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Therapeutic efficacy and antioxidant activity of the 95% hydroethanolic extract of the leaves of Solanum torvum Sw. (Solanaceae) against Salmonella Typhi-induced infection in Wistar rats
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ABSTRACT

	Aims: To find drugs based on plant extracts to alleviate the increase in mortality (10% in developing countries) and morbidity linked to typhoid fever, antityphoid and antioxidant activities of the hydroethanolic extract 95% of the leaves of Solanum torvum as well as the side effects were evaluated in vivo. 
Study design:
Place and Duration of Study: the study were conducted in the laboratory of university of Dschang and the the animal house of the Department of Biochemistry, University of Dschang, Cameroon.
Methodology: Antityphoid activity was assessed by the blood culture method in Wistar albino rates artificially infected with Salmonella Typhi ATCC 6539 and treated at doses 2.5; 5 and 10 mg/kg. In order to detect the side effects to which a patient who consumes this extract could be exposed, some tissues markers have been highlighted, as well as the hematological parameters and parameters linked to oxidative stress such as catalase, nitric oxide and malondialdehyde were evaluated in animals after treatment. 

Results: The study showed that administration of the extract at doses of 10, 5 and 2.5 mg/kg body weight has successfully cured infected animals after 7, 9 and 11 days of treatment respectively. The extracts dose-dependently normalized all hematological, biochemical and oxidative stress parameters that were predominantly altered by the infection. Among the doses tested, 10 mg/kg followed by the dose 5 mg/kg was the most effective in correcting side effects of the infection. While the dose mg/kg exhibited some side effects, they were significantly milder compared to other doses, highlighting its relatively safer profile.
Conclusion: the 95% hydroethanolic extract of the leaves of Solanum torvum could be a good candidate for the formulation of a traditionally improved drug in the management of patients suffering from typhoid fever.
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1. INTRODUCTION

Typhoid fever is a systemic infection caused by the pathogen Salmonella Typhi. Paratyphoid fever also exists and is caused by Salmonella Paratyphi A and Salmonella Paratyphi B (Chuks and Chike, 2010). According to WHO, its impact is growing worldwide. Between 1996 and 2017, the number of cases of typhoid fever increased from 11 to 21 million and the number of deaths from 128,000 to 161,000 worldwide (OMS, 2018). In Cameroon, 7-10% of typhoid fever patients die each year, making it the second most common and deadliest disease after malaria (WHO, 2019). 
Appropriate antibiotic therapy lowers the risk of mortality to less than 1%, except that the adaptability of the microorganisms and the misuse of these antibiotics induce the proliferation of organisms resistant to the available antibiotics. Reasons for isolating more and more strains resistant to fluoroquinolones, 3rd generation cephalosporins and ciprofloxacin (Chatterjee et al., 2016; Marbou et Kuete, 2017). Likewise, chloramphenicol, which was once the gold standard for treating these infections, is no longer used for this purpose due to the bone marrow toxicity it causes (Shukla et al., 2011).	Comment by Microsoft account: Long and complex phrasing; it can be simplified

The best:


Appropriate antibiotic therapy can reduce mortality to less than 1%. However, microbial adaptability and misuse of antibiotics have led to the emergence of resistant strains	Comment by Microsoft account: The best:

This has resulted in an increasing number of strains resistant to fluoroquinolones, third-generation cephalosporins, and ciprofloxacin
In addition, during microbial infections, macrophages produce free radicals in order to destroy microorganisms within phagosomes. However, some Enterobacteriaceae such as those of the genus Salmonella express the oxyR gene which codes for several proteins allowing it to resist these free radicals (Madigan and Martinko, 2007). This resistance of Salmonella can lead to an overproduction of free radicals which can lead to oxidative stress (Victor et al., 2004). Frequent exposure to high concentrations of free radicals can lead to direct damage of biological molecules (protein oxidation and nitration, lipid peroxidation, DNA oxidation), but also secondary damage due to the cytotoxic and mutagenic nature of the metabolites released during lipid oxidation (Song, 2010). Thus, the sources of treatment making it possible to fight both Salmonella infection and oxidative stress would improve the management of patients suffering from these infections (Ngoudjou et al., 2017).	Comment by Microsoft account: Repetition of lead to

The best:

This resistance in Salmonella may result in overproduction of free radicals, causing oxidative stress
Face of all these difficulties, it is useful to experiment with plants, which are used as a resource in almost all cultures, because of their great nutritional values ​​and their medicinal potential (Dada et al., 2020). In addition, numerous scientific studies have shown their importance in the prevention, diagnosis and treatment of various diseases, including typhoid fever (Gatsing et al., 2009; Miwonouko et al., 2024). This is the case with Solanum torvum which is traditionally used as a sedative, diuretic and digestive; also, in the treatment of cough (Zubaida et al., 2013). In Cameroon, it is used for the treatment of salmonellosis, particularly typhoid fever. The work of Djoueudam et al. (2019), showed that of the hydroethanolic extract 95% of the leaves of Solanum torvum showed in vitro an MIC of 32 µg/ml on the strain of Salmonella Typhi ATCC 6539. However, the in vivo activity of this extract has not yet been verified on Salmonella Typhi. Hence this work, which aimed at determining the in vivo antityphoid activity of the 95% hydroethanolic extract of the leaves of Solanum torvum in an artificially infected animal model.
2. MATERIALS and methods 	Comment by Microsoft account: The section is well organized according to scientific standards: materials, animals, bacteria, extraction, induction, and assays.

Note: Some sentences are very long, especially when describing group division and the extraction process, which may make it difficult for the reader to follow the steps

Most of the information is accurate: the names of the plants and bacteria are correct, the doses and calculations are clearly presented, and the extraction and biochemical assay protocols are detailed.
2.1. Materials
2.1.1. Plant material 
The plant material consisted of the leaves of Solanum torvum, collected in December 2019 in the botanical garden of the University of Dschang and identified at the National Herbarium of Cameroon in comparison with the reference sample kept under the number 1651SRFK. 
2.1.2. Animal material
Forty-eight Wistar albino rats (24 males and 24 females; age: 8-9 weeks; mass: 150 - 180 g) were used in this study. They were bred in the animal house of the Department of Biochemistry, University of Dschang, Cameroon. The rats were housed individually in polypropylene cages at 23 ± 1 ºC in a 12 hrs light and 12 hrs dark cycle. The animals were provided with a standard diet and water ad libitum, and the food was withdrawn 12 hrs before the start of the experiment. 
2.1.3. Bacteria and culture medium
The strain Salmonella Typhi ATCC 6539 obtained from the "American Type Culture Collection" and available in the strain library of the Research Unit of Microbiology and Antimicrobial Substances of University of Dschang (Cameroon), was used for the induction of salmonellosis. Salmonella-Shigella Agar (SSA) (OXOID, Denmark) was used for the activation of the bacterial strain and for the evaluation of the Salmonella load in the blood of rats during the antityphoid study in vivo. Their pure cultures were
maintained in Muller-Hinton Broth and stored at 4°C.
2.2. Methods
2.2.1. Plants extraction
The leaves of Solanum torvum were cleaned, dried at 37°C and ground, then, 500 grams of powder obtained was macerated in 3 liters of 95% ethanol for 48 hrs and placed on a shaker for permanent agitation. Then, the mixture was filtered through Whatman number 1 paper, and the resulting filtrate was evaporated in vacuo at 45°C using a rotary evaporator (Büchi R200). The extract obtained was placed in a ventilated oven (Memmert) set at 45°C for 24 hrs for complete evaporation of the solvent.

2.2.2. Typhoid fever induction and treatment
2.2.2.1. Preparation of bacterial suspension
Throughout the experiment, in order to reduce the level of commensals anaerobic bacteria that normally colonize the rat intestine, animals were given azithromycin solution (5 mg/mL). A S. Typhi suspension was prepared to 0.5 on the McFarland turbidity scale. Saline solution (1 mL of 0.9% NaCl), containing about 1.5 x 108 colony-forming units was given orally to each animal (Oliveira et al., 2016).
2.2.2.2. Typhoid fever induction and distribution of groups
Forty-eight male and female albinos’ rats of the Wistar strain aged between 08 to 10 weeks were divided into 6 groups of 8 animals each, including 4 males and 4 female’s groups. The selected animals were acclimatized for one week. Except for group 1 animals (uninfected and untreated), all the other groups (2-6) were infected. They received orally, a single dose (1 mL) of 1.5 × 108 CFU suspension of S. Typhi (ATCC 6539). Infection monitoring in animals was done one day before and from four days after the infection, by colony-counting blood culture on Salmonella-Shigella agar and converted to CFU Salmonella per milliliter of blood. The effectiveness of the infection was achieved when the bacteria concentration of the blood was more than 4 × 105 CFU /ml of blood, then by the excretion of watery stools, the presence of mucus in the stool, the reduced activity and exponential increase in systemic load in S. Typhi in rats. Each animal in each group was housed in its own cage and these animals were treated as follows: group 1 (negative control group) received distilled water; group 2 (typhoid control group, infected and untreated) received distilled water; group 3 (positive control group) received ciprofloxacin (7 mg/kg); groups 4, 5 and 6 (test groups) received hydroethanolic 95% stem bark extract of Solanum torvum (2.5, 5 and 10 mg/kg, respectively). These doses were obtained from MIC (32 µg/mL) and its multiples. Then every 2 days during the experimental period, the blood was collected into heparinized tubes and assessed immediately for the bacterial load. Food intake was determined each day by differentiating between the amounts of food (in g) deposited the day before and the amounts remaining on the present day. And the change in weight was assessed daily and the gain or loss of weight growth was determined by the following formula: ΔW = Wf – W0. Wf = body weight of the animal on day x
W0 = Body weight of the animal before the onset of infection.
2.2.2.3. Blood and organs collection
At the end of the experiment, the animals were fasted for 12 hrs, to collect more accurate, reproductible and reliable data, while also adhering to ethical and scientific best practices. And then anesthetized with diazepam/ketamine (0.2/0.1 ml per 100 grams of animal) association. Blood sample was collected by the cardiac puncture, and a small amount of blood was then firstly introduced into heparinized tubes and were immediately used to perform a blood count using an impedance hematology automaton (QBC Autoread Plus, UK). Another amount of blood was collected into non heparinized tube, centrifuged at 3000 g for 15 min at 4 °C, and the obtained serum was stored at -20°C for biochemical assays.
Animals were further dissected and the liver, kidney, heart, lung and spleen were removed. A sample (0.20 g) of each organ was ground in a mortar containing ice and then centrifuged. Homogenates of these organs were prepared in phosphate buffer pH 7.2 (20% organ in 80% phosphate buffer) and then centrifuged at 3000 g for 25 min at 4°C. The supernatant (organ homogenate) was stored at -20°C for assays of oxidative stress parameters. (Noeman et al 2011).
2.2.3. Biochemical analysis
Biochemical parameters like serum glutamic oxaloacetic transaminase (AST), glutamate-pyruvate transaminase (ALT), total protein, serum and urine creatinine, serum and urine urea, total cholesterol, triglycerides and HDL cholesterol content were assayed using commercial kits (Spinreact, S.A.U Ctra., Santa Colona, Spain).
2.2.4. In Vivo Antioxidant Tests 
2.2.4.1. Determination of Catalase
Catalase activity was determined by the method of Dimo et al. (2006):  Phosphate buffer pH 7.4 (375 μL) was added to 25 μL of tissue homogenate, followed by 100 μL of H2O2 (50 mM). One minute later, 1 mL of potassium dichromate (5%) prepared in 1% acetic acid was introduced into the reaction medium. The mixture obtained was incubated for 10 min in a boiling water bath and then cooled in an ice bath. The optical density was obtained at 570 nm against the blank (the extract was replaced by distilled water in the blank tubes). The enzymatic activity of catalase was deduced by the Beer-Lambert law.
ΔA × Vt Activity Cat = ε L × Ve × Δt × p Activity
Cat: enzymatic activity in µmole / min / mg of tissue;
Δt: reading time in min;
ε: molar extinction coefficient (40 M-1 cm-1);
Ve: volume of homogenate in ml; ΔA: mean difference in absorbance;
P: tissue mass in mg:
L: width of the measuring tank in cm.
 Vt: total volume of the reaction mixture in ml.

2.2.4.2. Determination of nitric oxide (NO)
Nitric oxide content in serum and tissue homogenates was measured by Griess reagent. Absorption of the chromophore during ionization of nitrite with sulfanilamide coupled with naphthylethylenediamine (NED) was read at 520 nm. Three hundred and forty microliters of 1% sulfanilamide (prepared in 5% orthophosphoric acid) was introduced into 340 μL of serum and homogenates. The resulting mixture was homogenized and left in the dark for 5 minutes at room temperature. Next, 340 μL of 0.1% NED was added to the reaction medium and the whole was left once more in the dark for 5 minutes. The optical densities were then read at 520 nm against the blank. The NO content was determined from a calibration curve derived from the different NaNO2 concentrations. 

[bookmark: _Toc50031799]2.2.4.3. Determination of malondialdehyde (MDA)
Lipid peroxidation was evaluated by the determination of malondialdehyde (MDA) according to the method by Oyedemi et al, 2010 with certain modifications. 
[bookmark: _Toc50031800]Five hundred microliters of 1% orthophosphoric acid and 500 μL of precipitation mixture (1% thiobarbituric acid in 1% acetic acid) were added to 100 μL of homogenate. The resulting reaction mixture was homogenized and incubated for 15 minutes in a boiling water bath. After cooling in an ice bath, the mixture was centrifuged at 3500 rpm for 10 min. The absorbance of the supernatants was read at 532 nm against the blank. Lipid peroxidation was calculated on the basis of the MDA molar extinction coefficient and expressed in micromoles of MDA per gram of tissue using the Beer-Lambert law. OD = εLC
With:
OD = absorbance of the complex measured at 532 nm;
ε = molar extinction coefficient (153 mM-1 cm-1);
L = optical path (1 cm);
C = molar concentration of MDA in the supernatant (in μM).

2.2.5. Statistical analysis 
Statistical analysis was performed using SPSS version 23.0 for Windows. The results were expressed as mean value ± standard deviation (S.D) and the comparisons were performed by the analysis of variance using one way ANOVA test. Differences between the averages of control and drug-treated groups where they existed were separated using the Waller-Duncan test. P value less than 0.05 were considered as statistically significant.
3. results 

3.1. Bacterial load
Figures 1 and 2 show the change in bacterial load after infection and during treatment in the blood of male and female rats, respectively. Except the neutral controls (uninfected, untreated) where the load remained zero throughout the test and the negative controls (infected, untreated) where the bacterial load is only growing, the figures show curves with three main phases. The first phase is the adaptation phase of bacteria, lasting approximately two days after infection, during which the number of bacterial colonies increases slowly.	Comment by Microsoft account: Except for	Comment by Microsoft account: was growing
Subsequently, a maximum increase in the number of colonies of Salmonella Typhi (ATCC 6539) in the blood of animals is observed from the fourth day after infection and corresponding to the exponential phase of bacterial growth. However, after administration of the extract, a significant decrease in the number of colonies in animals treated with the extract and ciprofloxacin was observed. Animals of both sexes treated with different doses of Solanum torvum extract had their bacterial load decreased on the 7th, 9th and 11th day of treatment at doses 10, 5 and 2.5 mg / kg respectively. Those who received ciprofloxacin recovered almost at the same time as the animals receiving the 10 mg / kg dose on the 7th day of treatment.	Comment by Microsoft account: was observed
[image: ]
Figure 1: Evolution of bacterial load after infection and during treatment in males.
[image: ]
Figure 2: Evolution of the bacterial load after infection and during treatment in females.

3.2. Food consumption
The analysis of Figures 3 and 4 indicates that, in male subjects, there was a slight decrease in food consumption on the fourth day post-infection compared to the neutral control group. However, treatment with the 95% hydroethanolic extract of Solanum torvum led to a dose-dependent increase in food consumption starting from the sixth day, surpassing that of the negative control group. In female subjects, a divergence in food consumption patterns emerged on the sixth day, with a dose-dependent increase observed until the conclusion of the study, relative to the negative controls. The hierarchy of food consumption during treatment in both sexes was as follows: ciprofloxacin at 7 mg/kg > extract at 10 mg/kg > extract at 5 mg/kg > extract at 2.5 mg/kg.
[image: Une image contenant texte, capture d’écran, Tracé, ligne

Le contenu généré par l’IA peut être incorrect.]

Figure 3: Evolution of food consumption before and after infection and during treatment as a function of time in male rats. 
[image: Une image contenant texte, capture d’écran, ligne, Tracé

Le contenu généré par l’IA peut être incorrect.]
Figure 4: Evolution of food consumption before and after infection and during treatment as a function of time in female rats.




3.3. Evolution of body weight
Figures 5 and 6 illustrate the impact of repeated administration of a 95% hydroethanolic extract of Solanum torvum leaves at varying doses on the body weight of both male and female rats. Analysis indicates that infection led to weight loss in rats of both sexes between the second and sixth days compared to neutral controls. However, treatment with the extract resulted in a dose-dependent increase in weight gain in the treated animals relative to negative controls. The order of weight gain observed during treatment in both sexes was as follows: ciprofloxacin at 7 mg/kg > extract at 10 mg/kg > extract at 5 mg/kg > extract at 2.5 mg/kg. 	Comment by Microsoft account: male and female rats	Comment by Microsoft account: Analysis showed


Figure 5: Evolution of rat weight after infection and during treatment in male rats as a function of time. 


Figure 6: Evolution of rat weight after infection and during treatment in female rats as a function of time.

3.4. Relative weight of organs
Table 1 presents the relative organ weights of animals at the conclusion of the study. The data indicate that infection led to a significant increase (p < 0.05) in the relative spleen weight in female rats compared to neutral controls. Conversely, infection and subsequent treatment did not significantly affect (p < 0.05) the relative weights of the liver and lungs in male rats, nor the kidneys, heart, and gonads in both sexes, when compared to negative controls.	Comment by Microsoft account: caused	Comment by Microsoft account: negative control group
Table 1: Effect of treatment on the relative organ weight of rats.
	Dose (mg/kg)
	Liver (g)
	Lungs (g)
	Kidneys (g)
	Heart (g)
	Spleen (g)
	Gonads (g)

	Males
	Uninfected / untreated
	4,39±0,39a
	0,80±0,16a
	0,95±0,12a
	0,42±0,03a
	14,05±1,30a
	2,19±0,18a

	
	infected / untreated
	4,41±0,20a
	0,78±0,13a
	0,92±0,01a
	0,45±0,04a
	18,00±1,85b
	2,18±0,16a

	
	Cipro (7 mg / kg)
	4,43±0,10a
	0,81±0,07a
	0,93±0,02a
	0,44±0,07a
	14,33±1,35a
	2,13±0,21a

	
	2.5 mg / kg
	4,82±0,29a
	0,88±0,11a
	0,96±0,03a
	0,49±0,01a
	15,02±1,56a
	2,02±0,23a

	
	5 mg / kg
	4,44±0,27a
	0,88±0,09a
	0,97±0,02a
	0,48±0,02a
	14,19±0,81a
	2,15±0,13a

	
	10 mg / kg
	4,79±0,37a
	0,82±0,16a
	0,93±0,07a
	0,50±0,05a
	14,71±0,90a
	2,17±0,24a

	Females
	Uninfected / untreated
	3,09±0,17a
	0,61±0,04ab
	0,73±0,02a
	0,33±0,04a
	10,78±1,04a
	0,08±0,01a

	
	infected / untreated
	3,03±0,12a
	0,61±0,03a
	0,72±0,07a
	0,37±0,05a
	17,10±1,50c
	0,08±0,01a

	
	Cipro (7 mg / kg)
	3,53±0,29b
	0,73±0,02ab
	0,82±0,07a
	0,42±0,07a
	12,97±1,45ab
	0,10±0,08a

	
	2.5 mg / kg
	3,64±0,21b
	0,71±0,05ab
	0,79±0,05a
	0,36±0,02a
	15,56±2,65bc
	0,10±0,02a

	
	5 mg / kg
	3,94±0,29b
	0,70±0,13b
	0,84±0,08a
	0,40±0,03a
	13,49±2,69ab
	0,09±0,01a

	
	10 mg / kg
	3,82±0,31b
	0,73±0,06b
	0,81±0,04a
	0,38±0,01a
	13,12±3,23ab
	0,09±0,02a


[bookmark: _Toc489477170][bookmark: _Toc489526050][bookmark: _Toc495925975][bookmark: _Toc50031807]The values ​​in the table are presented as means ± standard deviation of 4 replicates. In the same column and by sex, the values ​​with different letters are significantly different (p <0.05).

3.5. Effect of treatment on the activity of transaminases, alkaline phosphatase and sera and urine’s creatinine
[bookmark: _Toc489501456][bookmark: _Toc489527341][bookmark: _Toc50631062]The effect of treatment on serum transaminases activity is shown in Table 2. Analysis of this table shows that the infection resulted in a significant (p <0.05) increase in ASAT activity. ALT and PAL, as well as a non-significant increase in creatininuria and serum creatinine in animals of both sexes compared to infected and untreated animals in animals of both sexes, no significant difference was observed. with serum creatinine level. However, with the exception of the 2.5 mg / kg dose in males for PAL, where the decrease was not significant, and treatment resulted in a significant decrease in ALT, AST, and PAL in patients. animals of both sexes compared to negative controls. Furthermore, treatment normalized AST at 10 mg / kg in both sexes, ALT and PAL at 10 mg / kg in males 2.5 mg / kg in females compared to neutral controls.	Comment by Microsoft account: Long and complex sentence; difficult to follow. Split into smaller sentences.
Table 2: Effect of Treatment on Serum Transaminase (AST and ALT) Activity, Alkaline Phosphatase, and Serum and Urinary Creatinine.
	

	DOSE (mg/kg)
	ASAT (U/L)
	ALAT (U/L)
	PAL (U/L)
	Crea. S. (mg/dL)
	Crea. U. (mg/dL)

	Males
	Uninfected / untreated
	73,28±2,37a
	86,84±4,24b
	207,78±3,04b
	3,82±0,36a
	50,74±0,74ab

	
	infected / untreated
	132,68±2,48c
	160,34±1,42d
	290,21±7,53d
	4,18±0,17a
	52,59±2,10b 

	
	Cipro (7 mg / kg)
	64,75±4,04a
	78,31±5,68b
	191,31±3,54a
	4,88±0,11a
	42,59±6,77 a

	
	2.5 mg / kg
	90,12±3,03b
	98,93±1,65c
	276,58±10,07d
	4,48±0,42a
	56,66±2,53c

	
	5 mg / kg
	74,15±3,21a
	87,50±5,05b
	236,39±4,46c
	4,14±0,22a
	48,88±2,09 ab

	
	10 mg / kg
	68,25±8,23a
	64,53±4,62a
	190,75±2,45a
	4,40±0,44a
	47,77±6,40ab

	Females
	Uninfected / untreated
	66,28±2,89a
	79,37±6,10a
	124,23±4,81a 
	3,51±0,11a
	34,44±2,40ab

	
	infected / untreated
	105,18±3,87d
	116,81±2,67d
	199,22±5,25e
	3,74±0,73a
	45,92±1,05c

	
	Cipro (7 mg / kg)
	72,03±1,74b
	75,09±3,45a
	145,64±1,64c
	3,00±0,15a
	31,48±2,42a

	
	2.5 mg / kg
	85,37±2,86c
	91,09±2,47b
	174,03±6,87d
	3,22±0,28a
	40,51±2,44b

	
	5 mg / kg
	67,46±2,30a
	79,43±6,58a
	167,44±3,18d
	3,18±0,35a
	35,18±3,06ab

	
	10 mg / kg
	60,34±7,53a
	68,46±5,81a
	117,85±5,46a
	2,92±0,34a
	31,48±2,70a


[bookmark: _Toc489477173][bookmark: _Toc489526053][bookmark: _Toc495925978][bookmark: _Toc50031808]The values ​​in the table are the means ± standard deviation of 4 repetitions. a, b, c: In the same column and by sex, the values ​​assigned to different letters are significantly different (p <0.05). ASAT: aspartate aminotransferase; ALAT: alanine aminotransferase. PAL: alkaline phosphatase; Crea. S: serum creatinine; Crea. U : urinary creatinine.

3.6. Effect of extracts on the lipid profile of rats
[bookmark: _Toc50631063]Table 3 presents the impact of the 95% hydroethanolic extract of Solanum torvum on the lipid profile of the test animals. The results indicate that infection led to an increase in total cholesterol, LDL levels, and the atherosclerosis index in both male and female rats. In contrast, HDL and TAG levels exhibited a slight but statistically insignificant decrease in males compared to the negative control group.	Comment by Microsoft account: effect	Comment by Microsoft account: triglyceride (TAG)
Following treatment, a significant (p < 0.05) reduction in total cholesterol levels was observed at all administered doses in males and at 5 mg/kg and 10 mg/kg in females. Additionally, LDL levels and the atherosclerosis index decreased significantly across all doses in both sexes compared to the negative controls. The treatment also significantly (p < 0.05) increased HDL and TAG levels at all doses in males, while in females, a similar increase was noted only at the 10 mg/kg dose. The normalization trend was most evident at 5 mg/kg in males for total cholesterol and the atherogenic index, at 10 mg/kg in females, and at 2.5 mg/kg for HDL and triglycerides. LDL levels showed significant recovery at 2.5 mg/kg and were fully restored at the 10 mg/kg dose compared to the neutral controls.

Table 3: Effect of the treatment on the lipid profile of the rats.
	
	DOSE
	T-CHOL (mg/dL)
	HDL (mg/dL)
	I. ART
	TAG (mg/dL)
	LDL (mg/dL)

	Males
	Uninfected / untreated
	103,94±5,28ab
	63,78±3,55cd
	0,63±0,03a
	123,38±4,48a
	15,47±3,21a

	
	infected / untreated
	154,59±1,66c
	43,05±1,34a
	2,59±0,11b
	115,16±3,39a
	88,50±3,52b

	
	Cipro (7 mg / kg)
	101,19±6,09ab
	52,06±2,21ab
	0,94±0,13a
	169,03±5,59b
	15,32±5,59a

	
	2.5 mg / kg
	100,28±7,97a
	58,25±6,11cd
	0,78±0,22a
	156,77±9,81b
	10,67±5,65a

	
	5 mg / kg
	104,22±8,86ab
	54,03±3,75bc
	0,93±0,21a
	160,48±8,72b
	16,96±0,01a

	
	10 mg / kg
	115,47±8,29b
	67,72±4,42d
	0,71±0,21a
	166,12±7,55b
	15,65±1,33a

	Females
	Uninfected / untreated
	97,27±3,55a
	46,90±6,30a
	1,08±0,08ab
	123,70±5,40ab
	26,69±5,29bc

	
	infected / untreated
	137,52±1,88c
	43,24±5,05a
	2,20±0,13d
	118,38±4,72a
	69,53±9,25e

	
	Cipro (7 mg / kg)
	105,90±5,26a
	62,38±5,32b
	0,73±0,33a
	101,61±9,89a
	23,20±3,21b

	
	2.5 mg / kg
	127,20±1,28b
	45,40±2,85a
	1,81±0,28cd
	110,48±3,22a
	44,02±6,59d

	
	5 mg / kg
	107,12±8,98a
	45,90±4,14a
	1,35±0,33bc
	147,25±7,92b
	31,77±1,16c

	
	10 mg / kg
	94,46±4,53a
	59,19±4,27b
	0,60±0,12a
	188,87±4,35c
	13,17±4,62a


The values ​​in the Table are the means ± standard deviation of 4 repetitions. a, b, c, d: In the same column and by sex, the values ​​assigned to different letters are significantly different (p <0.05). T-CHOL: total cholesterol; HDL: high density lipoprotein; I. ART: index of arteriosclerosis; TAG: triglycerides; LDL: low density lipoprotein.

3.7. Effect of treatment on protein levels
Table 4 summarizes the changes in protein levels across different tissues, serum, and urine following infection and treatment. Infection induced a significant (p < 0.05) increase in cardiac, serum, and urinary protein levels in males. Similarly, in females, hepatic, renal, and urinary protein levels were significantly elevated compared to the negative controls.	Comment by Microsoft account: Various is stylistically stronger and more academic than  different  in scientific writing.	Comment by Microsoft account: control group
Upon treatment, protein levels showed a dose-dependent reduction. In males, hepatic and serum protein levels decreased significantly (p < 0.05) at the 10 mg/kg dose, while urinary protein levels dropped across all doses compared to the negative controls. Similarly, in females, a significant decrease (p < 0.05) in cardiac and urinary protein levels was observed at all doses, with renal protein levels showing a significant reduction at 10 mg/kg. Notably, the treatment effectively restored protein levels across most tissues, particularly at the 5 mg/kg dose, aligning them closely with those observed in the neutral control group.	Comment by Microsoft account: decline	Comment by Microsoft account: the best: normal control group

Table 4: Effect of the treatment on the protein level of the animals.
	DOSE (mg/kg)
	Heart (mg/dL)
	Spleen(mg/dL)
	Kidney (mg/dL)
	Lungs (mg/dL)
	Liver (mg/dL)
	Serum (mg/dL)
	Urines (mg/dL)

	Males
	Uninfected / untreated
	1,51±0,21a
	1,16±0,26a
	3,50±1,87a
	2,27±0,26a
	3,24±0,27b
	1,40±0,31a
	17,13±2,17ab

	
	infected / untreated
	2,40±0,22b
	1,63±0,33ab
	2,58±1,61a
	3,41±0,29a
	3,08±0,53b
	3,04±0,26c
	22,96±3,55c

	
	Cipro (7 mg / kg)
	2,32±0,54b
	2,81±0,32c
	2,51±1,06a
	2,95±0,60a
	2,96±0,25b
	1,69±0,29ab
	13,26±0,58a

	
	2.5 mg / kg
	2,31±0,64b
	2,66±1,02bc
	2,11±0,61a
	3,11±0,93a
	3,26±0,23b
	2,62±1,01bc
	15,17±2,76ab

	
	5 mg / kg
	1,73±0,24ab
	2,14±1,11abc
	3,10±0,79a
	3,09±0,68a
	2,68±0,73ab
	2,70±0,97bc
	19,02±1,75b

	
	10 mg / kg
	1,84±0,48ab
	2,64±,24bc
	2,23±0,38a
	2,58±1,67a
	2,06±0,49a
	1,87±0,34ab
	16,40±1,52ab

	Females
	Uninfected / untreated
	2,16±0,23bc
	1,47±0,44a
	1,75±0,33b
	3,25±0,51a
	1,54±0,11a
	2,31±0,77a
	14,91±0,07a

	
	infected / untreated
	2,52±0,36c
	2,20±0,61ab
	3,14±0,72c
	2,90±0,39a
	3,00±0,25b
	2,03±0,51a
	27,07±1,43b

	
	Cipro (7 mg / kg)
	1,83±0,15ab
	3,12±0,59b
	2,38±0,35bc
	2,84±0,77a
	3,03±0,16b
	1,97±0,53a
	13,64±1,98a

	
	2.5 mg / kg
	1,48±0,43a
	2,74±0,82b
	3,02±0,37c
	3,04±0,68a
	3,19±0,69b
	1,88±0,63a
	16,81±1,13a

	
	5 mg / kg
	1,81±0,69ab
	2,92±0,54b
	2,81±0,55c
	2,17±1,19a
	2,93±0,54b
	2,10±0,91a
	18,03±1,25a

	
	10 mg / kg
	1,76±0,11ab
	1,54±0,53a
	0,82±0,16a
	2,96±0,35a
	2,93±0,69b
	2,21±0,77a
	18,40±1,03a


The values in the table are the means ± standard deviation of 4 repetitions. a, b, c: In the same column and by sex, values with different letters are significantly different (p < 0.05).
3.8. Effect of treatment on haematological parameters
3.8.1. Effect of treatment on white blood cell count
Table 5 shows the variation in the level of total white blood cells and its respective figurative elements in the animals treated with different doses of hydro-ethanolic extract of Solanum torvum. Analysis of this table shows that the infection resulted in a significant increase (p <0.05) in the levels of white blood cells, granulocytes, lymphocytes, platelets in animals of both sexes compared to negative controls. The treatment resulted in a significant decrease in granulocytes in both sexes, monocytes in males and only at the 10 mg / kg dose in females, as well as a significant decrease in the level of lymphocytes in females at doses 2.5 and 5 mg / kg, compared to negative controls.	Comment by Microsoft account: the best : cellular components
	Comment by Microsoft account: the best: hydroethanolic	Comment by Microsoft account: the best: total white blood cells	Comment by Microsoft account: the best: Treatment, however, led to	Comment by Microsoft account: lymphocytes in females at doses  of 2.5
Table 5: Effect of treatment on the leukocyte formula.
	
	DOSE
	Red Blood Cells (X 103/µl)
	[bookmark: _Toc489477178][bookmark: _Toc489480902][bookmark: _Toc489500286]Lymphocytes
(%)
	Granulocytes
(%)
	Monocytes
(%)
	Platelets
(X 103/µl)
	MPV
(fl)

	Males
	Uninfected / untreated
	4,64±0,50a
	25,53±0,83a
	11,70±1,05a
	28,00±1,31b
	241,66±17,38a
	8,03±0,23 a

	
	infected / untreated
	6,27±0,32b
	74,80±1,410b
	41,800±4,56d
	31,03±7,84b
	741,66±99,48bc
	7,66±0,11 a

	
	Cipro (7 mg / kg)
	4,84±0,67a
	72,93±1,03b
	18,766±1,77b
	12,96±2,26a
	359,66±67,03a
	8,60±0,70 a

	
	2.5 mg / kg
	6,65±0,45b
	72,63±1,01b
	33,63±3,72c
	12,96±2,15a
	893,33±71,05c
	10,50±4,34a

	
	5 mg / kg
	4,55±0,10 a
	71,10±2,28b
	17,73±1,05b
	14,16±2,66a
	731,33±91,65b
	8,83±0,64a

	
	10 mg / kg
	4,97±0,71a
	68,66±5,70b
	17,73±3,15b
	13,50±0,43a
	866,66±82,80bc
	8,06±0,80a

	Females
	Uninfected / untreated
	6,83±0,97a
	47,10±6,61a
	15,76±2,01a
	20,00±0,55c
	277,33±70,46a
	7,86±0,70a

	
	infected / untreated
	12,76±1,05b
	79,53±4,78d
	35,56±4,98c
	13,26±0,25b
	835,66±26,64c
	7,70±0,26a

	
	Cipro (7 mg / kg)
	6,40±1,30a
	69,30±3,34cd
	18,66±2,70ab
	14,83±2,18b
	574,00±83,89b
	8,30±0,34ab

	
	2.5 mg / kg
	26,65±0,07c
	62,10±0,98b
	24,50±0,98b
	13,40±1,00b
	660,50±38,89bc
	9,30±0,70b

	
	5 mg / kg
	14,63±1,15b
	63,66±3,23bc
	21,74±1,56ab
	14,46±1,89b
	753,66±20,74bc
	8,16±0,80ab

	
	10 mg / kg
	6,80±1,12a
	76,26±5,91d
	16,36±4,05ab
	7,70±1,05a
	803,00±42,62c
	7,83±0,75a



The values in the Table are the means  ± standard deviation of 4 repetitions. a, b, c: In the same column and by sex, the values assigned to different letters are significantly different (p <0.05); MPV: mean platelet volume. 

3.8.2. Effect of treatment on red blood cell count
Table 6 presents the total red blood cell (RBC) count and associated hematological parameters in male and female animals administered varying doses of the 95% hydroethanolic extract of Solanum torvum. Analysis of the data reveals that infection caused a significant (p < 0.05) reduction in RBC levels and related parameters in both sexes, with the exception of RBC count in males and mean corpuscular hemoglobin concentration (MCHC) in females, which remained statistically unchanged compared to negative controls. Following treatment, a general increase in RBC count and its associated elements was observed across different doses, though the extent of improvement varied. Notably, the extract at 2.5 mg/kg effectively restored RBC, hematocrit (HCT), and hemoglobin (HGB) levels in females, while the 10 mg/kg dose achieved comparable normalization in both sexes relative to the neutral control group.	Comment by Microsoft account: the best : RBC count	Comment by Microsoft account: the best : 




[bookmark: _Hlk211084782]Table 6: Effect of treatment on red blood cells and figured elements.
	
	DOSE
	RBC
(× 106 /UL)
	HGB
(g/dL)
	HCT
(%)
	MCV
(fL)
	MCH
(pg)
	MCHC
(g/dL)

	Males
	Uninfected / untreated
	4,65±0,45a
	17,36±1,71c
	47,30±3,85c
	102,00±3,60b
	57,40±7,33c
	82,96±5,09d

	
	infected / untreated
	4,27±0,32a
	12,63±1,01a
	10,20±0,55a
	58,73±3,93a
	30,66±2,50a
	30,53±6,12ab

	
	Cipro (7 mg / kg)
	4,84±0,67a
	16,33±1,11bc
	44,36±0,64c
	103,33±2,01b
	28,70±2,70a
	50,10±7,56bc

	
	2.5 mg / kg
	4,64±0,50a
	12,93±0,51a
	12,00±1,90a
	66,94±3,32a
	23,30±1,90a
	28,06±0,85a

	
	5 mg / kg
	4,55±0,10a
	14,70±1,25ab
	27,80±1,70b
	70,46±4,50a
	28,66±1,95a
	40,00±6,14ab

	
	10 mg / kg
	4,97±0,71a
	14,83±1,00ab
	45,86±1,50c
	63,36±5,22a
	42,33±1,35b
	70,13±8,69cd

	Females
	Uninfected / untreated
	4,46±0,23b
	23,43±3,09c
	45,16±3,43d
	96,33±4,04b
	50,86±5,25b
	84,60±9,03bc

	
	infected / untreated
	2,19±0,50a
	11,76±1,02a
	28,03±5,90b
	63,43±4,09a
	26,46±1,70a
	27,36±0,70a

	
	Cipro (7 mg / kg)
	5,90±1,47c
	17,10±2,46b
	13,93±1,98a
	64,63±5,27a
	55,53±6,71b
	92,70±1,83c

	
	2.5 mg / kg
	3,46±0,46ab
	15,50±0,42ab
	36,15±7,00bc
	61,85±3,60 a
	24,76±4,56a
	43,55±7,28b

	
	5 mg / kg
	6,58±0,44c
	16,48±0,86b
	42,53±2,84cd
	62,66±3,26 a
	26,95±6,01a
	44,33±8,42b

	
	10 mg / kg
	6,28±0,81c
	14,70±0,87ab
	45,03±4,22cd
	68,13±3,79 a
	48,60±5,92b
	36,70±8,08b


The values ​​in the Table are the means  standard deviation of 4 repetitions. a, b, c, d: In the same column and by sex, the values ​​assigned to different letters are significantly different (p <0.05); MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin content; MCHC: mean corpuscular hemoglobin concentration; HGB: Hemoglobin; HCT: Hematocrit; RBC: Red Blood Cells.


3.9. Effects of the treatment on some parameters related to oxidative stress
3.9.1. Effects of treatment on catalase activity
Table 7 shows the effect of treatment on catalase activity in tissues and serum of male and female rats. It appears that, except in the kidneys of the females, the serum and the spleen of the males where no significant difference was observed, the infection significantly (p <0.05) reduced catalase activity in all organs and sera compared to neutral control animals. However, treatment significantly increased in males the activity of catalase in the liver, kidneys and serum at the 10 mg / kg dose and in the heart from the 5 mg / kg dose compared to negative controls. In addition, in females the treatment resulted in a significant (p <0.05) increase in catalase activity in the spleen and heart at all doses, in serum and liver at the 10 mg / kg dose, in test animals compared to negative controls. The treatment normalized the catalase level at a dose of 10 mg / kg in the liver and lungs of both sexes, and in the kidneys and heart of males; at a dose of 5 mg / kg in the spleen and 2.5 mg / kg in the heart of females compared to neutral controls.	Comment by Microsoft account: The best : presents	Comment by Microsoft account: in various tissues and serum

: Adds precision, implying multiple organs were studied	Comment by Microsoft account: serum




[bookmark: _Hlk211085105]Table 7: Effects of different doses of treatment on catalase activity.
	DOSE
	 Liver
(U/mg)
	Kidneys
(µM/g)
	  Lungs (µM/g)
	Spleen
(µM/g)
	Heart
(µM/g)
	Serum
(µM/L)

	Males
	Uninfected / untreated
	19,71±1,16b
	16,65±2,28b
	17,55±1,69d
	4,08±0,07b
	11,82±1,11c
	0,17±0,05ab

	
	infected / untreated
	12,32±1,33a
	9,84±1,00a
	9,63±2,20ab
	3,41±0,12a
	1,90±0,32a
	0,13±0,02a

	
	Cipro (7 mg / kg)
	17,38±0,95b
	16,89±0,66b
	13,89±2,26c
	4,15±0,54b
	6,89±0,34b
	0,20±0,04ab

	
	2.5 mg / kg
	10,27±0,85a
	9,84±0,77a
	8,30±1,10a
	4,66±0,98b
	1,81±0,17a
	0,216±0,02b

	
	5 mg / kg
	12,72±0,99a
	12,58±1,57a
	11,58±2,90abc
	4,74±0,32b
	12,35±1,46c
	0,20±0,04ab

	
	10 mg / kg
	19,23±3,47b
	19,60±2,99b
	12,74±1,50bc
	4,02±0,56b
	12,40±0,71c
	0,22±0,02b

	Females
	Uninfected / untreated
	14,12±1,44d
	11,12±0,93ab
	13,57±2,26b
	4,54±0,82bc
	4,00±0,43b
	0,23±0,03c

	
	infected / untreated
	8,35±0,89a
	9,86±2,60ab
	8,49±0,54a
	2,95±0,32a
	1,00±0,33a
	0,14±0,03a

	
	Cipro (7 mg / kg)
	10,75±1,81bc
	11,80±1,89b
	9,41±2,87a
	4,09±0,85abc
	3,62±0,99b
	0,17±0,01ab

	
	2.5 mg / kg
	10,21±0,83ab
	8,55±1,04a
	9,17±1,10a
	4,39±0,87bc
	4,32±0,34bc
	0,18±0,04ab

	
	5 mg / kg
	9,26±0,65ab
	9,81±1,02ab
	8,59±1,03a
	3,57±0,41ab
	6,07±1,47cd
	0,17±0,01ab

	
	10 mg / kg
	12,95±1,54cd
	11,63±0,71b
	8,69±1,03a
	5,39±0,71c
	6,57±1,11d
	0,21±0,01bc


The values ​​in the Table are the means ± standard deviation of 4 repetitions. a, b, c, d: Within the same column and by sex, the values ​​assigned different letters are significantly different (p < 0.05).
3.9.2. Effects of treatment on nitric oxide (NO) concentration
Table 8 shows the effect of treatment on nitric oxide (NO) content in tissues of male and female rats. It appears that the infection significantly increased (p <0.05) the level of NO in all tissues of animals of both sexes compared to neutral controls except in the spleen and lungs of males. Treatment resulted in a significant decrease in nitric oxide levels in the heart and spleen (at 10 mg / kg dose), liver, lungs and kidneys (at all doses) in treated females compared to negative controls. In males, treatment resulted in a significant decrease (p <0.05) in kidneys, spleen and heart (at all doses), in treated animals compared to negative controls. The treatment normalized the levels of nitric oxide at a dose of 10 mg / kg in the liver of both sexes, the spleen of females, and the heart of males compared to neutral controls.	Comment by Microsoft account: presents	Comment by Microsoft account: levels








Table 8: Effects of treatment on nitric oxide (NO) concentration as a function of dose.
	Dose
	Liver (U/mg)
	Kidneys (µm/g)
	Lungs (µm/g)
	Spleen (µm/g)
	Heart (µm/g)

	Males
	Uninfected / untreated
	0,81±0,14a
	1,85±0,32c
	1,31±0,39a
	1,70±0,36d
	2,91±0,29b

	
	infected / untreated
	1,18±0,22b
	3,61±0,93d
	1,96±0,18a
	2,40±0,38d
	8,45±0,95d

	
	Cipro (7 mg / kg)
	0,77±0,15a
	0,33±0,07a
	1,62±0,24a
	1,89±0,48bcd
	1,04±0,16a

	
	2.5 mg / kg
	1,05±0,14b
	1,23±0,15bc
	1,02±0,57a
	1,69±0,83bc
	7,88±1,08cd

	
	5 mg / kg
	1,28±0,17b
	1,94±0,34c
	1,66±0,51a
	1,35±0,62ab
	7,03±0,55c

	
	10 mg / kg
	0,72±0,18a
	0,67±0,34ab
	1,14±0,82a
	0,76±0,28a
	3,14±0,30b

	Females
	Uninfected / untreated
	1,02±0,52ab
	1,40±0,26a
	1,75±0,11c
	1,06±0,52a
	2,87±0,33a

	
	infected / untreated
	4,91±0,52d
	2,61±0,52b
	2,44±0,58d
	2,94±0,53c
	8,38±1,65b

	
	Cipro (7 mg / kg)
	1,82±0,28bc
	1,05±0,30a
	0,46±0,42a
	1,60±0,56ab
	2,66±0,70a

	
	2.5 mg / kg
	0,64±0,20a
	1,10±0,16a
	0,63±0,46ab
	2,29±0,26bc
	8,30±1,72b

	
	5 mg / kg
	1,91±0,37c
	2,09±0,36b
	1,31±0,56bc
	1,93±0,68ab
	6,49±0,44a

	
	10 mg / kg
	1,02±0,70ab
	0,97±0,37a
	0,63±0,20ab
	1,36±0,61ab
	7,60±0,30b


The values ​​in the Table are the means  standard deviation of 4 repetitions. a, b, c, d: In the same column and by sex, the values ​​assigned to different letters are significantly different (p <0.05).

3.9.3. Effects of treatment on malondialdehyde concentration
Table 9 shows the variation in the level of malondialdehyde (MDA) in the tissue homogenates of the animals. It was found that infection significantly (p <0.05) increased the level of MDA in all tissues of animals of both sexes compared to neutral controls. Treatment with the different doses of extract resulted in a significant decrease in the level of MDA in the heart, spleen and lungs at all doses, while in the liver and kidney the decrease was only significant at the dose 10 mg / kg and from 5 mg / kg respectively in males compared to negative controls. In females, treatment significantly (p <0.05) decreased MDA levels in all organs and at all doses compared to negative controls; overall, treatment tends to normalize the level of MDA in both sexes compared to neutral controls.	Comment by Microsoft account: → presents the variations	Comment by Microsoft account: The plural  levels matches multiple measurements across tissues.	Comment by Microsoft account: normal control	Comment by Microsoft account: The plural  levels matches multiple measurements across tissues.





Table 9: Effects of the different doses of the treatment on the concentration of malondialdehyde.

	
	DOSE
	Liver
(U/mg)
	Kidneys
(µM/g)
	Lungs (µM/g)
	Spleen
(µM/g)
	      Heart
(µM/g)

	Males
	Uninfected / untreated
	0,21±0,03a
	0,869±0,050ab
	0,123±0,029a
	0,240±0,030a
	0,182±0,028bc

	
	infected / untreated
	0,94±0,06c
	1,082±0,104c
	0,496±0,096c
	0,752±0,126d
	0,341±0,077d

	
	Cipro (7 mg / kg)
	0,55±0,09b
	0,824±0,152ab
	0,304±0,039b
	0,488±0,072bc
	0,192±0,040c

	
	2.5 mg / kg
	0,97±0,15c
	1,060±0,122c
	0,268±0,070b
	0,533±0,071bc
	0,107±0,012a

	
	5 mg / kg
	0,88±0,21c
	0,922±0,125b
	0,306±0,064b
	0,405±0,060b
	0,114±0,019ab

	
	10 mg / kg
	0,55±0,08b
	0,720±0,059a
	0,316±0,063b
	0,594±0,049c
	0,178±0,020bc

	Females
	Uninfected / untreated
	0,29±0,04a
	0,86±0,13b
	0,24±0,03b
	0,52±0,06cd
	0,27±0,04d

	
	infected / untreated
	1,09±0,20d
	1,44±0,28c
	0,69±0,10c
	0,55±0,04d
	0,39±0,01e

	
	Cipro (7 mg / kg)
	0,39±0,01a
	0,24±0,04a
	0,29±0,08b
	0,42±0,03abc
	0,15±0,02c

	
	2.5 mg / kg
	0,818±0,04c
	0,78±0,04b
	0,27±0,02b
	0,47±0,02bc
	0,07±0,01a

	
	5 mg / kg
	0,33±0,05a
	0,70±0,08b
	0,12±0,02a
	0,38±0,04ab
	0,12±0,01bc

	
	10 mg / kg
	0,58±0,07b
	0,69±0,10b
	0,30±0,05b
	0,36±0,02a
	0,11±0,01ab


The values ​​in the Table are the means  standard deviation of 4 repetitions. a, b, c, d: In the same column and by sex, the values ​​assigned to different letters are significantly different (p <0.05).

4. DISCUSSION	Comment by Microsoft account: The text is very long with complex, run-on sentences, making it difficult for readers to follow.
Divide the text into shorter paragraphs, each focusing on a single idea
Use consistent tense—past tense for study results, present tense for general scientific facts.
Some ideas are repeated, e.g., the extract’s role in catalase protection and antioxidation.
Choose more recent sources from 2019 onwards.
The search for new antimicrobial substances is an important challenge to be taken up in order to overcome the shortcomings of those already existing. One way to achieve this lies in the evaluation of the antimicrobial activities of plant extracts. Typhoid fever induces systemic infection in humans and in some animals (rabbits, rats) (Adeyi et al., 2013). This is the reason why the strain of Salmonella Typhi was used to infect rats to assess the activity of the 95% hydroethanolic extract of the leaves of Salanum torvum in vivo.	Comment by Microsoft account: The text demonstrates good scientific accuracy and clarity
[bookmark: _Toc50031819]Administration of Solanum torvum extract to infected rats successfully reversed the bacterial load within 7 days for ciprofloxacin and the 10 mg / kg dose and 11 days for the smallest dose. The decrease in the curves is evidence of a decrease in the bacterial load and is believed to be due to the antibacterial activity of the extract. These results show that this extract retains in vitro activities and could be used in humans in the treatment of typhus fevers since Salmonella Typhi induces a systemic infection in rats comparable to that induced in humans (Salih et al., 2012) . The decrease in food consumption and weight gain in infected animals compared to the neutral control could mean that the infection induced loss of appetite in the animals, justifying the weight loss in the infected animals. The increase in food consumption in rats of both sexes compared to negative controls during treatment could be explained by the decrease in bacterial load, or the antibacterial power of the extract. These results corroborate that of Kodjio et al. (2016) who had shown that plant extracts could lead to increased food consumption and weight gain in rats during induced salmonellosis, as well as those of Akinyele et al. (2020), Dada et al. (2020) who showed the anti-typhus activity of extracts from medicinal plants.
The relative weight of organs is an indicator of the physiological and pathological state in animals; it is decisive during the diagnosis whether the organs have been exposed to injury or not. Additionally, the heart, liver, kidneys and spleen have been reported to be primary organs affected by metabolic reactions caused by toxic substances (Akinyele et al., 2020). The increase in the relative weight of the spleen observed in infected and untreated animals, compared to neutral controls (uninfected, untreated) would be a consequence of the immune response (mobilization of immune cells), which takes place at the level of the immune system. here in order to destroy Salmonella Typhi. According to Akinyele et al. (2020) this increase usually occurs during poisoning or bacterial invasions.
In order to detect some effects to which a patient suffering from typhoid fever and treated with Solanum torvum 95% hydro-ethanolic extract could be exposed, it was necessary to highlight some markers of hepatic, renal and blood functioning. The liver is the motor organ of metabolism. A dysfunction of this organ would cause severe damage in the body (Atsafack et al. 2016). In the event of liver damage, there is an increase in the activity of transaminases (ALAT, ASAT) (Gatsing et al. 2005). In this work, the increased activity of ASAT, ALT and PAL observed in animals in the negative control groups following infection could reflect liver damage caused by the microorganisms. Many studies such as those by Fodouop et al. (2015) and Tala et al. (2015) showed that Salmonella infections caused serious liver damage. However, the significant decrease in their level observed in treated animals could reflect the corrective effect of the 95% hydroethanolic extract of S. torvum leaves on the damage caused by S. Typhi on the liver of rats. These results corroborate those of Djimeli et al. (2017) and Fowa et al. (2019) who had already shown the ability of plant extracts to correct liver damage in situations of typhoid fever induced in rats.
The quantification of the main lipoproteins (LDL and HDL), triglycerides and total cholesterol, provides a better assessment of the general risk of developing cardiovascular diseases. Numerous studies have highlighted the increased risk of coronary heart disease with elevated levels of TC, TG and LDL-cholesterol (Kapur et al., 2008). Elevated serum TC and LDL cholesterol levels have been shown to pose a significant risk of ischemic stroke, while elevated HDL cholesterol levels indicate beneficial effects on the atherosclerotic process (Tala et al., 2015). The treatment would therefore have brought the parameters of the lipid profile back to normal and adjusted the level of HDL cholesterol previously reduced due to the infection. This increase in HDL cholesterol levels would have induced a decrease in the atherogenicity index. Thus, this result suggests that S. torvum may contain compounds that could reduce the risk of arteriosclerosis, cardiovascular and coronary diseases. According to Atsafack et al. (2015), excess LDL cholesterol in the blood causes cholesterol deposits on the artery wall (atheroma) while excess HDL cholesterol reduces the risk of arteriosclerosis and cardiovascular disease that could cause infection.
The drop in the level of red blood cells and associated parameters is a sign of anemia which can be caused by chemical and drug toxins, burns and parasitic, viral and also bacterial infections (Cloutier et al., 2014). Therefore, infection with Salmonella Tythi is the cause of the drop in red blood cells observed in this work. Indeed, Salmonella has the ability to survive in red blood cells and lead to overconsumption of iron (Spano, 2016), which will result in a decrease in iron in the blood and anemia linked to the reduction in the synthesis of iron. hemoglobin. This result is in agreement with the work of Ahmed et al. (2016), who show that anemia is regularly associated with typhoid fever. The increase in the level of red blood cells in animals treated with different doses of extract is believed to be due to the ability of this extract to reduce the spread of Salmonella infection as evidenced by the evolution of the bacterial load. It may also be related to the ability of these extracts to promote the formation of red blood cells by stimulating the secretion of erythropoetin in the kidney.
Several authors have already shown that plant extracts, through some of their metabolites, can stimulate the secretion of this protein which promotes the formation of red blood cells (Ebunlomo et al., 2012) . The significant increase (p <0.05) in the levels of white blood cells, granulocytes, lymphocytes, platelets in infected and untreated animals of both sexes, would be due to the infection which would have led to the stimulation of the immune system to be produced defense cells including leukocytes to eliminate the danger. These results are in agreement with those of Marieb (2009) who believe that white blood cells, also called leukocytes, have the role of protecting and defending the body against microbes. The significant decrease or not of most of these elements following the treatment would be linked to the antibacterial activity of the extract which, by eliminating bacteria, gave a respite to the immune response, hence the decline of all these elements. 
The production of ROS (reactive oxygen species) is a physiological phenomenon directly involved in cellular homeostasis. In our organism, this production is constantly involved in the control of numerous biological functions (intracellular signaling and extracellular communication, biosynthesis, etc.). However, ROSs are responsible for the accumulation of H2O2 in cells and lipid peroxidation.
Catalase (CAT) is an enzymatic antioxidant widely distributed in all animal tissues, and the highest activity is found in red blood cells. CAT breaks down hydrogen peroxide and protects tissues from highly reactive hydroxyl radicals (Radhika et al., 2010). Therefore, the significant decrease in catalase levels observed in our study in negative controls (infected and untreated) of both sexes could, compared to neutral controls, mean that this decrease resulted in a few deleterious effects due to uptake of superoxide radical and hydrogen peroxide. The treatment led to a significant increase in catalase activity in some organs compared to negative controls, and improved the dose-dependent profile of catalase, acting as a powerful scavenger of free radicals and protecting tissues. (Kodjio et al., 2016). This could be due to the fact that the hydroethanolic extract 95% of the leaves of Solanum torvum contains antioxidant substances which would neutralize the reactive oxygen species, thus preventing the inactivation or destruction of catalase and therefore, promoting the protection of these organs against tissue damage induced by reactive compounds. Therefore, peroxidase and catalase are essential for the endogenous antioxidant defense system to scavenge reactive oxygen species and maintain cellular redox balance (Kodjio et al., 2016).
Macrophages produce nitric oxide (NO) through the action of inducible nitric oxide synthase which metabolizes arginine to citrulline, and NO. Nitric oxide is involved in a dynamic process by macrophages to destroy Salmonella (Vazquez et al., 2000). The increase in the level of NO observed in this study in the tissues of infected and untreated rats was due either to their overproduction by macrophages to destroy Salmonella Typhi (Kodjio et al., 2016). There was an imbalance between prooxidants and antioxidants. The process mediated by free radicals has been implicated in the pathogenesis of most diseases. The significant decrease in the nitric oxide level in the tissues of the rats infected and treated with the different doses of extract compared to the negative controls, reveals that the hydroethanolic extract 95% of the leaves of S. torvum restores the production of monoxide of nitrogen compared to neutral controls. This could further stimulate the immune system (macrophage) to fight against the germ Salmonella Typhi. Due to its ability to promote the production of nitric oxide, the hydro-ethanolic extract has both antioxidant potential and activity that can give it potential in the fight against Typhic diseases.
The increased MDA activity induced by infection suggests increased membrane peroxidation leading to tissue damage and failure of the antioxidant defense mechanism to prevent excessive free radical formation. This increase would therefore testify to a state of oxidative stress in tissue cells (Fodouop et al., 2014). However, the significant drop in the level of MDA induced by the treatment in almost all organs was due to the extract's antioxidant activity, which would therefore prevent the destruction of the membrane bilayer of the cells by neutralizing free radicals such as hydrogen peroxides. (H2O2) and the hydroxyl radical (OH •) known for their ability to produce tissue peroxidation of cells by simultaneous etching of polyunsaturated fatty acids (Fowa et al., 2019).
Conclusion
At the end of this work, which aimed to evaluate in vivo the anti-typhoid and antioxidant activity of the 95% hydroethanolic extract of Solanum torvum leaves, in order to improve the management of patients suffering from typhoid fever, it was noted that he hydroethanolic extract 95% of leaves of Solanum torvum can cure typhoid fever and correct the biochemical and oxidative side effects linked to the infection at doses of 5 and 10 mg / kg.
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