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In vitro and in vivo toxicological profile and antioxidant activities of Syzygium guineense (wild.) DC. var. guineense in oxidative stress induced by Salmonella Typhimurium pathogenesis





ABSTRACT
Aims: To identify Syzygium guineense as a potential plant derived source of novel effective antioxidant therapeutics for typhoid infection. 
Study design: Study Design: Cytotoxicity (MTT) and in vitro antioxidant assays were performed on ethanolic leaf (SGLE) and stem bark (SGBE) extracts. Acute toxicity and oxidative stress modulation were evaluated in Salmonella Typhimurium infected Wistar rats treated with SGLE for 14 days
Place and Duration of Study: Laboratory of Phyto-biochemistry and Medicinal Plant Studies and the Department of Animal Biology and Physiology, University of Yaoundé I, Cameroon (June-November 2024).
Methodology: Crude ethanolic extracts (98%) of SGLE and SGBE were prepared. Cytotoxicity was assessed using RAW and Vero cell lines. In vitro antioxidant activity was evaluated via DPPH, ABTS, and FRAP assays. Wistar albino rats were used for evaluation of acute toxicity, oxidative stress parameters were evaluated using the liver, kidneys and intestine. Parameters included reduced glutathione (GSH), hydrogen peroxide (H2O2) and Nitric oxide (NO), catalase (CAT), Superoxide dismutase (SOD) and Malondialdehyde activity (MDA) assays.
Results: SGLE was non-cytotoxic (CC50>500 µg/mL). Acute toxicity studies suggested LD50>5000 mg/kg. The antioxidant activities of SGLE extract recorded were; 15.35±1.774, 14.70±1.137 and 27.29±1.011 µg/mL for ABTS, DPPH and FRAP respectively. Organs’ homogenates revealed a decrease in GSH, SOD (P <0.001) and CAT (P <0.001 in kidneys and intestines and P <0.01 for liver), increased nitrite (P >0.05 for liver and kidneys, and p=0.001 for intestines and MDA (P <0.001) in salmonella-infected and non-treated groups compared to the normal control group. Extract administration of 150 mg/kg, 300 mg/kg, and 600 mg/kg produced a highly significant improvement in oxidative stress markers (P < 0.001), restoring altered parameters toward normal levels. 
[bookmark: _Hlk212109934][bookmark: _Hlk212109951]Conclusion: The cytotoxicity, acute oral toxicity, in vitro and in vivo antioxidant activities observed shows that Syzygium guineense could be a potential candidate for phytomedicines against typhoid.
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1. INTRODUCTION
Salmonella enterica serovar Typhi causes typhoid by surviving stomach acid and invading intestinal epithelial cells and macrophages using Type III secretion systems (T3SS-1 and T3SS-2). Inside macrophages, it replicates in the Salmonella-containing vacuole (SCV), evading host defenses (Eng et al., 2015; Kombade and Kaur, 2021). The host encounters infection via reactive oxygen species (ROS) from nicotinamide adenine dinucleotide phosphate hydrogen (NADPH) oxidase complex and reactive nitrogen species (RNS) through inducible nitric oxide synthase (iNOS). ROS such as superoxide (O₂⁻), hydrogen peroxide (H₂O₂), and hydroxyl radicals (•OH) induce oxidative stress by damaging bacterial DNA, proteins, and lipids (Aramouni et al., 2023; Sies, 2020). Salmonella Typhi has developed several oxidative stress resistance mechanisms like antioxidant enzymes including superoxide dismutases (SodA, SodB), catalases (KatG, KatE), peroxiredoxins, and thioredoxins to neutralize ROS and repair damaged proteins (Robinson, 2018).
Salmonella spreads systemically via macrophages and some cells persist in a dormant state, resisting oxidative stress and contributing to chronic infection (Kombade and Kaur, 2021; Sies, 2020). In humans, reactive oxygen species (ROS) arising from metabolism and environmental factors can cause cellular damage and diseases like cancer and cardiovascular disorders (Edewor et al., 2021; Pieme et al., 2014; Yang et al., 2025). While antioxidant drugs (e.g., astaxanthin, vitamins A, C, E) offer protection, overuse may disrupt cellular defenses and signaling, underscoring the need for alternatives (Edewor et al., 2021). This highlights the need for safer, more effective and cheaper alternatives.
Antioxidant supplementation helps maintain cellular ROS balance and restores redox homeostasis through endogenous pathways (Yang et al., 2025). Vegetables are important sources of antioxidants, including ascorbic acid, phenolic compounds, essential oils, and carotenoids (Asfaw et al., 2023). Syzygium guineense (Wild.) DC. var. guineense, an evergreen Myrtaceae species used in traditional medicine across Africa, is under-researched despite its application against over 30 ailments (e.g., malaria, diabetes, diarrhea) (Dogara et al., 2024). It contains 205 identified secondary metabolites such as terpenoids, tannins, and flavonoids. Pharmacologically, it has demonstrated antibacterial, antimalarial, antihypertensive, anti-tuberculosis, anthelmintic, anti-venom, antiulcer, analgesic, anticancer (Abdulrahman and Hama, 2023), anti-inflammatory, and anti-diabetic activities (Dogara et al., 2024). 
[bookmark: _Hlk212113533]Syzygium guineense as an antioxidant agent containing bioactive secondary metabolites, has anti salmonella effects as growth inhibition is observed from its microbial assay values against guineense’s extracts (Abdulrahman and Hama, 2023). Extracts with high antioxidant activity can disrupt bacterial membranes, inhibit enzymes, chelate metals, and impair energy metabolism, thereby limiting Salmonella growth, colonization, and survival (Azam et al., 2015; Famen et al., 2021).
[bookmark: _Hlk212117501]S. guineense’s leaves, bark fruits and roots are employed in single or combination before given to patients (Dogara et al., 2024). In Africa, it was reported that S. guineense fruits is used to cure dysentery and its bark is employed for diarrhea (Djoukeng et al., 2007). The work of Djoukeng (Djoukeng et al., 2005) reported that in Sub Saharan Africa, S. guineense bark is used to alleviate stomachaches and diarrhea. In Cameroon, Twigs and leaves are used against hookworm and leaves against amenorrhea and madness (Pieme et al., 2014). In Bambalang-Ndop, Northwest Region of Cameroon. Given its widespread use, this study investigates the antioxidant activity and toxicity of S. guineense in the context of Salmonella pathogenesis. This study aimed to evaluate the antioxidant activity and toxicity of Syzygium guineense (wild.) DC. Var. guineense involved in salmonellal pathogenesis both in vitro and in experimental models. 

2. MATERIAL AND METHODS
Chemicals and reagents
The chemical and reagents used here are;  Ethanol (Fusion Biotech), podophyllotoxin (Xi'an Sase Biotechnology), Muller Hinton Broth(Sigma Aldrich, German), Muller Hinton Agar (Sigma Aldrich, German), African green monkey normal epithelial kidney (Vero) E6 cell line (ATCC CRL 1586): American Type Culture Collection (ATCC), the murine macrophage RAW 264.7-TIB-71 cell line (Sigma-Aldrich (Merck KGaA, Darmstadt, Germany), Ascorbic acid (Rochem International), gallic acid and ciprofloxacin (Metrochem API or Neuland Laboratories).
2.1.  Collection and authentication of plant materials 
The leaves and stem bark of S. guineense (wild.) DC. var. guineense were harvested at Saliki village in Nde Division-West region of Cameroon (latitude 4o 58ʹ 0ʺ North; Longitude 10o 42ʹ 0ʺ East) in January 2022. The identification of this plant was done at the Cameroon National Herbarium in comparison with the voucher specimen 3505/SRF/Cam.

2.2.  Preparation of plant crude extracts
Leaves and stem bark of S. guineense were air-dried in the laboratory at room temperature (25℃) and powdered using the mechanical blender. Thirty grams (30 g) of the powder of the respective plants plant parts were individually soaked in 250 mL of 98% ethanol. The maceration lasted for 72 hours at room temperature (25℃) in an agitator (shaker). The filtrates were concentrated using a Heidolph rotary evaporator under reduced pressure, vacuum of 75 mbar. The final extracts were stored at 4°C in a refrigerator for future use.

2.3.  Bacteria strains, culture media and cell lines
To induce typhoid in animals, Salmonella enterica subspecies enterica serovar Typhimurium, strain NR13555 was used. This bacterium was gotten from the Institute of Medical Research and Medicinal Plants Studies (IMPM), Yaoundé. The bacteria species was kept at -80℃ in glycerol (50%). 
The bacteria were revived in Muller Hinton Broth (MHB) (Sigma Aldrich, German) and then cultured on Muller Hinton Agar (MHA) (Sigma Aldrich, German). Prior to each experiment, the bacteria species was activated for 24 hours at 37℃ in MHA.
The bacteria suspension was prepared according to the 0.5 McFarland solution. Briefly, 2-3 colonies from the overnight culture were dissolved in sterile physiological water (0.9 NaCl). The bacteria suspension was then calibrated at 0.5 McFarland corresponding to approximately 1.5 x 108 CFU\mL by turbidity comparison (Mawabo et al., 2016; NCCLS, 2000).
African green monkey normal epithelial kidney (Vero) E6 cell line (ATCC CRL 1586) and the murine macrophage RAW 264.7-TIB-71 cell line were used in this study. This cell lines were gotten from the Antimicrobial and biocontrol Agents units in the Laboratory for phyto-biochemistry and medicinal plants studies at the University of Yaoundé- 1. They were purchased from American Type Culture Collection (ATCC® TIB-71™) and Sigma- Adrich (cat. no. 91062702). 
2.4.  Preparation of stock solution of extracts and antibiotic references
Test samples (extracts) were weighed and prepared at a concentration of 100 mg/mL. 
Extracts for cytotoxicity and antioxidant assays were diluted to obtain final extract concentrations of 500; 250; 125; 62.5; 31.25; 15.625 and 7.8125 μg/mL.
Ascorbic acid served as the positive control for DPPH and ABTS assays, gallic acid served as positive control for FRAP whereas DPPH, ABTS and FRAP without extract served as the negative control with final concentrations of 50; 25; 12.5; 6.25; 3.125; 1.5625 and 0.78125 μg/mL. 
The ciprofloxacin antibiotics was used as positive control for the in vivo antioxidant studies at 14 mg/kg prepared under the same conditions at 1 mg/mL in acidified distilled water for the in vivo studies. The stock solutions were kept at 4℃ until further analysis of bioassays

2.5. Cytotoxicity studies of S. guineense ethanol extracts of leaves and stembark
The cytotoxicity of plants’ parts was assessed employing the 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay in accordance with Bowling (Bowling et al., 2012), with minor adjustments (Dize at al., 2022). Resuspended trypsinised cells maintained in a T-25 cap culture flask using complete Dulbecco’s Modified Eagle’s Medium (DMEM) were supplemented with 10% Fetal Bovine Serum (FBS). Summarily, 10 μL of serially diluted samples were added to the 96-wells plate in duplicates to yield final test concentration of 500 μg/mL. A 100% growth control wells were introduced to confirm the cells viability and positive control used was podophyllotoxin [10 mM] applied in wells containing untreated cells. The plates were incubated in a humidified 5% CO2 atmosphere at 37°C for 48 hours. Each well received 10 μL of a stock solution of Resazurin (0.15 mg/mL in sterile PBS), which was further incubated for 4 hours to complement the MTT assay. A Magelan Infinite M200 fluorescence multi-well plate reader (Tecan) was then used to read the fluorescence. It has an excitation and emission wavelength of 530 and 590 nm, respectively. Using the GraphPad Prism 5.0 program (San Diego, California), the percentage of cell viability was computed in relation to the negative control. This was then used to calculate the concentration that decreased 50% of cell viability (CC50) by non-linear regression.

2.6.  In vitro antioxidant evaluation of S. guineense ethanol leaves and stem bark extracts
2.6.1. ABTS assay
In a 96 well micro plates, ABTS was carried out following Khan’s procedure (Abeyrathne et al., 2021; Khan et al., 2012). Briefly, 25 μl of each dilution (500; 250; 125; 62.5; 31.25; 15.625 and 7.8125 μg/mL) was introduced into the wells and 75 μl of 0.175 mM ABTS solution was added in the 96 wells plates. This was followed by 2 folds serial dilution and 30 minutes incubation at room temperature in the dark. The optical densities were read at 734 nm. 
2.6.2. DPPH assay
This assay was carried out according to Bassène et al. (2012) with modifications (Gul et al., 2017; Kozłowska et al., 2022). Summarily, 75 μL of a 0.02% DPPH solution was applied to the wells along with 25 μL of each extract dilutions (500; 250; 125; 62.5; 31.25; 15.625 and 7.8125 μg/mL). This was followed by 2 folds serial dilution and after 30 minutes of dark incubation at room temperature, the optical density was measured at 517 nm. 

2.6.3. FRAP assay 
For FRAP, the test was performed based on the guidelines provided by Abeyrathne et al., (2021) and Xiao (2020).  Briefly, 25 μL of each extract dilutions (500; 250; 125; 62.5; 31.25; 15.625 and 7.8125 μg/mL) was added to 25 μL of Fe3+ solution followed by 2 folds serial dilution which was then incubated for 15 minutes at room temperature in the dark. After this incubation, 50 μL of ortho-phenanthroline solution was added and the plates were re-incubated for 15 minutes still at room temperature and read at Optical density of 505 nm. The results were all read using a plate reader (TECAN M200). The experiments were run in triplicate and the antioxidant activity data were presented as percentage inhibition (PI) using the formula: 

Where: ABSc = Absorbance of negative control; ABSt = Absorbance of test sample

2.7.  Extract preparation for in vivo studies
For the in vivo experimentation, aqueous S. guineense ethanol extract was prepared and administered to rats. Summarily, dried S. guineense crude extract was dissolved in distilled water to produce a S. guineense crude extract solution at different doses per bw. An agitator was used to completely dissolve the solution and the prepared extracts were stored in a freezer at -80°C for further use.

Experimental animals 
For oral acute toxicity, nine (9) healthy, non-gravid, nulliparous female Wistar rats (age 6-8 weeks and weighing 139 to 220 g) were used in the study. The animals were acclimatized for one week prior to the experiment and randomly divided into three groups, each consisting of three rats. For the oxidative curative effect of the plant extract (SGLE), Thirty-five (35) female albino rats of the Wistar strain aged 6 to 8 weeks were divided into 7 groups of 5 animals each.

2.8. Oral acute toxicity of SGLE extract
The oral acute toxicity assessment of the promising extract was conducted in accordance with OECD guideline 425 (2001). Prior to the test, the rats were fasted while being given free access to tap water, and their body weights were recorded. The test extract, dissolved in distilled water, was administered orally at a dose of 1 mL per 100 g (0.1 kg) of body weight to two of the groups (group 1 and 2). The first group received a dose of 2000 mg/kg body weight, while the second group received 5000 mg/kg body weight. The third group, which served as the normal control, was given only distilled water. The rats were observed closely for 3 to 4 hours to monitor clinical signs such as mortality, behavioral changes, neurological symptoms and these were compared with the control group. Daily observations for signs of toxicity continued, and body weights were recorded every two days over a 14-day period. At the end of the observation period, the rats were humanely euthanized using ketamine (60 mg/kg) and diazepam (5 mg/kg), and their final body weights were recorded.

2.9.  Induction of stress in experimental animals
Stress was induced in the experimental animals by oral administration of Salmonella Typhimurium, a Gram-negative enteric pathogen known to elicit both systemic and intestinal immune responses. A suspension of S. Typhimurium was prepared on the McFarland turbidity scale of 0.5, corresponding to an optical density (OD) of 0.09 at 600 nm, to yield an approximate concentration of 1.5 × 10⁸ colony forming units (CFU)/mL. Each animal in the test group received this inoculum via oral gavage, while the control group received only saline. Infection with S. Typhimurium has been previously demonstrated to act as a potent physiological stressor, triggering neuroendocrine changes characteristic of stress responses, such as activation of the hypothalamic-pituitary-adrenal (HPA) axis and elevation of pro-inflammatory cytokines (Dantzer, 2000; Rohleder et al., 2009; Yirmiya and Goshen, 2000).

[bookmark: _Hlk212114476]2.10.  In vivo antioxidant evaluation of S. guineense var guineense ethanol leaves extract
[bookmark: _Hlk212114995]Thirty-five (35) female albino rats of the Wistar strain aged 6 to 8 weeks were divided into 7 groups of 5 animals each. The animals were randomized into groups as follows: (i) Group 1 animals were neither infected nor treated and were used as the normal control which received 0.9% NaCl2 in distilled autoclaved water; (ii) Group 2 (uninfected, untreated, de-bactericised and immune depressed) received 0.9% NaCl2 in distilled autoclaved water; (iii) Group 3 (negative control) which were infected but not treated and received just 0.9% NaCl2 in distilled autoclaved water. (iv) Group 4 (positive control group) received ciprofloxacin (14 mg/kg) dissolved in distilled autoclaved acidified water; (v) Groups 5, 6, and 7 (test groups) received S. guineense 98% ethanolic leaves extract (150, 300, and 600 mg/kg, respectively) dissolved in distilled autoclaved water. These doses were selected from the pilot study evaluating the curative effect of Syzygium guineense where the therapeutic dose was 300 mg/kg effective in treating typhoid infected albino Wistar rats. Infection was monitored and stool culture was done with colony counting on Salmonella/Shigella agar (BK 022-500G)
After 16 days of administration of test and control substances, the animals were euthanized using ketamine (60 mg/kg) and diazepam (5 mg/kg) and the liver, kidney and intestine were collected and different homogenates prepared. A sample of 0.20 g of kidney, 0.40 g of liver, and 0.40 g of jejunum was each placed in ice and later ground separately in a mortar. These organs' homogenates were prepared in phosphate buffer pH 7.2 (20% organ in 80% phosphate buffer), and they were centrifuged for 15 minutes at 3000 g. For the purpose of analyzing oxidative stress markers in the liver, kidney, and intestine, the supernatant from the individual organ homogenates were kept at -20°C prior to use.
2.10.1. Determination of hydrogen peroxide activity
The calibration curve for hydrogen peroxide activity was generated based on the method described by Hadwan (2008). Briefly, 5 test tubes were prepared: tube 1 served as the control (no H₂O₂), while tubes 2 to 5 contained 20 μL, 40 μL, 80 μL, and 160 μL of 50 mM H₂O₂, respectively. Each tube received 2000 μL of a potassium dichromate/glacial acetic acid reagent. The reaction mixture was heated at 100°C for 15 minutes, leading to a color change from blue to green, indicative of reaction progress. The tubes were then cooled to room temperature (25 °C). Subsequently, distilled water was added to each tube in volumes of 1000, 980, 620, and 840 μL for tubes 2 through 5, respectively, to adjust the final volume. This was followed by the addition of 0, 2, 4, 8, 16 mM of hydrogen peroxide respectively in the 5 tubes. Absorbance readings were taken at 230 nm using a blank containing only the plant extract without H₂O₂. The corresponding absorbance values were 0.000, 0.006, 0.012, 0.029, and 0.050. A standard calibration curve was constructed by plotting absorbance against H₂O₂ concentration, yielding the linear equation:
y = 0.0025x with a correlation coefficient R² = 0.9969.
2.10.2. Determination of catalase activity
This was done following the protocol described by Hadwan (2018) where 2 tubes (blank and assay) were used.  Both tubes contained 750 μL of phosphate buffer at 0.1 mM; pH 7.5 and 200 μL of hydrogen peroxide at 50 mM. This was followed by the addition of 50 μL of distilled water in the blank tube only and 50 μL of the sample in the assay tube only. Both tubes were incubated at room temperature for 1 minute followed by the addition of 200 μL potassium dichromate-5% glacial acetic acid. Tubes were clogged with glass and the solutions were heated to 100℃ for 10 minutes. After cooling, the absorptions of the samples were read against a blank at 570 nm.   The following formula was used to determine catalase's specific activity:

CAT Act = catalase activity (mM of H2O2/min/g of organ); ∆OD = Absorbance assay- Absorbance blank; a= slope of the calibration curve (0.0025); t= reaction time (1 minute); m=mass of organ (g).

[bookmark: _Hlk181213642]2.10.3. Reduced glutathione concentration
Reduced glutathione concentration experiment was caried out following the method described by Ellman (1959).  Summarily, a blank and an assay tube was used where both tubes contained 1500 μL of Ellam reagent followed by the addition of 100 μL of tris buffer HCl at 50 mM, pH 7.4 to the blank tube and 100 μL of specimen in the assay tube. The tubes were steered and incubated for 60 minutes at room temperature and the samples’ absorptions were read against the blank at 412 nm. The reduced glutathione (GSH) concentration in each sample was determined by the following formula:

[GSH] = concentration of glutathione (mmol/g of organ); ∆Abs = Absorbance assay – Absorbance blank; L= optical path (1cm); ε = molecular extinction coefficient (13600 mol-1. cm-1); m = mass of the organ (g).
2.10.4. Determination of nitrites
It was carried out following the method described by Cardoso (2015). Briefly, a volume of 100 μL of 10 mM sodium nitrite prepared in 0.5 mL phosphate buffer saline (pH 7.4) was mixed with 100 μL of specimen, while 100 μL of NaNO2 were added individually at various concentrations (0, 0.03, 0.06, 0.13,0.25, 0.5 and 1) μM for the standard tubes. The mixture was incubated at 25°C. After 2 hours 30 minutes, 0.5 mL of incubation solution (400 μL of distilled water was added in all standard and assay tubes and 500 μL in the blank tube) were all withdrawn and mixed with 0.5 mL of Griess reagent [1.0 mL sulfanilic acid reagent (0.33 % prepared in 20 % glacial acetic acid at room temperature for 5 min with 1 mL of naphthylethylenediamine dichloride (0.1% w/v)]. The content of each tube was homogenized and incubated away from light for 10 minutes at room temperature. Absorbance was read against the blank at 546 nm. Absorbances were recorded as 0 for the blank, 0.11, 0.22, 0.48, 1.04, 2.05 and 4.10 respectively for the standard tubes.
By comparing the absorbance of the standard tubes to the concentration of NaNO2, the calibration curve was produced as shown in the supplementary figure 3 giving the equations y = 4.2268x and R² = 0.9999. Concentration of nitrites was calculated as follow:

[Nitrite] = Nitrites concentration (mmol/g f organ); ∆OD = Absorbance assay-Absorbance blank; m = mass of the organ; a = slope of the calibration curve (4.2268).
[bookmark: _Hlk181213824]2.10.5. Determination of malondialdehyde
This was carried out following the method described by Tsaturyan  et al., (2022) and Wilbur (1949) where a blank and an assay tube were used. The blank tube contained 250 μL of tris-HCL buffer at concentration 50 mM, pH 7.4. The assay tube contained 250 μL of specimen. Then, 125 μL of Trichloroacetic acid (TCA) 20% were added to both tubes followed by the addition of 250 μL of thiobarbituric acid solution (TBA) 0.67%. Glass beads were used to clog tubes, which were then heated to 90 °C for ten minutes in a double boiler. After cooling under running tap water, these were centrifuged for 15 minutes at room temperature at 3000 rpm. After pipetting the supernatant, the absorbance at 530 nm was measured against a blank. The concentration of the MDA in each sample was determined by the formula below:

[MDA] = concentration of MDA (mmol/g of organ); ∆Abs = Absorbance assay – Absorbance blank; L= optical path (1cm); ε = molecular extinction coefficient (15600 mol-1. cm-1); m = mass of the organ (g).

2.10.  Statistical analysis
The statistical package used in data analysis was SPSS version 21.0. All data was collected in triplicates for animal studies and were presented as mean ± SEM. Comparison of means was carried out using one-way and two-way analysis of variance. Statistical significance was considered at p<0.05. Generation of graphs was completed using Graph Pad Prism® version 8.0.1 for Windows (GraphPad Software, San Diego California USA).

2.11.  Ethical considerations and approval
The proposal describing the handling and treatment of animals was reviewed and approved by the Ethics Review Committee/Institutional Review Board of the Faculty of Health Sciences, The University of Bamenda under the Reg. No 2022/0702H/UBa/IRB.
3. RESULTS
3.1. In vitro analysis of S. guineense ethanol leaves extracts
3.1.1. Cytotoxicity of S. guineense ethanol extracts on Raw and Vero cell lines
Cytotoxicity assessments on Vero (African green monkey kidney epithelial) and RAW (macrophage) cell lines revealed a lower CC₅₀ values of 102.95 ± 3.465 μg/mL in RAW cells and a CC₅₀ > 500 μg/mL in Vero cells for S. guineense leaves ethanol extract (SGLE). The CC50 of SGBE was 29.135 ± 0.049 μg/mL and 306.100 ± 22.203 μg/mL on Raw and Vero cells respectively as seen on Table 1.
Table 1: Cytotoxic analysis of S. guineense ethanol extracts on Raw and Vero cell lines
	[bookmark: _Hlk133609392]Plant extract 
	Raw 264.7 cell line
	Vero cell line

	
	[bookmark: _Hlk154295662]Mean CC50 (μg/mL) ± SD
	Mean CC50 (μg/mL) ± SD

	[bookmark: OLE_LINK36]SGBE
	29.135 ± 0.049
	306.100 ± 22.203

	SGLE
	102.95 ± 3.465
	>500 

	Control [10 mM] 
Podophyllotoxin
	Mean CC50 (μM) 
	Mean CC50 (μM) 

	
	[bookmark: OLE_LINK64][bookmark: _Hlk154295649]2.475 ± 0.055
	[bookmark: OLE_LINK65][bookmark: _Hlk154295797]3.2875 ± 0.779


SGBE: S. guineense bark ethanol extract, SGLE: S. guineense leaves ethanol extract, Where, CC50 is the cytotoxic concentration 50 of the extract on the cells. 

3.1.2. In vitro anti-oxidant activity of S. guineense extracts

SGLE shows high antioxidant activities for ABTS, DPPH and FRAP assays as seen on Table 2. SGBE extract shows high antioxidant activity only for DPPH assay and moderate antioxidant activity for both ABTS and FRAP assay. The median scavenging concentration (SC50) of the plant’s extract were converted to median inhibitory concentration (IC50) of the extracts on the oxidative assays.
Table 2: Antioxidant analysis of S. guineense ethanol extracts on Raw and Vero cell lines
	[bookmark: _Hlk182396224]Samples or
	ABTS
	DPPH
	FRAP

	Plant extract
	IC50 (μg/mL) ± SEM
	SC50 (μg/mL) ± SEM
	[bookmark: _Hlk154296109]IC50 (μg/mL) ± SEM

	SGBE
	[bookmark: _Hlk154296051]30.35 ± 1.594
	18.20 ± 1.003
	69.90 ± 1.903

	SGLE
	15.35 ± 1.774
	[bookmark: _Hlk154296161]14.70 ± 1.137
	27.29 ± 1.011

	Ascorbic acid
	[bookmark: _Hlk154296418]4.449 ± 0.276
	[bookmark: _Hlk154296466]9.127 ± 0.775
	/

	Gallic acid
	/
	/
	2.427±1.019


[bookmark: _Hlk132718159]Data are means of triplicate experiments. SC50: Scavenging Concentration 50, SGBE: S. guineense bark ethanol extract, SGLE: S. guineense leaves ethanol extract are the codes for the plant’s parts used.

3.2. In vitro analysis of S. guineense ethanol leaves extracts
3.2.1. Acute toxicity of the S. guineense ethanol leaves (SGLE) extract on albino Wistar rats
Figure 1a indicates no variation of organ weights throughout the test. There was no significant difference in relative weight of the different organs between the different treatment groups compared to the control groups in this acute toxicity test. 
[bookmark: OLE_LINK1]There was no significant difference in the body weights of animals in acute toxicity demonstrated by a similar body weight evolution. There was no statistically significant difference between the two treated acute toxicity groups; 2000 mg/kg and 5000 mg/kg and the normal control group during this period at P <0.05 (Figure 1b). 

 
Figure 1: Acute toxicity on relative organ weight (a) and gain in body weight of rats (b).

3.2.2. In vivo anti-oxidant activity of S. guineense extracts in typhoid induced rats
a) Effects of treatment on catalase activity in the liver, kidneys and intestine
Salmonella infection resulted in a significant decrease in catalase activity in the kidneys and intestines with a P <0.001 and in the liver with P <0.01 in the infected and untreated animals compared to the non-infected and untreated animals. The administration of SGLE led to increased catalase activity in the liver with P <0.001 for treatment doses of 14 mg/kg and 150 mg/kg, and P <0.01 for doses of 300 mg/kg and 600 mg/kg, respectively (Figure 2).


[bookmark: _Toc191893860]Figure 2: Effects of treatment on catalase activity in the liver kidneys and intestine
Each bar represents the mean ± SEM. n = 5. ** P <0.01; *** P <0.001: significant difference of uninfected and untreated compared to infected and non-treated; ##P <0.01; ###P <0.001: significant difference of negative control compared to different extract treatments (150 mg/kg; 300 mg/kg; 600 mg/kg) and ciprofloxacin (14 mg/kg) for the Liver, Kidney and Intestine. IM=Immuno-supressed and debactericised group; Cp= positive control; STM=Negative control (infected and nontreated) group.

b)  Effects of treatment on superoxide dismutase activity in the liver, kidneys, and intestine
A decrease in superoxide dismutase activity in the infected and untreated groups of animals, with a significant difference (P <0.001) in the liver, kidneys and intestine compared to the non-infected and untreated groups. Daily administration of the extract led to a significant increase in superoxide dismutase activity with a significant difference of p value at 0.05 in the liver at all doses. Daily administration of the extract significantly increased superoxide dismutase activity at 150 mg/kg (P < 0.01), 300 mg/kg (P < 0.01), and 600 mg/kg (P < 0.05), whereas ciprofloxacin (14 mg/kg) produced a smaller but significant increase (P < 0.05), compared with the infected untreated control. (Figure 3). 


[bookmark: _Toc191893861]Figure 3: Effects of treatment of SGLE extract on superoxide dismutase 
Each bar represents the mean ± SEM. n = 5. a P <0.05: significant difference of immunodepressed compared to the infected and non-treated *** P <0.001: significant difference of uninfected and untreated compared to the infected and non-treated; #P <0.05; ##P <0.01, ###P <0.001: significant difference of negative control compared to different extract treatments (150 mg/kg; 300 mg/kg; 600 mg/kg) and ciprofloxacin (14 mg/kg) for the Liver, Kidney and Intestine. IM=Immuno-depressed and debactericised group; Cp= positive control; STM=Negative control (infected and nontreated) group.

c) [bookmark: OLE_LINK4]Effects of SGLE on malondialdehyde (MDA) in liver, kidneys and intestine of rats
An increase in malondialdehyde in the liver, kidneys, and intestines, with P <0.001, with an increased levels of MDA in the infected and untreated group compared to the non-infected and untreated group. Daily administration of SGLE extract led to a decrease in MDA levels, with P <0.001 for the liver and kidneys, and a significant reduction in the intestines with P =0.02, P =0.04, P =0.04 for ciprofloxacin and extracts at 300 and 600 mg/kg, respectively (Figure 4).


[bookmark: _Toc191893862][bookmark: OLE_LINK10]Figure 4: Effects of treatment on malondialdehyde (MDA) levels in the liver, kidneys, and intestine of rats
Each bar represents the mean ± SEM. n = 5. aaP <0.01: significant difference of the immune suppressed and debactericised group compared to the non-infected nontreated group. *** P <0.001: significant difference of non-infected nontreated group compared to negative control; # P <0.05; ##P <0.01; ###P <0.001: significant difference of negative control compared to different extract treatments (150 mg/kg; 300 mg/kg; 600 mg/kg) and ciprofloxacin (14 mg/kg). IM=Immunosuppressed and debactericised group; Cp= positive control; STM=Negative control (infected and nontreated) group.

d) Effects of SGLE extract treatment on reduced glutathione levels in the liver, kidneys, and intestine of rats
[bookmark: _Hlk199621241]Salmonella infection led to decreased levels of reduced glutathione (GSH) which were not statistically significant, while treatment with the extract resulted in decreased levels of GSH compared to the infected and untreated group of animals. Extract administration increased reduced glutathione with P <0.001 for treatment doses of 150 mg/kg and 600 mg/kg, and (P=0.002) for the extract dose of 300 mg/kg. Ciprofloxacin at 150 and 600 mg/kg also showed similar results (Figure 5).



[bookmark: _Toc191893863]Figure 5: Effects of treatment on glutathione levels in the liver, kidneys, and intestine of rats
Each bar represents the mean ± SEM. n = 5. *** P <0.001: significant difference between the uninfected and non-treated control compared to negative control; ## P <0.01; ### P <0.001: significant difference of negative control compared to different extract treatments (150 mg/kg; 300 mg/kg; 600 mg/kg) and ciprofloxacin (14 mg/kg) on the Liver, Kidney and Intestine. IM=Immunosuppressed and debactericised group; Cp= positive control; STM=Negative control (infected and nontreated) group.

e) Nitrite level in rats' internal organs treated with SGLE extract
[bookmark: _Hlk199620354][bookmark: _Hlk199620380]Figure 6 presents increased nitrite levels with P >0.05 for the liver and kidneys and with P <0.001 (P <0.001) in the intestines of infected and untreated group compared to the non-infected and untreated group. Daily administration of the SGLE extract led to a significant decrease in nitrite levels in the intestines, with P <0.05.


[bookmark: _Toc191893864]Figure 6: Effects of treatment with nitrite on rats' tissues
Each bar represents the mean ± SEM. n = 5. * P <0.05; *** P <0.001: significant difference of uninfected and non-treated compared to negative control; #P <0.05; ##P <0.01; ###P <0.001: significant difference of negative control compared to different extract treatments (150 mg/kg; 300 mg/kg; 600 mg/kg) and ciprofloxacin (14 mg/kg). IM=I immunosuppressed and debactericised group; Cp= positive control; STM=Negative control (infected and nontreated) group.

4. DISCUSSION 
This work was aimed to identify Syzygium guineense as a potential plant derived source of novel effective antioxidant therapeutics for typhoid infection. SGLE was non-cytotoxic with no signs of acute toxicity at 5000 mg/kg. There was high antioxidant activities of SGLE extract and Organs’ homogenates revealed some alterations in salmonella-infected and non-treated groups compared to the normal control group. However, extract administration of 150 mg/kg, 300 mg/kg, and 600 mg/kg produced a highly significant improvement in oxidative stress markers (P < 0.001), restoring altered parameters toward normal levels. 
[bookmark: _Hlk216343428]The cytotoxicity of extracts, based on classification guidelines from the U.S. National Cancer Institute (NCI) and other protocols, is categorized into four levels: highly cytotoxic (CC₅₀ < 20 μg/mL), moderately cytotoxic (21 μg/mL ≤ CC₅₀ ≤ 200 μg/mL), weakly cytotoxic if 201 μg/mL ≤ CC₅₀ ≤ 500 μg/mL, and non-cytotoxic if CC₅₀ > 501 μg/mL (Sujana and Wijayanti, 2022). Extracts of SGLE and SGBE exhibit low cytotoxic potential compared to podophyllotoxin, a reference cytotoxic agent. However, a study by Ogbole et al. (2017) suggests a different criterion, classifying extracts as non-cytotoxic if CC₅₀ is below 30 μg/mL meaning SGBE (CC₅₀ = 29.135 ± 0.049 μg/mL) displays marginal or weak cytotoxicity. This cytotoxic effect is likely due to bioactive compounds in Syzygium guineense stem bark, including betulinic acid and β-sitosterol, known to induce apoptosis in cancer cells (Chirchir et al., 2019). The extract’s rich phenolic content contributes to its antioxidant activity, which may paradoxically trigger cell death when cellular defenses are overwhelmed (Pieme et al., 2014). Additionally, SGBE demonstrates antibacterial properties, suggesting its bioactive compounds disrupt cellular membranes, further contributing to cytotoxicity (Pieme et al., 2014; Chirchir et al., 2017). In contrast, SGLE is considered non-cytotoxic, supporting its traditional use in managing typhoid fever and other diseases. 
[bookmark: _Hlk212116754][bookmark: _Hlk216343893]The SGLE and SGBE extracts exhibited varied antioxidant activity across ABTS, DPPH, and FRAP assays. Standard antioxidant classification defines strong activity (IC₅₀ < 20 μg/mL), moderate activity with values between 20 μg/mL and 75 μg/mL, and values greater than 75 μg/mL reflect low activity. These variations arise from differences in secondary metabolites, which can exert synergistic or antagonistic effects, as proposed by Akinseye et al. (2017). This may explain why some extracts showed reduced efficacy in scavenging reactive oxygen species, a trend observed by Edewor et al. (2021) and Famen et al., (2021). SGLE demonstrated the strongest antioxidant capacity in ABTS and DPPH assays, while showing moderate activity in the FRAP assay. The assays differ in mechanisms: ABTS and DPPH rely on radical scavenging, whereas FRAP measures ferric reducing power (Munteanu et al., 2021). Differences in solvent compatibility also impact outcomes, as ABTS functions in aqueous and organic media, whereas DPPH is limited to organic solvents (Apak, 2021). The variation across the antioxidant assays for the same extract, could be attributed to the assay’s pH where FRAP operates at acidic pH, which alters antioxidant behavior compared to the neutral conditions of DPPH and ABTS. This variation could also be attributed to different assays showing varying sensitivities to specific antioxidant classes (e.g., phenolics, flavonoids, carotenoids), leading to differing activity profiles. This work is in line with the work of Ioannou (Ioannou et al., 2015) who reported that discrepancies among the assays reflect their distinct chemical environments, redox potentials, and affinities for various antioxidant molecules. SGLE contains majority of sesquiterpenoids which accounts for high antioxidant activity as reported by Dogara et al. (2024). The extract’s ability to neutralize DPPH free radicals is likely due to bioactive secondary compounds that act synergistically an interpretation supported by Pieme et al. (2014), due to the presence of phenolic compounds in S. guineense. These compounds stabilize free radicals and protect tissues from oxidative damage while functioning as reducing agents to mitigate oxidative stress and inflammation. The antioxidant profiles across assays reinforce the traditional use of these extracts in alleviating pain and stress. Ultimately, the differential antioxidant activities suggest potential applications in oxidative stress management through diverse free radical scavenging mechanisms (Azam et al., 2015; Famen et al., 2021).
[bookmark: _Hlk216343490]	In vivo studies have demonstrated that ethanol extracts of Syzygium guineense leaves extract (SGLE) possesses strong antioxidant properties, effectively reducing oxidative stress in different organs (Pieme et al., 2014). The in vivo results of antioxidant activity in typhoidal salmonellosis aligns with in vitro findings. Acute toxicity evaluations in rats revealed no significant weight change at doses of 2000 mg/kg and 5000 mg/kg, indicating a median lethal dose (LD₅₀) of SGLE exceeds 5000 mg/kg. This suggests a wide safety margin, consistent with findings from Loha (2019), who assessed an 80% methanol extract of S. guineense leaves. The absence of mortality at the maximum tested dose of 5000 mg/kg suggests that SGLE possesses a favorable safety profile and is unlikely to produce significant toxic effects in humans, supporting the extract’s low toxicity profile and its potential for safe therapeutic use (Okwuofu et al., 2017). Parameters such as superoxide (Moattar-Singh et al., 2024), catalase (Vona et al., 2021), glutathione (Lobo et al., 2010) are used to assess oxidative stress levels. Salmonella Typhi promotes superoxide and nitric oxide production, leading to peroxynitrite formation, a highly reactive oxidizing agent linked to typhoid pathology (Ali-Pambuk, 2018). Gastrointestinal infections also contribute to systemic and psychological stress due to the associated discomfort, immune activation, and disruption of homeostasis (Dantzer et al., 2006). Oxidative stress arises when pro-oxidants predominate, either due to excessive free radical production or insufficient antioxidant activity. During Salmonella infection, reactive oxygen species (ROS) are produced and interact with one another, intensifying oxidative stress in essential organs (Nimse and Pal 2015; Tala et al., 2015).
Untreated infected animals exhibit elevated antioxidant activity as a defense mechanism. However, daily administration of S. guineense significantly reduces harmful free radical accumulation, offering protection against Salmonella-induced toxicity (Aramouni et al., 2023). Catalase plays a critical role by converting hydrogen peroxide into water and oxygen, thereby protecting tissues from hydroxyl radicals formed during infection with Salmonella Typhimurium at a concentration of 1.5 ×10⁸ CFU/mL (0.5 McFarland). The research (Yang et al., 2025) found that polyphenols in S. guineense are linked to CAT activity. A decline in CAT activity, as seen in infected and untreated subjects, can result in the buildup of toxic byproducts, aligning with (Djenguemtar et al., 2024), who studied Bauhinia rufescens extract against S. Typhi-induced typhoid in rats.
Reduced glutathione (GSH) serves as a key defense against free radicals, aiding immune cell regeneration and detoxification (Raja et al., 2007). In infected, untreated animals, a significant rise (p<0.001) in GSH levels reflects elevated ROS levels and enhanced antioxidant responses. Conversely, S. guineense extract significantly (p<0.001) lowered GSH levels in vital organs, suggesting effective oxidative stress mitigation (Fowa et al., 2019), who observed similar effects using Adenia lobata extract in S. Typhimurium-infected rats.
[bookmark: _Hlk216347055]Nitric oxide (NO) also plays a vital role in the immune defense, particularly through macrophage-mediated killing of Salmonella (Vazquez-Torres et al., 2000). Untreated infected rats showed significantly increased NO levels, likely due to immune cell suppression. Treatment with S. guineense at 150, 300, and 600 mg/kg reduced NO levels, demonstrating its ability to modulate oxidative stress. The extract has the ability to bind metal ions like iron and copper, inhibits enzymes that generate free radicals, prevents lipid peroxidation, and modulates antioxidant enzyme activity (Fowa et al., 2019).
Malondialdehyde (MDA), a key biomarker of lipid peroxidation, is closely associated with Salmonella-induced tissue damage and neutrophil infiltration, as supported by hematological findings reported by Feudjio et al. (2023) using Dracaena deisteliana extract. In the present study, elevated MDA levels in untreated infected animals indicated increased oxidative stress and reactive oxygen species production. In contrast, treatment with Syzygium guineense extract significantly reduced MDA levels in the liver, kidneys, and intestines, reflecting decreased lipid peroxidation and protection of cellular membrane integrity. These findings are consistent with the findings by Famen et al. (2021), who showed that Terminalia avicennioides extract protects cellular membranes. 

5. CONCLUSION
Results on S. guineense leaves and stem bark have revealed that these extracts are non- cytotoxic and possesses high antioxidant activities exhibited through DPPH, ABTS and FRAP assays. This data can complement its use for the treatment and management of most complicated diseases in Africa since it is often incorporated in all concoctions to treat pains. Further biological assays should also be performed to fully ascertain its safety and optimize its potential use as a lead in anticancer therapy. 
This study had limitations in that the specific bioactive compounds responsible for the observed antioxidant and protective effects were not identified. Although oxidative stress markers were evaluated, molecular mechanisms underlying the antioxidant and anti-Salmonella effects (e.g., gene expression or signaling pathways) were not investigated.

[bookmark: _GoBack]Ethical Approval
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APPENDIX: SUPPLEMENTARY MATERIALS
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Supplementary figure 1: Calibration curve of hydrogen peroxide in mM

Supplementary Figure 2: Calibration curve of Catalase

Supplementary Figure 3: Calibration curve of nitrite concentration















Graphs of normalized data from in vitro antioxidant assays on SGBE and SGLE
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Graphs from DPPH assay on extracts SGLE and SGBE 
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Graphs from FRAP assay on extracts SGLE and SGBE 
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