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Abstract:  We aimed to investigate the GC-MS 

analysis of the ethanolic leaf extract of 

Solanum aethiopicum and assess the effect of 

the extract on haematological parameters in 

PHZ-induced anaemia in rats.  The rats used in 

the study were divided into five groups. Group 

1 served as normal control and received food 

and distilled water throughout the experiment, 

group II stood for anaemia-induced rats 

serving as a negative control, group III 

represented anaemia-induced rats that 

received 5 mg/kg of the standard drug (ferrous 

sulphate), groups IV and V were anaemia-

induced rats that were administered 200 and 

400 mg/kg of S. aethiopicum ethanolic leaf 

extract respectively. GC-MS analyses of the 

ethanol leaf extract revealed 15 bioactive 

compounds, most of which have antioxidant 

and other biological potentials. PHZ reduced 

the level of the haematological parameters: 

packed cell volume (PCV), red blood cell 

(RBC) count indices, haemoglobin (Hb) level, 

mean corpuscular haemoglobin (MCH), mean 

corpuscular haemoglobin concentration 

(MCHC), mean corpuscular volume (MCV) 

except for white blood cell count (WBC). The 

ethanolic leaf extract of S. aethiopicum extract 

though dose-dependent reversed the decrease 

in the haematological parameters indicating 

that the plant has anti-anaemic/haemolytic 

properties. 
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1.0 Introduction 
 

Several investigations have established the 

beneficial role of most plants and their extracts, 

especially in medicinal/pharmaceutical and 

other applications. Anaemia is a condition that 

is characterized by a reduced number of red 

blood cells (RBCs) or decreased haemoglobin 
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concentration and poses a significant global 

health challenge (Loechl, et al., 2023). Some 

reported impact of anaemia is that it leads to 

reduced oxygen transport capacity, resulting in 

fatigue, weakness, and a range of other health 

issues. Common causes of anaemia include 

nutritional deficiencies, chronic diseases, and 

genetic disorders (Kajoba et al., 2024). 

Although some conventional therapies exist, 

they are confronted with limitations such as 

side effects, high costs, and limited 

accessibility, particularly in low-resource 

settings. As a result, there is growing interest in 

exploring natural remedies that offer safer, 

cost-effective, and more accessible alternatives 

(Zhu et al., 2021). 

Solanum aethiopicum, commonly known as the 

African eggplant or garden egg, is a widely 

cultivated plant in many African countries, 

including Nigeria.  The plant has traditionally 

been used in folk medicine for the treatment of 

various ailments, including anaemia, due to its 

rich nutritional and medicinal properties (Osei 

Bonsu et al., 2021). Previous studies have 

identified Solanum aethiopicum as a source of 

bioactive compounds, including alkaloids, 

flavonoids, saponins, and phenolic compounds, 

which are known for their therapeutic potential 

(Han et al., 2021). These compounds have been 

associated with a range of pharmacological 

activities, including antioxidant, anti-

inflammatory, and antimicrobial effects 

(Chaachouay and Zidane, 2024). However, the 

specific bioactive constituents responsible for 

the anti-anaemic properties of Solanum 

aethiopicum leaves and their modes of action 

have not been fully elucidated. However, most 

of the reported works on the medicinal 

applications of this plant are reported without 

detailed knowledge of its chemical 

composition.  

Gas Chromatography-Mass Spectrometry 

(GC-MS) is a powerful analytical technique 

widely used for the identification and 

characterization of complex mixtures of 

phytochemicals in plant extracts (Eddy et al., 

2011). GC-MS allows for the separation, 

detection, and structural elucidation of volatile 

and semi-volatile compounds, providing 

valuable insights into the phytochemical 

profiles of medicinal plants (Ma et al., 2024). 

By employing GC-MS, researchers can 

identify the key bioactive compounds in 

Solanum aethiopicum leaves, which may 

contribute to its anti-anaemic and 

haematological effects (Eddy et al., 2010).  

This study aims to characterize the 

phytochemical constituents of ethanol extracts 

from Solanum aethiopicum leaves using GC-

MS and to evaluate their anti-anaemic and 

haematological activities. By exploring the 

specific bioactive compounds present in the 

extracts and their potential mechanisms of 

action, this research seeks to provide scientific 

validation for the traditional use of Solanum 

aethiopicum in managing anaemia. Moreover, 

understanding the haematological effects of 

this plant could lead to the development of 

novel, natural therapies for anaemia and other 

blood-related disorders, offering a promising 

avenue for improving health outcomes, 

especially in regions with limited access to 

conventional medical treatments (Eze, 2023). 

To meet the aim of this study, Solanum 

aethiopicum leaves were extracted using 

different solvents and different studies 

including anti-haemolytic studies but to the 

best of our knowledge, absolute ethanol has not 

been used, hence this study was aimed at using 

GC-MS to determine the active ingredients in 

the S. aethiopicum ethanolic leaf extract and 

studying the effect of the extract on 

phenylhydrazine-induced anaemia and 

haematology indices in Wistar rats.  
 

2.0       Naterials and Methods 

2.1       Sample Collection and Identification 
 

 Leaf samples of solanum aethiopicum were 

obtained from Orie Ugba market, Umuahia, 

Abia state, and were identified by Mr. Udo of 

the forestry department, Micheal Okpara 

University of Agriculture, Umudike. The 
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leaves were rinsed and cleaned. The leaves 

were then air-dried for about seven days and 

were well-blended to a powdery state. The 

blended leaves were then kept in an air-tight 

container ready for extraction. 

 
Fig.1: Solanum aethiopicum growing plant 
 

2.2     Sample preparation 
 

The dried blended leaves were soaked in 96 % 

ethanol in an air-tight container (to avoid 

evaporation of the ethanol and contamination) 

for 48 hours and then filtered by the use of 

muslin cloth followed by filter paper. The 

filtrate was concentrated using a rotary 

evaporator at 37 – 40 oC. The concentrate was 

then allowed to stay in a beaker covered with 

perforated foil for the remaining solvent to 

evaporate completely. The extract was kept in 

a sample bottle in the refrigerator for analysis. 
 

2.3       Gas Chromatography-Mass 

spectrometry (GC-MS) analysis 
 

The GC-MS analysis of the organic crude 

extract isolated from leaves of S. aethiopicum 

was performed using a Perkin Elmer GC-MS 

(Model Perkin Elmer Clarus 500, USA). 2µl of 

the sample extract was injected into the GC 

column for analysis and the relative percentage 

of the chemical constituents in crude extracts 

from S. aethiopicum leaves was expressed as a 

percentage by peak area normalization. 
 

2.4    Identification of chemical constituents 
 

Interpretation of the mass spectrum of GC-MS 

was conducted using the database of the 

National Institute of Standards and Technology 

(NIST). The spectrum of the unknown 

components was compared with the spectrum 

of the known components stored in the NIST 

library. The name, molecular weight, structure 

and biological activities of the components of 

the test materials were ascertained. 
 

2.5      Experimental animal studies 
 

Healthy Wistar rats of both sexes were used in 

the experiment. The rats were housed for 

acclimatization in the animal house of the 

Department of Biochemistry, College of 

Natural Sciences, Michael Okpara University 

of Agriculture, Umudike, under normal 

standard environmental conditions of 

temperature (25–28 °C), humidity (35–60%) 

and 12 h light/12 h dark condition. The rats 

were allowed free access to feed and water ad 

libitum. Experimental procedures and animal 

handling were approved by the Board of the 

Department of Biochemistry, which was in line 

with the National Institute of Health’s 

guidelines for the care and use of Laboratory 

animals (NIH, 1978, publ. no. 8023; NRC, 

1985). Ethical principles of the World Health 

Organization for Good Laboratory Practice 

regulations of 1998 and United States 

guidelines for experimental animals (NRC, 

2010) were strictly adhered to throughout the 

study. 
 

2.6   Experimental design  
 

Twenty adult Wistar rats were randomly 

divided into five (5) groups. The 

haematological parameters of the rats under 

study were estimated. Apart from the rats 

serving as control, all other rats were induced 

with a single dose of 50 mg/kg 

phenylhydrazine (PHZ) via intraperitoneal 

(I.P) injection route for 2 consecutive days after 

an overnight fast.  The PHZ administration was 

according to Ekweogu et al., (2019) ‘when red 

blood cell (RBC) level as well as haemoglobin 

(Hb) concentration of the blood reduced to 

30% or less’. The rats were then observed for 

48 hrs during which they were fed with food 

and water ad libitum using a rat oral cannula, 
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after which the PCV of the rats was determined 

according to the procedures described by Ochei 

and Kolhatkar (2008). The rats with PCV lower 

than 50 % were considered anaemic and 

suitable for this study. The ethanolic leaf 

extract of S. aethiopicum was then 

administered orally to the rats for another 28 

days.  The rats were weighed daily throughout 

the experiment. 

Group 1 stands for non-induced rats which 

served as normal control and received food and 

distilled water throughout the experiment, 

group II stands for anaemia-induced rats 

serving as negative control (i.e. without 

treatment), group III represents anaemia-

induced rats that received 5 mg/kg of the 

standard drug (ferrous sulphate) purchased 

from Blessed Pharmacy, Umuahia, Nigeria), 

group IV are anaemia-induced rats that were 

administered  200 mg/kg of S. aethiopicum  

ethanolic leaf extract and group V are anaemia-

induced rats that received 400 mg/kg of S. 

aethiopicum ethanolic leaf extract daily for 

28 days. The method adopted was similar to the 

method of Oyeyemi et al., (2008) and Ogunka-

Nnoka et al., (2018).  
 

2.7   Acute toxicity studies 
 

 Ethanolic leaf extract of S. aethiopicum was 

studied for acute oral toxicity following the 

Organization for Economic Cooperation and 

Development (OECD) guideline 423 with little 

modifications. The extract was given in doses 

up to 5,000 mg/kg by oral route.  
 

2.7.1 Blood sample collection 
 

 Exactly 28 days post-treatment with ethanolic 

leaf extract of S. aethiopicum, the rats were 

fasted overnight, anaesthetized by exposure to 

chloroform vapour for three minutes and 

sacrificed. Blood samples were collected by 

cardiac puncture and dispensed into EDTA 

(Ethylenediaminetetraacetic acid) containers 

for haematological tests. Haematology 

parameters investigated include: Packed Cell 

Volume (PCV), Red Blood Cell (RBC) count 

indices and white blood cell count (WBC), 

haemoglobin (Hb) level, mean corpuscular 

haemoglobin (MCH), mean corpuscular 

haemoglobin concentration (MCHC), mean 

corpuscular volume (MCV), according to the 

methods described by Bain et al (2016). 
 

 2.7.2 Statistical analysis  
 

Data are given as mean ± standard error of the 

mean. Data were analyzed with analysis of 

variance (ANOVA) in which the negative 

control group was compared with the rest of the 

groups. Significance was set at p < 0.05. 
 

3.0    Results and Discussion 
 

The Gas Chromatography-Mass Spectrometry 

(GC-MS) analysis of the ethanolic extract of 

Solanum aethiopicum leaves identified several 

compounds with varying retention times, 

molecular weights, and peak areas. These 

compounds include a range of bioactive 

molecules with potential therapeutic 

applications. 
 

3.1    GC-MS analysis  
 

 While the GC-MS Chromatogram of the 

ethanol leaf extract of S. aethiopicum is shown 

in Figure 2, the signal peaks of the identified 

compounds are presented in Table 1, the 

physical properties and the biological effects of 

the bioactive compound in the extract are 

shown in Table 2 and 3 respectively. The GC-

MS analysis of the ethanolic leaf extract of S. 

aethiopicum showed the presence of 15 

bioactive compounds of known biological 

activities. This is in line with the findings of 

Zabbey et al., (2022). The GC-MS screening 

revealed that anthiaergostan-5,7,9,22-tetraen-

3-ol also known as ergosterol has the least 

retention time of 3.113 mins while 

methaqualone has the highest retention time of 

19.225 mins. Based on their structural features, 

Anthiaergostan-5,7,9,22-tetraen-3-ol has anti-

inflammatory, antioxidant, anticancer, 

antimicrobial, cardioprotective, neuroproective 

and skin health functions while Methaqualone 

is a sedative-hypnotic drug that was popular in 
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the 1960s and 1970s. It has several biological 

activities and unfortunately, an abuse potential 

as well due to its sedative and euphoric effects. 

Due to its high potential for abuse, WHO 

(1980), classified it as a Schedule I controlled 

substance in many countries. Methaqualone 

acts as a sedative-hypnotic drug which like 

other drugs in that category can result in the 

depression of the central nervous system (CNS 

depression) (Jeffcoat et al.,1989). It helps in 

muscle relaxation, has anticonvulsant activity, 

and anxiolytic activity (anti-anxiety) but causes 

respiratory depression in overdose situations 

(Rubin et al.,1972). The biological activities of 

Solanum aethiopicum ethanol leaf extract as x-

rayed in Table 3 are very crucial health desires 

hence Solanum aethiopicum leaves should be a 

household vegetable. The biological activities 

found out in this research work is in line with 

the findings of Zabbey et. al., (2022).  Also, the 

antimicrobial activity of the S. aethiopicum leaf 

extract agrees with the findings of Adeyinka et. 

al., (2021) with another species of solanum 

called Solanum sect. melongena. Anosike et al., 

(2012) in their research with methanol as the 

extraction medium concluded that “methanol 

extract of Solanum aethiopicum has anti-

inflammatory properties and can reduce 

inflammatory injury and tissue damage. 

Anosike et al., (2012) in another research also 

observed that the fruits of garden egg (S. 

aethiopicum) have anti-inflammatory activity 

when they studied the anti-inflammatory 

activities of this plant fruit using 

experimentally induced inflammatory models 

in rats.    

The Gas Chromatography-Mass Spectrometry 

(GC-MS) analysis of the ethanolic extract of 

Solanum aethiopicum leaves identified several 

compounds with varying retention times, 

molecular weights, and peak areas. These 

compounds include a range of bioactive 

molecules with potential therapeutic 

applications. 

For example, anthiaergostan-5,7,9,22-tetraen-

3-ol, with a retention time of 3.113 minutes and 

a molecular weight of 394 g/mol, showed an 

abundance of 5.89%. This compound is known 

for its anti-inflammatory, antioxidant, 

anticancer, and antimicrobial activities, and it 

may also have cardioprotective and 

neuroprotective effects. Benzoic acid, 4-(5,5-

dimethyl-1,3-dioxan-2-yl)-, methyl ester, 

observed at a retention time of 3.799 minutes 

and with a molecular weight of 250 g/mol, had 

an abundance of 4.12%. It exhibits 

antibacterial, anti-inflammatory, antimicrobial, 

antifungal, antiviral, and antioxidant 

properties, with additional potential for 

neuroprotection and analgesia. 

1H-1,2,4-Triazole, 3-methyl-5-(methylthio), 

with a retention time of 4.216 minutes and a 

molecular weight of 129 g/mol, had a peak area 

of 9.98%. It is noted for antimicrobial, 

antioxidant, anticancer, and anti-inflammatory 

activities. Dihexyl monoselenide, identified at 

a retention time of 7.731 minutes and a 

molecular weight of 250 g/mol, showed an 

abundance of 4.17%. This compound is 

recognized for its antimicrobial, antioxidant, 

anticancer, anti-inflammatory, 

immunomodulatory, and neuroprotective 

properties. Similarly, di-n-hexyl-diselenide, 

with a retention time of 9.023 minutes and a 

molecular weight of 330 g/mol, had an 

abundance of 11.54% and shares these 

properties: antimicrobial, antioxidant, 

anticancer, anti-inflammatory, 

immunomodulatory and neuroprotective 

activities  

Hexane, 1,1-oxybis-, observed at a retention 

time of 10.177 minutes and with a molecular 

weight of 186 g/mol, had a peak area of 

11.34%, though its biological effects are less 

documented. The compound 2,1,3-

benzoselenadiazole, 5,6-dichloro, had a 

retention time of 10.920 minutes and a 

molecular weight of 252 g/mol, with a peak 

area of 6.85%. This compound exhibits 

anticancer, antioxidant, anti-inflammatory, 

antimicrobial, and neuroprotective activities. 

Mercury, chloromethyl, with a retention time 
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of 11.189 minutes and a molecular weight of 

252 g/mol, had an abundance of 4.12%, but its 

biological effects are not well-characterized. 

N-[3-Aminophenyl]-1-piperidinecarbothioam- 

ide, observed at a retention time of 12.384 

minutes and with a molecular weight of 235 

g/mol, showed a peak area of 4.30%.  

 
 

Fig 2: Chromatogram obtained from GC-MS screening of the ethanolic leaf extract of 

S.aethiopicum.

 

Table 1: Signal peaks of the identified compound
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Table 2: Physical properties of bioactive compounds in the ethanolic leaf extract of S.aethiopicum. 

 

 

 

 

 

 

 

 

 

S/N Name/Molecular Formula of Compound 

 

Retention 

time (RT) 

(minutes) 

Molecular 

weight 

(g/mol) 

Peak 

Area/Abundance 

           (%) 

1 Anthiaergostan-5,7,9,22-tetraen-3-ol , C28H42O 3.113 394      5.89 

2 Benzoic acid, 4-(5,5-dimethyl-1,3-dioxan-2-yl)-, methyl ester or Methyl 4-

(5,5-dimethyl-1,3-dioxan-2-yl) benzoate/, C14H18O4 

3.799 250      4.12 

3  1H-1,2,4-Triazole,3-methyl-5-(methylthio)- C4H7N3S 4.216 129     9.98 

4 Dihexyl monoselenide, C12H26Se 7.731 250     4.17 

5 Di-n-hexyl-diselenide, C12H26Se2 9.023 330     11.54 

6 Hexane,1,1-oxybis- 

C12H26O 

10.177 186     11.34 

7  2,1,3-benzoselenadiazole,5,6-dichloro/5,6-Dichlorobenzoselenadiazole, 

C6H2Cl2N2Se 

10.920 252      6.85 

8 Mercury, chloromethyl, CH3ClHg   11.189     252      4.12 

9  N-[3-Aminophenyl]-1-piperidinecarbothioamide, C12H17N3S   12.384    235      4.30 

10 Methaqualone, C16H14N2O 13.018    250      8.71 

11 1-Methyl-2,5-dichloro-1,6-diazaphenalene, C12H8Cl2N2 13.892    250      6.43 

12 3-(2-Hydroxy-6-methylphenyl)-2-methyl-4(3H)-quinazolinone 

C16H14N2O2 

  14.390    266      7.19 

13 1-Methyl-2,5-dichloro-1,6-diazaphenalene, C12H8Cl2N2   14.858    250      4.67 

14 4(3H)-Quinazolinone, 3-(3-hydroxy-2-methylphenyl)-2-methyl 

C16H14N2O2 

  18.808    266      5.37 

15 Methaqualone, C16H14N2O    19.225    250      5.33 
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It is known for its antimicrobial, anticancer, 

analgesic, and antioxidant activities. 

Methaqualone, with a retention time of 13.018 

minutes and a molecular weight of 250 g/mol, 

had an abundance of 8.71%. This compound is 

recognized for its sedative, hypnotic, muscle 

relaxant, anticonvulsant, and anxiolytic effects. 

Another compound, 1-Methyl-2,5-dichloro-

1,6-diazaphenalene, with a retention time of 

13.892 minutes and a molecular weight of 250 

g/mol, had a peak area of 6.43% and was 

associated with antimicrobial activity. 

3-(2-Hydroxy-6-methylphenyl)-2-methyl-

4(3H)-quinazolinone, identified at a retention 

time of 14.390 minutes and with a molecular 

weight of 266 g/mol, had an abundance of 

7.19%. This compound is known for its 

antimicrobial, anticancer, anti-inflammatory, 

and neuroprotective effects. The same 

compound was identified again at a retention 

time of 14.858 minutes with a peak area of 

4.67%. 

 Lastly, 4(3H)-Quinazolinone, 3-(3-hydroxy-2-

methylphenyl)-2-methyl, with a retention time 

of 18.808 minutes and a molecular weight of 

266 g/mol, showed a peak area of 5.37%. It 

exhibits antimicrobial, anticancer, anti-

inflammatory, and neuroprotective activities. 

The GC-MS analysis results highlight the 

presence of several bioactive compounds in the 

ethanolic leaf extract of Solanum aethiopicum. 

These findings suggest significant potential for 

therapeutic applications, including anti-

inflammatory, antioxidant, anticancer, 

antimicrobial, and neuroprotective effects. The 

diverse range of identified compounds 

underlines the plant's value as a source of 

bioactive molecules with potential health 

benefits. Further research could elucidate the 

specific mechanisms through which these 

compounds exert their effects and explore their 

potential for drug development or therapeutic 

use. 

 

Table 3: Possible biological effects of some identified compounds in the ethanolic leaf extract 

of S. aethiopicum. 

 

S/N Structure Possible Biological Effects 

1 

 

Anti-inflammatory activity (Kadian and Punia, 2019). 

Antioxidant activity, anticancer potential, 

antimicrobial effect (K. Patel and P. Patel, 2016) 

Cardioprotective effect, neuroprotective activity, skin 

health function.  

2 

 

Anti-bacterial, anti-inflammatory, antimicrobial 

(Williams and Barry,1983), antifungal, antiviral, anti-

oxidant (Schewe and Yuen,1982), anti-cancer activities 

as well as neuroprotective and analgesic potentials. 

3 

 

 

Antimicrobial, antioxidant (Shah et al., 2011), 

anticancer, anti-inflammatory activities  
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4 

 

Antimicrobial (Schomburg & Schweizer, 2009), 

antioxidant (Rayman, 2000), anticancer (Hatfield & 

Gladyshev, 2002), anti-inflammatory (Brigelius-Flohé, 

& Maiorino, 2013), immunomodulatory (Avery & 

Hoffmann, 2018) and neuroprotective activities 

(Cardoso et al., (2018). 

 

5 

 

Antimicrobial (Schomburg & Schweizer, 2009), 

antioxidant (Rayman, 2000), anticancer (Hatfield & 

Gladyshev, 2002), anti-inflammatory (Brigelius-Flohé 

& Maiorino, 2013), immunomodulatory (Avery & 

Hoffmann, 2018) and neuroprotective activities 

(Cardoso et al., (2018). 

 

6 

 

  

7 

 

Anticancer (Pan et al., 2019), antioxidant (Zhang & 

Taylor, 2005), anti-inflammatory (Brigelius-Flohé & 

Maiorino,2013), antimicrobial (Spallholz & Hoffman, 

2002) and neuroprotective (Papp et al.,2007) activities. 

8 

 

 

9 

 

Antimicrobial(Gupta et al.,2010), anticancer (Chen et 

al., 2012), analgesic (Singh et al., 2002) and antioxidant 

activities.     

10 

 

Sedative and hypnotic effects, muscle relaxant activity, 

anticonvulsant activity and anxiolytic activity. 

11 

 

Antimicrobial activity.  
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12 

 

Antimicrobial activity, anticancer activity,  anti-

inflammatory activity and neuroprotective. 

13 

 

Antimicrobial 

14 

 

Antimicrobial activity, anticancer activity, anti-

inflammatory activity and Neuroprotective. 

15 

 

Sedative and hypnotic effects, muscle relaxant 

activity, anticonvulsant activity and anxiolytic 

activity  

3.2      Anti-anaemic Activity 

3.2.1   Acute Toxicity Result 
 

The acute toxicity test of the ethanol leaf 

extract of s. aethiopicum leaves on rats (Tables 

4 and 5) showed no form of aggressiveness, 

pile erection, decreased motor activity, tremors, 

convulsions, muscle spasm, diarrhoea or 

mortality deaths amongst the rats, even at 5000 

mg/kg, but touch response, respiration and 

alertness were observed.  There were no 

significant behavioural or neurological 

changes. Thus, no symptoms of toxicity were 

observed during the investigation and hence the 

leaves could be safe for both human and animal 

consumption.  
 

Table 4: Stage 1 Acute toxicity (LD50) evaluation of the extract 
 

Group Dose 

(mg/kg) 

No. of 

Deaths 

Percentage 

of mortality 

Observations 

1 200 0/3 0.00 No mortality was observed, instead, animals 

remained active and physically stable. 

2 500 0/3 0.00 No mortality was observed, instead, animals 

remained active and physically stable. 

3 1000 0/3 0.00 No mortality was observed, instead, animals 

remained active and physically stable. 
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Table 5: Stage 2 Acute toxicity (LD50) evaluation of the extract 
 

Group Dose 

(mg/kg) 

No. of 

Deaths 

Percentage 

of mortality 

Observations 

1 2000 0/3 0.00 No mortality was observed, instead, animals 

remained active and physically stable. 

2 3000 0/3 0.00 No mortality was observed, instead, animals 

remained active and physically stable. 

3 5000 0/3 0.00 No mortality was observed, instead, animals 

remained active and physically stable. 

 

3.3   Haematological Parameters 
 

The results of the effect of the plant leaf extract 

on the studied haematological indices are 

presented in Table 6. The table showed that 

induction of anaemia caused a significant (p < 

0.05) decrease in the levels of all the 

haematologic parameters except WBC.  A 

significant (p < 0.05) decrease was observed in 

the anaemic control group (group 2) for all 

parameters except for WBC. No significant 

difference was observed between group 1(the 

control) and group III treated with the standard 

drug. Whereas the group treated with the 

standard drug generally performed better than 

the group treated with 200 mg/kg of the extract, 

those treated with an increased dose of the 

extract (400 mg/kg) showed better 

performance than those treated with the 

standard drug and their performances can be 

compared to those in the normal group that 

were not induced with anaemia.  This indicates 

that there was a gradual reversal of anaemic 

condition when extracts of S.aethiopicum were 

administered to the rats and the rise in these 

factors was observed to be dose-dependent. 

Our studies revealed that phenylhydrazine 

reduced the level of the haematological 

parameters but the S. aethiopicum extract 

reversed them, especially at higher doses The 

increase in these blood parameters could be a 

result of the body’s response to the effect of the 

PHZ resulting in the production of blood cells 

in order not to deprive the animal of oxygen in 

circulation.  

 

Table 6: Result of ethanolic extract of S.aethiopicum on haematology 
 

Treatment 

Group 

Normal PHZ 

control 

Standard 

Control (5 

mg/kg 

Ferrous 

sulphate) 

S. 

aethiopicum 

200 

mg/kg/bw 

S. 

aethiopicum 

400 

mg/kg/bw 

RBC (x10^6) 6.95±0.07 2.78±0.12 7.65±0.05 4.83±0.11 7.85±0.18 

PCV (%) 45.20±0.37 24.80±0.86 45.37±1.06 44.60±0.40 50.60±0.60 

HB (g/dl) 15.52±0.19 8.32±0.19 15.45±0.19 12.04±0.19 15.51±0.18 

WBC (x10^3) 8.79±0.11 10.71±0.33 10.82±0.35 9.85±0.31 11.40±0.10 

MCV (fl) 65.10±0.91 63.31±1.30 65.31±0.09 62.08±1.36 67.05±2.73 

MCH (pg) 22.35±0.31 18.05±0.95 23.31±0.61 22.27±0.53 27.95±1.00 

MCHC (g/dl) 34.34±0.26 30.62±0.58 34.40±0.28 32.81±0.33 35.06±0.14 

RBC: Red blood cell, PCV: Packed cell volume, Hb: Hemoglobin, WBC: White blood cell, MCV: 

Mean corpuscular volume, MCH: Mean corpuscular haemoglobin, MCHC: Mean corpuscular 

haemoglobin concentration, Values are expressed as mean ± standard error mean. 



Communication in Physical Sciences, 2024, 12(1): 052-069 63 
 

 

 

The longer the treatment with the extract, the 

more significant (P< 0.05) increase there was 

with the higher dosage compared to the 

standard drug and the negative/PHZ control. 

This is in agreement with the findings of Ramu 

et al., (2019) who evaluated the haematinic 

activity of Tamarindus indica L. leaf extract.  

Our findings except on WBC are also 

concordant with the findings of Aduwamai et 

al., (2018), who studied the effect of Solanum 

nigrum methanol leaf extract on 

phenylhydrazine-induced anaemia in rats.  In 

line with this, Ogunka-Nnoka et al., (2018) 

observed that the ethanolic stalk extracts of S. 

aethiopicum showed a significant increase in 

PCV, Hb and RBC levels in albino-treated rats, 

Onyeabo et al., (2017) also observed that the 

PCV and RBC count in PHZ anaemia-induced 

albino rats increased significantly after 28 days 

of treatment with J. carnea extract. The 

findings of this work also aligned with the 

result obtained by Ekweogu et al., (2019) 

though they observed no significant changes in 

MCHC relative to the negative control. 

Our studies in addition are in agreement with 

the observations of Pandey et al, (2016), 

Aduwamai et al., (2017), Ramu et al., (2019). 

Our findings showed that the extract treatment 

increased the WBC level beyond the rise 

caused by PHZ, this is in contrast to the 

findings of Aduwamai et al., (2018), Onyeabo 

et al., (2017) and Ekweogo et al., (2019). They 

observed that the WBC increases on induction 

of phenylhydrazine and that treatment with 

both the extracts doses and the standard drug 

could not ameliorate the situation and the WBC 

levels decreased even as the extract 

concentration increased.  They attributed the 

elevated level of total WBC count in the rats 

induced with anaemia without treatment to the 

injury caused by PHZ.  Okonkwo et al., (2015) 

thought that the rat’s immune system may 

assume that the cause of anaemia could be a 

result of infection or disease and hence an 

increase in the production of white blood cells 

to fight such infections. WBC counts increase 

rapidly following exposure to foreign attacks 

on the system by toxins and pathogens. It is 

expected that there should be a significant 

increase in the WBC of the extract-treated rats 

to reverse the anaemic condition induced by the 

PHZ and boost the body’s immune system. 

Meanwhile, a system will boost its defence 

mechanism which is the WBC on suspecting of 

an attack (Eyong et al., 2004). A decrease in the 

haemoglobin (Hb) level in the blood (generally 

less than 13.5 g/dL in men and 12.5 g/dL in 

women) is an indication of the onset of 

anaemia. Iron deficiency, vitamin B(B12), or 

folate deficiencies decrease the production of 

Hb or may result in a defect in the structure of 

Hb (Rhodes and Varacallo, 2020) and a 

decrease in the number of RBCs. 

Phenylhydrazine (PHZ), though useful in the 

treatment of polycythemia vera and fever 

(Berger, 2007) has a toxic effect on red blood 

cells due to its activation of reactive oxygen 

species production hence it has been linked to 

oxidative stress (Berger, 2007) which induces 

haemolysis (Fibach and Rachmilewitz, 2008), 

Lim et al., (2000), and Fujii et al., (2021). This 

PHZ anaemic can be reversed by 

phytochemicals and the antioxidant vitamins 

present in plants. Antioxidants counteract 

reactive oxygen species (ROS).  S. eathiopicum 

contains phytochemicals and rich antioxidant 

vitamins hence its ability to exhibit anti-

anaemic properties. Zabbey VZ et. al., (2022) 

stated that S. aethiopicum leaves contained 

alkaloids, phenols, and flavonoids which are 

rich in antioxidants, tannins among other 

phytochemicals. Sheth et al., (2021) stated that 

among phenolic compounds, flavonoids seem 

to be the main substances responsible for bone 

marrow protection against the deleterious 

effects of phenylhydrazine. For the prevention 

and treatment of anaemia, iron which is the 

main constituent of haemoglobin is of great 

importance in the body. Deficiency of iron in 

the body causes severe disorders of which iron 

deficiency anaemia is the most important (Lieu 

et al., 2001). Saha et al., (2022) in their 
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research found that S. aethiopicum leaf powder 

among Moringa oleifera and Hibiscus 

sabdariffa, had the highest iron content (6.15 

mg/100 g DW) which is low compared to 

(36.86 mg/100g DW) recorded by Achikanu et 

al., (2013) and that S. aethiopicum leaf has the 

potential to address iron deficiency anaemia 

among children aged 6 to 23 months.  Uzu et 

al., (2017) in their research detected the 

presence of Ca, Mg, K, Mn, Fe, Cu, Zn and P 

in both ripe and unripe Solanum aethiopicum L. 

fruits with Fe having the highest percentage 

increase in concentration. Copper functions in 

haemoglobin synthesis and aids in the transport 

of iron to cells (Turnlund, 1998). Eggplant 

constitutes a high level of minerals (Fe2+, 

Zn2+ and Cu2+), vitamins (A, C, E, B) and 

phytochemicals such as polyphenols and 

flavonoids which are potent antioxidants, 

Anosike et al., (2011). The fruits and stalk of S. 

aethipicum possess ascorbic acid and 

flavonoids which have high antioxidant 

potential (Diatta et al., 2020).  Phytochemical 

studies of another species of Solanum, ‘S. 

macrocarpon’ leaves showed that the leaves 

contained appreciable quantities of flavonoids 

among other polyphenols (Komlaga et al., 

2014), and these flavonoids have strong 

antioxidant properties. These phytochemicals 

and secondary metabolites that have 

antioxidant activity have the potency that can 

protect the body's cells from oxidative stress 

and free radical damage (Chansiw et al., 2018) 

which causes hemolytic anaemia. According to 

Aduwamai et al. (2018), these antioxidants 

may have moped up free radicals and inhibited 

the anaemia induced by PHZ. According to 

Trivedi and Pandey (2020), some 

phytochemicals or herbs directly induce the 

resolution of anaemia while others act 

pleiotropically through their antioxidant 

activity either by increasing oxidative stress 

resistance or by triggering cellular 

mechanisms, like autophagy. Other 

phytochemicals and herbs resolve anaemia in 

the elderly via their antioxidant activity by 

targeting inflammation and subsequently 

reducing the anaemia associated with chronic 

inflammation (Macciò and Madeddu, 2012). It 

has been reported that the important protective 

antioxidant effects exhibited by apple vinegar 

were related to the phenolic and flavonoid 

contents of apple vinegar (Ousaaid et al., 2022) 

and that the synergistic interaction between 

bioactive ingredients of apple vinegar provides 

its ability to counteract phenylhydrazine-

induced haemolytic anaemia (Ousaaid et al., 

2022).  
 

4.0  Conclusion:  
 

Compounds with good antioxidant activity can 

protect and prevent organ injuries induced by 

PHZ and other toxic agents by quenching the 

activities of free radicals. The findings of this 

study have been able to reveal that beyond the 

use of the ethanolic leaf extract of S. 

aethiopicum in ameliorating phenylhydrazine 

induced-anaemia due to its rich antioxidant 

content, it also has anti-inflammatory, anti-

cancer, anti-microbial, anticonvulsant 

activities. In addition, it possesses analgesic, 

immunodulatory, cardioprotective, 

neuroprotective, muscle relaxant, anxiolytic 

and skin health functions.  The plant has the 

potential phytoconstituents and minerals that 

can help to improve the overall health benefits 

of those that feed on it.  

Based on the results and findings of the study, 

it is hereby recommended that S. aethiopicum 

leaves, fruit and even stalks should be 

consciously consumed either as snacks or as 

vegetables eaten as it is or included in daily 

diets for persons of all ages. It is also 

recommended that research be geared towards 

the development of industrial processes for the 

large-scale extraction of polyphenol and 

secondary metabolites concentrates of S. 

aethiopicum plant (and other species of 

Solanum) due to their numerous biological/ 

pharmacological potentials to serve as main, 

alternative, or adjuvant therapies in many 

diseases including various types of anaemia. In 

addition, this work lends voice to (Komlaga et 
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al., 2014) who suggested that there is an urgent 

need for a rapid increase of natural antioxidants 

in the food industry instead of synthetic 

antioxidants which have potential toxicity and 

carcinogenic effects. 
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