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Abstract 
Aim: The aim of this study was to evaluate the nephroprotective effects of aqueous extract of root barks 

of Swartzia madagascariensis (AERBSM) on acute kidney failure (AKF) induced with Gentamicin in 

Wistar rats.  

Methods: 45 rats were divided into 9 groups of 5 animals: 3 control groups (normal, negative and 

positive), 4 test groups and 2 satellite groups (control and test). All the animals except normal control 

received daily doses of gentamicin (80 mg/kg, i.p) during 8 days concomitantly with distilled water 

(negative and satellite controls), 0.9 % normal saline (positive control), AERBSM at 50, 100, 200 and 

400 mg/kg (test groups), and AERBSM 400 mg/kg (satellite test group). Urinary biochemical parameters 

(pH, leucocyturia, glucosuria, proteinuria, osmolarity), hematological parameters (White and Red Blood 

Cells counts, Hemoglobin and Platelet counts), serum parameters (creatinine, urea, BUN, ALAT, ASAT, 

alkaline phosphatase, bilirubin, total cholesterol) and oxidative stress markers (MDA, SOD, CAT, GSH) 

were evaluated. Histological sections of the liver, kidney and lungs were prepared.  

Results: Groups treated with AERBSM showed significant decrease of markers of kidney and liver 

pathology (urinary, haematological and serum) as compared to the negative control. AERBSM 

significantly (p<0.01) reduced MDA concentration and increased kidney and liver SOD, CAT and GSH 

activities compared with the negative control. Histological observation revealed that AERBSM corrected 

the kidney damage induced by gentamicin.  

Conclusion: The observed nephroprotective effects of AERBSM could be related to its antioxidant 

properties. 

 

Keywords: Swartzia madagascariensis, acute kidney failure, gentamicin, nephroprotection, antioxydant 

 

Introduction 

Acute kidney failure (AKF) is an affection characterized by sudden decrease of kidney 

function with retention of nitrogenous products [1-3]. AKF is sometimes reversible but complete 

recovery of kidney function is rare, which exposes the patients to chronic kidney failure, 

morbidity and death at short or long term [4]. Kidneys play a central role in the maintaining of 

homeostasis by regulating blood pressure, acid-base and hydro-electrolytic balances, as well as 

by eliminating waste substances from the body [5]. 

More than 13.3 million people worldwide are affected by AKF each year, with 85% of cases 

recorded in low-income countries [6]. The number of deaths from kidney disease worldwide is 

estimated between 5 and 10 million people per year [7]. For more than ten years, the incidence 

of AKF has been increasing both in developed and developing countries [8, 9]. In developed 

countries, the annual incidence of AKF varies between 21 and 30 % of patients with kidney 

problems depending on whether it is acquired in the community or in the hospitals [10]. De la 

Fuente et al., [8] showed that in developing countries, AKF acquired in communities 

particularly affects young people. In Sub-Saharan Africa, 82.4 % of AKF is acquired in the 

community and 17.6 % in the hospitals [11]. In Cameroon, an epidemiological study carried out 

in the nephrology unit of the Yaoundé University Hospital Center between 2009 and 2014 

showed that of the 240 patients consulted (mean age, 48 ± 18 years), 65.9 % were cases of 

AKF and the male gender was more affected, with a sex ratio (M/F) of 2.67 [12]. 
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The pathogenesis of AKF is very complex. However, 

infections, toxic products and some drugs are known to be the 

main inducing factors of kidney problems [13, 2]. Among the 

nephrotoxic drugs, antibiotics are the cause of more than 20 

% of kidney failure [14]. Drugs not metabolized by the liver, 

such as aminoglycosides (e.g. gentamicin) are eliminated by 

the kidneys in unchanged form. These can accumulate in this 

organ and cause nephrotoxicity characterized either by the 

death of tubular epithelial cells (mainly in the proximal 

segment) with a significant inflammatory component, or by 

functional impairment of key cellular components involved in 

the transportation of water and solutes. The typical clinical 

manifestation of gentamicin-induced toxicity is dysfunction of 

renal excretion with or without polyuria, accompanied by 

increased plasma creatinine, urea and other metabolic 

products of the body, proteinuria, glycosuria and alteration of 

electrolyte balance [15]. Free radicals released by the 

mitochondria of renal tubular cells are the main inducing 

factor for gentamicin-induced nephrotoxicity [16]. 

For decades, the treatment of AKF in modern medicine 

consisted in removing the cause and taking diuretics such as 

furosemides. However, Ichai et al., [17] showed that diuretics 

do not decrease the incidence or severity of AKF. The new 

recommendations of Kidney Disease Improving Global 

Outcomes (KDIGO) in 2012 [18], are in favor of a regular 

intake of saline solution which, without treating AKF, can 

reduce the risks associated with it. The severity of AKF 

implies the need for patient dialysis before any other 

treatment. 

In Cameroon, the average cost of monthly expenses for the 

management of AKF per patient is estimated at US$ 650 [9]. 

This amount is far higher than the guaranteed minimum inter-

professional salary (GMIS) which is about US$ 72 in 

Cameroon. Given the high cost of treatment of AKF, most 

patients tend to use medicinal plants which are cheaper and 

more easily accessible. 

Swartzia madagascariensis (Caesalpiniaceae), a vascular 

plant from tropical Africa is widely used for its numerous 

therapeutic properties [19]. In Ivory Coast, the decoction of the 

roots of S. madagascariensis is used for the treatment of 

gastritis [20]. The bark infusion is used in South Africa against 

diarrhea and jaundice. Studies showed the antibacterial [21], 

insecticidal, hypoglycemic and antioxidant properties of S. 

madagascariensis[22]. In Mali, Senegal and Tanzania, the root 

and stem barks are mashed and macerated and used as an 

aphrodisiac and to treat ascites, diarrhea, malaria, leprosy, 

syphilis, conjunctivitis, cataracts, jaundice, hepato-biliary 

disorders and urinary retention [23,24,20]. In Cameroon, 

information from traditional therapists reveals the use of this 

plant for the treatment of malaria, visual disorders and kidney 

failure. The aim of this study was to evaluate the 

nephroprotective effects of aqueous extract of the root barks 

of S. madagascariensis (AERBSM) on AKF induced with 

Gentamicin in Wistar rats. 

 

Material and methods 

Material 

Plant material and extract preparation 

The roots of S. madagascariensis were harvested in May 

2019, in the locality of Mbé (Mbé sub Division, Vina 

Division, Adamaoua Region, Cameroon) (7°51’56.04’’N and 

13°35’00.23’’E). The samples were identified by Dr. 

FROUMSIA Moksia and Pr. TCHOPSALA (Botanists of the 

Department of Biological Sciences of the Faculty of Sciences 

of the University of Maroua) and authenticated at the 

Herbarium of the Garoua Wildlife School by comparison with 

existing specimens recorded under number HGWS/538. Root 

barks were removed, shade-dried and ground to a fine 

powder. For the preparation of extract, 500 g of this powder 

were macerated in 3.5 l of distilled water during 24 hours. 

The solution was sieved and then filtered with N°3 Whatman 

filter paper. The filtrate obtained was evaporated in an oven at 

50 °C during 24 hours, which permitted to obtain 81.40 g of 

extract of (5.74% yield). 

 

Animal material 

Adult male Wistar rats aged 12 weeks and weight between 

200 and 250 g were obtained from the animal house of 

Animal Biology Department of the Faculty of Science of the 

University of Ngaoundéré, Cameroon. These rats were 

acclimated to the Laboratory of Biological Sciences of the 

University of Maroua during two weeks before the start of 

experiments. They were housed in cages covered with wire 

mesh and kept at room temperature with a natural light/dark 

cycle. They received standard animal feed (composed of corn 

flour (50 %), soy flour (20 %), fish meal (15 %), bone meal (4 

%), vitamin complex (0.1 %), cottonseed meal (10 %), palm 

oil (0.1 %), cooking salt (0.8 %) as well as tap water ad 

libitum. 

 

Methods 

Phytochemical screening of extract  

Qualitative phytochemical screening was carried out to check 

the presence of some classes of bioactive compounds 

contained in the extract [25]. 

 

Induction and treatment of nephrotoxicity 

After acclimatization, the rats were randomized into nine 

groups of five animals each as follows: 3 control groups 

(normal, negative and positive), 4 test groups and 2 satellite 

groups (satellite control and satellite test). Nephrotoxicity was 

induced in all groups except the normal control, by daily 

administration of gentamicin (80 mg/kg) i.p. for 8 days [26]. 

Animals in the extract-treated groups received AERBSM 

daily at 50, 100, 200 and 400 mg/kg (test groups) and 400 

mg/kg (satellite test) per os1 hour after gentamicin 

administration. Meanwhile, animals in the negative and 

satellite control groups received distilled water, while positive 

control animals were given normal saline (0.9 %) (KDIGO 

recommendation, 2012). 

 

Collection of urine samples and biochemical dosages  

The animals were fasted and placed in individual metabolic 

cages to reduce the effects of stress. Urine samples from each 

animal were collected after 24 hours. Urine biochemical 

parameters such as pH, osmolarity, protein, leukocyte and 

glucose levels were measured with urinalysis Strips (ACON 

Laboratories Inc, USA). 

 

Sacrifice of animals and collection of samples 

The animals were sacrificed 24 h after fasting. Following 

section of the jugular vein, the blood of each animal was 

immediately collected in EDTA tubes for the analysis of 

hematological parameters and in dry tubes for the analysis of 

serum biochemical parameters. Blood samples for 

biochemical assays were centrifuged and sera collected and 

stored at -20°C [27]. The kidneys, liver, heart, spleen, testes, 

lungs and stomach of each animal were removed, 

macroscopically observed and weighed to determine their 

relative weights. One kidney and a part of the liver from each 
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animal were used to prepare the homogenates. The second 

kidney, the lungs and the rest of liver were rinsed in normal 

saline solution (0.9 %), and conserved in 10 % buffered 

formaldehyde for the preparation of histological sections. 

 

Analysis of hematological and serum biochemical 

parameters 

Hematological parameters were determined by blood count 

using a Mindray BC-2800 blood auto-analyzer. Serum 

biochemical parameters (creatinine, total cholesterol, alkaline 

phosphatase, direct and total bilirubin) were measured using 

kits supplied by SGM italiaS.r.L. and (urea, blood urea 

nitrogen, ASAT and ALAT) were assayed using appropriate 

kits (Human Diagnostics Worldwide).  

 

Evaluation of some parameters of oxidative stress 

Homogenates of kidneys and liver were prepared by crushing 

0.5 g of kidney or liver samples in 2.8 ml of phosphate buffer 

solution (0.2 M, pH 7.4, pKa 7.2). The mixture was 

homogenized and then centrifuged at 3000 rpm for 15 min. at 

4°C. The supernatant was recovered and total protein 

evaluated using the Biuret method [28], and Malondialdehyde 

(MDA) using the technique described by Wilbur et al., [29]. 

Superoxide dismutase (SOD), catalase (CAT) and reduced 

glutathione (GSH) activities were measured according to 

methods described by Misra and Fridovich [30], Sinha [31], and 

Ellman [32], respectively. 

 

Histopathological examination 

The organs were fixed in 10 % buffered formalin. For 

histological examination, these organs were treated in a series 

of alcohol and xylene solutions at different concentrations, 

incorporated into paraffin, sectioned at 5 μm and stained with 

hematoxylin and eosin. 

 

Data analysis 

The data were analyzed by ANOVA followed by Newman-

Keuls post-test using Graph Pad Prism software Version 5.03. 

The results were expressed as mean ± standard error on mean 

(SEM). The differences between the groups were considered 

significant for p<0.05. 

 

Results and discussion 

Results 

Results of phytochemical screening of AERBSM 

The phytochemical screening of AERSM revealed the 

presence of saponins, alkaloids, glucosides and phenolic 

compounds such as tannins and coumarins. 

 

Effects of AERBSM on body weights, food and water 

intake 

Figures 1, 2 and 3 show the variations of body weight, food 

and water intake of animals, respectively. No significant 

difference was noted between extract-treated groups and their 

respective controls. In general, food and water intake 

increased up to days 4 and 5, and dropped sharply towards 

day 8 for all groups, but stabilized for the satellite groups after 

stoppage of extract and gentamicin treatment. Body weights 

reduced to below starting values on day 9 for all treatment 

groups, and returned to day 1 levels for the satellite groups 

after cessation of extract and gentamicin treatment. 

 

 
 

Fig 1: Effects of AERBSM on body weights 

 

AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 

400: groups treated with the aqueous extract of root barks of 

S. madagascariensis at the doses of 50, 100, 200 and 400 

mg/kg, respectively. 
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Fig 2: Effects of AERBSM on food intake 

 

AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 

400: groups treated with the aqueous extract of root barks of 

S. madagascariensis at the doses of 50, 100, 200 and 400 

mg/kg, respectively. 

 

 
 

Fig 3: Effects of AERBSM on water intake 

 

AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 

400: groups treated with the aqueous extract of root barks of 

S. madagascariensis at the doses of 50, 100, 200 and 400 

mg/kg, respectively. 

 

Effects of AERBSM on the relative weight of some organs 

AERBSM did not cause variations of relative weights of the 

heart, lungs, spleen and testes compared to the negative 

controls. Liver weights tended to decrease in all gentamicin 

treated groups and to recover after cessation of treatment, but 

the differences were not significant. In negative control group, 

stomach relative weight increased significantly (p<0.01) 

compared to normal control. These stomach weights showed 

significant increase (p<0.01) in the group treated with 

AERBSM at the dose of 400 mg/kg, and regressed after 

cessation of treatment (Figure 4). 
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Fig 4: Effects of AERBSM on relative weight of some organs 

 

The values are expressed as Mean ± SEM. AERBSM 50, 

AERBSM 100, AERBSM 200 and AERBSM 400: groups 

treated with the aqueous extract of root barks of S. 

madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, 

respectively.♦♦ p<0.01 significant difference compared to 

Normal control, ** p<0.01 significant difference compared to 

negative control. 

 

Effects of AERBSM on some urinary parameters  

Table I shows the results of AERBSM effects on urinary 

parameters. Gentamicin treatment increased urine volumes in 

all groups (1.02-1.98 ml), and the increase was highly 

significant in the positive controls (3.26 ml) compared with 

the normal control (0.65 ml). The increased volumes 

decreased with AERBSM 50 mg/kg (p<0.01) and 200 mg/kg 

(p<0.001), and reverted back to normal values (0.56 ml) 

when extract treatment stopped (satellite 400 mg/kg). 

Gentamicin administration provoked the appearance of 

glucose (100 mg/dl) in the negative control group but 

concomitant treatment with AERBSM at all doses 

significantly (p<0.001) and completely eliminated all traces 

of glucose in the urine (0.00 mg/dl) compared with the 

positive control (60 mg/dl). 

Administration of gentamicin also provoked the presence of 

leukocytes in the urine of negative control animals (103.00 ± 

13.47 Leu/µl), but AERBSM at 50 mg/kg significantly 

(p<0.05) reduced the values to 42.00 ± 17.50 Leu/µl 

compared with 92.00 ± 13.47 for the positive control. After 

cessation of gentamicin treatment, the urine leukocyte levels 

in the Satellite AERBSM 400 group returned to normal (0.00 

µl) after two weeks of rest. 

Nephrotoxicity induced by daily administration of gentamicin 

(80 mg/kg) and treatment with AERBSM during 08 days did 

not significantly influence the pH, osmolarity and urinary 

protein levels. 

 
Table 1: Effects of AERBSM on some urinary parameters 

 

 Volume (ml) pH 
Osmolarity 

(x10-1) 

Glucose 

(mg/dl) 
Leukocytes (Leu/µl) Proteins (mg/dl) 

Normal control 0.65 ± 0.06 7.50 ± 0.35 10.14 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 300.00 ± 0.00 

Negative control 1.76 ± 0.05 ♦♦♦ 7.10 ± 0.33 10.16 ± 0.01 100.00 ± 0.00 ♦♦♦ 103.00 ± 13.47 ♦♦♦ 300.00 ± 0.00 

Positive control 3.26 ± 0.14 *** 6.30 ± 0.12 10.25 ± 0.01 60.00 ± 24.49 ** 92.00 ± 13.47 260.00 ± 40.00 

AERBSM 50 1.28 ± 0.11 ** 6.30 ± 0.20 10.24 ± 0.01 0.00 ± 0.00 *** 42.00 ± 17.50 * 260.00 ± 40.00 

AERBSM 100 1.88 ± 0.15 6.40 ± 0.24 10.23 ± 0.03 0.00 ± 0.00 *** 92.00 ± 13.47 300.00 ± 0.00 

AERBSM 200 1.02 ± 0.06 *** 6.80 ± 0.25 10.22 ± 0.02 0.00 ± 0.00 *** 81.00 ± 11.00 300.00 ± 0.00 

AERBSM 400 1.98 ± 0.10 6.70 ± 0.20 10.74 ± 0.56 0.00 ± 0.00 *** 103.0 ± 13.47 300.00 ± 0.00 

Satellite control 1.06 ± 0.06 *** 6.33 ± 0.33 10.27 ± 0.03 0.00 ± 0.00 *** 88.33 ± 18.33 ♦♦ 300.00 ± 0.00 

Satellite AERBSM 400 0.56 ± 0.06 *** 6.66 ± 0.33 10.28 ± 0.01 0.00 ± 0.00 *** 0.00 ± 0.00 ***## 300.00 ± 0.00 

The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with the aqueous 

extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively.♦♦p<0.01, ♦♦♦p<0.001 significant 

difference compared to Normal control, *p<0.05, **p<0.01, ***p<0.001 significant difference compared to negative control, ##p<0.01 

significant difference compared to satellite control. 
 

Effects of AERBSM on some hematological parameters 

Effects of AERBSM on white blood cells 

Gentamicin administration caused significant increases of 

Total White Blood Cell Count (p<0.01) in all the groups 

without exception. The increased levels did not return to 

normal values up to two weeks after the cessation of 

gentamicin and extract treatment (Table II). 

Gentamicin (80 mg/kg) did not cause a significant change of 

lymphocyte, granulocyte, monocyte and eosinophile levels in 

negative control group compared to normal control. However, 

in group treated with AERBSM 100 mg/kg a significant 

increase was noted on monocytes level (p<0.001) compared 

⃰ ⃰ 

 

 

 

♦♦ 

♦♦ 
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to negative control. After two weeks of stopping any 

treatment, a significant increase of lymphocyte level (p<0.01) 

associated with a decrease of monocyte level (p<0.001) in 

satellite test group compared to negative control was noted. 

 
Table 2: Effects of AERBSM on white blood cells 

 

 TWBC (x109/l) Lymphocy. (%) Gran. (%) Mono. (%) Eosino. (%) 

Normal control 3.48 ± 0.37 60.40 ± 2.27 25.60 ± 2.48 14.00 ± 0.63 4.00 ± 0.31 

Negative control 6.30 ± 0.36 ♦♦ 54.80 ± 3.54 33.00 ± 3.40 12.20 ± 0.20 4.40 ± 0.24 

Positive control 7.56 ± 0.45 65.80 ± 1.15* 23.20 ± 1.20 11.00 ± 0.44 3.60 ± 1.28 

AERBSM 50 8.04 ± 0.85 62.80 ± 1.39 27.60 ± 0.50 9.60 ± 1.03 4.80 ± 1.06 

AERBSM 100 7.38 ± 0.60 53.60 ± 2.73 27.40 ± 2.54 19.00 ± 1.45 *** 5.40 ± 0.24 

AERBSM 200 7.48 ± 0.15 54.34 ± 3.01 32.16 ± 3.14 13.50 ± 0.54 4.00 ± 0.31 

AERBSM 400 9.10 ± 0.39 * 60.76 ± 1.39 24.64 ± 1.70 14.60 ± 0.81 4.00 ± 0.31 

Satellite control 5.90 ± 1.30 ♦ 72.87 ± 1.13 ***♦ 22.80 ± 0.80 4.33 ± 0.33 ***♦♦♦ 2.33 ± 0.33 

Satellite AERBSM 400 6.90 ± 0.62 ♦♦ 72.00 ± 0.57 ** 23.50 ± 0.86 4.50 ± 0.28 ***♦♦♦ 2.66 ± 0.33 

The values are expressed as Mean ± SEM. TWBC: total white blood cells, Lymphocy. : Lymphocytes, Gran. : Granulocytes, Mono. : 

monocytes, Eosino. : Eosinophiles, AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with the aqueous 

extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively.♦ p<0.05, ♦♦ p<0.01, ♦♦♦ p<0.001 

significant difference compared to Normal control, * p<0.05, ** p<0.01, *** p<0.001 significant difference compared to negative control. 

 

Effects of AERBSM on some erythrocyte indices and 

platelets 

The level of red blood cells and mean corpuscular 

hemoglobin concentration did not change significantly 

between different groups of animals (Table III). A significant 

decrease of hemoglobin level was noted in negative control 

group compared to normal control (p<0.01). However, 

AERBSM was caused a significant increase of this level 

(p<0.001). 

Gentamicin administration caused a significant increase of 

platelet count in all the groups compared with the normal rats. 

The increased platelet counts remained significantly high in 

all satellite groups up to two weeks after cessation of 

treatments. 

 
Table 3: Effects of AERBSM on some erythrocyte indices and platelets 

 

 RBC (x1012/l) Hb (g/dl) MCHC (g/dl) Pl (x109/l) 

Normal control 8.16 ± 0.31 13.12 ± 0.44 37.50 ± 0.49 56.60 ± 4.20 

Negative control 7.64 ± 0.15 11.42 ± 0.30 ♦♦ 34.80 ± 1.61 738.00 ± 141.60 ♦♦♦ 

Positive control 7.65 ± 0.21 14.48 ± 0.41 *** 37.00 ± 0.39 673.80 ± 54.43 

AERBSM 50 8.12 ± 0.33 13.94 ± 0.50 *** 36.80 ± 1.32 1247.00 ± 72.56 *** 

AERBSM 100 7.96 ± 0.19 14.28 ± 0.35 *** 37.32 ± 0.20 643.40 ± 63.69 

AERBSM 200 8.22 ± 0.07 15.16 ± 0.34 *** 37.58 ± 0.26 698.40 ± 78.17 

AERBSM 400 7.50 ± 0.16 13.74 ± 0.16 *** 37.44 ± 0.31 1225.00 ± 62.62 *** 

Satellite control 7.63 ± 0.46 13.40 ± 0.32 * 34.47 ± 0.48 685.30 ± 30.39 ♦♦♦ 

Satellite AERBSM 400 8.05 ± 0.41 13.03 ± 0.29 * 35.63 ± 1.68 625.00 ± 27.54 ♦♦♦ 

The values are expressed as Mean ± SEM. RBC: Red blood cells, Hb: Hemoglobin, MCHC: mean corpuscular hemoglobin 

concentration; Pl: platelets. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with the aqueous 

extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively.♦♦ p<0.01, ♦♦♦ p<0.001 

significant difference compared to Normal control, * p<0.05, *** p<0.001 significant difference compared to negative control. 
 

Effects of AERBSM on some serum biochemical 

parameters 

Effects of AERBSM on markers of kidney function 

Administration of gentamicin to the negative control rats 

significantly raised serum levels of creatinine (p<0.01), urea 

(p<0.001) and blood urea nitrogen (BUN) (p<0.01) compared 

with the normal rats. The serum levels of these metabolites 

remained significantly high in all groups receiving the extract 

for 8 days. However, following cessation of treatments, the 

concentrations significantly (p<0.01) returned to normal 

values in all satellite groups after two weeks of rest. 

 
Table 4: Effects of AERBSM on markers of kidney function 

 

 Creatinine (mg/dl) Urea (mg/dl) BUN (mg/dl) 

Normal control 0.50 ± 0.03 64.00 ± 6.53 30.08 ± 3.07 

Negative control 3.28 ± 0.47 ♦♦ 176.60 ± 13.20 ♦♦♦ 83.00 ± 6.20 ♦♦♦ 

Positive control 3.36 ± 0.63 194.40 ± 21.41 91.37 ± 10.06 

AERBSM 50 4.70 ± 0.50 232.40 ± 20.64 109.20 ± 9.70 

AERBSM 100 3.92 ± 0.51 228.40 ± 17.72 107.3 ± 8.33 

AERBSM 200 4.28 ± 0.73 237.80 ± 18.39 111.80 ± 8.64 

AERBSM 400 4.12 ± 0.49 209.20 ± 17.45 98.32 ± 8.19 

Satellite control 0.53 ± 0.08 ** 73.33 ± 4.17 *** 34.47 ± 1.96 *** 

Satellite AERBSM 400 0.60 ± 0.10 ** 65.00 ± 5.00 ** 30.55 ± 2.35 ** 

The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with 

the aqueous extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively. ♦♦p<0.01, 

♦♦♦p<0.001 significant difference compared to Normal control, **p<0.01, ***p<0.001 significant difference compared to 

negative control. 
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Effects of AERBSM on transaminases and alkaline 

phosphatase 

ALT and serum alkaline phosphatase levels did not change 

significantly between the different treatment groups of 

animals but ASAT levels showed significant increases in the 

AERBSM test groups at the doses of 50, 100 and 400 mg/kg 

(p<0.05) compared with the negative control (Table V). At 

stoppage of treatment, ASAT values in satellite test group 

returned to normal levels. 

 
Table 5: Effects of AERBSM on transaminases and alkaline phosphatase 

 

 ALAT (UI/ml) ASAT (UI/ml) Alkaline phosphatase (UI/ml) 

Normal control 63.20 ± 4.12 145.60 ± 10.42 217.60 ± 27.59 

Negative control 69.20 ± 6.12 150.40 ± 8.88 260.20 ± 23.56 

Positive control 58.00 ± 2.04 141.20 ± 22.86 221.20 ± 33.35 

AERBSM 50 60.80 ± 4.23 213.40 ± 6.72 * 260.40 ± 28.53 

AERBSM 100 57.40 ± 4.87 220.40 ± 7.72 * 192.00 ± 26.97 

AERBSM 200 61.60 ± 4.50 166.40 ± 22.21 172.20 ± 31.71 

AERBSM 400 59.60 ± 4.47 223.00 ± 20.20 * 226.00 ± 42.84 

Satellite control 56.00 ± 5.85 130.70 ± 13.13 362.30 ± 51.45 

Satellite AERBSM 400 47.00 ± 3.00 157.50 ± 6.50 291.00 ± 26.00 

The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with 

the aqueous extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively 

*p<0.05significant difference compared to negative control. 
 

Effects of AERBSM on bilirubin and total cholesterol 

concentrations 

Treatment with gentamicin increased the levels of direct and 

total bilirubin in the negative controls compared with the 

normal rats. The increased levels were maintained in all 

extract-treated groups but both values significantly dropped in 

satellite groups to normal levels when the treatments ceased 

(p<0.05). Total cholesterol levels did not change significantly 

between the different groups of animals (Table VI). 

 
Table 6: Effects of AERBSM on bilirubins and total cholesterol 

 

 Direct Bilirubin (µmol/l) Total Bilirubin (µmol/l) total cholesterol (mg/dl) 

Normal control 9.96 ± 1.60 14.38 ± 1.00 91.60 ± 5.16 

Negative control 16.80 ± 1.57 ♦ 20.78 ± 0.97 96.80 ± 5.09 

Positive control 16.98 ± 1.82 25.02 ± 2.18 100.00 ± 4.14 

AERBSM 50 15.94 ± 1.09 16.56 ± 2.43 96.40 ± 9.34 

AERBSM 100 12.18 ± 1.09 18.80 ± 1.86 105.00 ± 8.18 

AERBSM 200 13.82 ± 1.14 18.26 ± 1.60 93.20 ± 7.71 

AERBSM 400 19.24 ± 2.34 24.22 ± 1.85 98.80 ± 3.18 

Satellite control 6.06 ± 0.67 ** 7.23 ± 0.95 *** 69.00 ± 2.00 

Satellite AERBSM 400 6.50 ± 0.70 * 7.00 ± 0.40 ** 75.50 ± 3.50 

The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with the 

aqueous extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively.♦ p<0.05 significant 

difference compared to Normal control, * p<0.05, ** p<0.01, *** p<0.001 significant difference compared to negative control. 

 

Effects of AERBSM on some parameters of oxidative 

stress 

Effects of AERBSM on MDA in renal and hepatic tissues 

Figure 5a shows the effects of AERBSM on MDA in renal 

tissue. Gentamicin administration in the negative control 

group resulted in significant increase (p<0.001) in renal MDA 

levels but concomitant administration of AERBSM (50, 100 

and 200 mg/kg) maintained MDA levels at low values 

(p<0.001) compared with the negative control.The AERBSM 

400 dose had no effect but at stoppage of treatment, MDA 

values reduced in the satellite test group.Gentamicin did not 

affect MDA levels in liver tissue and concomitant 

administration of AERBSM (100-200 mg/kg) tended to 

reduce the values compared with all the control groups 

(Figure 5b).Two weeks after stopping the treatments, the 

satellite test group showed a lower MDA level than that of the 

satellite control (p<0.05). 
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The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with the 

aqueous extract of root barks of S. madagascariensis at doses of 50, 100, 200 and 400 mg/kg, respectively. ♦♦♦ p<0.001 significant 

difference compared to Normal control, * p<0.05, *** p<0.001 significant difference compared to negative control, #p<0.05, 

significant difference compared to satellite control. 
 

Fig 5: Effects of AERBSM on MDA level in kidneys (a) and liver (b) of rats 

 

Effects of AERBSM on SOD activity in renal and hepatic 

tissues 

The effects of AERBSM on SOD in renal and hepatic tissues 

are presented in Figure 6.The results show that daily 

administration of gentamicin did not cause a significant 

decrease of SOD level in negative control group both in renal 

(Figure 6a) and in liver (Figure 6b) compared to normal 

control. However, in test group receiving 400 mg/kg of 

AERBSM, a significant increase of SOD levels was recorded 

compared to negative control (p<0.001). After two week of 

treatment cessation, the SOD activity decreased significantly 

in renal tissue (p<0.05) of satellite rats (Figure 6a), but 

remained higher than normal in liver tissue (Figure 6b) 

compared to normal control. 

 

 
The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with the 

aqueous extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively.♦ p<0.05 significant 

difference compared to Normal control, ** p<0.01, *** p<0.001 significant difference compared to negative control. 
 

Fig 6: Effects of AERBSM on SOD activity in kidneys (a) and liver (b) of rats 
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Effects of AERBSM on CAT activity in renal and hepatic 

tissues 

The Figure 7 shows the effects of AERBSM on CAT activity 

in renal and hepatic tissues.Figure 7a shows that in the 

negative control group, there was a significant reduction 

(p<0.05) of CAT activity in kidney tissue compared to the 

normal control. However, treatment with 400 mg/kg dose of 

AERBSM resulted a significant increase in CAT activity 

(p<0.001), and withdrawal of extract treatment caused a 

return to below normal levels.  

In the liver (Figure 7b), gentamicin-induced reduction of CAT 

activity in negative control was significantly counteracted by 

extract at the dose of 100 mg/kg (p<0.01). This activity did 

not drop in all satellite groups after stoppage of treatments.  

 

 
The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated with 

the aqueous extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively. ♦ p<0.05, ♦♦ 

p<0.01 significant difference compared to Normal control, * p<0.05, ** p<0.01, *** p<0.001 significant difference compared to 

negative control. 
 

Fig 7: Effects of AERBSM on activity of renal (a) and hepatic CAT (b) of rats 

 

Effects of AERBSM on GSH in renal and hepatic tissues 

The Figure 8 shows the effects of AERBSM on GSH in renal 

and hepatic tissues. In negative control group, a significant 

decrease of renal GSH level compared to normal control was 

observed (p<0.001) (Figure 8a). In contrast, renal GSH 

depletion caused by gentamicin was prevented by AERBSM 

at daily doses of 50 mg/kg (p<0.05), 100 mg/kg (p<0.001) 

and 400 mg/kg (p<0.01).The GSH level was significantly 

higher in satellite test than in the satellite control (p<0.001).In 

liver tissue (Figure 8b), the GSH level did not vary 

significantly due to gentamicin treatment, but increases 

significantly in satellite groups after cessation of treatments. 

 

 
The values are expressed as Mean ± SEM. AERBSM 50, AERBSM 100, AERBSM 200 and AERBSM 400: groups treated 

with the aqueous extract of root barks of S. madagascariensis at the doses of 50, 100, 200 and 400 mg/kg, respectively. ♦♦♦ 

p<0.001 significant difference compared to Normal control, * p<0.05, ** p<0.01, *** p<0.001 significant difference 

compared to negative control, ###p<0.001 significant difference compared to satellite control. 
 

Fig 8: Effects of AERBSM on GSH levels in renal (a) and hepatic (b) tissues of rats 
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Effects of AERBSM on histological parameters 

Effects of AERBSM on renal tissue  

Histological analysis of kidney sections of normal control 

animals revealed a normal structure with glomerulus, urinary 

space, distal convoluted tubule and proximal convoluted 

tubules (Figure 9, Photo A). Administration of gentamicin (80 

mg/kg) to negative control group induced alterations such as 

tubular clarifications and degenerations, leukocyte 

infiltrations and mesangial expansion compared to normal 

control. However, control satellite and test group receiving 

AERBSM at the dose of 400 mg/kg exhibited normal renal 

structure similar to normal control. 

 

 
A = Normal control, B = Negative control, C = Positive control, D, E, F, G = Aqueous extract of root barks of S. 

madagascariensis respectively at 50, 100, 200 and 400 mg/kg. H = Satellite control, I = Satellite test; G = 

Glomerulus, Us = Urinary space, Pct = Proximal convoluted tubule, Dct = Distal convoluted tubule, Tc = Tubular 

clarification, Me = Mesengial expansion, Td = Tubular degeneration, Ntc = Necrotic tubular cells. 
 

Fig 9: Micrographs of kidney of rats (Hematoxylin-eosin, x200) 

 

Effects of AERBSM on liver tissue 

Histological sections of liver showed a normal architecture of 

hepatic parenchyma with a portal space (portal vein, biliary 

canaliculus and hepatic artery), hepatocytes and sinusoid 

capillaries easily distinguishable (Figure 10), in all groups. 

Gentamicin and extract treatment did not induce any 

noticeable histological alterations. 
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A = Normal control, B = Negative control, C = Positive control, D, E, F, G = Aqueous extract of the root 

bark of S.madagascariensis respectively at 50, 100, 200 and 400 mg / kg. H = Satellite control, I = Satellite 

test; Pv = portal vein, Bd = bile duct, Ha = hepatic artery, He = hepatocyte, Sc = sinusoid capillary. 
 

Fig 10: Micrographs of rat liver (Hematoxylin-eosin, x100) 

 

Effects of AERBSM on lung tissue 

Normal pulmonary parenchyma were observed in normal 

control, positive control and satellite test groups, with a 

principal bronchus, alveolar sacs and a pulmonary arteriole 

free of any alteration (Figure 11, Photos A, C and I). The 

other groups showed inflammatory granulomas (Photos B, D, 

E, F, G and H). 

 

 
A = Normal control, B = Negative control, C = Positive control, D, E, F, G = Aqueous extract of the 

root bark of S. madagascariensis respectively at 50, 100, 200 and 400 mg/kg. H = Satellite control, I 

= Satellite test; Br = Bronchus; Hb = Honeycomb bag; Pa = Pulmonary arteriole; Ln = Lymphatic 

nodule; Bch = Bronchiole; Ig = Inflammatory granuloma; Ta = Thinning of alveolar wall. 
 

Fig 11: Micrographs of rat lungs (Hematoxylin-eosin, 40) 
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Discussion 

In the present study, the nephroprotective effects of AERBSM 

on AKF induced with gentamicin in rats were investigated. 

The variations of body weight, food and water intake were not 

significantly different between the groups compared to their 

respective controls. Body weights reduced to below starting 

values on day 9 for all treatment groups. Zeeni et al., [33] 

showed that administration of gentamicin did not cause a 

significant variation of food intake of rats. Dhodi et al., [34] 

showed that treatment of AKF induced by gentamicin with 

extract of Carissa carandas fruit was not associated with a 

significant change of body weight and they concluded that 

their extract did not have anorexic property. The weight loss 

on day 9 would be linked to the fasting of the animals. In 

addition, the work of Sadidi et al., [35] showed that 

nephroprotective effect of the aqueous extract of Portulaca 

oleracea was associated with an increase in water 

consumption. This could suggest that AERBSM has no 

anorexic effect and does not cause polydipsia in animals. 

Concomitant daily administration of AERBSM and 

gentamicin during eight days did not cause variations of 

relative weights of the heart, lungs, spleen and testes were not 

significantly different between the groups compared to their 

respective controls. Stomach weights showed significant 

increase in the group treated with AERBSM at the dose of 

400 mg/kg, and regressed after cessation of treatment. The 

differences observed in relative stomach weights are thought 

to be due to incomplete gastric emptying. 

Urinalysis showed that administration of gentamicin increased 

significantly urine volume, glycosuria and leukocyturia in 

negative control compared to normal control. However, 

volume and level of leukocytes in urine decreased 

significantly in groups treated with AERBSM 50 mg/kg 

compared to negative control and satellite test compared to 

negative and to satellite controls. Concomitant treatment with 

AERBSM at all doses significantly and completely eliminated 

all traces of glucose in the urine compared to negative control. 

These results are similar to those of Khan et al., [36] which 

showed that Sonchu sasper extract prevented increase of 

volume and glucose in urine observed with administration of 

gentamicin. In fact, without kidney injuries, glucose is 

completely returned to the body during tubular reabsorption 
[37]. Kidney damage caused by gentamicin is responsible for 

poor tubular reabsorption, one of the indicators of which is 

glycosuria [38]. According to Keller et al., [39], leukocyturia is a 

sign of inflammation that can follow kidney damage. During 

AKF, inflammatory reaction mainly mediated by chemokines 

promotes the expression of adhesion molecules, the activation 

and infiltration of leukocytes [40], which can be drained by the 

urine. Studies have shown thatfirstly, prevention of the 

inflammatory process by blocking endothelial cell-leukocyte 

interactions has a protective effect [41].On the other hand, 

Tannins prevent and restore kidney damage caused by 

gentamicin [42] because they have the capacity to tighten 

tissues (precipitate membrane proteins) and to modify 

membrane permeability by complexation with their 

glycoprotein chains [43]. AERBSM could act by the same 

mechanism. 

Blood analysis revealed a significant increase of total white 

blood cell counts in negative controls compared to normal 

control. Treatment with AERBSM caused a significant 

increase of monocytes and total white blood cell levels 

respectively in groups tested at 100 mg/kg and 400 mg/kg of 

AERBSM compared to negative control. These results are not 

similar to those of Abhiramaet al., [44] who showed that the 

extract of Biophytum sensitivum prevented the modification of 

the hematological status of rats. The intra-renal and systemic 

inflammatory process associated with AKF can cause a 

hematological disorder [45, 46] orchestrated by the release of 

immune cells in blood [47]. The white blood cells can be in 

large numbers during the initial phase as well as during the 

repair phase because some are harmful while others are 

probably protective [48]. The balance between pro and anti-

inflammatory mediators greatly influences the expansion of 

lesions and repair (in the event of reversibility) of the tissues 

after an acute lesion [46]. This suggests that AERBSM could 

stimulate the production of mediators involved in the anti-

inflammatory process during AKF. 

Moreover, administration of gentamicin caused a decrease of 

hemoglobin level associated with increase of platelet counts 

in negative controls compared to normal control. However, 

AERBSM induced significant increase of hemoglobin level 

compared to negative control. In the groups treated with 50 

and 400 mg/kg of AERBSM, blood platelet count was higher 

compared to negative control. The level of red blood cells and 

mean corpuscular hemoglobin concentration did not vary 

significantly between different groups. These results are 

similar to those of Tahir et al., [49] who shown that Acacia 

senegal extract prevented hematological disorders caused by 

gentamicin. In fact, blood platelets are the first to arrive at 

sites of acute lesions in order to aggregate and activate the 

healing process. On the other hand, hemoglobin is a 

metalloprotein found mainly in red blood cells. Gentamicin 

acts as an iron chelator by forming iron-gentamicin complex, 

powerful catalyst for generation of free radicals [50]. This 

suggests that AERBSM may act by inhibiting the binding of 

gentamicin to hemoglobin.  

The hemodynamic and inflammatory mechanisms of AKF 

were also associated with variations of certain serum 

biochemical parameters. The results showed that creatinine, 

serum urea and BUN levels of negative control group were 

significantly high compared to normal control. However, a 

significant decrease of these levels was noted in satellite test 

group compared to negative control. Following the 

administration of gentamicin, damaged cells are released into 

the lumen of the tubules and cause partial or complete 

obstruction responsible for a reduction of glomerular filtration 

resulting in increased serum urea and creatinine levels [51]. 

Aiswarya et al., [26] showed that aqueous extract of Pimpinella 

anisum prevented increase of serum creatinine, urea and BUN 

levels linked to administration of gentamicin. These results 

could be explained by the fact that AERBSM would lead to 

better recovery during reversibility.  

In this study, the levels of hepatic markers like ASAT, ALAT, 

direct bilirubin, serum alkaline phosphatase except direct 

bilirubin of negative control did not vary significantly 

compared to normal control. In the test groups of AERBSM 

50, 100 and 400 mg/kg, a significant increase of ASAT level 

compared to negative control was noted. However, in the 

satellite test group, a significant decrease of direct and total 

bilirubin levels compared to negative control was observed. 

The increase of ASAT level not correlated with that of ALAT 

and in the absence of cholestasis is not associated with a 

hepatic cause [52]. These results suggest that AERBSM doesn’t 

have a toxic effect on liver cells but rather a significant 

hepatoprotective in long term. 

Gentamicin accumulates in the epithelial cells of the cortex 

thanks to megalin/cubilin complex act, crosses the endosomal 

compartment to be found in the lysosomes, endoplasmic 

reticulum and other [53]. It binds to membrane phospholipids, 
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modifies their renewal and their metabolism and, 

consequently, causes phospholipidosis [54]. The membranes of 

the endosomal structures are disturbed and their contents 

(including the drug) spilled into the cytosol. Cytosolic 

gentamicin then acts directly and indirectly on mitochondria 

by interrupting the respiratory chain, alters ATP production, 

activates necrosis and produces oxidative stress by increasing 

superoxide anions and hydroxyl radicals, which also 

contribute to cell death [53, 54].In This study, the administration 

of gentamicin significantly increased MDA level with 

reduction of SOD, catalase and renal GSH levels in negative 

control compared to normal control. However, AERBSM 

induced a significant decrease of MDA level and an increase 

of SOD, catalase and GSH activity both in renal and in 

hepatic tissues compared to negative control. In satellite test 

group, the production of antioxidants was better than in 

control satellite. These results are similar to those of Ansah et 

al., [55] who showed that nephro-hepatoprotective effect of 

Terminalia ivorensis extract could be explained by their 

antioxidant activity. Alkaloids can act as scavengers for 

reactive oxygen species (antioxidants) by inhibiting lipid 

peroxidation and replacing of hydroxyl group with a methoxyl 

group [56]. Some saponins caused an increase of SOD level 

and decreased the index of cell death in a renal transplant 

model [57]. AERBSM could have similar effects. 

Histological analysis of kidneys of normal control animals 

revealed a normal structure clearly showing different 

elements that compose it (glomerulus, urinary space, distal 

and proximal convoluted tubules). Administration of 

gentamicin (80 mg/kg) to negative control provoked 

alterations such as tubular clarifications and degenerations, 

leukocyte infiltrations and mesangial expansion compare to 

normal control. However, the satellite controls animals and 

those receiving AERBSM at the dose of 400 mg/kg showed 

normal renal structure similar to normal control. Yarijani et 

al., [58] have also shown that crocin prevented 

histopathological modifications caused by administration of 

gentamicin to rats. Glucosides restore the capacity of renal 

function and accelerate the recovery of glomerulonephritis, 

toxicity of tubular cells and modification of intra-glomerular 

hemodynamics [59]. Linfert et al., [60] have shown that during 

AKF, inflammatory response is mainly mediated by immune 

cells. The recruitment of immuno-effector cells is facilitated 

by the secretion of adhesion molecules on kidney cells [61]. 

Necrotic cells release molecular signaling structures, such as 

dendritic cells, monocytes/macrophages and lymphocytes [60]. 

This suggests that AERBSM could stimulate the production 

of anti-inflammatory mediators which would allow a better 

repair of lesions during reversibility. 

Histological observation revealed that administration of 

gentamicin induced inflammatory granulomas in lungs tissue. 

However, no changes were observed in the liver tissue. These 

results are linked to the fact that gentamicin causes a lesional 

mechanism on the lungs but AERBSM did not prevent the 

lesions. This suggests that AERBSM would not have 

protective effect on the lungs. 

 

Conclusion 

At the end of this study, it emerges that the AERBSM has 

nephroprotective effects on AKF. These effects could be 

linked to its antioxidant properties, possibly due to the 

synergistic action of some classes of bioactive compounds 

(alkaloids, tannins, saponins and glucosides) present within 

the extract and which possess well known antioxidant 

activities. 
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