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Abstract  
Background: Nephrotoxicity is a common kidney condition affecting many people worldwide, with conventional synthetic drugs not often yielding 

desirable results. This study, therefore, aimed to assess the protective effect of Solanum macrocarpon on Cisplatin-induced nephrotoxicity in 

Wistar rats. 

Methods: Hydroethanolic extract of the leaves of S. macrocarpon was prepared and analyzed for basic phytochemical constituents. Cisplatin (5 

mg/kg) was administered to induce nephrotoxicity. The extract was administered at 100, 250, and 500 mg/kg for 10 days, and Silymarin standard 

(120 mg). After 10 days, the rats were sacrificed, and their blood samples and kidneys were collected for biochemical, hematological, and 

histopathological analyses. 

Results: The extract was rich in flavonoids, coumarins, terpenoids, and tannins. The serum levels of urea and creatinine were significantly 

higher in the Cisplatin group compared to the normal group. However, in the extract co-administered groups, there was a reduction in the urea 

and creatinine levels relative to the Cisplatin-only group. The kidney microarchitecture also improved with the administration of the extract. 

Conclusion: S. macrocarpon extract was effective in treating acute nephrotoxicity caused by Cisplatin at the microarchitectural level of kidneys. 

This protective effect might be attributed to the phytochemical constituents. The extract's 250mg/kg dose showed the best nephroprotective 

ability. 
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Background 
 

The Kidneys are one of the most important organs in the human 

body. They maintain the body in a steady state (homeostasis) by 

excreting metabolites (especially creatinine and urea) out of the 

body, regulating blood pressure, red blood cell production, and 

buffering blood pH [1]. However, when the kidneys become 

exposed to certain drugs and environmental toxicants, they get 

damaged. The condition, known as nephrotoxicity, occurs when 

drugs cause a rapid deterioration or worsening in kidney function 

as a result of their toxic effects [2]. Nephrotoxicity can lead to 

permanent kidney damage when kidney cells are exposed to stress 

for a prolonged period [3]. The prevalence of kidney disease is not 

something the world should take lightly. Studies suggest that 

approximately 756 million people suffer from kidney disorders, with 

2.3 million Ghanaians being affected with kidney diseases from 

1990 to 2017, resulting in 3,572 fatalities [4].   

Currently, novel interventions like erythropoietin stimulating 

agents, endothelin antagonists, glycosaminoglycans, and anti-

inflammatory agents are used to treat kidney ailments [5]. 

According to a study [6], the use of erythropoietin-stimulating 

agents may lead to various adverse effects, which include venous 

and arterial thromboembolism, thrombophlebitis, hypertension, 

ischemic heart disease, cardiac failure, arrhythmia, and cardiac 

arrest. Among these, venous thromboembolism is considered the 

most significant adverse effect. On the other hand, the use of 

endothelial antagonists may result in hepatic transaminitis, 

peripheral oedema, and anemia [7]. Non-steroidal anti-

inflammatory drugs (NSAIDs) can lead to gastrointestinal 

complications and renal disturbances [8]. At the same time, 

glycosaminoglycans can trigger autoimmune disorders by binding 

to cells that cause inflammation and ultimately leading to 

rheumatoid arthritis [9]. 

As such, there is a need to look for new treatment options that are 

more efficacious with fewer adverse effects. Solanum 

macrocarpon, also known as 'Gboma,' is one of these promising 

treatment options, as it has traditionally been used to treat kidney 

ailments. Its name comes from the Ewe language and means "leaf-

fruit," likely because the leaves and fruits are highly valued for their 

many uses – mainly in cooking food. This plant is predominantly 

found in the Volta region of Ghana and Togo [10]. S. macrocarpon 

is a tall nonwoody annual leafy and fruit vegetable which grows to 

an average height of 20 cm in Ghana. It has been reported to be 

the 3rd most crucial crop from the family Solanaceae [11-12]. The 

Gboma plant is widely distributed in West Africa. Both leaves and 

fruit are highly nutritious, containing protein, fiber, and minerals 

such as calcium, iron, and sodium [13-14]. A study by Oboh et al. 

[15] reported that S. macrocarpon's root has the potential to cure 

bronchitis, itching, body aches, asthma, and wounds. The seeds 

are commonly used to alleviate toothache, and the juice extracted 

from its leaves is used to treat gout, rheumatism, and angina. 

Additionally, it has been utilized as an anesthetic during childbirth, 

to treat inflammatory tumors and cancerous tissues, and to treat 

Parkinson's disease. This study was, therefore, designed to 

evaluate the nephroprotective ability of S. macrocarpon leaves in 

female Wistar rats.   

 

 

 

 

 

 

Methods 
 

Collection and preparation of plant materials 

 

S. macrocarpon leaves (Figure 1) were collected from Anwomaso 

in Kumasi (6.6666° N, 1.6163° W), Ghana. The leaves were 

carefully dried under shade for about three weeks to ensure 

thorough sample drying. They were then milled and then extracted. 

 

Animals  

 

The experiment was conducted using adult female rats weighing 

between 70 and 110 g. The animals were housed in the animal 

holding facility of the Department of Biochemistry and 

Biotechnology, KNUST, Kumasi. The animals had free access to 

standard feed (Mash, AGRICARE, Kumasi-Ghana) and tap water 

ad libitum except an overnight fast prior to commencement and at 

termination. Animals were handled as stated in the guidelines of 

the National Research Council’s Guide for Care and Use of 

Laboratory Animals [16] and protocol was approved by a 

veterinarian on the research team. All animals were humanely 

handled during the experiment. 

 

 

Hydroethanolic extraction of plant material 

 

The plant material was treated and extracted as previously 

described [17]. Briefly, 200g of milled S. macrocarpon powder was 

soaked in 1 litre of 50% hydro-ethanol for 24 hours. The extract 

was carefully decanted. The filtrate was concentrated using rotary 

evaporator and freeze-dried to obtain hydroethanolic S. 

macrocarpon leaf extract (SME). The extract was placed in a sterile 

zip-lock bag to prevent contamination and phytochemical analysis 

performed to assess basic content using standard methods (Table 

1). Doses were prepared based on each group's average body of 

the Wistar rats, with distilled water as the solvent.   

 

Experimental design 

 

In this experiment, 18 female Wistar rats were divided into six 

groups of three rats each. The SME was prepared at doses of 100, 

250, and 500 mg/kg body weight and administered orally to the 

designated groups throughout the study period. Cisplatin was only 

administered intraperitoneally to specific groups on day 7 of the 

experiment. As a standard, 120 mg of Silymarin was used. All 

Wistar albino rats used in the experiment were within the same 

weight range. All animal research was carried out by the 

Committee for the Monitoring and Control of Animal 

Experimentation’s guidelines. Protocols for all animal experiments 

were verified and approved by a veterinarian on the research team. 

The grouping and treatment of the experimental animals are 

outlined in Table 2. 

 

Sacrifice of rats and blood collection 

 

Extracts were administered for ten days. However, Cisplatin was 

injected on the seventh day. This allowed the extract to protect the 

kidney before the toxicant was injected. The rats were sacrificed on 

the 11th day by cervical dislocation after an overnight fast. Blood 

samples were collected into anticoagulant, dipotassium EDTA 

tubes via incision in the cervical region for hematological screening 

using the Sysmex Hematology System (USA). The other part was 

collected in gel and clot activator tubes and allowed to clot. The 
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clotted blood sample was centrifuged at 3500 rpm for 10 min to 

obtain the serum for biochemical indices. The kidneys were 

excised, weighed, rinsed in normal saline, and preserved in 10% 

formalin for histopathological analysis. 

 

Assessment of hematological and biochemical parameters 

 

Various hematological parameters, such as hemoglobin (HB), 

white blood cell levels (WBC), red blood cell levels (RBC), platelets 

(PLT), hematocrit (HCT), mean corpuscular volume (MCV), mean 

corpuscular hemoglobin concentration (MCHC) and mean platelet 

volume (MPV), were analyzed. Blood samples containing 

anticoagulants were used for the profiling with an automated blood 

analyzer (Sysmex XS-1000i).  

Additionally, biochemical indices, including alanine 

aminotransferase (ALT), urea, creatinine, potassium, and sodium, 

were determined using an automatic Chemistry analyzer (RX 

Monza) and manufacturer reagents. 

 

Histopathological assessment of kidney 

 

The kidneys were placed in 10% formalin for preservation, 

dehydrated using ascending grades of alcohol (50%, 70%, and 

90%) and xylene, and then embedded in paraffin wax. From each 

block, 5µm sections were cut. Representative sections of the 

kidneys were rehydrated with xylene and descending grade of 

alcohol (90%, 70%, and 50%), and then stained with hematoxylin 

and eosin dyes for histopathological analysis. A pathologist 

examined sections from each group using a light microscope 

(Olympus et al. BX43) at X100 magnification to observe any 

changes in kidney microarchitecture and determine the effect of 

treatments on the kidney tissues.  

 

Statistical Analysis 

 

The hematological and biochemical data were analyzed using 

GraphPad Prism 8. The results were presented as the mean ± 

standard error of the mean (SEM). Each data's mean was 

compared using a one-way analysis of variance (ANOVA) and the 

Tukey multiple comparison test at the 95% significant level.  

 

 

Results 
 

Phytochemical analysis 

 

Table 3 shows the observed phytochemical components of SME: 

flavonoids, saponins, tannins, alkaloids, coumarins, and terpenoids 

are present.  

 

Effect of Treatments on Hematological Parameters 

 

The administration of Cisplatin reduced red blood cell, and platelet 

counts while white blood cell counts increased. However, treatment 

with the SME effectively maintained these levels close to normal, 

except for platelet count (Table 4). 

 

Effect of Treatments on Serum Biochemical Indicators 

 

The use of Cisplatin resulted in a significant increase in serum 

levels of kidney biomarkers (creatinine and urea). However, 

Silymarin and SME partially maintained the biomarker levels close 

to normal (Table 5). 

 

Effect of Treatment on Kidney Microarchitecture 

 

The kidney cells showed signs of toxicity when treated with 

Cisplatin. This included damage to the glomerular apparatus and 

bowman capsule, a reduction in the number of nephrons, and 

tubular degeneration. However, the administration of Silymarin 

appeared to have a protective effect on the kidneys. In Figure 2c, 

kidney tissues treated with Silymarin showed intact functional units. 

Additionally, oral administration of SME reduced the damage 

caused by Cisplatin. The extract helped preserve the infiltrating 

apparatus of the kidneys, including the glomerular, convoluted 

tubules, and nephrons 

 

 

Discussion 
 

Kidney diseases are one of the leading causes of morbidity and 

mortality, with the actual incidence unknown in Ghana [18]. This 

study investigated the nephroprotective effects of Solanum 

macrocarpon against cisplatin-induced nephrotoxicity in female 

Wistar rats. Cisplatin is used as an antitumor drug. Although its use 

in cancer treatment has many advantages, it can cause damage to 

the nervous, auditory, gastrointestinal systems and kidneys [19]. 

This research/study observed that WBC levels increased 

after the administration of Cisplatin, possibly indicating an immune 

response to infection or inflammation [20]. Treatment with 

Silymarin and the extract successfully returned the levels to almost 

normal. This is inconsistent with previous findings [21, 22], which 

reported average to low levels of WBC when Cisplatin was injected 

for two to three weeks of the experiment. In their studies, the 

normal to low levels of WBC were attributed to the damage to bone 

marrow caused by prolonged tissue exposure to Cisplatin. 

However, a previous study reported that WBC levels significantly 

increased four days after receiving Cisplatin but returned to normal 

within a week of injection [23]. This is consistent with the current 

research. The sudden rise in WBCs may indicate an infection, as 

these cells protect the body against harmful pathogens. 

The hematological results indicated a significant 

reduction in red blood cell (RBC) and hemoglobin (HB) levels. 

Usually, as the kidneys detect low levels of oxygen, they produce 

erythropoietin hormone through renal Epo-producing (REP) cells. 

This hormone stimulates the increased production of red blood 

cells [24]. However, in diseased kidneys, the REP cells cannot 

produce erythropoietin, resulting in a decrease in red blood cells 

known as renal anemia. Different mechanisms have been 

projected to explain various phenomena, such as the destruction of 

bone marrow cells, the increased vulnerability of red blood cells to 

osmotic pressure, and the altered permeability of red blood cell 

membranes caused by Cisplatin [25]. These factors may cause 

anemia by reducing the activity of blood-forming tissues, hindering 

the production of red blood cells, and speeding up the breakdown 

of red blood cells. Cisplatin can also reduce HB levels by inhibiting 

erythropoiesis and impairing iron supply to erythroblasts. The 

extract partially maintained the RBC levels, with the most activity 

attributed to the 250 mg/kg, which performed better than the 

standard drug (Silymarin) available for treating kidney diseases.  

Furthermore, the platelet count was significantly lowered 

when Cisplatin was introduced. This decrease might be attributed 

to Cisplatin's inhibitory effects on bone marrow function, reduced 

platelet production, increased platelet consumption, or enhanced 

platelet aggregation following its administration. These findings 

affirm the intricate hematological alterations associated with 
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Cisplatin-induced nephrotoxicity and underscore the potential 

nephroprotective properties of S. macrocarpon leaf extract. 

The biochemical results showed that there was an 

increase in both serum creatinine and urea levels after the 

administration of the toxicant. Urea is typically removed from the 

blood by the kidney's glomeruli and is then eliminated through 

urine. However, due to the harmful effects of Cisplatin on kidneys, 

the glomeruli's urea clearance rate was lowered, resulting in an 

increased serum level of urea [26]. The decrease in creatinine 

clearance by the glomeruli and tubules in the rats treated with 

Cisplatin caused an increase in creatinine levels in these rats. 

Nevertheless, treatment with Silymarin and the extract brought 

these biochemical indices to lower levels. The 250 mg/kg extract 

provided better kidney protection. 

This protective function may be attributed to its ability to 

act as an antioxidant and anti-inflammatory agent against reactive 

oxygen species (ROS) and certain cytokines that may contribute to 

damage to the glomerular filtration rate. The effectiveness of S. 

macrocarpon extract may be attributed to the high antioxidant 

content generated from its phytochemical constituents -flavonoids, 

terpenoids, coumarins, and tannins [27]. These antioxidants are 

crucial in neutralizing free radicals generated when Cisplatin 

induces pores in the inner mitochondria membrane, releasing 

reactive oxygen species in the cells. These free radicals can cause 

oxidative stress, damaging vital tissues if not neutralized. This 

damage triggers the body's response involving two main 

mechanisms: programmed cell death (apoptosis) and accidental 

cell death (necrosis). Although apoptosis is generally safe, it can 

sometimes be pathological, while necrosis often leads to 

pathological conditions. The high antioxidant content of S. 

macrocarpon leaves containing flavonoids, terpenoids, coumarins, 

and tannins [28] likely contributed to its nephroprotective effect by 

preventing the destructive processes caused by free radicals. 

According to the results, the extract at a dosage of 250 mg/kg 

showed the best nephroprotection compared to 100 mg/kg and 500 

mg/kg of the extracts. 

 

 
Figure 1. S. macrocarpon leaves 

 

 
 

Figure 2. Micrograph of kidney tissues stained with Hematoxylin 

and Eosin dyes at X100 magnification. 

 

*The arrows indicate the Bowman capsules. In Fig (a), the black arrow 

shows a regular Bowman capsule, while in Fig (b), the red arrow shows 

an effaced Bowman capsule. Silymarin and the extract were able to 

preserve the bowman capsule from damage, as indicated in Fig (c), (d), 

(e), and (f) with black arrows 

 

 

Table 1. Phytochemical Screening 

Phytochemical  Method Observation  

Detection flavonoids 

 

Detection of phenolic compound   

Detection of coumarins 

Detection of tannins   

Detection of terpenoids 

Detection of cardiac glycosides 

 

Detection of saponins   

Detection of alkaloids 

1 mL extract + 5 drops of 20% NaOH + few 2ml dil. HCl 

 

1 mL of extract few drops of oil. Iodine solution 

Plant extract + 10 of NaOH/chloroform 

0.4 mL of extract+ 4 mL of 10 NaOH 

0.5 mL of chloroform +1 mL of extract few drops of conc. H2SO4. 

1 mL of glacial acetic acid + 2.5 mL of extract drops of ferric chloride 

solution 

0.5 mL of extract + 2 mL of water (shaken vigorously) 

3 mL of extract + few drops of iodine solution  

An intense yellow color becomes colorless 

on the addition of diluted acid 

No color change observed 

A yellow color 

Formation of emulsion 

A reddish-brown precipitate formed  

No color change observed 

 

Persistent foam for 10 min  

A blue color disappears on oiling 

 

Table 2. Experimental grouping and treatments given to rats 

 

No. Groups Treatment 

I Normal Water and food without extract and toxicant throughout the 10 days of the experiment. 

II Cisplatin only 5 mg/kg of Cisplatin on day 7 of the experiment. 

III Silymarin + Cisplatin 120 mg of Silymarin for 10 days and 5 mg/kg of Cisplatin on day 7. 

IV 100 mg/kg SME + Cisplatin 100 mg/kg of extract for 10 days and 5 mg/kg of Cisplatin on day 7.  

V 250 mg/kg SME + Cisplatin 250 mg/kg of extract for 10 days and 5 mg/kg of Cisplatin on day 7.  

VI 500 mg/kg SME + Cisplatin 500 mg/kg of extract for 10 days and 5 mg/kg of Cisplatin on day 7.  

*Cisplatin = Nephrotoxin, Silymarin = Standard drug used to treat kidney disease 
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Table 3. Phytochemical composition present in leaves of S. macrocarpon leaves 
 

Phytochemicals Presence 

Flavonoids + 

Saponins + 

Tannins + 

Phenols - 

Alkaloids + 

Cardiac glycosides - 

Coumarins + 

Terpenoids + 

Key: + = present, - = absent 

 

Table 4. Effect of treatments on hematological parameters 

 

Parameters Control Cisplatin only Cis + Sly Cis+100 mg/kg 

SME 

Cis+250 mg/kg 

SME 

Cis+500 mg/kg SME 

WBC(X109/L) 11.27 ± 0.09a 16.83 ± 0.55b 14.10 ± 0.12c 14.73 ± 0.33d 14.07 ± 0.43c 14.37 ± 0.64d 

RBC (x1012/L) 7.89 ± 0.42a 5.63 ± 0.19b 7.82 ± 0.50c 6.82 ± 0.65d 8.23 ± 0.08c 7.47 ± 0.25d 

HGB(g/dL) 13.40 ± 0.50a 12.07 ± 0.44a 14.33 ± 0.23a,b 12.30 ± 0.58a 14.40±0.31a,b 13.30 ± 0.49a 

HCT% 53.93 ± 2.24a 43.97 ± 1.03a 47.40 ± 4.35a 47.10 ± 3.88a 52.57 ± 2.22a 53.77 ± 0.91a 

MCV (fL) 74.13 ± 1.31a 66.20 ± 2.06a 75.00 ± 1.68a 70.43 ± 4.79a 77.33 ± 0.86a 72.37 ± 12.07a 

MCH (pg) 18.23 ± 0.24a 17.23 ± 0.87a 17.57 ± 2.17a 21.63 ± 2.60a 25.97 ± 8.02a 18.90 ± 1.08a 

MCHC (g/dL) 24.57 ± 0.22a 24.00 ± 2.55a 36.40 ± 5.29a 30.57 ± 1.91a 38.60 ± 11.80a 27.07 ± 2.88a 

MPV (fL) 8.33 ± 0.03a 7.47 ± 0.37a 8.10 ± 0.46a 7.27 ± 0.35a 7.93 ± 0.35a 7.20 ± 0.35a 

PLT(x109/L)) 1022.57 ± 39.72a 795.67 ± 7.84b 868.67± 22.84c 658.0 ± 43.51d 972.00 ± 9.87e 755.33±15.68d 

*Mean ± SEM (n = 3); different letters in superscripts indicate significant difference at p ≤ 0.05. white blood cells (WBC), red blood cells (RBC), hemoglobin (HGB), 

hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentrations (MCHC), mean platelet 

volume (MPV), platelet (PLT). 

 

Table 5. Effect of treatments on serum biochemical parameters 

 

Parameters Control Cisplatin only Cis + Sly Cis + 100 mg/kg 

SME 

Cis + 250 mg/kg 

SME 

Cis + 500  

mg/kg SME 

ALT (U/L) 79.93 ± 1.71 82.06 ± 0.50 75.13 ± 0.65 73.95 ± 1.65b 73.15 ± 0.03b 74.45 ± 1.93b 

CREA. (mmol/L) 40.90 ± 2.17 126.90 ± 16.28a 81.10 ± 24.88b 105.20 ± 14.20b 57.10 ± 3.12b 96.55 ± 15.79b 

UREA (umol/L) 8.96 ± 1.08 25.09 ± 0.19a 18.07 ± 1.59a 25.45 ± 0.47a 9.90 ± 0.57b 19.15 ± 0.66 

K+ (mmol/L) 6.73 ± 0.48 6.15 ± 0.09 6.45 ± 0.09 6.45 ± 0.03 7.35 ± 0.61 6.60 ± 0.12 

Na+ (mmol/L) 146.10±0.90 142.90 ± 0.98 144.90 ± 1.56 144.55 ± 1.41 142.80 ± 0.69 146.20 ± 1.33 

Cl- (mmol/L) 104.70±0.32a 101.15 ± 0.66b 102.22 ± 0.39b 102.30 ± 0.06b 106.10 ± 0.64d 103.50 ± 0.29d 

*Mean ± SEM (n = 3); different letters in superscript indicate significant difference at p ≤ 0.05. Alanine aminotransferase (ALT), creatinine (CREA.), sodium (Na), 

chloride (Cl-), potassium (K+). 

 

Conclusion 
 

The extract from Solanum macrocarpon leaves was found to 

effectively counter the harmful impact of Cisplatin on hematological 

and serum biochemical parameters. When used alongside 

Cisplatin, the extract safeguarded the proper functioning and 

protected the microarchitecture of the kidneys. The 250 mg/kg 

dosage provided the most effective nephroprotection among the 

tested doses. 
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ALT: Alanine aminotransferase 

CREA: Creatinine 
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