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Composition and systemic effects of Garcinia pedunculata (Roxb). fruit extract on hematological and serum biochemical parameters of mice

ABSTRACT 

	
Aims: This study aims to determine the composition and systemic effects of Garcinia pedunculata to guide dietary use and future research. It will assess the proximate and mineral profile of G. pedunculata fruit extract and its effects on hematological and serum biochemical parameters in mice.	Comment by Busuyi Akinola: The aim of this study is to determine the composition as well as the effects of extracts of G. pedunculata on the hematological and biochemical parameters of mice. This will serve as a dietary guide and foundation for future research.
Methodology: Fruit collected from Nakari, North Lakhimpur, was analyzed for moisture, ash, carbohydrate, protein, reducing sugar, and starch using standard methods. Mineral content was assessed by AAS. GC-MS identified volatile/semi-volatile components. Thirty-two mice (16 male, 16 female) were divided into four groups (n=8): normal control, vehicle (1% DMSO), and chloroform fraction of G. pedunculata at 100 or 250 mg/kg orally for 28 days. Serum analysis included creatinine, urea, electrolytes, liver enzymes, proteins, and bilirubin, while hematology evaluated RBC indices and platelets.
Results: The dried extract was rich in carbohydrates and low in protein, with moisture at 21.4% and ash at 3.45%. Calcium predominated the minerals, followed by Na and Mg, and then Fe and Zn. GC-MS identified 11 components making up 60.9% TIC. Creatinine was unchanged except for a sex effect; urea showed effects related to sex and group. Electrolytes: Na increased at 100 mg/kg and 250 mg/kg; K slightly rose at 100 mg/kg and 250 mg/kg; Ca differed by group; and phosphorus showed effects by sex, group, and interaction. ALT/AST, albumin, total protein, and bilirubin remained unchanged; ALP varied by sex and group. RBC showed a sex effect; HCT/HGB were stable. MCV increased at 100 mg/kg; MCHC changed at 100-250 mg/kg; RDW-CV increased at 250 mg/kg. Platelets rose at both doses.
Conclusion: G. pedunculata is a low-fat, carbohydrate-rich, calcium-dominant fruit. Twenty-eight-day dosing was well tolerated, with modest electrolyte and erythrocyte index shifts and increased platelets, supporting safe dietary exploration and dose–response/bioactive studies.
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1. INTRODUCTION 

Non-communicable diseases associated with diet continue to pose a significant public health challenge, and there is increasing interest in food plants that offer both nutritional value and quantifiable health advantages. Garcinia pedunculata (Roxb.), an indigenous sour fruit predominantly consumed in Northeast India, represents a promising candidate in this regard. Traditionally incorporated into curries and beverages, its fundamental nutritional characteristics and systemic effects remain inadequately documented in a standardized fashion. Proximate analysis serves as a straightforward yet potent initial approach to delineate the nutritional value of a food matrix. By quantifying components such as moisture, ash, protein, fat, carbohydrates, reducing sugar, starch, and essential minerals, it is feasible to correlate composition with potential physiological effects and to formulate appropriate doses for in vivo testing. Hematological and serum biochemical parameters function as sensitive indicators of safety and efficacy. Variations in hemoglobin, red and white blood cell counts, and platelets reflect impacts on hematopoiesis and inflammation. Similarly, serum lipids, glucose levels, liver enzymes (ALT, AST, ALP, bilirubin), and renal markers (urea, creatinine) offer a comprehensive assessment of metabolic status and organ function. Evaluating these endpoints following dietary exposure to a plant extract aids in determining whether observed benefits occur without hematotoxicity or organ stress. 
In this study, we examine G. pedunculata fruit with two objectives. First, we conduct a proximate and mineral analysis of the crude fruit extract to define its macronutrient and micronutrient content. Second, we evaluate the extract's impact on hematological and biochemical indices in an experimental animal model under controlled conditions. We posit that the fruit, characterized by a low-fat, carbohydrate-rich matrix with significant mineral content, will be well tolerated and may beneficially influence selected metabolic markers. The results will provide a coherent baseline for future research on bioactive components and dose-response relationships and will inform the safe dietary application of this under-researched regional fruit. This study addresses a distinct evidence gap.
2. methodology 

2.1 Collection of fruit and sample preparation

The fruit of G. pedunculata was collected from Nakari, North Lakhimpur in the month of April 2023. The preparation of the sample has been described in our previous work (Dutta et al., 2024).	Comment by Busuyi Akinola: The ethical clearance for this study was in 2021. please reconcile

2.2 Proximate content analysis

In the proximate content analysis, the total carbohydrate, protein, reducing sugar, and starch content of the fruit were determined (Sadasivam, 1996). The crude fat was determined using a Soxhlet extractor apparatus using n-hexane at a temperature of 60 ± 5°C for 6-8 hours (AOAC, 2005).
The moisture content was determined following the guidelines of AOAC 2005. The pulp of the fruit was sliced, and 50 grams was measured. The fruit was placed in a petri dish and dried in a hot air oven at 100ºC ± 5ºC until the sample reached a constant weight. The sample was then cooled in a desiccator, and the moisture content was calculated using the following formula:

For the total ash content, 2 grams of dried sample was taken and charred on a hot plate. This was further incinerated in a muffle furnace maintained at 550ºC until a stable weight was achieved. This methodology involves sustained heating, which results in the charring of the substance, thereby facilitating the evaluation of mineral content. (AOAC, 2005). The ash content was calculated using the following formula:


2.3 Mineral Content analysis

For the analysis of mineral content, a 100 mg sample was digested with concentrated nitric acid (65%) while being heated to achieve a clear solution. This was succeeded by the addition of a few drops of hydrogen peroxide. Upon cooling, the solution underwent filtration, and the final volume was adjusted to 100 mL using deionized distilled water. Subsequently, the mineral content was quantified utilizing an atomic absorption spectrophotometer (SHIMADZU AAC-7000).

2.4 GC-MS analysis

The GC-MS analysis of the crude methanolic extract of the plant sample was conducted utilizing the PerkinElmer Clarus 680 GC/600C MS system at the Guwahati Biotech Park, IIT, Guwahati, Assam, India. The sample was administered and diluted with methanol via the system's auto-injection mode at a split ratio of 10:1. Helium, an inert gas, served as the carrier gas. The oven temperature conditions were meticulously programmed as follows: the initial oven temperature was maintained at 60°C for 1 minute. This was followed by an increase at a rate of 70°C per minute up to 200°C, with a subsequent holding time of 3 minutes. Furthermore, the temperature was escalated to 300°C, with a holding time extended to 5 minutes. The relative abundance of the compounds was quantified as the percentage of peak area observed in the chromatograms. The compounds were identified by comparing the chromatogram mass spectral data with the NIST (National Institutes of Standards and Technology) library database, integrated with the GC-MS system, and by determining their retention indices.

2.5 Animals and Treatment plan
Thirty-two mice (16 male, 16 female) weighing 25-30 grams were distributed equally in 4 groups with 8 animals each and accommodated in suitable polyacrylic cages. The mice were kept under conventional laboratory settings (temperature 25±2°C) through a light/dark cycle for 12 hours each. Free access to a typical dry pellet diet and water was provided ad libitum. The experiment was carried out per Institutional Animal Ethics Committee consent (16/IAEC/CU/05/01/2021).

The animals were orally treated with the chloroform fraction of G. pedunculata as per the treatment plan below
Group 1: Normal Control 
Group 2: Vehicle Control (1% DMSO)
Group 3: 100 mg/kg b.w. GC 
Group 4: 250 mg/kg b.w. GC
Blood and serum were collected after 28 days of treatment, and the hematological (RBC, HCT, hemoglobin, MCV, MCH, MCHC, RDW-CV, platelet) and biochemical parameters (creatinine, urea, calcium, phosphorus, potassium, sodium, albumin, alkaline phosphatase, SGPT/ALT, SGOT/AST, total bilirubin, total protein) were analyzed.	Comment by Busuyi Akinola: Please state clearly how hematological and biochemical analysis was done. What instrument was used.

2.6 Statistical analysis
	Comment by Busuyi Akinola: This should not be empty. State the tools used in statistical analysis.
3. Results 

3.1 Proximate Content Analysis

The dried extract comprised 7.12 ± 0.35 g/100 g of total carbohydrates, constituting the predominant macronutrient quantified. Protein content was measured at 1.23 ± 0.19 g/100 g. Within the carbohydrate fraction, reducing sugars accounted for 1.01 ± 0.10 g/100 g, whereas starch contributed 0.54 ± 0.05 g/100 g. Collectively, the extract was characterized by modest protein levels and a carbohydrate fraction primarily consisting of non-starch, non-reducing sugars, indicating that most of the carbohydrates present are in these forms. The sample 
exhibited a moisture content of 21.40%, signifying that approximately one-fifth of the mass was attributable to water. The total ash content was 3.45%, reflecting the inorganic or mineral residue remaining post-ignition.

Table 1: Proximate content analysis of G. pedunculata fruit. The values are represented in Mean ± SEM

	Nutritional Component
	Quantity (g/100 g dried extract)

	Total Carbohydrate 
	7.12 ± 0.35

	Total Protein 
	1.23 ± 0.19

	Starch 
	0.54 ± 0.05

	Reducing Sugar 
	1.01 ± 0.10

	Moisture (%)
	21.4%

	Ash (%)
	3.45%



3.2 Mineral Content Analysis

The quantitative mineral profiling revealed an extract with a high concentration of calcium. Calcium emerged as the predominant element, registering at 93.183 ± 10.16685 ppm and constituting approximately 89.8% of the total measured minerals, which collectively amounted to approximately 103.7 ppm. Sodium, at 4.1813 ± 0.29088 ppm, and magnesium, at 3.4120 ± 0.02254 ppm, followed as the next most prevalent components. The calcium to magnesium ratio was approximately 27:1, while sodium and magnesium were both present at similarly low single-digit ppm levels, with a sodium to magnesium ratio of approximately 1.23. Among the trace elements, iron was recorded at 1.6433 ± 0.16404 ppm and zinc at 0.6380 ± 0.09847 ppm, resulting in an iron-to-zinc ratio of approximately 2.58. Manganese (0.2763 ± 0.05643 ppm), chromium (0.1682 ± 0.01331 ppm), nickel (0.1323 ± 0.00978 ppm), and copper (0.0903 ± 0.02699 ppm) were identified in sub-ppm to low-ppm concentrations. Consequently, the sequence of abundance was Ca » Na ≈ Mg > Fe > Zn > Mn > Cr > Ni > Cu. 
In summary, the crude extract was primarily characterized by high calcium, followed by moderate quantities of sodium and magnesium, and exhibited low levels of transition metals, including iron, zinc, manganese, chromium, nickel, and copper. This mineral profile establishes a definitive baseline for correlating the inorganic composition with the extract's biological outcomes in the ensuing sections.

Table 2: Mineral content analysis of G. pedunculata fruit. The values are represented in Mean ± SEM	Comment by Busuyi Akinola: A column on this table showing standard daily requirement of this elements will give better information.

	Mineral
	Concentration (in ppm)n ppm)

	Cr
	0.1682 ±0.01331

	Ca
	93.183 ±10.16685

	Fe
	1.6433 ±0.16404

	Cu
	0.0903 0.02699

	Mg
	3.4120 ±0.02254

	Na
	4.1813 0.29088

	Zn
	0.6380 ±0.09847

	Mn
	0.2763 ±0.05643

	Ni
	0.1323 ±0.00978



3.3 GC-MS 

Electron impact gas chromatography-mass spectrometry (GC-MS) analysis of the crude extract resulted in a well-defined total ion current (TIC) extending from 8 to 38 minutes (Fig. 1). Through library matching of major peaks, 11 constituents were tentatively identified, cumulatively accounting for 60.9% of the TIC. The identified compounds ranged from 114 to 652 daltons, indicating a composition comprising both low-molecular-weight oxygenates and higher-molecular-weight lipidic esters. The early, more polar region (9–16 minutes retention time) was predominantly characterized by oxygenated furan/furanone and carbohydrate-derived species. The most abundant single component detected was 1-deoxy-2,4-o,o-methylene-D-xylitol at a retention time of 11.470 minutes, representing 13.601% of the area and a molecular weight of 148 daltons. Two furanones were eluted within this range: 5-methoxy-2,4-dimethyl-furan-3-one at 13.541 minutes (9.728%; 142 da) and (S)-5-hydroxymethyl-2[5H]-furanone at 9.069 minutes (3.211%; 114 da). Dimethyl fumarate was identified at 15.241 minutes retention time (5.253%; 144 Da). In the mid-retention region (approximately 21–22 minutes), a prominent peak was annotated as silane, dimethyldi(but-3-enyloxy)-, observed at 21.629 minutes (11.554%; 200 da). The late, non-polar region (approximately 28.5-31.5 minutes) was enriched with fatty acid esters. 
Identified methyl esters included methyl 11-hexadecenoate (28.637 minutes; 0.218%; 268 da), tetradecanoic acid, 10,13-dimethyl-, methyl ester (28.797 minutes; 3.364%; 270 da), 11,14-octadecadienoic acid, methyl ester (31.093 minutes; 3.481%; 294 da), and the branched unsaturated species 14-methylpentadec-9-enoic acid methyl ester (31.168 minutes; 7.774%; 268 da). 
Additionally, a high-mass diester, L-(+)-ascorbic acid 2,6-dihexadecanoate, was detected at 29.292 minutes (0.684%; 652 Da). Overall, the chromatographic pattern delineates (i) (i) an oxygenate-rich initial phase characterized by furan/furanone and sugar-derived molecules, (ii) a significant signal approximately at 21.6 minutes, and (iii) a lipidic tail composed of various fatty-acid methyl esters between 28.6 and 31.2 minutes. The five most intense constituents, 1-deoxy-2,4-o,o-methylene-D-xylitol (13.601%), silane, dimethyldi(but-3-enyloxy)- (11.554%), 5-methoxy-2,4-dimethyl-furan-3-one (9.728%), 14-methylpentadec-9-enoic acid methyl ester (7.774%), and dimethyl fumarate (5.253%), collectively contributed 47.9% of the TIC. These findings offer a compositional fingerprint for the extract and serve as a foundation for associating chemical classes, namely oxygenated heterocycles and fatty-acid esters.

[image: ]Fig. 1. GC-MS chromatogram of G. pedunculata crude extract

3.4 Hematology and Biochemical analysis
There were no significant changes in creatinine levels, although a distinct sex effect was observed (F1, 24 = 21.89, P < .001) with neither a group effect (F3, 24 = 2.05, P = .13) nor interaction (F3, 24 = 0.24, P = .87) (Fig. 2a). Urea exhibited both a sex effect (F1, 24 = 4.81, P = .04) and a group effect (F3, 24 = 3.34, P = .04), but no sex-group interaction was present (F3, 24 = 0.06, P = .981) (Fig. 2b). Calcium levels differed by group (F3, 24 = 7.01, P = .001), whereas sex (F1, 24 = 0.81, P = .38) and interaction (F3, 24 = 2.67, P = .07) effects were found to be insignificant (Fig. 2c). Phosphorus revealed widespread modulation, with significant effects related to sex (F1, 24 = 34.77, P < .001) and group (F3, 24 = 4.20, P = .016), alongside a sex and group interaction (F3, 24 = 3.80, P = .023) suggesting dependence on sex for group differences. Bonferroni tests for sodium demonstrated elevated values at 100 mg/kg (P = .002) and 250 mg/kg (P < .0001) versus the normal control (Fig. 2d). 
A slight elevation in potassium levels was noted at both 100 mg/kg (P = .047) and 250 mg/kg (P = .001) (Fig. 2e). Albumin did not exhibit any main effects of sex (F1, 24 = 1.00, P = .33) or group (F3, 24 = 1.31, P = .29), nor was there an interaction effect (F3, 24 = 1.02, P = .40) (Fig. 2g). Similar constancy was observed in total protein (Sex: F1, 24 = 0.087, P = .77; Group: F3, 24 = 1.68, P = .2; Interaction: F3, 24 = 2.15, P = .12) (Fig. 2l) and total bilirubin, which showed no significant effects (Sex: F1, 24 = 0.18, P = 0.68; Group: F3, 24 = 0.53, P = 0.67; Interaction: F3, 24 = 1.71, P = 0.193) (Fig. 2k). Alkaline phosphatase levels varied by sex (F1, 24 = 13.37, P = .001) and group (F3, 24 = 3.995, P = .019) but not by interaction (F3, 24 = 2.53, P = .081) (Fig. 1h). Pairwise tests for SGPT/ALT (Fig. 2i) and SGOT/AST (Fig. 2j) revealed no differences in comparison to normal control for vehicle, 100 mg/kg, or 250 mg/kg. 


[image: ]

[bookmark: _Hlk206268350]Fig. 2. Two-way ANOVA analysis followed by Bonferroni post-hoc test of (a) Creatinine, (b) urea, (c) Calcium, (d) Phosphorous, (e) Potassium, (f) Sodium, (g) Albumin, (h) Alkaline phosphatase, (i)SGPT/ALT, (j) SGOT/AST, (k) Total bilirubin, (l) Total Protein of the experimental groups. 
Significance level are denoted by * P < 0.05; ** P < 0.01; *** P < 0.01
All data are represented in Mean ± SEM, n=8

RBC counts exhibited sex-associated variability (F1, 24 = 12.34, P = .002) without significant group effects (F3, 24 = 2.75, P = 0.06) or interaction (F3, 24 = 2.47, P = 0.08) (Fig. 3a). HCT did not show significant effects (Sex: F1, 24 = 3.28, P = 0.08; Group: F3, 24 = 1.67, P = 0.2; Interaction: F3, 24 = 0.49, P = 0.69) (Fig. 3b), and the same was true for HGB (Sex: F1, 24 = 1.19, P = 0.28; Group: F3, 24 = 2.49, P = 0.09; Interaction: F3, 24 = 0.026, P = 0.99) (Fig. 3c). For MCV, Bonferroni tests identified an increase at 100 mg/kg (P = 0.002), with borderline effects noted for vehicle (P = 0.05) and 250 mg/kg (P = 0.07) compared to normal control (Fig. 3d). MCH showed no significant alterations (Fig. 3e), while MCHC displayed substantial changes at 100 mg/kg (P = 0.02) and even more pronounced changes at 250 mg/kg (P < 0.001) (Fig. 3f). RDW-CV was elevated at 250 mg/kg (P = 0.01), with no significant alteration at the 100 mg/kg dose (Fig. 3g). Platelet counts were increased at both 100 mg/kg (P < 0.001) and 250 mg/kg (P < 0.001), with no changes observed in the vehicle group (P = 0.2) (Fig. 3h)
[image: ]
[bookmark: _Hlk206269019]Fig. 3. Two-way ANOVA analysis followed by Bonferonni post-hoc test of (a) RBC, (b) HCT, (c) Hemoglobin, (d) MCV, (e) MCH, (f) MCHC, (g) RDW-CV, (h) Platelet of the experimental groups. 
Significance level are denoted by * P < 0.05; ** P < 0.01; *** P < 0.01
All data are represented in Mean ± SEM, n=8

4. Discussion.

The proximate analysis of our extract revealed that carbohydrates constitute the primary macronutrient (7.12 ± 0.35 g/100 g dried extract), while protein content is relatively low (1.23 ± 0.19 g/100 g). The moisture content was determined to be 21%, and total ash content was 3.45%. These findings largely align with existing literature indicating that Garcinia fruits are predominantly rich in carbohydrates, have low protein levels, and contain quantifiable mineral residues, although the exact figures can differ depending on the specific fruit part, drying process, and extraction method utilized. For instance, investigations on fresh Garcinia pedunculata (GP) pulp have demonstrated its high moisture and low protein content, illustrating that processing conditions significantly influence proximate values. Shade-drying has been shown to more effectively conserve the nutritional profile compared to hot-air drying, which may lead to a concentration or degradation of certain constituents (Ali et al., 2017; Bhattacharjee et al., 2023).	Comment by Busuyi Akinola: Show the reference here.
The mineral composition analysis of our sample revealed a predominance of calcium, measured at 93 ppm out of a total of 104 ppm, followed by sodium and magnesium. Iron and zinc were observed in the low-ppm range, with all other trace metals present below 1 ppm. Previous investigations of Garcinia species have similarly recognized calcium as a principal mineral; however, the documented concentrations exhibit considerable variation attributable to differences in species, geographical location, and methodological approach. A recent survey conducted in Bodoland (Assam) observed calcium as the leading mineral in Garcinia morella, G. pedunculata, and G. xanthochymus, with GP rind containing approximately 36.7 ppm Ca (AAS, oven-dried fruit), which is noticeably lower than our findings. These discrepancies are likely due to variations in plant part, harvest season, and extraction/digestion techniques. Earlier research on GP also identifies calcium and iron as among the most prevalent minerals (Brahma et al., 2025).
The gas chromatography-mass spectrometry (GC-MS) analysis of the crude extract revealed an initial region abundant in oxygenates, ranging from 9 to 16 minutes, followed by a distinctive mid-retention feature at 21.6 minutes, and a subsequent “lipidic tail” comprising fatty-acid methyl esters from 28.6 to 31.2 minutes. The early region comprised oxygenated furan/furanone and sugar-derived compounds. This observation concurs with existing literature indicating that numerous fruits contain flavor-active furanones such as mesifurane (2,5-dimethyl-4-methoxy-3(2H)-furanone) (Kallio, 2018).
The late GC–MS window comprised several fatty-acid methyl esters and a high-mass diester consistent with ascorbyl palmitate‐type species. GP fruit is vitamin-C rich, and fatty acyl–ascorbate esters can appear under certain processing conditions, so a low-abundance dihexadecanoate match is chemically plausible but should be regarded as tentative without standards. (Ali et al., 2017; Hossain et al., 2024). 
Renal markers, specifically creatinine, remained stable except for a modest group effect observed only in urea. Hepatic transaminases (ALT/AST) demonstrated no intergroup variability, while ALP presented effects attributable to both sex and group variations. These observations align with prior in vivo studies suggesting that GP extracts are generally well-tolerated and, in certain contexts, exhibit hepatoprotective properties, exhibiting limited effects on ALT/AST levels at the doses studied. Investigations in both human and animal models involving garcinol-containing regimens similarly indicate either neutral or positive outcomes on hepatic biochemical parameters, notwithstanding differences in species and formulations. (Sarma et al., 2016; Paul et al., 2017).
Botanicals rich in polyphenols have the potential to affect renal processing and fluid equilibrium. Similar Garcinia species have demonstrated alterations in renal excretory function in rat models (such as changes in urine production and electrolyte elimination), although the direction of these effects depends on the specific model, dosage, and extract used. The observed serum pattern may be indicative of minor volume changes or hormonal adjustments (such as aldosterone-induced potassium loss) rather than direct nephrotoxicity, corroborated by the stable creatinine levels (Thongsepee et al., 2020).
Erythrocyte indices revealed a dose-dependent increase in mean corpuscular volume (MCV) at 100 mg/kg and a reduction in mean corpuscular hemoglobin concentration (MCHC) at 100–250 mg/kg, with a decrease in red cell distribution width-coefficient of variation (RDW-CV) observed at 250 mg/kg. Despite their subtlety, these changes were consistent, indicating minor alterations in erythrocyte hydration or hemoglobinization rather than a manifestation of overt anemia, as there was no variation in hemoglobin (HGB) or hematocrit (HCT) levels. Platelet counts were reduced at both examined doses. Although the majority of nutritional or phytochemical studies focus on platelet functionality over platelet count, polyphenols, including benzophenones derived from Garcinia, are extensively recognized for inhibiting platelet activation and aggregation. Additionally, garcinol exhibits direct antiplatelet effects through mechanisms involving integrin αIIbβ3 and other targets. (Islam et al., 2015; Cao et al., 2019; Hsia et al., 2023).

4. Conclusion

This study demonstrates that Garcinia pedunculata fruit is abundant in carbohydrates, exhibits low protein content, and contains detectable minerals, with calcium being the predominant element. GC-MS analysis revealed a distinct chemical profile characterized predominantly by oxygenated heterocycles in the early chromatographic phase and fatty-acid methyl esters in the latter phase.
In a 28-day oral study, the extract was well tolerated. Levels of creatinine, ALT, AST, albumin, total protein, and bilirubin remained stable across groups. Urea and ALP exhibited group and sex effects, with electrolytes (sodium, potassium, calcium, phosphorus) displaying modest changes in a dose- and sex-dependent manner. Red cell indices underwent minor alterations (increased MCV at 100 mg/kg; modified MCHC, elevated RDW-CV at 250 mg/kg), and platelet counts were elevated at both dosages. 
These patterns suggest a physiological adaptation without significant liver or kidney stress at the administered doses. Hence, the compositional data and in vivo results establish a foundation for the safe dietary exploration of this fruit. Furthermore, they warrant subsequent investigations on dose-response relationships, sex-specific effects, and the isolation of bioactive constituents.

Ethical approval 

[bookmark: _Hlk182519215]The use of mice and the collection of sample protocols for the present study were approved by the institutional animal ethics committee (16/iaec/cu/05/01/2021). All the experiments involving animals were carried out following the regulations approved by cpcsea.	Comment by Busuyi Akinola: Is this an abbreviation? If yes, please indicate the full meaning in a parenthesis.
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