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Introduction 

Typhoid and paratyphoid fevers are systemic bacterial 

infections with a digestive origin, caused by bacteria of the Salmonella 

genus, respectively the serotypes Typhi and Paratyphi (A and B).
1
 The 

World Health Organization (WHO) estimates 22 million cases of 

typhoid and 216,500 deaths related to typhoid fever occurring each year 

worldwide.
2
 Although typhoid fever is primarily considered as an 

endemic disease, its epidemics frequently occur as a result of failures in 

water supply, and it remains a major public health problem in 

developing countries with an incidence of 77.4 cases/100,000 

inhabitants in Asia, Africa and Latin America.
3
 In Cameroon typhoid 

fever is a public health problem and the second disease after malaria 

commonly reported by health personnel.
4
 Typhoid fever is an acute, fatal 

and febrile disease. Without treatment, its lethality rate is 10 to 30%, 

falling to 1 - 4% with appropriate therapy. Typhoid fever infection is 

characterized by the production of reactive oxygen species (ROS) 

such as superoxide anion (O2
-
) and nitric oxide (NO) by macrophage 

cells of the immune system, to destroy these salmonellas in their 

phagosomes.
5
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But at high concentrations, these ROS lead to oxidative cellular stress 

and denature lipid membranes.
6
 Antibiotics are the most commonly 

used means of control, with fluoroquinolones and third-generation 

cephalosporins being the most widely used.
7
 However, the bacterial 

strain have been developing resistance to antibiotics (especially 

ampicillin and phenicolates) in recent years.
8
 In many developing 

countries, access to conventional medicine remains limited to large 

urban areas,
9
 where alternative medicine is commonly used to treat or 

prevent common chronic diseases, and to improve the quality of life. In 

Africa, more than 80% of the population uses traditional medicine and 

medicinal plants for primary health care.
10,11

 T. avicennioides is 

traditionally used for the treatment of typhoid fever in the West region of 

Cameroon. Akanbi showed the in vivo efficacy of bark roots of T. 

avicennioides against Plasmodium berghei.
12

 Studies have also shown 

that extracts of T. avicennioides exhibit antisalmonella activities in 

vitro.
13

 But little is known on the in vivo antisalmonella activities of the 

extract of this plant, and on the biochemical parameters it may affect in a 

living organism. Therefore, this study evaluated the in vivo 

antisalmonella and antioxidant activities of the hydroethanol extract of 

T. avicennioides on Salmonella typhi ATCC6539. 

 

Materials and Methods  

Plant material 

The fresh stem bark sample of T. avicennioides was harvested in July 2018 at 

Noun division, Western region of Cameroon. It was identified by Dr. 

Tchiengue Bathelemy (Botanist). The herbarium specimen with voucher 

number 7908/SRF-Cam was deposited at the National Herbarium of 

Cameroon. 
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Infectious diseases such as typhoid fever leads to the formation of free radicals which can have a 

damaging effect on the body. This study evaluated the in vivo antisalmonella activity of the 

hydroethanol extract of Terminalia avicennioides stem bark in rats infected with Salmonella 

typhi (ATCC 6539), and its antioxidant activity. The S. typhi-infected rats concurrently received 

daily doses of T. avicennioides extract (5, 23 and 46 mg/kg) or ciprofloxacin (14 mg/kg) as 

positive control, for 15 days. At the end of the treatment period, the animals were sacrificed and 

blood, liver, kidney, heart, lung and spleen were collected for evaluation of biochemical 

parameters, which included assays of superoxide dismutase, catalase, peroxidase, 

malondialdehyde and nitric oxide, as well as biological responses. The hydroethanol extract of 

T. avicennioides bark (5, 23 and 46 mg/kg) cured the infected rats between the 8
th
 and 11

th
 day 

of treatment. The extracts also significantly reduced (p < 0.05) blood malondialdehyde and nitric 

oxide levels, and significantly increased (p<0.05) the activity of superoxide dismutase, catalase 

and peroxidase in the infected rats. Phytochemical analysis revealed the presence of flavonoids, 

alkaloids, phenols, saponins, anthocyanins and anthraquinones in the hydroethanol bark extract 

of T. avicennioides. The results show that the hydroethanol bark extract of T. avicennioides 

possesses antisalmonella activity and reduces the state of oxidative stress caused by S. typhi 

during rat’s infection. 
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Preparation of plant extract 

The fresh stem bark was air-dried at room temperature (24 to 27°C) until 

constant weight. Ground and powdered dried stem bark (100 g) was macerated 

with 70% ethanol (1 L) at room temperature for 2 days. The resulting 

hydroethanol residue was evaporated at 40°C using rotary evaporator (BUCHI 

R-200) under reduced pressure and stored at -20°C until further use. 

Phytochemical screening 

The extracts were screened for different classes of compounds, 

including alkaloids, anthocyanins, anthraquinones, flavonoids, 

phenols, saponins, tannins, steroids and triterpenes, using standard 

methods.
14

 

 

Bacteria strain 

Stock cultures of S. Typhi (ATCC 6539) used in this study were 

obtained from Centre Pasteur of Cameroon. Their pure cultures were 

maintained in Muller-Hinton agar and stored at 4°C. 

 

Experimental animals 

Young, healthy Wistar rats (150 – 200 g) of each sex were bred at the 

University of Dschang animal house. Animal housing and in vivo 

experiments were carried out following the guidelines of the European 

Union on Animal Care (CEE Council 86/609)
15

 that were adopted by 

the Institutional Committee of the Ministry of Scientific Research and 

Innovation of Cameroon. They were housed in the laboratory under a 

natural temperature and 12 hours dark/light cycle. The animals were 

fed with standard diet and received water ad libitum. All animal 

procedures were performed after approval by the University of 

Dschang-Cameroon Ethics Committee (Project N° 

BCH1202/FS/UDs/2018). 

 

Typhoid fever induction and treatment 

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).
16

 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 10
8
 

colony-forming units was given orally to each animal.
17

 

Sixty male and female albinos’ rats of the Wistar strain aged between 08 to 10 

weeks were divided into 12 groups of 5 animals each, including 6 male groups 

and 6 female groups. The selected animals were acclimatized for one week. 

With the exception of 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 × 

10
8
 CFU suspension of S. typhi (ATCC 6539). Infection monitoring in animals 

was done 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 × 10
5
 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.
17

 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 (14 mg/kg); groups 4, 5 and 6 (test groups) received hydroethanol 

stem bark extract of T. avicennioides (5, 23 and 46 mg/kg, respectively). 

These doses were obtained from traditional practitioner's dose (46 mg/kg of 

body weight). Then every 2 days during the experimental period, the blood was 

collected into heparinized tubes and assessed immediately for the bacterial load. 

At the end of the experiment, the animals were fasted for 12 h and then 

anesthetized with chloroform. Blood sample was collected by the cardiac 

puncture, centrifuged at 3000 g for 15 min, and the obtained serum was used 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. The 

supernatant (organ homogenate) was stored at -20°C for assays of 

oxidative stress parameters.  

 

 

 

Determination of superoxide dismutase (SOD) activity 

The activity of SOD in the sample was determined by the method of Fridovich 

and Misra with some modifications.
18

 Homogenates (150 μL) were added to 

500 μL of carbonate-bicarbonate buffer (pH 10.2, 0.3M, pKa 10.3), then 250 

μL of an EDTA solution (0.6 mM), and 350 μL distilled water were further 

added. The mixture obtained was homogenized and 250 μL of adrenaline (4.5 

μM) was added in order to initiate the reaction. Auto-oxidation of adrenaline 

was measured by reading the OD at 480 nm, 30 seconds and 180 seconds after 

adding epinephrine. The SOD was activity expressed as inhibition percentage 

and was calculated as follows:   

 

             *    (
           

          
)+        

A 50% inhibition corresponds to one unit of activity. 

 

Determination of catalase activity  

Catalase activity was determined by the method of Dimo et al.
19

 

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. 

 

Determination of Peroxidase activity (POD) 

Peroxidase activity was determined in tissues and serum by Habbu et 

al method.
20

 Test sample (0.5 mL) was added to 1 mL of 10 mM KI 

solution and 1 mL of sodium acetate (40 mM). The absorbance of 

potassium iodide was read at 353 nm, which indicates the amount of 

peroxidase. Then 20 μL of H2O2 (15 mM) was added, and the change 

in the absorbance in 5 min was recorded. Units of Peroxidase activity 

were expressed as the amount of enzyme required to change the 

optical density by 1 unit per min. The specific activity was expressed 

in terms of units per mg of proteins. 

 

Determination of malondialdehyde (MDA) 

Lipid peroxidation was evaluated by the determination of 

malondialdehyde (MDA) according to the method by Oyedemi et al
21

 

with certain modifications. Malondialdehyde is one of the final 

products of the decomposition of polyunsaturated fatty acids (PUFAs) 

under the effect of free radicals released during stress. In a hot acidic 

medium (pH 2 to 3; 100°C), an MDA molecule condenses with two 

thiobarbituric molecules (TBA) to form a pink colored complex 

(reading at 532 nm). 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. 

 

Determination of nitric oxide (NO) 

Nitric oxide content in serum and tissue homogenates was measured by 

Griess reagent.
22

 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 Na2NO concentrations. 
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Statistical analysis 

Results were expressed as mean ± standard error of mean. Statistical 

significance was determined by the one-way analysis of variance 

followed by Waller-Duncan test using the software SPSS 22 version. 

Differences were considered significant at P < 0.05.  

 

Results and Discussion 

The in vivo antisalmonella activity of the 70% hydroethanol extract was 

evaluated in rats infected with Salmonella typhi ATCC 6539 strain. 

According to Naughton et al, the pathogenicity and virulence of salmonella 

are host-specific.
23

 Therefore, S. typhi induces systemic infection in humans 

and in some animals (rabbits, rats), while S. typhimurium induces only 

localized gastroenteritis in humans.
24-26

 Thus, the S. typhi strain was used to 

infect rats to evaluate in vivo activity of hydroethanol extract of T. 

avicennioides. In addition, several important factors of salmonella infection, 

such as intestinal transport, electrolyte transport and colonization site (ileum) 

are similar in rats and humans.
23 

For this reason, Wistar rats were used in the 

study.  

Figures 1 and 2 represent the bacterial load in the blood of rats as a 

function of time, in males and females, respectively. After infection, 

during the 24 h of latency period, there was no significant increase of 

bacteria load in the animal’s blood. This period is related to the time of 

acclimatization of bacteria in the rat's body. During this adaptation 

period, many metabolic reactions occur, like the synthesis of particular 

enzymes necessary to metabolize the substrate.
27 

The exponential 

increase in number of S. typhi in the rat’s blood after latency phase 

indicates that infection is established and could be explained by the 

excretion of watery stools and the reduction of rat physical activities. 

The slight decrease in bacterial load observed after 8 days and 10, 12 

and 14 days in male and 10 and 16 days in untreated infected female 

would be due to the action of the immune system, while the increase 

observed in animals treated with T. avicennioides bark extract would be 

due to the combined action of the immune system and the plant extract.
28

 

The blood of animals treated with different doses of extract was practically clear 

of salmonella between the 8
th
 and 12

th
 day of treatment in both males’ and 

females’. Therefore, animals treated with the dose from the MIC and its 

multiples found a dose-dependent cure: the 8
th
 day (46 mg /kg), the 10

th
 day (23 

mg /kg) and the 11
th
 day (5 mg /kg) of treatment. The results show that the 

extract possesses inhibitory activity against S. typhi in rats.
 
Other reports have 

shown that plant extracts can treat induced salmonellosis in rats.
27,29

  

The stem bark extract of T. avicennioides revealed the presence of 

flavonoids, alkaloids, phenols, saponins, anthocyanins, and anthraquinones 

(Table 1). This is similar to the report of Musa et al and Famen et al, who had 

already demonstrated the presence of some of these chemical constituents in 

the hydroethanol extract of stem barks of T. avicennioides.
13,30

 Several 

studies have demonstrated the antibacterial activities of some bioactive 

compounds.
25

 Reactive oxygen species (ROS) are oxidants formed in the 

body due to exogenous and endogenous factors and are considered 

responsible for many diseases such as cancer, cardiovascular disease, 

neurodegenerative diseases, inflammatory processes and aging.
31

 

Antioxidant systems are normally set up in living aerobic organisms to 

fight the effect of oxidative stress. The enzymatic antioxidants of 

superoxide dismutase (Table 2), catalase (Table 3) and peroxidase 

(Table 4) were measured in the organs and serum of rats infected with 

S. typhi ATCC 6539 and treated with the 70% hydroethanol extract of 

T. avicennioides. The redox status of the cells is maintained by a 

combination of enzymatic and non-enzymatic antioxidants. The 

antioxidant enzymes superoxide dismutase, catalase, and peroxidase 

are involved in a coordinated process that prevents oxidative damage 

by ROS.
32

 Many studies have shown that the excessive production of 

highly oxidized and oxidizing free radicals in cells reduces the 

activities of these enzymes.
32,33

 Superoxide dismutase (SOD), 

peroxidase and catalase are antioxidant enzyme proteins that constitute 

the first barrier to this antioxidant defense.
32

 Their activity and 

location in the cell are complementary and ensure the elimination of 

superoxide anions and hydrogen peroxide in all intracellular 

compartments.
34

 In this study, the levels of SOD, catalase and 

peroxidase in the serum and tissue for treated animals (with both 

ciprofloxacin and hydroethanol extract of T. avicennioides) were 

significantly higher compared to negative control animals.  

 

 

Figure 1: Effects of Terminalia avicennioides extract on the 

number of Salmonella typhi colonies (ATCC6539) as a 

function of the time in male rats. Cipro: ciproflaxacin; IUT: 

Infected and untreated; UIUT: Uninfected and Untreated; M: 

male; F: female. 

 

 
 

Figure 2: Effects of Terminalia avicennioides extract on the number 

of Salmonella typhi colonies (ATCC6539) as a function of the time in 

female rats. Cipro: ciproflaxacin; IUT: Infected and untreated; UIUT: 

Uninfected and Untreated; M: male; F: female. 
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The decrease in catalase, peroxidase and Superoxide dismutase levels 

in the negative control indicates that there was an oxidative 

environment that led to oxidative stress in the negative control, which 

could result to a high bacterial load. The increase in catalase, 

peroxidase and SOD levels in the positive control animals and the 

groups treated with the different doses of extracts shows that there was 

no oxidizing environment and no stress in the treated groups. This 

may be due to the reduction in bacterial load in the treatment groups 

compared to the negative control. This suggests that hydroethanol 

extract contains antioxidant substances that neutralize reactive oxygen 

species, hence, preventing the inhibition or destruction of catalase, 

peroxidase and SOD and, promoting the protection of these organs 

against any tissue damage induced by these reactive compounds. 

The results are consistent with the report of Akanbi, that showed a 

significant increase in serum catalase and SOD levels in mice infected 

with Plasmodium berghei and treated with methanol extract of the 

stem bark of T. avicennioides.
12

 The current results are also similar to 

those of Fowa et al who showed an increase in serum and tissue levels 

of catalase and SOD in rats infected with S. typhi ATCC 6539 and 

treated with 70% of hydroethanol extract of Adenia lobata leaves.
30

 

 

Table 1: Phytochemical composition of the hydroethanol 

extract from the stem bark of T. avicennioides 
 

Class of 

compound 

Detection in stem bark extract of Terminalia 

avicennioides (Ethanol 70%) 

Alkaloids + 

Anthocyanin + 

Anthraquinone + 

Flavonoids + 

Phenols + 

Tannins - 

Triterpenes - 

Saponins + 

Steroids - 

+ : Present ; - : Absent. 

 

 

Table 2: Effects of hydroethanol extracts of T. avicennioides on superoxide dismutase (SOD) activity of in serum and tissues of rats 
 

Data are mean ± standard error of mean (n = 5). In the same column and for the same sex, values with different letters are significantly 

different (p < 0.05). Cipro: ciproflaxacin; IUT: Infected and untreated; UIUT: Uninfected and untreated. 

 

Table 3: Effects of hydroethanol extracts of T. avicennioides on catalase activity in serum and tissues of rats 
 

Sex Doses 
Organs and Quantity of catalase (μmol/min/mg of tissues and μmol/min/mL of blood) 

Serum Liver Kidneys Lungs Spleen Heart 

Females 

UIUT (0 mg/Kg) 0.16 ± 0.06
b
 8.01 ± 0.95

d
 0.22 ± 0.01

b
 3.53 ± 0.28

d
 3.41 ± 0.29

c
 2.41 ± 0.22

bc
 

IUT (0 mg/Kg) 0.07 ± 0.00
a
 2.71 ± 0.18

a
 0.16 ± 0.00

a
 1.48 ± 0.10

a
 2.16 ± 0.10

a
 1.92 ± 0.10

a
 

Cipro (14 mg/kg) 0.08 ± 0.01
a
 2.87 ± 0.06

a
 0.36 ± 0.02

c
 2.54 ± 0.43

c
 2.32 ± 0.19

a
 3.33 ± 0.33

d
 

5 mg/Kg 0.08 ± 0.00
a
 3.89 ± 0.74

b
 0.17 ± 0.01

a
 1.83 ± 0.10

b
 2.74 ± 0.07

b
 2.23 ± 0.08

b
 

23 mg/Kg 0.10 ± 0.01
b
 4.11 ± 0.65

b
 0.17 ± 0.01

a
 2.57 ± 0.18

c
 3.25 ± 0.24

c
 2.64 ± 0.26

c
 

46 mg/Kg 0.11 ± 0.01
b
 5.54 ± 0.25

c
 0.21 ± 0.02

b
 2.97 ± 0.33

cd
 3.11 ± 0.10

c
 2.56 ± 0.07

c
 

Males 

UIUT (0 mg/Kg) 0.09 ± 0.01
b
 6.28 ± 0.22

c
 12.70 ± 1.58

b
 4.67 ± 0.60

c
 6.20 ± 0.93

c
 3.65 ± 0.23

c
 

IUT (0 mg/Kg) 0.05 ± 0.02
a
 4.18 ± 0.16

a
 7.07 ± 1.15

a
 3.10 ± 0.23

a
 3.14 ± 0.25

a
 2.37 ± 0.56

a
 

Cipro (14 mg/kg) 0.06 ± 0.01
a
 4.80 ± 0.27

b
 8.78 ± 0.83

a
 4.67 ± 0.80

bc
 5.23 ± 0.58

c
 2.98 ± 0.03

a
 

5 mg/Kg 0.07 ± 0.00
a
 4.56 ± 0.24

b
 12.07 ± 1.65

b
 3.83 ± 0.27

b
 3.86 ± 0.11

b
 2.95 ± 0.04

a
 

23 mg/Kg 0.12 ± 0.01
c
 5.96 ± 0.43

c
 11.63 ± 0.77

b
 4.80 ± 0.53

c
 4.39 ± 0.78

bc
 3.09 ± 0.02

b
 

46 mg/Kg 0.15 ± 0.03
c
 8.16 ± 0.53

d
 11.92 ± 1.17

b
 4.64 ± 0.35

c
 4.48 ± 0.85

bc
 4.64 ± 0.42

d
 

Sex Doses 
Organs and Quantity of SOD (activity/mg of tissues and activity/mL of blood) 

Serum Liver Kidneys Lungs Spleen Heart 

Female 

UIUT (0 mg/Kg) 0.21 ± 0.02
b
 0.33 ± 0.02

b
 0.22 ± 0.01

b
 4.96 ± 1.03

b
 1.83 ± 0.30

bc
 3.34 ± 0.26

b
 

IUT (0 mg/Kg) 0.17 ± 0.01
a
 0.23 ± 0.01

a
 0.16 ± 0.01

a
 1.97 ± 0.26

a
 1.05 ± 0.25

a
 2.55 ± 0.05

a
 

Cipro (14 mg/kg) 0.24 ± 0.03
b
 0.31 ± 0.02

b
 0.20 ± 0.01

b
 4.25 ± 0.71

b
 1.43 ± 0.29

ab
 3.08 ± 0.07

b
 

5 mg/Kg 0.20 ± 0.01
b
 0.34 ± 0.02

b
 0.22 ± 0.02

b
 3.64 ± 0.55

b
 1.71 ± 0.14

b
 2.95 ± 0.19

b
 

23 mg/Kg 0.22 ± 0.02
b
 0.32 ± 0.01

b
 0.20 ± 0.01

b
 4.43 ± 1.26

b
 1.86 ± 0.06

b
 2.95 ± 0.12

b
 

46 mg/Kg 0.23 ± 0.03
b
 0.32 ± 0.00

b
 0.23 ± 0.02

b
 3.86 ± 0.55

b
 2.22 ± 0.16

c
 3.16 ± 0.15

b
 

Male 

UIUT (0 mg/Kg) 0.21 ± 0.01
c
 0.29 ± 0.01

b
 1.77 ± 0.06

c
 1.61 ± 0.10

c
 1.47 ± 0.02

b
 2.54 ± 0.13

bc
 

IUT (0 mg/Kg) 0.14 ± 0.01
a
 0.23 ± 0.01

a
 1.06 ± 0.05

a
 0.86 ± 0.02

a
 1.33 ± 0.01

a
 1.97 ± 0.06

a
 

Cipro (14 mg/kg) 0.20 ± 0.00
c
 0.29 ± 0.02

b
 1.19 ± 0.01

b
 2.11 ± 0.09

d
 1.64 ± 0.005

c
 2.56 ± 0.05

b
 

5 mg/Kg 0.15 ± 0.01
ab

 0.28 ± 0.02
b
 1.19 ± 0.01

b
 1.09 ± 0.05

b
 1.46 ± 0.02

b
 2.45 ± 0.02

b
 

23 mg/Kg 0.17 ± 0.01
b
 0.31 ± 0.01

b
 1.95 ± 0.06

d
 1.70 ± 0.14

c
 1.48 ± 0.04

b
 2.50 ± 0.06

b
 

46 mg/Kg 0.20 ± 0.01
c
 0.37 ± 0.02

c
 2.19 ± 0.15

e
 1.96 ± 0.08

d
 1.60 ± 0.08

c
 2.67 ± 0.04

c
 

Data are mean ± standard error of mean (n = 5). In the same column and for the same sex, values with different letters are 

significantly different (p < 0.05). Cipro: ciproflaxacin; IUT: Infected and untreated; UIUT: Uninfected and untreated. 
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Table 4: Effects of hydroethanol extracts of T. avicennioides on peroxydase activity in serum and tissues of rats 
 

Sex Doses 
Organs and Quantity of peroxydase (µmol/min/g of tissues et µmol/min/mL of blood) 

Serum Liver Kidneys Lungs Spleen Heart 

Females 

UIUT (0 mg/Kg) 2.60 ± 0.31
b
 5.53 ± 0.18

bc
 4.54 ± 0.26

d
 2.77 ± 0.33

b
 3.48 ± 0.51

b
 2.53 ± 0.52

d
 

IUT (0 mg/Kg) 1.54 ± 0.13
a
 3.16 ± 0.46

a
 2.90 ± 0.44

a
 2.20 ± 0.41

a
 2.24 ± 0.33

a
 1.19 ± 0.05

a
 

Cipro (14 mg/Kg) 2.69 ± 0.46
b
 6.19 ± 0.62

c
 3.29 ± 0.24

abc
 3.15 ± 0.35

b
 3.85 ± 0.24

b
 1.87 ± 0.08

bc
 

5 mg/Kg 3.47 ± 0.02
c
 4.69 ± 0.35

b
 4.20 ± 0.56

cd
 3.03 ± 0.15

b
 3.29 ± 0.31

b
 2.56 ± 0.36

d
 

23 mg/Kg 3.07 ± 0.19
bc

 5.50 ± 0.38
bc

 3.03 ± 0.15
ab

 3.09 ± 0.06
b
 3.89 ± 0.69

b
 1.56 ± 0.25

ab
 

46 mg/Kg 3.57 ± 0.18
c
 5.93 ± 0.48

c
 3.91 ± 0.79

bcd
 3.21 ± 0.05

b
 6.73 ± 0.16

c
 2.18 ± 0.30

cd
 

Males 

UIUT (0 mg/Kg) 1.76 ± 0.41
b
 5.48 ± 0.29

ab
 4.02 ± 0.72

b
 3.43 ± 0.25

b
 3.99 ± 0.36

b
 2.45 ± 0.37

b
 

IUT (0 mg/Kg) 1.00 ± 0.10
a
 4.91 ± 0.68

a
 1.58 ± 0.20

a
 2.48 ± 0.31

a
 3.17 ± 0.06

a
 1.20 ± 0.06

a
 

Cipro (14 mg/Kg) 2.28 ± 0.04
c
 6.50 ± 1.18

abc
 4.30 ± 1.46

b
 4.64 ± 0.16

c
 4.88 ± 0.76

c
 1.92 ± 0.21

b
 

5 mg/Kg 1.54 ± 0.01
b
 7.30 ± 1.31

c
 3.25 ± 0.29

ab
 3.75 ± 0.05

b
 4.89 ± 0.34

c
 2.01 ± 0.31

b
 

23 mg/Kg 3.72 ± 0.14
d
 6.62 ± 0.33

bc
 4.55 ± 0.80

b
 3.90 ± 0.21

b
 4.41 ± 0.18

bc
 3.61 ± 0.30

c
 

46 mg/Kg 2.39 ± 0.23
c
 6.48 ± 0.44

abc
 4.61 ± 0.90

b
 3.65 ± 0.30

b
 4.35 ± 0.23

bc
 3.49 ± 0.42

c
 

Data are mean ± standard error of mean (n = 5). In the same column and for the same sex, values with different letters are significantly different (p 

< 0.05). Cipro: ciproflaxacin; IUT: Infected and untreated; UIUT: Uninfected and untreated. 

 

Table 5: Effects of hydroethanol extracts of T. avicennioides on nitric oxide (NO) levels in the blood and tissues of rats 
 

Sex Doses 
Organs and Quantity of Oxide Nitric (µmol/g of tissues and µmol/mL of blood) 

Serum Liver Kidneys Lungs Spleen Heart 

Females 

UIUT (0 mg/Kg) 1.26 ± 0.00
a
 0.08 ± 0.02

a
 0.12 ± 0.00

a
 0.07 ± 0.00

e
 0.08 ± 0.02

b
 0.12 ± 0.00

a
 

IUT (0 mg/Kg) 14.75 ± 0.36
d
 0.36 ± 0.05

d
 0.45 ± 0.10

c
 0.09 ± 0.00

f
 0.34 ± 0.03

c
 0.17 ± 0.00

c
 

Cipro (14 mg/Kg) 1.05 ± 0.02
a
 0.15 ± 0.00

b
 0.24 ± 0.00

b
 0.02 ± 0.00

a
 0.03 ± 0.00

a
 0.12 ± 0.01

a
 

5 mg/Kg 8.55 ± 0.39
c
 0.12 ± 0.00

ab
 0.22 ± 0.00

b
 0.03 ± 0.00

ab
 0.05 ± 0.00

ab
 0.15 ± 0.00

b
 

23 mg/Kg 3.63 ± 0.14
b
 0.23 ± 0.04

c
 0.20 ± 0.00

ab
 0.04 ± 0.00

bc
 0.07 ± 0.01

b
 0.12 ± 0.00

a
 

46 mg/Kg 1.44 ± 0.15
a
 0.14 ± 0.02

b
 0.19 ± 0.00

ab
 0.04 ± 0.01

c
 0.05 ± 0.00

ab
 0.12 ± 0.00

a
 

Males 

UIUT (0 mg/Kg) 1.72 ± 0.04
b
 0.38 ± 0.10

b
 0.18 ± 0.00

a
 0.35 ± 0.04

c
 0.36 ± 0.04

b
 0.21 ± 0.01

c
 

IUT (0 mg/Kg) 6.35 ± 0.29
f
 0.75 ± 0.04

c
 0.41 ± 0.01

e
 0.51 ± 0.07

d
 0.89 ± 0.10

c
 0.26 ± 0.00

d
 

Cipro (14 mg/Kg) 3.07 ± 0.01
d
 0.15 ± 0.03

a
 0.35 ± 0.00

d
 0.11 ± 0.00

a
 0.31 ± 0.00

ab
 0.13 ± 0.00

a
 

5 mg/Kg 4.00 ± 0.00
e
 0.23 ± 0.02

a
 0.27 ± 0.01

c
 0.09 ± 0.01

a
 0.36 ± 0.03

b
 0.20 ± 0.00

c
 

23 mg/Kg 1.32 ± 0.02
a
 0.22 ± 0.01

a
 0.21 ± 0.00

b
 0.23 ± 0.03

a
 0.34 ± 0.00

b
 0.17 ± 0.00

b
 

46 mg/Kg 2.05 ± 0.02
c
 0.24 ± 0.02

a
 0.23 ± 0.01

b
 0.24 ± 0.00

a
 0.25 ± 0.01

a
 0.18 ± 0.01

b
 

Data are mean ± standard error of mean (n = 5). In the same column and for the same sex, values with different letters are significantly different 

(p<0.05). Cipro: ciproflaxacin; IUT: Infected and untreated; UIUT: Uninfected and untreated. 

 
The results of two markers of oxidative stress NO (Table 5) and MDA 

(Table 6) were measured from the organs (liver, kidneys, lungs, spleen 

and heart) and serum of rats infected with S. typhi (ATCC 6539). Lipid 

degradation leads to the formation of malondialdehyde (MDA), which is 

used as a marker of damage caused by free radicals.
27

 The amplification 

of damage caused by salmonella or stress is related to the increase in 

neutrophil infiltration into tissues. Serum and tissue MDA levels were 

significantly higher in the negative control group than in the other 

animals. This shows that there was an oxidative environment and stress 

in the negative control animals, which could result from a high bacterial 

load. The significant reduction in serum and tissue MDA levels in the 

positive control and in the groups treated with the extract suggests that 

there was no oxidizing environment and no stress in the treated groups. 

This may be due to the reduction in bacterial load in the treated animals 

compared to the negative control. The extract would therefore prevent 

the destruction of the bilayer membrane of cells by neutralizing free 

radicals. These results are consistent with the work of Akanbi that 

showed a significant reduction in MDA levels in mice infected with P. 

berghei and treated with methanol extract of the stem bark of T. 

avicennioides.
12

 The results are also similar to those of Kodjio et al and 

Fowa et al which showed that extracts of Albizia gummifera, Curcuma 

longa and A. lobata have protective effects on membrane lipids.
25,30

 The 

significant decrease in nitric oxide levels in the tissues of infected rats 

treated with the extract compared to the negative control indicates that 

the extract regulated nitric oxide production compared to the uninfected 

and untreated animals. Due to its ability to regulate nitric oxide 

production, the extract has an antioxidant potential and an activity that 

can give it potential to control salmonellosis. This may be due to the 

antioxidant phytochemicals it contains. The hydroethanol extract of T. 

avicennioides contained some secondary metabolites (flavonoids and 

phenolic compounds) which could be responsible for the antioxidants 

activities. These secondary metabolites act through the stabilization of 

free radicals by giving them electrons. They also chelate metal ions such 

as iron and copper, inhibit enzymes that produce free radicals, act as a 

lipid peroxidation chain destroyer and regulate antioxidant enzymes.
35 
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Table 6: Effects of hydroethanol extracts of T. avicennioides on malondialdehyde (MDA) levels in the blood and tissues of rats 
 

Sex Doses 
Organs and Quantity of Malondialdehyde (µM/g of tissues and µM/mLof blood) 

Serum Liver Kidneys Lungs Spleen Heart 

Females 

UIUT (0 mg/Kg) 0,01 ± 0,00
a
 0,22 ± 0,00

a
 0,05 ± 0,01

c
 0,06 ± 0,00

a
 0,13 ± 0,00

a
 0,11 ± 0,01

a
 

IUT (0 mg/Kg) 0,04 ± 0,00
d
 0,41 ± 0,00

c
 0,12 ± 0,00

e
 0,14 ± 0,00

c
 0,21 ± 0,00

b
 0,25 ± 0,04

c
 

Cipro (14 mg/Kg) 0,02 ± 0,00
b
 0,27 ± 0,02

b
 0,04 ± 0,00

b
 0,08 ± 0,00

b
 0,17 ± 0,00

d
 0,12 ± 0,01

a
 

5 mg/Kg 0,03 ± 0,00
c
 0,19 ± 0,00

a
 0,02 ± 0,01

a
 0,09 ± 0,00

b
 0,19 ± 0,00

c
 0,19 ± 0,02

b
 

23 mg/Kg 0,03 ± 0,00
c
 0,26 ± 0,01

b
 0,07 ± 0,00

d
 0,08 ± 0,00

b
 0,18 ± 0,00

c
 0,18 ± 0,01

b
 

46 mg/Kg 0,01 ± 0,00
a
 0,21 ± 0,01

a
 0,07 ± 0,00

d
 0,09 ± 0,00

b
 0,12 ± 0,00

a
 0,16 ± 0,03

ab
 

Males 

UIUT (0 mg/Kg) 0,006 ± 0,00
a
 0,23 ± 0,01

ab
 0,06 ± 0,00

a
 0,08 ± 0,00

ab
 0,16 ± 0,00

b
 0,22 ± 0,00

a
 

IUT (0 mg/Kg) 0,028 ± 0,00
d
 0,47 ± 0,05

c
 0,19 ± 0,01

d
 0,17 ± 0,00

d
 0,27 ± 0,01

d
 0,33 ± 0,01

d
 

Cipro (14 mg/Kg) 0,011 ± 0,00
c
 0,19 ± 0,03

a
 0,06 ± 0,00

a
 0,11 ± 0,00

c
 0,15 ± 0,00

b
 0,30 ± 0,04

cd
 

5 mg/Kg 0,008 ± 0,00
b
 0,24 ± 0,03

ab
 0,13 ± 0,00

c
 0,11 ± 0,00

c
 0,19 ± 0,00

c
 0,22 ± 0,00

a
 

23 mg/Kg 0,006 ± 0,00
a
 0,28 ± 0,00

b
 0,09 ± 0,00

b
 0,09 ± 0,00

b
 0,15 ± 0,00

b
 0,27 ± 0,00

bc
 

46 mg/Kg 0,005 ± 0,00
a
 0,21 ± 0,00

a
 0,09 ± 0,01

b
 0,06 ± 0,01

a
 0,11 ± 0,02

a
 0,26 ± 0,00

b
 

Data are mean ± standard error of mean (n = 5). In the same column and for the same sex, values with different letters are significantly different (p 

< 0.05). Cipro: ciproflaxacin; IUT: Infected and untreated; UIUT: Uninfected and untreated. 

 

 

Conclusion 

This work shows that the hydroethanol extract of Terminalia 

avicennioides can reduce S. typhi load and reduce the state of 

oxidative stress caused by infection of S. typhi in rats. The plant 

extract also enhanced the activity of antioxidant enzymes, and reduced 

the level of oxidative stress markers, showing a promising potential 

treatment against typhoid fever. However, further studies should be 

conducted to determine the side effects and define the therapeutic dose 

that would allow safety use. 
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