced changes were observed. Total protein and albumin levels increased significantly (p<0.001) particularly in group F, while total bilirubin, conjugated bilirubin, urea, and creatinine also showed marked elevations in  groups B and F. At 90 days, most biomarkers began to stabilize,a non significant decrease in ALB and TB was recorded in groups co administered S.gabonensis compared with group F administered aspartame only.
Conclusion: A short-term exposure to aspartame or Sacoglottis gabonensis extract (30 days) did not immediately disrupt kidney function but  the pronounced spikes in total bilirubin, urea, creatinine, and protein indices at 60 days, especially in the aspartame-only group, point to the onset of hepatic stress and renal impairment. At  90 days, the partial decline in all biomarkers reflect possible physiological adaptation or the protective effects of Sacoglottis gabonensis in co-treated groups. However, this pattern demonstrates that prolonged aspartame exposure exerts toxic effects on kidney function, while S. gabonensis demonstrated a potential nephroprotective role, mitigating the adverse biochemical effects induced by aspartame. 
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1. Introduction
“Recent alterations in eating habits and lifestyle are largely attributed to the increasing global pursuit of improved health, wellness, and disease prevention. With the growing consumer interest in reducing sugar intake, the use of synthetic sweeteners in food products has increased because of their low caloric content, relevance in diabetes and obesity management, and their ability to replace sucrose without its associated metabolic effects” [1–2]. “Only very small amounts of synthetic sweeteners are required to sweeten foods because they are significantly sweeter than sucrose. Artificial sweeteners are widely incorporated into fruit juices, carbonated drinks, baked products, dairy foods, and powdered drink mixes as low-calorie alternatives. Although many sweeteners have been approved by food and drug regulatory agencies, most commonly used sweeteners are artificial, and excessive consumption has been reported to cause undesirable health effects in both animal models and humans” [3].
“Recent research has suggested associations between the intake of artificial sweeteners and metabolic syndrome” [4,5], diabetes, and cardiovascular diseases [6]. Specific links have also been reported between saccharin and migraines [7,8] as well as insulin insensitivity [9], and between aspartame and prostate and breast cancers [10].
[bookmark: _GoBack]Aspartame (L-aspartyl-L-phenylalanine methyl ester) is an artificial sweetener discovered by James Schlatter in 1965 [11]. “It is one of the most widely used artificial sweeteners globally, with an estimated annual consumption of 16,000 tons” [12]. “Based on safety evaluations, the Food and Drug Administration established its acceptable daily intake (ADI) at 50 mg/kg/day. Aspartame is present in many everyday foods and beverages, and its consumption is expected to increase. However, concerns remain regarding its safety, particularly in relation to obesity, diabetes mellitus, children and fetuses, autism, neurodegeneration, phenylketonuria, allergies, skin problems, and its potential carcinogenic and genotoxic effects” [11]. “Several studies have shown that aspartame metabolism leads to the production of methanol, which is further converted into formaldehyde and formic acid—both toxic metabolites capable of inducing oxidative stress” [13,25].
The adverse effects of aspartame on the kidneys have been demonstrated in animal studies, showing damage to glomeruli and renal tubules, as well as impaired renal function [14]. Research by [15] further indicated that long-term aspartame administration in rodents caused significant alterations in renal biochemical parameters and induced histopathological changes, including tubular degeneration and glomerular atrophy. The mechanism of toxicity is largely attributed to increased reactive oxygen species (ROS) production, lipid peroxidation, and reduced antioxidant enzyme activity such as superoxide dismutase (SOD) and catalase.
Moreover, aspartame exposure has been associated with disturbances in protein metabolism, electrolyte imbalances [16], and elevated renal biomarkers [17], suggesting nephrotoxic potential at high or prolonged doses. Additionally, chronic aspartame consumption has been linked to increased expression of stress-response proteins and markers of apoptosis [18].
“Plants have been used as natural medicines throughout human history. Medicinal plants are considered affordable, readily available, and relatively safe sources of numerous biologically active compounds. Several studies have explored the potential of plant-derived antioxidants in mitigating artificial sweetener-induced toxicity. Natural extracts rich in flavonoids and phenolics have been shown to reduce oxidative stress, restore enzyme activities, and normalize biochemical parameters altered by aspartame exposure” [19].
“Sacoglottis gabonensis stem bark is a widely used traditional medicine in West Africa. Its infusion is used as an emetic and for the treatment of fevers, diarrhoea, gonorrhoea, and abdominal pain; it is also occasionally used to manage hypertension and diabetes. The plant is believed to prolong the shelf life of palm wine, enhance its potency, reduce foaming, and impart a bitter taste, and it is also reputed to have aphrodisiac properties” [12]. 
The co-administration of such plant extracts with aspartame may help determine whether natural antioxidants can attenuate or potentiate the toxic effects of synthetic food additives. However, there is limited information on the combined effects of aspartame and Sacoglottis gabonensis on renal function biomarkers, making this research timely and significant.
Materials and methods
Study location and duration
The study was carried out in the green house of the Department of Animal and Environmental Biology, Rivers State University, Nkpolu Oroworukwo, Port Harcourt, Nigeria (Coordinates 4o48’14”N6o59’12”E).  The experiment was conducted from January to April, 2021.
Sources and Preparation of Plant Material
The bark and leaves of Sacoglottis gabonensis were harvested in Etche Local Government area of  Rivers State and allowed to dry under room temperature (18oc-27oc).The dried samples of the leaves and stem bark were blended into fine powder and stored for use. 50g of each fine powder was dissolved in 200ml of ethanol. The mixture was allowed to stay for fourteen days before they were administered to the experimental animals

Animal care and management
A total of Ninety (90) adult male mice (mean weight (18.57±3.35g) were used for the study. The mice were housed in rubber case under standard condition and acclimatized for two weeks. All animal were fed with standard rodent pellet and cool clean water ad libitum. 
Experimental design
Ninety mice were assigned to six groups (A-F) of fifteen mice each. Group A received 50mg/kg/bw/day of aspartame and 250mg/kg/bw/day of ethanolic leaf extract of Sacoglottis gabonensis.  Group B received 50mg/kg/bw/day of aspartame and 250mg/kg/bw/day of ethanolic  bark extract of S.gabonensis.  Group C received 50mg/kg/bw/day of aspartame and 250mg/kg/bw/day of a combination of bark and leaf extract  Group D received 50mg/kg/bw/day of aspartame and 500mg/kg/bw/day of a combination of bark and leaf extract   Group E was the negative control and they were not given any treatment, but only given pellet and clean tap water. Group F was the positive control and received 50mg/kg/bw/day of aspartame. All the groups were exposed to the treatment by oral gavage for 30, 60 and 90days. Feed was withdrawn from the animals 24 hours before the termination of experiment.

Biochemical Analysis of Kidney Biomarkers:  The blood  samples were collected individually by cardiac puncture into sterile tubes and the serum separated at 2500 g for 10 min and stored for determination of Total bilurubin (TB), Total protein (TP) and Creatinine were determined as reported in [20]. Albumin (ALB) concentration was assayed according to Sigma Diagnostics based on the procedure of [21].
Statistical Analysis
Statistical analysis was conducted using Statistical Analyses System SAS 9.4 (SAS Institute, Cary, North Carolina, USA). Graphical representations and data visualizations were carried out using the JMP statistical discovery™softwareversion14.3.
3.Results
 3.1 Effect of Aspartame and Sacoglottis gabonensis on the Kidney Biomarkers of Swiss Mice exposed for 30 days
Results for the differences in kidney biomarkers in Swiss mice exposed to aspartame and Sacoglottis gabonensis for 30 days  is presented in Figure 1.The mean total protein levels varied slightly among the experimental groups, the differences were not statistically significant (p > 0.05). Group E recorded the highest mean value (71.33 ± 1.45 g/L), followed closely by group A (71.00 ± 2.31 g/L), while group C had the lowest mean value  of 62.67 ± 2.60 g/L when compared with other treatment groups and the control.  There was no significant difference in the values of albumin (ALB g/l) in all the treatment groups as compared with the control groups.  Total bilirubin (TB mmol/l) was significantly (P<0.0001) higher in the group administered Aspartame only (group F) than in the control (group E).  There was no significant difference in the levels of conjugated bilirubin (CB, mmol/L) among the treatment groups. Similarly, there was no significant difference in urea concentration (UR, mmol/L) across all groups. The recorded mean values were within the range of   3.33 ± 0.15 in group B and   4.17 ± 0.20 in group E.
However, a significant difference was observed in creatinine levels (CR, mmol/L) after 30 days of treatment. Group A recorded a mean value of 85.67 ± 3.48, Group B had the lowest value (67.00 ± 1.73), while Group C exhibited the highest level (102.00 ± 1.73)when compared with the control group.
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Figure 1:  Kidney biomarkers in Swiss mice after treatment with aspartame and Sacoglottis gabonensis for 30 days
 
3.2 Kidney biomarkers in Swiss mice after treatment with aspartame and Sacoglottis gabonensis for 60 days.
Fig 2 shows the level of  kidney biomarkers for 60 days. There was a significant (P < 0.0001) difference in total protein (TP) levels across the treatment groups. Group A  recorded the lowest mean value (51.00 ± 1.15 g/L), while Group F showed the highest mean value  of 87.00 ± 1.15 g/L when compared with the control.  Albumin levels also differed significantly among groups (P < 0.0001), with the highest concentrations observed in Group F (49.67 ± 1.45 g/L) and lowest in  group A  with (32.00 ± 1.53 g/L) when compared with the control group.  There was a significant difference in total bilirubin levels across the treatment groups. Groups B and F recorded the highest mean values (9.10 ± 0.20 µmol/L and 8.50 ± 0.20 µmol/L, respectively), while Group D exhibited the lowest level (4.03 ± 0.21 µmol/L), indicating a significant decrease in total bilirubin among the treatment groups compared with the control.  Urea levels were also significantly affected (P < 0.0001). The highest concentration was recorded in Group F (6.20 ± 0.44 mmol/L), while the negative control group (E) showed the lowest mean value (3.10 ± 0.30 mmol/L).. Similarly, there was a significant difference (P < 0.0001) in conjugated bilirubin levels between the positive control and other groups. Creatinine concentrations also differed significantly (P < 0.0001) across the groups. The mean values were 115.00 ± 1.15 µmol/L (Group A), 134.67 ± 2.60 µmol/L (Group B), 122.00 ± 1.73 µmol/L (Group C), 100.00 ± 1.15 µmol/L (Group D), 87.67 ± 1.45 µmol/L (negative control), and 144.67 ± 2.03 µmol/L (positive control). 
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Figure 2:  Kidney biomarkers in Swiss mice after treatment with aspartame and Sacoglottis gabonensis for 60 days.

3.3 Kidney Biomarkers in Swiss Mice after Treatment with Aspartame and Sacoglottis gabonensis for 90 Days
 A significant  (P < 0.01) difference was observed in total protein and Albumin levels across the treatment groups.  Group A  recorded the highest mean value  of total Protein (69.00 ± 2.65 g/L), followed closely by group B  with 68.00 ± 2.08 g/L,  and  lowest  (55.33 ± 1.45 g/L)in group E. The concentration of  Albumin concentration was highest in group B (45.33 ± 0.33 g/L) and lowest  in group E (34.67 ± 2.03 g/L). Total bilirubin  significantly increased  (P < 0.0001) in  group D (4.67 ± 0.09 µmol/L) compared to 3.23 ± 0.09 µmol/L in group F.  Conjugated bilirubin levels also varied significantly (P < 0.0001). Groups A and F  had the joint highest mean value (2.47 ± 0.09 µmol/L) while group C  recorded the lowest mean value (1.60 ± 0.06 µmol/L).
Urea levels showed significant differences (P < 0.0001) among the groups with group C having the highest value of  3.53 ± 0.20 mmol/L and 2.23 ± 0.07 mmol/L in group F. Creatinine concentration  significantly (P < 0.0001) increased  in group C (75.33 ± 1.45mmol/L) when compared to 53.33 ± 0.88 µmol/L in group F.
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Figure 3:  Kidney biomarkers in Swiss Mice after treatment with aspartame and Sacoglottis gabonensis for 90 days

3.4 Combined influence of treatment with aspartame and Sacoglottis gabonensis and duration interaction on kidney biomarkers in Swiss mice.
The combined influence of treatment and duration on these biomarkers is shown in Figure 4. A significant variation in total protein (TP) levels was observed across the different experimental periods, with the highest value recorded at 60 days in the positive control group, while the lowest values occurred at 60 days in group A and E. Albumin (Alb) levels also showed significant differences across the experimental periods, peaking at 60 days in group F and reaching the lowest value at 60 days in  group A.
Similarly, total bilirubin (Tb) concentrations varied significantly across treatment duration, with the highest level at 60 days in group B and the lowest at 90 days in group C and F. Conjugated bilirubin levels differed significantly across experimental duration, attaining the highest value at 60 days in  group F and the lowest at 90 days in  group C. Urea concentrations also exhibited significant variation, with the highest mean at 60 days in  group F and the lowest at 90 days in groups A,B, and D.
Creatinine levels varied significantly across the experimental periods, showing the highest concentration at 60 days in  group F and the lowest at 90 days in groups D,E and F. Overall, there was a significant interaction effect between treatment and duration on kidney function biomarkers throughout the experimental period.
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Figure 4: Combined influence of treatment with aspartame and Sacoglottis gabonensis and duration interaction on kidney biomarkers in Swiss mice.

4. DISCUSSION
The kidney plays a central role in maintaining internal homeostasis by filtering metabolic waste products, regulating body fluids, eliminating excess electrolytes, and maintaining the acid–base balance required for normal physiological function.  The biomarker patterns demonstrated time-dependent fluctuations, indicating both toxic and adaptive renal responses influenced by exposure duration and treatment composition. Notably, creatinine and urea—key indicators of glomerular filtration—showed a marked increase at 60 days, particularly in group C, suggesting transient renal stress or reduced filtration efficiency. By 90 days, however, these parameters declined, pointing to possible renal adaptation or partial functional recovery.
These findings are consistent with previous reports showing that prolonged aspartame exposure elevates serum urea and creatinine [22] and induces renal histopathological damage such as tubular degeneration and glomerular atrophy [15]. Conversely, S. gabonensis contains potent phytochemicals—especially polyphenols, tannins, flavonoids [23] that may provide nephroprotective effects through antioxidant and anti-inflammatory mechanisms. Studies have shown that the extract enhances endogenous antioxidant activity, reduces lipid peroxidation, and protects against chemically induced renal damage. [24] showed that S. gabonensis extract exhibited hepatoprotective and nephroprotective effects in rats treated with carbon tetrachloride.

 Albumin and total protein also exhibited temporal fluctuations, with increase at  60 days and  decline at  90 days. The early rise may reflect compensatory hepatic protein synthesis or mild disruptions in renal filtration, while the later decrease suggests metabolic stabilization. Mild variations in total bilirubin indicated that S. gabonensis did not produce significant hepatic or biliary dysfunction. The 60-day point likely represents a peak stress period linked to cumulative aspartame metabolism and the generation of methanol and formaldehyde derivatives, which can temporarily burden renal tissues. By 90 days, the stabilization of biomarkers—especially in co-treated groups—supports the protective influence of S. gabonensis phytochemicals, which are known to scavenge free radicals, modulate oxidative stress, and support renal homeostasis.
Overall, these results align with existing evidence that aspartame can induce oxidative renal injury, while plant-derived antioxidants can counteract such toxicity. Thus, S. gabonensis may help mitigate aspartame-induced nephrotoxicity by enhancing antioxidant defenses and stabilizing essential biochemical processes.
Conclusion
The co-administration of Sacoglottis gabonensis extract and aspartame in Swiss mice produced time-dependent alterations in kidney biomarkers. The transient elevation in creatinine, urea, and protein levels at 60 days suggests temporary renal stress, while the subsequent normalization by 90 days indicates adaptive or protective effects of the plant extract. Therefore, S. gabonensis demonstrated a potential nephroprotective role, mitigating the adverse biochemical effects induced by aspartame. 

Ethical Approval: All experiments were conducted according to the institutional animal came protocol at the Rivers State University, Nigeria and followed approved guidelines for the ethical treatment of the experimental animals.
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