




Modulatory effects of Sacoglottis gabonensis ethanolic extract on aspartame-induced reproductive hormonal alterations in male mice
ABSTRACT
Aim: This study aimed at evaluating the modulatory effects of Sacoglottis gabonensis ethanolic extract  on aspartame-induced reproductive hormonal alterations in male mice.  
Study Design: The study was a completely randomized design employing relevant statistical tools for analysis and interpretation.
Place and duration of study: The experiment was carried out in the animal house of the Department of Animal and Environmental Biology, Rivers State University, Port Harcourt. The experiment lasted for 90 days between January and April, 2021. 
Methodology:   Ninety mice were distributed into six groups (A-F) consisting of fifteen mice per group. Group A era el control. Group B was administered aspartame at a dosage of 50mg/kg/bw/day. C was administered 50mg/kg/bw/day of aspartame along with 250mg/kg/bw/day of ethanolic leaf extract from Sacoglottis gabonensis. D was given 50mg/kg/bw/day of aspartame along with 250mg/kg/bw/day of ethanolic bark extract from S. gabonensis. Group E was administered 50mg/kg/bw/day of aspartame along with 250mg/kg/bw/day of bark and leaf extract, whereas group F was given 50mg/kg/bw/day of aspartame and 500mg/kg/bw/day of bark and leaf extract. Each group received the treatment through oral gavage for 30, 60, and 90 days. At the conclusion of each treatment phase, blood was drawn into designated plain tubes and serum was separated for hormone assays. The enzyme-linked immunosorbent assay (ELISA) was utilized for the quantitative assessment of all androgens, and the Statistical Analysis System SAS 9.4 was employed for the statistical analysis.
Result: Co-administration of Sacoglottis gabonensis with aspartame significantly (p < 0.001) elevated FSH and LH levels at 30 and 60 days compared to aspartame-only groups. After 90 days, FSH peaked in group C and was lowest in group D, while LH showed marked increases in groups B, C, and D. Testosterone, initially reduced in group B at 30 days, progressively increased with S. gabonensis treatment, reaching maximum levels (3.647 ± 0.065 µg/mL) in group D after 90 days. Progesterone and estradiol levels also increased significantly at 90 days, particularly in groups A, B, and C.
Conclusion: Long term consumption of  aspartame causes hormonal imbalance by stimulating excess production of gonadal hormones while S. gabonensis  extract possess a modulatory effect on steroid hormone synthesis. 
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 Introduction

In recent years, increasing global health awareness has encouraged individuals to adopt healthier lifestyles characterized by regular physical activity, balanced nutrition, and reduced consumption of sugar, salt, and fat. This shift in consumer behavior has driven the food and beverage industry toward the development of sugar-reduced products and the widespread use of alternative sweeteners [1]. Artificial sweeteners are broadly classified as nutritive or non-nutritive depending on their caloric contribution. Nutritive sweeteners, such as sucrose, high-fructose corn syrup, honey, and sugar alcohols (e.g., sorbitol and xylitol), provide energy. In contrast, non-nutritive sweeteners, including aspartame, sucralose, saccharin, and acesulfame potassium, contribute little or no calories and are 200–500 times sweeter than sucrose [2,3]. Their increasing popularity stems from their perceived health benefits, particularly in weight management and diabetes prevention [4].
“Among these, aspartame remains one of the most commonly used non-nutritive sweeteners, incorporated into numerous food, beverage, and pharmaceutical products” [5]. “Chemically, aspartame is a methyl ester of the dipeptide L-aspartic acid and L-phenylalanine. Upon ingestion, it undergoes complete hydrolysis in the gastrointestinal tract into aspartic acid, phenylalanine, and methanol, all of which are absorbed into systemic circulation” [6]. “Although no intact aspartame molecule has been detected in the blood or tissues, its metabolites are biologically active and can exert various physiological effects” [7]. “Aspartic acid and phenylalanine serve as excitatory neurotransmitters, while methanol is metabolized to formaldehyde and formic acid, compounds known for their potential toxicity and oxidative stress–inducing properties” [8,9].
“While regulatory agencies such as the U.S. Food and Drug Administration (FDA) and the European Food Safety Authority (EFSA) have established acceptable daily intake levels for aspartame, several experimental studies have raised concerns regarding its reproductive and endocrine toxicity. Prolonged aspartame exposure has been linked to oxidative stress, alterations in hormonal balance, and histopathological changes in reproductive organs” [10,11]. “Increased levels of aspartame metabolites, particularly phenylalanine and methanol, have been reported in the bloodstream following chronic consumption and are suspected to interfere with hypothalamic–pituitary signaling, thereby altering hormone secretion patterns” [12,13]. “Other studies have demonstrated that artificial sweeteners, including aspartame, may disrupt the hypothalamic–pituitary–gonadal (HPG) axis, resulting in decreased levels of gonadotropins (LH and FSH), altered steroidogenesis, and damage to gonadal histoarchitecture” [14].
“The male reproductive system consists of highly vascularized organs whose functions are tightly regulated by the HPG axis. Gonadotropin-releasing hormone (GnRH) secreted by the hypothalamus stimulates the anterior pituitary gland to release luteinizing hormone (LH) and follicle-stimulating hormone (FSH). LH acts on Leydig cells to promote the synthesis of testosterone, the principal male sex hormone responsible for spermatogenesis, sperm maturation, and development of secondary sexual characteristics. FSH, on the other hand, supports the proliferation and differentiation of germ cells within the seminiferous tubules.  Steroid hormones such as estradiol (E2) and progesterone (P4) also play significant roles in the regulation of reproductive functions, tissue differentiation, and fertility maintenance. Estrogen enhances the sensitivity of gonadal cells to gonadotropins, thereby facilitating progesterone biosynthesis and maintaining hormonal homeostasis” [15].
Several experimental studies have reported that aspartame exposure may disrupt testicular function by impairing spermatogenesis, altering testosterone levels, and inducing oxidative damage. For instance, [16] observed significant declines in sperm quality, testosterone, and LH levels in rats following chronic aspartame intake, accompanied by testicular degeneration. Similarly, [16,17] reported “histomorphological alterations in the testes and reductions in FSH and LH concentrations, indicating impaired hypothalamic–pituitary regulation. Conversely, a few studies have shown minimal or no reproductive toxicity at lower doses of aspartame, suggesting that its effects may be dose- and duration-dependent” [18].
“The bitter bark tree (Sacoglottis gabonensis) is a tropical rainforest species found across West and Central Africa and parts of South America. In rural Nigerian communities, the stem bark of this plant is traditionally added to freshly tapped palm wine (Raphia vinifera or Elaeis guineensis) to enhance its shelf life, reduce foaming, and improve taste. The extract of S. gabonensis is rich in bioactive phytochemicals such as polyphenols, flavonoids, and tannins, which possess antioxidant, anti-inflammatory, and antimicrobial properties” [19]. “These properties suggest that the plant may counteract oxidative stress and protect cellular integrity. Studies have demonstrated that S. gabonensis extract exhibits hepatoprotective, nephroprotective, and cytoprotective effects in animal models exposed to toxicants” [19,20]. However, scientific data on its influence on male reproductive health and hormonal regulation remain limited.
Given the potential reproductive toxicity associated with aspartame and the antioxidant capacity of Sacoglottis gabonensis, it is plausible that the plant extract may mitigate the adverse effects of aspartame on reproductive function. Yet, there is a paucity of research exploring this interaction, particularly concerning spermatogenesis and hormonal balance. This study, therefore, seeks to evaluate the effect of Sacoglottis gabonensis extract on reproductive hormones in mice exposed to aspartame, with the aim of providing scientific evidence for its possible protective role against artificial sweetener–induced reproductive dysfunction.
II. 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. They were properly identified and allowed to dry under room temperature (18oc-27oc).The dried leaves and stem bark samples were blended into fine powder and stored for use. 50g of each powder of S.gabonensis was dissolved in 200ml of ethanol. The mixture was allowed to stay for fourteen days before they were administered to the experimental animals ( maceration)

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. 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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Experimental design
Ninety mice were divided into six groups (A-F) with fifteen mice in each group. Group A served as the negative control, receiving no treatment, just pellets and clean tap water. Group B served as the positive control and was administered 50mg/kg/bw/day of aspartame. Group C is administered 50mg/kg/bw/day of aspartame along with 250mg/kg/bw/day of ethanolic leaf extract from Saboglottis gabonensis. Group D was administered 50mg/kg/bw/day of aspartame along with 250mg/kg/bw/day of ethanolic bark extract from S. gabonensis. Group E was given 50mg/kg/bw/day of aspartame along with 250mg/kg/bw/day of a mixture of bark and leaf extract. Group F was administered 50mg/kg/bw/day of aspartame along with 500mg/kg/bw/day of a blend of bark and leaf extract

Hormonal profile analysis
After the final treatment, the animals were fasted for 24 hours with free access to water. Blood samples were collected under isoflurane inhalation anesthesia by retro-orbital puncture using a heparinized capillary tube inserted into the medial canthus of the eye. Blood was collected into labeled plain tubes, allowed to clot, and centrifuged at 3,000 rpm for 10 minutes to separate serum for hormonal assays.The hormones include: Testosterone, Progesterone, Lutenizing hormones, Estradiol, Follicle stimulating hormone according to [21, 22]. Analysis for the quantitative determination of all androgens was carried out using enzyme-linked immunosorbent assay (ELISA).
Statistical analysis
Data 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.


Result
Effect of Aspartame and Sacoglottis gabonensis on Hormonal Level of Swiss Mice Exposed for 30 Days. 
The result of effect of S. gabonensis of Follicle Stimulating Hormone (FSH) in mice exposed to aspartame is shown in fig 1. The concentration of FSH in group A, D and F were 0.911±0.006 iu/l, 0.903±0.009iu/l, and 0.851±0.007iu/l respectively. Group B and C had significantly (P< 0.0001) increased values compared to the other groups. However, a significant decrease in FSH value to 0.314±0.009iu/l was recorded in group E.
The concentration of LH is recorded in fig.1. Group A, D, and E had 0.841±0.008iu/l, 0.706±0.009 iu/l and 0.613±0.004iu/l respectively. A significant (P< 0.0001) increase to 1.218±0.007iu/l and 1.414±0.006iu/l was recorded in group C and F while a significant decrease in value to 0.403±0.008 was recorded in group B when compared to other groups.
Group E and F recorded a significant (P< 0.0001) decrease in the value of Testosterone compared to all other groups where  a significant increase was observed in groups A, B, C, and D with values including 0.752±0.006 iu/l, 0.816±0.008 iu/l, 1.017±0.009 iu/l, 0.803±0.004 iu/l respectively. 
The value of progesterone in group A and other treatment groups ranges from 6.012±0.006µg/ml to 8.013±0.007µg/ml. However, a significant(P< 0.0001)  increase to 13.9±0.009µg/ml in group F and 15.022±0.006µg/ml in group B was recorded.
The concentration of E2 in all groups ranges from 80.011±1.06pg/ml in group B to 85.313±1.206pg/ml in group D. A significant(P< 0.0001)  increase to 90.105±1.401pg/ml  was recorded in group F and 92.551±1.316 pg/ml in group C.
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Figure 1:  Hormone Levels in Swiss Mice after Treatment with Aspartame and Sacoglottis gabonensis for 30 Days

Hormone Levels in Swiss Mice after Treatment with Aspartame and Sacoglottis gabonensis for 60 Days
The concentration of FSH was 0.52±0.007iu/l in group A and 0.51±0.012iu/l, in group E. A significant (P< 0.0001) decrease to 0.25±0.007iu/l and 0.27±0.009iu/l was recorded in group D and F. However, the value increased to 0.91±0.021iu/l in group B.  
The value of LH significantly increased in group A and B to 1.01±0.025iu/l and 0.8±0.013iu/l respectively as compared to 0.4±0.028iu/l in group C, 0.5±0.006iu/l in group D, 0.58±0.007iu/l in group E and 0.31±0.005iu/l in group F.
The values of Testosterone were 0.72±0.024µg/ml in group A, 0.76±0.012µg/ml in group C 0.82±0.031µg/ml in group D and 0.87±0.020µg/ml in group E. A significant (P< 0.0001) increase was recorded in group B and F with 1.32±0.008µg/ml and 1.02±0.004µg/ml respectively.
The concentration of progesterone increased non- significantly (P>0.0001)  between groups B, C and D with 16.041±0.025µg/ml, 15.102±0.021µg/ml and 14.211±0.015µg/ml. A stepwise non significant increase was also seen in group a, E and F with 10.081±0.008µg/ml, 12.114±0.009µg/ml, 10.217±0.008µg/ml respectively. However, a significant increase was recorded in all treatment groups compared to groups co administered  aspartame and S. gabonensis .
The value of E2 recorded in all the treatment groups are 50.33±1.20pg/ml in group D, 60.13±2.60pg/ml.  in group E 80±1.03pg/ml in group B, 81±1.21pg/ml in group A and 86±1.07pg/ml in group F. A significant increase to 101±1.37pg/ml was recorded in group C as compared to other groups.
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Figure 2:  Hormone Levels in Swiss Mice after Treatment with Aspartame and Sacoglottis  gabonensis  for 60 days


Effect of Aspartame and Sacoglottis gabonensis  on Hormone levels in Swiss Mice Exposed for 90 days. 
The results of the comparisons of hormones in Swiss mice after administration of aspartame and Sacoglottis gabonensis for 90 days is presented in Figure 3.  
Group D had the lowest mean value of 0.253±0.015iu/l for FSH, while group C had the highest mean value of 0.823±0.009iu/l. The concentration of FSH in group E, F, A and B were   0.443±0.009iu/l, 0.650±0.015iu/l, 0.310±0.015iu/l, and 0.653±0.009iu/l respectively. There was significant difference among treatment groups at (P< 0.0001). 
There was significant increase in luteinizing hormone (LH) in group B,C,D with  0.733±0.009iu/l , 0.947±0.009iu/l and 0.847±0.009iu/l compared with  other groups.
The concentration of Testosterone significantly (P< 0.0001) increased to 3.647±0.065µg/ml in group D compared to other treatment groups. Group A and F had mean value of 1.003±0.012µg/ml and 1.727±0.045µg/ml. All the other groups had values 50% lower than group A.
 There concentration of progesterone in group D was 4.433±0.120µg/ml, while group C had the lowest mean value of 4.367±0.176µg/ml, the values recorded in group E and F were 6.267±0.088µg/ml and 6.667±0.145µg/ml. A significant  (P< 0.0001) increase in progesterone values was recorded in group A and B with  8.400±0.289µg/ml and 9.067±0.088µg/ml respectively.
 There was significant difference in estradiol (E2) concentration across treatment groups. Group C and D had 95.000±1.155pg/ml and 95.000±1.732pg/ml.  Group E had the lowest mean value of 52.667±1.453pg/ml, group F had 73.333±0.882pg/ml.  However, group A had the highest mean value of 96.333±1.202pg/ml not significantly different from group B with 91.000±1.155pg/ml. 
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Figure 3:  Hormone Levels in Swiss Mice after Treatment with Aspartame and Saccoglottis gabonensis for 90 Days

DISCUSSION
Acting as chemical messengers for the endocrine system, hormones control and coordinate key bodily functions such as metabolism, growth, development, emotional states, mood, sexual activity, and sleep. From this study.  mice co-administered S. gabonensis with aspartame showed an increase in FSH and LH compared to groups receiving aspartame alone, while aspartame-only groups had suppressed FSH and LH levels at 30 days. By 60 days, the FSH levels remained elevated in some treatment groups (particularly group B), whereas other groups (D and F) exhibited a significant decline, suggesting that the duration of exposure influences the pituitary responsiveness to S. gabonensis bioactive compounds. At 90 days, the lowest FSH values were observed in group D (0.253 ± 0.015 IU/L), while group C maintained the highest levels (0.823 ± 0.009 IU/L), indicating a time- and dose-dependent modulatory effect. LH followed a similar pattern, with significant elevations in groups B, C, and D at 90 days, suggesting a restoration of hypothalamic-pituitary-gonadal (HPG) axis function over prolonged treatment. Testosterone levels in aspartame-only groups were generally decreased at 30 days but showed recovery upon co-administration with S. gabonensis. By 60 days, testosterone increased significantly in groups B and F (1.32 ± 0.008 µg/mL and 1.02 ± 0.004 µg/mL, respectively), while at 90 days, group D exhibited a pronounced peak (3.647 ± 0.065 µg/mL). This pattern suggests that S. gabonensis exerts a stimulatory effect on Leydig cell steroidogenesis, likely through the upregulation of LH or direct modulation of steroidogenic enzymes over time. [18, 21] reported decrease in testosterone and aggressive behaviours exhibited by mice exposed to aspartame. 
 Progesterone concentrations showed a non-significant early increase (30 and 60 days) but were significantly elevated in groups A and B at 90 days, suggesting a cumulative effect of S. gabonensis on ovarian steroidogenesis. Estradiol concentrations followed a similar pattern, with the highest levels at 90 days recorded in groups A (96.333 ± 1.202 pg/mL) and C (95.000 ± 1.155 pg/mL). This indicates that prolonged exposure to S. gabonensis not only restores but enhances steroid hormone production in a time-dependent manner, counteracting the suppressive effects of aspartame on reproductive function. The extract may enhance GnRH secretion from the hypothalamus, thereby increasing the release of LH and FSH from the anterior pituitary. Elevated LH promotes Leydig cell testosterone synthesis, while FSH stimulates Sertoli cell support of spermatogenesis, explaining the observed increases in testosterone and FSH.  This findings disagrees with [15, 22] who reported decrease in testosterone, Progesterone after aspartame consumption in experimental animals. 
 [23]  reported “lower levels of E2, FSH, and LH in male and female rats exposed to aspartame. When the antioxidants vitamin C or E was given, the effects of ASP were reversed, and the levels of E2, LH, and FSH were increased. The testosterone hormone was likewise significantly increased by ASP, but testosterone hormone concentrations were decreased by vitamin C or E treatments”. 
[24], indicated that the levels of follicle stimulating hormone, luteinizing hormone, testosterone, and steroidogenic acute regulatory protein (StAR) significantly decreased in the sucrose and saccharin groups compared with those in the control group
The study demonstrates that Sacoglottis gabonensis extracts exert differential effects on reproductive hormones in Swiss mice exposed to aspartame, depending on the part of the plant used and the duration of treatment.Leaf extract, whether administered alone or in combination with aspartame, consistently increased FSH, LH, and progesterone levels across 30, 60, and 90 days, indicating a strong stimulatory effect on the hypothalamic–pituitary–gonadal (HPG) axis and steroidogenic activity.Bark extract alone tended to reduce FSH levels, moderately increase LH, and had minimal effects on progesterone, suggesting selective modulation of gonadotropin release and partial restoration of steroidogenesis.Combination of bark and leaf extracts produced intermediate or moderated hormonal effects, implying potential interaction between bark and leaf secondary metabolites that balance endocrine responses. Aspartame alone consistently suppressed gonadotropins and steroid hormones over time, confirming its negative impact on reproductive function and the HPG axis.
Conclusion 
Sacoglottis gabonensis, particularly the leaf extract, effectively mitigates aspartame-induced suppression of reproductive hormones in Swiss mice. Leaf extract administration increased FSH, LH, and progesterone, while bark extract had moderate or balancing effects. Combination treatments produced intermediate hormonal levels, indicating possible synergistic interactions. These findings highlight the potential of S. gabonensis as a natural agent for preserving or restoring male reproductive hormone balance following chemical-induced endocrine disruption.
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