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ABSTRACT 

This study evaluated the chemical compositions, antioxidant and toxicological properties of 

ethanol-water leaf extracts of Justicia secunda and Jatropha tanjorensis. Proximate 

compositions were assessed using standard methods, while minerals, amino acids and 

phytochemical compositions were evaluated with the aid of atomic absorption 

spectrophotometer, amino acid analyzer and gas chromatography-mass spectrometer 

respectively. Antioxidant vitamins, total phenol, flavonoid contents, and free radical 

scavenging properties were also determined, while toxicological evaluation was via brine 

shrimp lethality assay. Both plants exhibited significant nutrient contents based on proximate 

and mineral analyses. Histidine and phenylalanine were the most abundant essential amino 

acids, while glycine and proline were the most prevalent non-essential amino acids in J. 

secunda and J. tanjorensis respectively. Notable amounts of phytochemicals were observed, 

with Jatropha tanjorensis having higher levels of sapogenin, anthocyanin, and anti-nutrient 

factors. GC-MS analysis revealed 62 and 52 bioactive compounds in J. secunda and J. 

tanjorensis respectively. J. secunda had higher levels of antioxidant vitamins C, E, and A, 

while J. tanjorensis demonstrated higher total phenolic and flavonoid contents. J. tanjorensis 

also displayed higher DPPH and ABTS radical scavenging activities, while J. secunda showed 

better FRAP. The brine shrimp lethality test indicated that the ethanol-water leaf extract of J. 

secunda exhibited higher toxicity (LC50; 7.59 x 102 ± 0.03µg/ml) compared to J. tanjorensis 

(LC50; 9.89 x 103 ± 0.03 µg/ml). The study has confirmed the forkloric claim of high nutritive 

and medicinal value of J. secunda and J. tanjorensis leaves. It showed that the plants contain 

significant amounts of bioactive compounds and antioxidants with free radical scavenging 

potentials but calls for caution in their use especially with J. secunda that had significant toxic 

effect on brine shrimp. 

 

Keyword: Phytochemistry, bioactive compounds, Proximate, amino acids, antioxidants, 

Brine shrimp lethality assay, Jatropha tanjorensis, Justicia secunda. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background of Study 

Natural products such as medicinal plants and herbs have long been used as sources of 

traditional medicine around the world (Heinrich, 2000). Plants are therefore arguably one of 

the most important resources nature has bequeathed man and animals (Shakya, 2016). Plants 

have been used for medicinal purposes for thousands of years, and their therapeutic benefits 

have been recognized by many cultures around the world (Khan, 2014). Dependence on these 

plants as sources of bioactive phytoconstituents and natural antioxidants to counteract the 

dangerous effects of free radicals generated in the body has tremendously increased in recent 

times due to their roles in boosting the immune system against COV-19 (Akbari et al., 

2022).This dependence on medicinal plants such as Justicia secunda  and Jatropha 

tanjorensis increased even further during the COVID-19 pandemic especially among 

developing countries and Africa where the cost of drugs and medical care is expensive as 

private individuals and families sought for alternative options to combat the pandemic (Luo 

et al., 2020; Khadka et al., 2021). According to a WHO survey, about 80% of people rely on 

traditional plants for basic health care (Gangal et al., 2020). These medicinal plants are known 

to contain various physiologically active substances   such as alkaloids, saponin, flavonoids, 

terpenpoids and phenolic compounds more commonly known as phytochemicals (Rabizadeh 

et al., 2022). These phytochemicals are secondary metabolites produced by plants which 

exhibit a range of biological activities (Koche et al., 2016). The ceaseless study of these 

secondary plant metabolites has yielded ground-breaking results in the area of pharmacology 

and drug development (Nwaogu et al., 2007). For instance, drugs such as vincristine, 

vinblastine, atropine, digoxin, quinidine, quinine, morphine and codeine just to mention but a 
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few have all been developed from plants (Rates, 2009; Abelson, 1990).  These plant-based 

chemicals or secondary metabolites have been found to exhibit various pharmacological 

properties, including anti-inflammatory, anti-cancer, anti-viral, antimicrobial and anti-oxidant 

activities (Zhu et al., 2018).  

Due to the presence of these bioactive substances, there is therefore an ever-increasing interest 

in studying the phytochemistry of medicinal plants and their potential applications in the 

management and treatment of various diseases. Studies have also shown that these 

phytonutrients confer significant antioxidant ability to medicinal plants making them excellent 

sources of natural antioxidants. Antioxidants are compounds that inhibit the oxidation of other 

molecules by neutralizing free radicals (Gulcin, 2020). Chronic oxidative stress has been 

implicated in the development and progression of chronic diseases such as diabetes, cancer, 

heart diseases and neurodegenerative disorders like Parkinson`s disease and Alzheimer`s 

disease. 

Therefore, the search for bioactive plant compounds and natural antioxidants from plant 

sources has continued to attract huge attention due to their potential as alternative therapeutic 

agents. 

1.2 Statement of Problem 

The potential health benefits of natural antioxidants have led to a surge in the exploration of 

plant-based resources. However, the antioxidant properties of Justicia secunda and Jatropha 

tanjorensis, despite their potential, remain underexplored due to a lack of comprehensive 

chemical characterization. The dearth of information about their proximate and mineral 

compositions, anti-nutrient factors, amino acid profiles, phytochemical compositions, and 

antioxidant potentials limits their potential applications. Moreover, the safety profile of these 

plants, a crucial factor for substances intended for consumption or topical use, is yet to be 
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thoroughly investigated. This study seeks to address these knowledge gaps, paving the way 

for the potential use of these plants in health and industry. 

1.3 Justification of Study 

Justicia secunda  and Jatropha tanjorensis have been traditionally used for medicinal 

purposes. By analyzing their phytochemistry and antioxidant properties, this study will 

provide scientific evidence to support their traditional uses and identify potential bioactive 

compounds that may be used in the development of drugs or natural products for various 

therapeutic purposes. This study will also examine the presence of anti-nutrient factors in the 

plants which can interfere with nutrient absorption and contribute to nutrient deficiencies. This 

information can be used to develop methods for reducing the anti-nutrient contents of the 

plants and improving their nutritional value. Furthermore, this study will examine the toxicity 

of the two plant extracts using brine shrimp lethality assay. Information derived from this 

preliminary study can be used to determine the safety of the plants for human uses and identify 

potential risks associated with their consumption. 

1.4 Aim of study 

The aim of the study was to determine the chemical characterization and antioxidant 

properties of the ethanol-water leaf extracts of Justicia secunda  and Jatropha tanjorensis. 

1.5 Specific objectives  

The specific objectives of the study are to: 

i. Determine the proximate compositions (ash, moisture, crude fibre, fat, protein and 

carbohydrate contents) of the plants. 

ii. Determine the mineral composition (Na, K, Ca, Mg, Cu, Zn, Fe and Mn) of the plants 

iii. Determine the anti-nutrient factors (tannins, phytate, oxalate, alkaloid, cyanogenic 

glycosides, phenolic acids) of the plants 



4 

 

iv. Determine the amino acid profile of the plants 

v. Assess the qualitative and quantitative phytochemical compositions of the plants. 

vi. Assess the antioxidant potentials (antioxidant vitamins, total phenolic content, total 

flavonoids, DPPH, ABTS, ferric reducing antioxidant power) of the plants. 

vii. Toxicological evaluate the plants’ extracts using brine shrimp lethality assay (BSLA). 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Justicia secunda  Vahl 

Justicia secunda  Vahl also known as St John`s bush is a perennial herbaceous plant and of 

the family "acanthaceae" (Yamoah et al., 2020). Justicia consists of about 600 species and is 

the largest member of the "acanthaceae" family (Gomez-Verjan et al., 2012; Khan et al., 

2017). J. secunda Vahl is of South American origin, but is now grown in tropical and sub-

tropical countries of the world such as Nigeria, Ghana, Congo, Cameroon and Cote di`voire 

(Mpiana et al., 2010; Koffi et al., 2013; Yamoah et al., 2020). It grows up to 1 to 5 meters in 

height (Osioma & Hamilton-Amachree, 2017; Arogbodo, 2020) and usually grows luxuriantly 

in humid soils near rivers or creeks mostly in tropical and sub-tropical regions of the world 

(Herrera-Mata & Rosas-Romero, 2002). J. secunda is known by different names among 

different countries, tribes and ethnicities. It is called “Sanguinaria" in Venezuela (Carrington 

et al., 2012), “Housimani" which literally means a plant that gives blood in Benin (Osioma & 

Hamilton-Amachree, 2017) "Blood root" in Bardodos (Carrington et al., 2012). In Akan 

language of Ghana, J. secunda is known as "Yahowafo mogyra duro" which means 

"Jehovah`s Witnesses blood tonic (Yamoah et al., 2020). The Igbos of South-Eastern Nigeria 

calls it “Obara bu ndu" which means blood is life or "ogwu obara" meaning blood tonic while 

the Yorubas call it "ewe eje" meaning blood leaf or "ewe ajeri" which means Jehovah`s 

witness’s leaf.  It is called "Asindiri" or "Ohawaazara” in Niger Delta region of Nigeria by the 

Ogbia people of Otuoke-Otuaba of Bayelsa State. Just as in South-Eastern Nigeria, Justicia 

secunda  vahl is also common in Democratic Republic of Congo and Cote di`voire where it is 

used in the treatment of anemia by Jehovah`s witnesses who are well known for their blunt 

refusal of blood transfusion (Mpiana et al., 2010). 
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2.2 Scientific classification of Justicia secunda  Vahl 

Blood root is scientifically classified (USDA, 2009) as belonging to the following:  

Kingdom             :        Plantae 

Clade                   :        Tracheophytes 

Order                   :        Lamiales 

Family                 :        Acanthaceae 

Sub-family          :        Acanthoideae 

Genus                  :        Justicia 

Species                :        Secunda 

Botanical Name   :        Justicia secunda  Vahl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Justicia secunda  Vahl leaves with flowers  
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2.3 Geographical distribution and botanical description of Justicia 

Justicia is the largest and most complex of the family "acanthaceae"(Gomez-Verjan et al., 

2012). A majority of them grow in tropical and subtropical regions of the world (Gomez-

Verjan et al., 2012). According to Ezcurra (1999b) about 300 species and 400 species are 

native to American continent and Asia respectively. Columbia is a home to about 85 species 

(Leonard, 1951) while nearly 75 species are found in Mexico (Daniel, 1993). According to 

Joergensen & LeonYanez (1999) there are 27 species in Ecuador, 28 species in Argentina 

(Ezcurra, 1993a) while 50 species are native to Peru (Brako & Zaruchi, 1993). Justicia are 

perennial plants or subshrubs that grow in erect or scandent forms (Kitadi et al., 2019). Justicia 

leaves have cystoliths and are petiolate, with a leaf border that is normally whole. 

Inflorescences appear in the form of spikes or panicle cimas and the species hardly possess 

solitary or axillary flowers (Kitadi et al., 2019). Their bracts and bracteoles are frequently 

visible and imbricate. Justicia species are distinguished by their bilabial corolla, which has a 

posterior lip with two lobes, an anterior lip that is three lobed, two stamens, a capsule with 

four seeds, and a basal sterile part (Kitadi et al., 2019). 

2.3.1 Justicia Species from Asia 

Ezcurra (1999b) reported that about 400 species of Justicia are native to Asia. The chemical 

and pharmacological properties of those Asian Justicia have been widely studied. Examples 

of such species are: J. adhatoda (Adhatoda vasica), J. procumbrens, J. ciliata, J. extensa, J. 

tranquebariensis, J. glauca, J. flava, J. prostate (mainly found in India), J. simplex (India), J. 

insulinarias (native to India), J. gendarussa (India) (Gomez-verjan et al., 2012). Among the 

Asian species, J. adhatoda also known as Adhatoda vasica (Claeson et al., 2002) stands out 

as most promising and important of this genus (Gomez-Verjan et al., 2012). In traditional 
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Hindu medicine, it is known as the "Malabar tree"(Claeson et al., 2002) and as "Vasaka" in 

Sanskrit (WHO, 1990). 

According to Atal (1980), J. adhatoda is popular in Ayurdevic medicine and Unani medicine 

among Indians since nearly 2000 years. Because of its medicinal properties, it is included in 

the "Manuel of Traditional Medicine in primary healthcare", and is recommended for both 

youth and adults for the treatment of bleeding hemorrhoids, cough, phlegm and asthma 

(WHO, 1999). 

2.3.2 African species of Justicia 

Justicia hyssopifolia which is common to the Canary Island is native to Africa and has 

abundance of arilnaftalen lignin called "ellenoside". It contains two lignans named J1 and J2 

(Navarro et al., 2004a). Ellenoside in J. hyssopifolia has the ability of inhibiting intestinal 

motility in vitro (Navarro et al., 2006b) and possess CNS depressant activity (Navarro et al., 

2004a). 

2.3.3 American species of Justicia 

Though about 300 species of Justicia are found within the American continent (Ezcurra, 

1999b), studies have shown that only 3 species namely: Justicia pectoralis, Justicia spicigera 

and Justicia secunda  have been chemically and pharmacologically studied (Gomez-Verjan 

et al., 2012). 

2.3.4 Justicia pectoralis 

Justicia pectoralis is native to American tropics and found mainly in the mainland of South 

and Central America (Gomez-verjan et al., 2012). Brazilians call it" Chamba" while Cubans 

call it "Tilo or Tila". Its commonest ethnomedicinal use in Brazil is as sedative, though it has 

also been used as expectorant hence the name "pectoral". 
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2.3.5 Justicia spicigera 

Justicia spicigera is native and common to the South and Central of Mexico and to Guatemala. 

It is known as “Mutile" in Mexican traditional medicine where it is majorly used against 

dysentery, because of its antimicrobial, parasitic activity and its effect on intestinal motility. 

Justicia reptans is yet another species of Justicia native to Guatemala and only one study has 

been done on this species (Alcami et al., 2008). 

2.3.6 Justicia secunda  Vahl 

According to Gomez-Verjan et al (2012), Justicia secunda  Vahl is commonly found in 

Central America and Northern South America where it is used in traditional medicine to treat 

kidney stone. Justicia secunda  vahl is now grown in tropical and subtropical regions of Africa 

including Nigeria, Ghana, Cameroon, Cote D’Ivoire and Democratic Republic of Congo 

(Koffi et al., 2013; Kitadi et al., 2019). J. secunda aqueous leaf extracts is characteristically 

pink to purple, due to its abundance of polyphenols such as tannins or anthocyanins (Osima 

& Hamilton-Amachree, 2017). 

2.4 Phytochemistry of Justicia 

Phytochemical screening of different species of Justicia secunda  Vahl revealed the 

abundance of polyphenols such as alkaloids, quinones, flavonoids, tannins, and leuco-

anthocyanins (Mpiana et al., 2010a). Mpiana and colleagues in another study, reported the 

presence of saponins, sterols, anthocyanins and terpenes in three species of justicia namely J. 

tenella, J. gendarussa and J. insularis (Mpiana et al., 2010b). According to the study, 

alkaloids were only found in J. tenella while tannins and leuco-anthocyanins were present in 

both Justicia insularis and Justicia gendarussa (Mpiana et al., 2010b). In fact Mpiana et al, 

(2010) attributed the antisickling activity of Justicia secunda  Vahl to the presence of 

anthocyanins. Presence of coumarins, glycosides, amines, amino acids, stigmasterol, lupeol 
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and aromatic amines have also been reported (Bedoya et al., 2008; Kitadi et al., 2019). 

Arogbodo (2020) also reported the presence of the following phytochemicals in Justicia 

secunda  leaf extract - saponins (2.33 ± 0.30 mg/g), tannins (0.55 ± 0.01 mg/g), glycosides 

(1.58 ±0.05 mg/g), steroids (2.65 ±0.02 mg/g), terpenoids (14.81 ± 0.04 mg/g) and flavonoids 

(0.48 ± 0.01 mg/g). Ajuru et al, (2021) compared the phytochemicals found in the root of 

Justicia secunda  to those found in the root of Justicia carnea. According to their findings, 

Justicia carnea contained more tannin and saponin, while Justicia secunda  contained more 

flavonoid, phytate, alkaloid, and cyanogenic glycoside (Ajuru et al., 2021). 

2.5 Ethnomedicinal uses of Justicia secunda  Vahl 

Different cultures and regions around the world use Justicia secunda  Vahl to treat a variety 

of diseases and conditions. It is used in traditional medicine in Central and Northern South 

America to treat kidney stones (Gomez-Verjan et al., 2012). It is used as an anti-pyretic in 

Venezuela, where it is known as "Sanguinaria" (Herrera-Mata et al., 2002). It is used in 

Columbia to treat a variety of infectious diseases, including glycemic disorders (Rojas, 2006). 

It is used to treat menstrual pain and non-specific infections in Trinidad and Tobago (Lans, 

2007b), and to treat snake bites and dysentery in hunting dogs (Lans et al., 2001a). According 

to Kone et al, the leaves of J. secunda are used to treat anemia, wounds, and abdominal pain 

in the lower regions of the body (Kone et al., 2012). Leaf decoctions of the plant are consumed 

in South Eastern Nigeria, the Democratic Republic of Congo, and Cote d'Ivoire to improve 

hematocrit count (Mpiana et al., 2010).  

2.6 Pharmacologically active compounds from different species of justicia 

Many pharmacologically active compounds have been isolated from different species of 

justicia. From Justicia adhatoda which is also known as adhatoda vasica, many compounds 
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have been isolated such as vasicine (a quinazoline alkaloid) (Dymock et al., 1890), vasicinone, 

vasicinol, adhatodine, peganine, anisotine, adhatodinine and adhavasinone (Huq et al., 1967; 

Willaman & Li, 1970; Atal, 1989; Chowdhury &Bhattacharyya, 1987; Bhat et al., 1978). 

Studies have also revealed presence of certain essential flavonoids such as quercetin, 

kaempferol and astragaline in the flowers of Justicia adhatoda. α-Amyrin (a triterpenoid) was 

also found to be contained in the flowers (Huq et al., 1967). 

One of the pharmacological studies by D`Cruz et al. (1979) found that essential oil from the 

aerial parts of Justicia adhatoda has a relaxing effect on tracheal vascular smooth muscle of 

guinea pig. Modak et al. (1966) and Dhar et al. (1968) also reported that ethanol extract of 

aerial portions of the plant produced hypoglycemic action in mice and rabbits. Study by Muller 

and others further revealed that methanol extract of the whole plant has anti-asthmatic and 

anti-allergic activities (Muller et al., 1993). Infusions of the aerial portions have been 

demonstrated to have activity on isolated bacteria from gingivitis sufferers (Patel et al., 1984). 

Nevertheless, studies by Naqvi et al (1991) reported no antimicrobial activity on yeasts, 

filamentous fungi, gram (+) and gram (-) bacteria. Anti-helminthic activity of ethanol extract 

of the root has been demonstrated (Lateef et al., 2003).  Of all the isolated compounds, the 

alkaloid "Vasicine" is the most studied and most promising. In vivo and in vitro studies have 

shown that, this compound has considerable bronchodilator action (Atal, 1980). Semi-

synthesis was employed to create the substance, bromhexine and its main metabolic product 

in man, ambroxol. The latter of which had strong mucolytic action. Both compounds are now 

widely used in a variety of medicinal preparations (Grange et al., 1996). Vasicine has also 

been demonstrated to trigger rhythmic contractions in human Myometer, a similar effect to 

oxytocin (Atal, 1980). Pharmacokinetic and pharmacodynamic studies on vasicine have 

revealed that it has a half-life of 5-7 minutes when administered intravenously and 1.5-2 hours 
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when administered intramuscularly. It is metabolized in the liver to vasicinone and other 

metabolites, and is excreted primarily in the urine (Atal, 1980). 

Compounds isolated from Justicia procumbrens are; neojusticine-A, neojusticine-B, 

taiwanine -E as well as juticidines-A, B, C and D (Ohta & Munakata, 1970). These compounds 

have demonstrated different pharmacological activities.  It has been shown that neojusticine-

A can cause platelet aggregation (Chen et al., 1996) whereas in rats, neojusticine-B has 

antiarrhythmic action (Lin and Zhong, 1982). 

Amongst the most exciting areas of research in these species is antiviral activity, as the lignans 

justicidine-A, B, C, and D; justicidinosides A, B, and C; and the dyphiline apioside isolated 

from aerial portions of J. procumbrens have exhibited remarkable activity against vesicular 

stomatitis virus. Furthermore, significant cytotoxic activity in rabbit lung cells was discovered 

(Asano, 1996).The following have been isolated from Justicia simplex: simplexoline, 

sesamoline, sesamine, asarinine, b-sitosterol (Ghosal et al, 1979a), 3-arylnaftalide lignans, 

justicines C and E ( Sastry et al., 1979).Further studies by Ghosal et al. (1980b) resulted in 

the isolation of justicisoline, simplexoside and justicisaponin (a triterpenic saponine) which 

demonstrated a significant anti-fertility effect in rats. In J. insularinarias which is also an 

Indian species, the following compounds were isolated; b-sitosterol and aromatic amines 

(Chakravarty et al., 1982). J. genderussa ethanol extracts have been proven in studies to have 

anti-arthritic properties in two separate physiological models (Paval, 2009). Many species of 

Justicia of Asian origin such as J. tranquebariensis have had arytetarline, (+)-laricireasinol 

and (+)- medioresinol isolated from them (Raju & Pillai,1989).  

Justicia glauca contains justiciresinol (Subbaraju et al., 1991) and jusglacucinol (Rajendrian 

& Subramanian, 1991). From J. spicigera, kampferitrine (Euler & Alam, 1982) and O-
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sitosteryl-3-b-glucoside, allantoin and cryptoxanthin (Dominguez et al., 1990) have been 

isolated. From J. pectoralis, the following have been isolated- coumarine, dihydrocoumarine, 

umbelliferone (Olveira et al., 2000), glycosylflavone (Joseph et al., 1988). 

 

Table 1: Some important pharmacologically active compounds isolated from different  

species of Justicia 

 

Isolated Compound Species Reference 

4,6-dipheny-2 pyrimidinilamine J.secunda Herrera-Mata et al., 2002 

Carboxylic and Eicosanoid acid J.secunda Herrera-Mata et al., 2002 

Glycosylflavone J. pectoralis Joseph et al., 1988 

Coumarines, dihydrocoumarine J. pectoralis Olveira  et al., 2000 

Umbelliferine, 1,2-benzopyrene J. pectoralis Olveira  et al., 2000 

Kampferitrine J. spicigera  Euler&Alam,1982 

O-sitosteryl-3-b-glucoside, 

Allantoin and Cryptoxanthin 

J. spicigera Dominguez et al., 1990 

Arytetarline J.tranquebariensis Raju & Pillai,1989 

(+)-Laricireasinol J.tranquebariensis      Raju & Pillai,1989 

(+)-medioresinol J.tranquebariensis Raju & Pillai,1989 

Justiciresinol J. glauca Subbarauju et al., 1991 

Jusglacucinol J.glauca Rajendrian&Subramania,1991 

Justicinol, helioxantine, (+)-

Isolariciresinol 

J.flava Olaniyi, 1980 

Vasicine J.adhatoda Dymock et al, 1980 

Vasicinone J.adhatoda Huq et al., 1967 

Vasicinol J.adhatoda Willaman & Li,1970 

Neojusticine-A and B J.procumbrens Ohta & Munakata, 1970 

Juticidines-A,B C&D J.procumbrens Ohta & Munakata, 1970 

Elenoside J.hyssopifolia  Navarro et al., 2004a 

Procumbrenoside J.procumbrens   Day et al.,2002 

Retoquinesine J .prostate  Ghosal et al.,1979a 

Taiwanine –E J.procumbrens  Ohta & Munakata, 1970 

Dyphiline J.procumbrens  Fukamiya et al., 2002 
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Table 2: Structures of some pharmacologically active compounds isolated from 

Justicia 
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2.7 Volatile bioactive components of Justicia secunda  vahl 

 

Justcia secunda is rich in different volatile bioactive components with many industrial and 

medicinal purposes. Odokwo (2020) carried out a study to investigate volatile bioactive 

components of Justicia secunda . The study identified and characterized twenty-four volatile 

phyto-constituents present in leaves and stem of Justicia secunda . The study showed the 

presence of four (4) sesquiterpenes, four (1) sesquiterpenoids, two (2) monoterpenoids and 

seventeen (17) non-terpenoids (Odokwo, 2020). The constituents of Justicia secunda  Vahl's 

oil are primarily C-10 monoterpenoids and the C-15 class (sesquiterpenes) and their 

derivatives (sesquiterpenoids). Terpenes and their derivatives contained the following volatile 

constituents: Patchoulene, guaia-1(10), longifolene (3aR, 4R, 7R)-1,4,9,9-tetramethyl-

3,4,5,6,7,8-hexahydro-2H-3a, γ-elemene, 7 methanoazulen-2-one and 5(1H)-azulenone,11-

diene (Odokwo, 2020). This was the first study that ever reported the presence of these 

bioactive phyto-constituents in the leaves and stem of Justicia secunda  that is native to 

Bayelsa State of Nigeria (Odokwo, 2020). 

Hamilton-Amachree and Uzoekwe (2017) also reported for the first time the GC-MS analysis 

of the chemical components present in the essential oil extracted by hydro-distillation from 

fresh leaves of Justicia secunda . Twenty-five compounds were detected from the study. 

According to the findings, the oil is high in polyunsaturated or polyenoic fatty acid methyl 

esters. The following compounds were found to be the most abundant: 9, 12, 15- 

Octadecatrienoic acid methyl ester (36.56%), 9-Octadecenamide (7.12%), E-14-Hexadecenal 

(6.3%), Trifluoroacetoxyhexadecane (6.00%), 1-Heptadecene (5.68%), Hexadecanoic acid, 

methyl ester (Methyl Palmitate) (5.06 %), Phytol acetate, methyl ester (4.33 %), 9, 12- 

octadecadienoic acid (3.40%). 
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2.8 Prominent medicinal properties of Justicia secunda Vahl  

2.8.1 Anti-hypertensive and anti-diabetic properties 

Pierre et al, (2011) evaluated the anti-hypertensive activity of total aqueous extract of Justicia 

secunda . The study revealed that total aqueous extract of J. secunda has a dose-dependent 

reduction of adrenaline (ADR) induced hypertension in rabbits (Oryctolagus cuniculus), 

suggesting the anti-hypertensive potentials of a total aqueous extract of J. secunda (Pierre et 

al., 2011). Abo et al, (2016) in a different study reported hypotensive and anti-hypertensive 

effect of total aqueous extract of J. secunda in rabbits. Numerous studies have also reported 

the antidiabetic activities of J. secunda. Marles and Farnsworth, (1995) reported antidiabetic 

properties of Justicia secunda  and its active constituents. In Trinidad and Tobago, J. secunda 

has been reported to be used in traditional medicine for the treatment of diabetes and its 

symptoms (Mahabir and Gulliford, 1997; Otaiza et al, 2006). Another study that supported 

the anti-diabetic potentials of J. secunda was that by Theiler et al, (2016). The study screened 

for α- glucosidase inhibitors in J. secunda using HPTLC bioautography. The study showed 

the α-glucosidase inhibiting potentials of extracts and fractions of J. secunda. Mea et al, 

(2017) in yet another study, reported the hypoglycaemic and anti-hyperglycaemic effects of 

J. secunda in Wistar rats. 

2.8.2 Anti-anaemic, haematinic and anti-sickling properties  

Justicia secunda  and some other Justicia species have been reported to possess anti-anaemic, 

haematinic and anti-sickling properties. Justicia secunda is commonly seen around 

compounds and dwellings of Jehovah`s witnesses in Nigeria, Ghana and Congo due to their 

doctrinal rejection of blood transfusion in anaemic conditions, hence they resort to using 

decoctions of J. secunda as haematinics. Teklehaymanot, (2000) reported the anti-anaemic 

activity of decoction of whole plant of J. secunda as traditionally used in Suriname and Congo. 
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N`guessan et al (2010) in another study reported the anti-depressant and anti-anaemic activity 

of infusion of J. secunda leaves. Yamoah et al, (2020) induced anaemia in adult Sprague-

Dewley rats using phenylhydrazine (PHZ) and treated the rats with water, ethyl acetate and 

methanol extracts of Justicia secunda . The study revealed a significant increase in the RBCs 

and Hb concentration in the rats treated with methanol and water extracts of J. secunda. The 

water extract showed the most significant increase (P<0.001) in the number of RBCs and Hb 

concentration compared with the vehicle-treated (normal saline) PHZ induced anaemic rats. 

The study indicated that water extract of J. secunda leaves possess excellent haematinic 

properties (Yamoah et al, 2020). According to Anyasor et al, (2020) extracts of J. secunda 

reduce plasma levels of liver function parameters. In the study, they investigated the 

haematological effects of J. secunda leaf extracts on carbon tetrachloride-induced toxicity in 

rats. Two different extracts: cold extracts of J. secunda leaves and hot extracts of J. secunda 

leaves were used. Findings from the study revealed that 100 and 200 mg/kg hot extracts of J. 

secunda leaves significantly reduced levels of plasma lactate dehydrogenase, alanine 

aminotransferase, aspartate aminotransferase and total bilirubin following CCl4 induced 

hepatotoxicity when compared to the untreated rats (Anyasor et al., 2020). The study further 

showed that white blood cell, hematocrit, red blood cell, platelet, hemoglobin and 

procalcitonin levels of the hot-extract of J. secunda treated animals were comparable to the 

control animals. The study therefore suggested that hot extract of J. secunda has the potential 

of normalizing hematological characteristics (Anyasor et al., 2020). Mpiana et al, (2009) 

reported the anti-sickling activity of J. secunda. Mpiana et al, (2010) further reported the anti-

sickling activity of three other species of Justicia from Kisangani (D.R Congo). The richness 

of Justicia secunda  in different phytochemicals has before now been implicated for its anti-

sickling and anti-anaemic properties without the knowledge of the particular phytochemical 
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involved until in 2010, when Mpiana et al, investigated and found anthocyanin to be 

responsible for its anti-sickling activity. They went further to provide molecular basis for the 

anti-sickling properties of anthocyanin from J. secunda. In the study, Itano, Emmel and 

osmotic fragility tests were employed to test the effects of anthocyanin extracts from J. 

secunda leaves on haemoglobin S solubility and sickle cell membrane stability. From the 

study, anthocyanins from J. secunda were once more confirmed to have anti-sickling activity. 

Treated SS red blood cells recovered a normal typical biconcave shape with a radius of 3.3 ± 

0.3µm comparable to that of normal erythrocyte (Mpiana et al, 2010). These findings 

suggested the essential role of anthocyanin extract in inhibiting polymerization of 

haemoglobin S and stabilization of red blood cell membrane (Mpiana et al, 2010). 

2.8.3 Hepatoprotective activity 

Hot extract of J. secunda has been reported to possess a better hepatoprotective activity in 

carbon tetrachloride (CCl4) induced hepatotoxicity in rats compared to cold extracts of 

Justicia secunda  leaves (Anyasor et al., 2020). Another study by Aimofumeh et al. (2020) 

investigated the effects of J. secunda leaf fraction on acetaminophen-induced oxidative 

damage in rat liver. The investigation revealed that animals treated with ethyl acetate leaf 

fraction of J. secunda had lower plasma hepatic enzymes, serum C-reactive proteins, and 

oxidized low-density lipoprotein levels, while hepatic catalase, superoxide dismutase, and 

reduced glutathione levels were higher than in the untreated control. Four (4) hepatoprotective 

compounds were also found in the ethyl acetate leaf extract of J. secunda using GC-MS. 

2.8.4 Antioxidant and anti-inflammatory properties 

Many studies have reported the antioxidant and anti-inflammatory properties of J. secunda. 

In 2017, Osioma and Hamilton-Amachree compared the phytochemicals and in vitro 

antioxidant properties of methanol leaf extract of J. secunda. The J. secunda leaf extraction 
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was done using 0.1% of hydrogen chloride (HCl) in methanol and 1% of HCl in methanol. 

Their findings revealed higher quantitative concentrations of phlobatannin, anthocyanins and 

phenol in 0.1% HCl extract as compared to 1% HCl extract. The antioxidant scavenging 

efficacy showed that higher percentage inhibition was observed from the 0.1% HCl 

methanolic extract of J. secunda in its ability to scavenge hydrogen peroxide, superoxide and 

1, 1-diphenylpicrylhydrazyl anion (Osioma and Hamilton-Amachree, 2017). Onoja et al, 

(2016) had also reported antioxidant and anti-inflammatory activities of methanolic extract of 

J. secunda leaf. The antioxidant activity was evaluated using 2, 2-diphenyl-2-picrylhydrazyl 

(DPPH) and ferric reducing antioxidant power (FRAP) photometric assay. The extract 

produced a concentration dependent increase in antioxidant activities in both FRAP and DPPH 

models. The optimum activity of the extract was at 400µg/ml in both FRAP (1.58µm) and 

DPPH (54.07%) assays (Onoja et al., 2016). In 2020, another study by Anyasor et al found 

that hot extract of Justicia secunda  leaves contained more total flavonoids and phenols than 

cold extract of J.secunda leaves. Hot extracts of J. secunda leaf extracts further exhibited 

significantly greater ferric reducing antioxidant power and thiobarbituric acid and 1,1-

diphenyl-2-picrylhydrazyl scavenging activity than cold extract of J.secunda leaves (Anyasor 

et al., 2020). Still in 2020, Koffi et al carried out a study to investigate the effects of freeze-

drying and spray-drying on total phenolics content and antioxidant activity of aqueous extract 

of J. secunda leaves. Their findings revealed higher content of polyphenols and antioxidant 

capacity in the powdered J. secunda extract obtained from freeze-drying than that obtained 

by spray-drying. The study therefore suggested freeze-drying technology as a better method 

to preserve polyphenol structure and by extension their antioxidant capacity in aqueous 

extracts of J. secunda leaves (Koffi et al, 2020).  The anti-inflammatory properties of J. 

secunda were reported by Onoja et al, (2016). They investigated the anti-inflammatory 
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activity of methanolic extract of J. secunda leaves using Carrageenan and Formalin-induced 

paw edema models. According to the study, the extract showed (P< 0.05) dose-dependent 

increase in anti-inflammatory activities. The anti-inflammatory activities of the extract 

(0.4g/kg) were comparable with pentazocine and aspirin, the reference drugs used in the study 

(Onoja et al., 2016). Another study by Anyasor et al, (2019) evaluated the anti-inflammatory 

activity of J. secunda leaf extracts using in vitro and in vivo inflammation models. Findings 

from the study revealed that methanol extract of J. secunda leaves showed sufficient anti-

inflammatory actions in the in vitro and in vivo models. The study further proposed the anti-

inflammatory mechanisms of action of methanol extract of J. secunda leaves are through 

interference with phase 2 inflammatory stressors, stabilization of inflammatory cell 

membranes and immunomodulatory activity as well as up regulation of cytoprotective genes 

(Anyasor et al., 2019). 

2.8.5 Sedative, analgesic and antinociceptive properties 

Justicia species possess sedative, analgesic and antinociceptive properties. They generally 

have CNS effects hence their utilization in management of epilepsy, mental disorders, fever 

and headaches as a result of their sedative, analgesic and antinociceptive activities (Cano and 

Volpato, 2004; Gorzalczary et al., 2011; Gomez-verjan et al., 2012; Khan et al., 2017). Onoja 

et al. (2017) reported the antinociceptive activities of methanolic extract of J. secunda leaf. In 

the study, antinociceptive activity was evaluated using acetic acid-induced writhing reflex and 

tail flick test models. The extract produced a significant (p<0.05) dose-dependent increase in 

antinociceptive activities. They further reported antinociceptive activities of extract of (0.4 

g/kg) to be comparable with the reference drugs, pentazocine and aspirin. 
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2.8.6 Anti-microbial and antibacterial properties 

Justicia secunda  has been reported to possess antimicrobial and antibacterial activities. Rojas 

et al (2006) in search for alternative antimicrobial agents against nosocomial infections 

screened ten medicinal plants used in Colombian folkloric medicine. The following 

microorganisms were used in the study: Escherichia coli, Bacillus cereus, Streptococcus β 

hemolytic, Pseudomonas aeruginosa, Staphylococcus aureus (bacteria) and Candida albicans 

(yeast). The antimicrobial activity of ethanol, hexane and water extracts of J. secunda was 

tested against these microorganisms revealing that ethanol extract of the plants were active 

against Staphylococcus aureus except J. secunda (Rojas et al., 2006). J. secunda presented 

the lowest minimal inhibitory concentration (MICs) against Escherichia coli (0.6µg/ml) 

compared to gentamycin sulfate (0.9µg/ml). Furthermore, J. secunda showed a minimal 

inhibitory concentration against Candida albicans (0.5µg/ml) comparable to nystatin 

(0.6µg/ml) (Rojas et al., 2006). Among the plants tested, J. secunda extract was the most 

active against Candida albicans (Rojas et al., 2006). This suggests that J. secunda could be a 

source of new antimicrobial agents, particularly against Candida albicans (Rojas et al., 2006). 

Six years later Carrington et al. (2012) in another study investigated antimicrobial activity of 

methanol and acetone extract of J. secunda against Pseudomonas aeruginosa (ATCC 27853), 

Staphylococcus aureus (ATCC 25923) and clinical strain of Enterococcus faecalis which are 

commonly found in diabetic wounds. The result showed that methanol and acetone extracts 

of J. secunda with an extraction yield of 15.3% and 0.75% respectively yielded no activity 

within the concentration range against the three bacteria strains tested (Carrington et al., 

2012). In another recent study, Ayodele et al (2020) evaluated the phytochemical composition 

and in vitro antibacterial activity of methanol, aqueous and ethanol leaf extracts of J. secunda 

on these clinical pathogens: Escherichia coli, Bacillus cereus, Staphylococcus aureus, 
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Pseudomonas aeruginosa and Listeria monocytogenes. According to the study, all the extracts 

of J. secunda showed antibacterial activity against all the bacteria tested at 150mg/mL with 

the exception of aqueous and methanol extracts that showed no activity against E. coli 

(Ayodele et al., 2020). The MIC of the aqueous extract was 37.5 mg/mL for B. cereus and L. 

monocytogenes, 150 mg/mL for S. aureus, and 18.75 mg/mL for P. aeruginosa, with no 

activity against E. coli. On all the tested bacteria, the methanol extract exhibited a minimum 

inhibitory concentration of 18.75mg/mL except E. coli which showed no activity. On the other 

hand, ethanol extract showed minimal inhibition concentration of 75mg/mL on P. aeruginosa 

and on other bacteria at a minimal inhibitory concentration of 18.75mg/mL. This study further 

shows that J. secunda could be promising in the future design of antibacterial drugs (Ayodele 

et al., 2020). 

2.9 Jatropha tanjorensis 

Jatropha tanjorensis (J.L Ellis & Saroja) is a perennial herb belonging to Euphorbiaceae 

family (Omoregie and Osagie, 2012). The name “Jatropha” is of Greek origin, derived from 

the words “Jaras and trophe” meaning doctor and food respectively and directly suggesting 

the therapeutic and nutritional properties of this plant (Kumar and Sharma, 2008; Sabandar et 

al., 2012). Numerous researches have reported fascinating medical and biological constituents 

and activities of different Jatropha species including Jatropha tanjorensis Ellis & Saroja 

(Sabandar et al., 2012). Jatropha tanjorensis is native to Central America, though it has now 

naturalized in various tropical and subtropical countries of the world such as Nigeria, India, 

North America and Africa (Oyewole and Akangbala, 2011). J. tanjorensis is popularly known 

as “Reverend father`s vegetable” or “Catholic vegetable” (Arun et al., 2014). In Nigeria, the 

leave is commonly known as “Hospital too far” owing to its quick and miraculous hematinic 

activities in anaemic conditions. J. tanjorensis is known by different names among different 



24 

 

ethnic groups and languages of Nigeria. The Igbos of Southern Nigeria call it “Ugu-oyibo 

(Nwachukwu, 2018) or “Ulo ogwu di anya” which simply and literally translates to “Hospital 

is too far”. The Yorubas of South Western Nigeria call it “Iyana-Ipaja” or “Lapa-lapa” 

(Iwalewa et al., 2005; Igbinaduwa et al., 2011) while the Hausas` call it “Bindazugu” 

(Oyewole et al., 2007; Ebe and Chukwuebuka, 2019). The Tivs of Northern Nigeria call it 

“Kon-Awambe”. 

2.9.1 Scientific classification of Jatropha tanjorensis Ellis & Saroja 

Scientifically, J. tanjorensis is classified as follows 

Kingdom              :     Plantae 

Phyllum                :    Tracheophyta 

Class                     :    Magnoliopsida 

Order                    :    Malpighiales 

Family                  :    Euphorbiaceae 

Genus                   :    Jatropha 

Species                 :    Jatropha tanjorensis (J.L Ellis & Saroja) 

 

 

 

 

 

 

 

 

 

 

  

 

 

 Figure 2. 2: Jatropha tanjorensis leaves growing in its natural habitat 

 

 

2.9.2 Botanical description and geographical distribution of J. tanjorensis 

Jatropha tanjorensis is a sociable and luxuriant shrub. It is a naturally occurring hybrid of 

Jatropha carcass and Jatropha grossypifolia (Anwar, 2007). It grows to a height of about 6m, 
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with spreading branches from stubby twinges and smooth gray bark that oozes whitish latex 

when incised (Nwachukwu, 2018). It is long-stemmed, thick and dichotomously branched; 

the branches are hairy when young but hairless when mature (Ellis and Saroja, 1962). The 

leaves of J. tanjorensis are palmate in nature with 3 -5 lobes. Jatropha tanjorensis is native to 

Central America but has spread to many tropical and subtropical nations, including India, 

Africa, and North America (Prabakaran and Sujatha, 1999). J. tanjorensis is a prevalent weed 

of field crops in Africa, primarily in West African rainforest zones such as Nigeria (Iwalewa 

and Agana, 2005). It is commonly grown in Southern Nigeria where it serves ornamental and 

fencing purposes (Oboh and Masodje, 2009) especially around catholic churches and 

Reverend fathers` lodges earning it the names “Catholic vegetable” and “Reverend father`s 

vegetable”. In India, J. tanjorensis is common in the following –Tiruchirappalli, Pudukottai, 

Thanjavar and Ramanathapuram districts in Tamil Nadu and Pondicherry (Viswanathan et al., 

2018). 

2.9.3 Ethnomedicinal uses of Jatropha tanjorensis 

Jatropha species have enormous ethnomedicinal significance. They are used in traditional 

folklore medicine to cure different ailments in Latin America, Asia and Africa (Heller, 1996) 

where they have been reported to have minimal side effects (Cowan, 1999). J. tanjorensis and 

many jatropha species are known for their purgative properties which make them essential in 

the cure of vomiting, retching, dysentery, diarrhea and stomach ache (Sabandar et al., 2013). 

In Nigeria, J. tanjorensis is used in the treatment of malaria infection and hypertension (Orhue 

et al., 2008). The leaves are eaten as vegetable as well as applied in diabetes treatment 

(Olayiwola et al., 2004; Mensah et al., 2008). J. tanjorensis is used in homeopathic medicine 

for the treatment of leg cramps, diarrhea, colic, cyanosis, collapse cramps and cold sweats 

(Viswanathan et al., 2018). Its seeds, barks, roots, leaves, fruits, and latex are used to cure a 
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variety of ailments in many parts of the world (Rajore and Batra, 2003). Indians use the juice 

and crushed leaves of J. tanjorensis on wounds and refractory ulcers (Kirtikar and Basu, 

2001). In addition, the juice from J. tanjorensis has been used successfully to treat ringworm, 

scabies, and eczema. According to Hartwell (1969), leaves of J. tanjorensis are antiparasitic, 

rubefacient and are applied on hard tumours. The young leaves of J. tanjorensis have been 

reported to possess diuretic, abortifacient, antiseptic, anodyne, depurative cicatrizing, 

lactogenic,vermifuge, purgative, vulnerary, styptic, emetic and narcotic properties 

(Viswanathan et al., 2018). J. tanjorensis latex has been shown to be highly effective against 

watermelon mosaic virus (Tewar and Shukla, 1982). It is also used topically to treat sores, 

ulcers, and swollen tongues, as well as stings from bees and wasps (Watt and Brandwijk, 

1962; Perry, 1980). Duke and Wain (1981) highlighted its piscicidal, raticidal, and homicidal 

abilities. Morton (1981) reported that Colombians consume J. tanjorensis leaf decoction to 

treat sexually transmitted infections. Similarly, root decoction of J. tanjorensis is used as a 

mouth wash to treat bleeding gums, toothache and dysentery (Locket et al., 2000). One of its 

main ethnomedicinal uses is its use as a quick haematinic in anemic conditions. It can also be 

used as an alternative to lettuce in salad preparation as well as in preparation of porridge yam 

just like fluted pumpkin leaves. According to Albuquerque et al., (2006), local people of 

Perambuco, Alagorinha and Northeastern Brazil drink water diluted with latex of J. 

tanjorensis to treat snake poisoning. J. tanjorensis roots are used to ensure a healthy foetus 

during pregnancy, as well as to treat irregular menstrual cycles and menstrual pain (Van Wyk, 

2005). Traditionally, extracts of the leaves have also been reported to treat skin diseases, 

anemia and cardiovascular diseases (Oduola et al., 2005; Iwalewa et al., 2005). 
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2.9.4 Phytochemistry of Jatropha tanjorensis 

Phytochemical screening of leaves of J. tanjorensis revealed the presence of biologically 

active constituents such as alkaloids, anthraquinones, flavonoids, cardiac glycosides, saponins 

and tannins (Omoregie and Osagie, 2007; Igbinaduwa et al., 2011). These plant based 

bioactive compounds are known as secondary plant metabolites. They are not essential for 

plant`s normal growth, reproduction and development. Aside from being employed directly 

as medications, secondary plant metabolites can also be used as pharmacological probes, 

templates for synthetic alteration and as drug precursors. A good amount of these plant-based 

compounds are polyphenols. Polyphenols are a diverse and complex collection of secondary 

plant metabolites that are vital for plant physiology, with roles in pollination, pigmentation, 

structure, growth, allelopathy and disease-predator resistance. Polyphenol research has piqued 

the interest of researchers due to its intriguing antioxidant capacity. It has been reported that 

they have anti-proliferative, anti-allergic, anti-carcinogenic, antiviral, antioxidant and anti-

inflammatory properties. A study by Viswanathan et al., (2018) isolated friedelin, β-amyrin, 

stigmasterol and R-(+) 4- hydroxyl-2-pyrrolidinone with different biological activities. 

Oladoye et al. (2014) later isolated taxaxer-14-en-3-one and taxaxerol. 
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Figure 2.3 Chemical structures of bioactive compounds isolated from the leaf of J. 

tanjorensis (Viswanathan et al., 2012; Oladoye et al., 2014; Viswanathan et al., 2018). 
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2.9.5 Medicinal properties of Jatropha tanjorensis (Ellis & Saroja) 

2.9.5.1. Antimicrobial and antibacterial activities 

 

Antimicrobial and antibacterial activities of Jatropha tanjorensis are among the most studied 

therapeutic qualities of the plant. Sekran (1998) conducted the first study on the antimicrobial 

activity of the leaf extract of Jatropha tanjorensis. Sekran tested the antimicrobial activities 

of J. tanjorensis ethanol extract on selected gram-positive and gram-negative bacteria. The 

study showed positive activity against gram-positive Bacillus cereus, Staphylococcus aureus, 

Bacillus subtilis, and gram-negative Mycobacterium phlei and Escherichia coli (Sekran, 

1998). Eleven years later, Oboh and Masodje designed a similar study in which they tested 

the antimicrobial activity of aqueous extract of J. tanjorensis leaves against gram-positive 

Staphylococcus aureus and gram-negative Escherichia coli bacteria and measured their zones 

of inhibition. Both organisms were sensitive to the extracts, with inhibition zones of 1.6 cm 

and 1.13 cm for S. aureus and E. coli, respectively (Oboh and Masodje, 2009). Another 

remarkable study conducted by Viswanathan et al (2012) from India revealed that the 

antibacterial potency of Jatropha tanjorensis was larger than that of Jatropha curca. Methanol 

extract was more effective against Klebsiella pneumonia, Salmonella paratyphi, Proteus 

vulgaris, Staphylococcus epidermis, and Vibrio alcaligenes in that investigation (Viswanathan 

et al., 2012). Aeromonas hydrophila, Proteus vulgaris, Salmonella paratyphi A, Escherichia 

coli, Staphylococcus aureus, and Pseudomonas aeruginosa were next, all of which cause skin 

diseases (Viswanathan et al., 2012). 

It is worthy of note that, S. aureus and P. aeruginosa are the most common organisms in leg 

ulcers and superficial wounds, and they have demonstrated growing resistance to frequently 

used antibiotics (Valencia et al., 2004). Viswanathan et al (2012) from the same study further 

concluded and provided scientific evidence that β-amyrin, friedelin, R (+) 4-hydroxy-2-
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pyrrolidinone and stigmasterol present in the methanol extract of J. tanjorensis could be 

responsible for its broad spectrum of antimicrobial activity. The ability of Jatropha 

tanjorensis test extracts to inhibit the causative agents of urinary tract infections such as 

Escherichia coli, Pseudomonas aeruginosa, Pseudomonas mirabilis, Klebsiella pneumoniae 

and Pseudomonas vulgaris suggested that they could be used in the development of drugs to 

treat urinary tract infections (Viswanathan et al., 2012). Daniyan et al. (2018) evaluated the 

antibacterial activity of J. tanjorensis ethanolic and aqueous extracts against Escherichia coli 

and Staphylococcus aureus using three different extract concentrations (30, 40, and 50 

mg/ml). They discovered more bioactive components in the ethanolic extract of J. tanjorensis 

than in the aqueous extract. The antibacterial activity of the extracts was shown to be dose 

and bacterial species dependent. J. tanjorensis aqueous extract had increased activities on the 

studied organisms at all concentrations, but J. tanjorensis ethanolic extract had no activities 

on E. coli at lower concentrations (Daniyan et al., 2018). All concentrations of Jatropha 

tanjorensis ethanolic leaf extract (range = 8.67 ± 3.6 to 15.03 ± 0.95 mm) and Jatropha 

tanjorensis aqueous leaf extract (12.80 ± 0.98 to 20.33 ± 1.53 mm) were susceptible to 

Staphylococcus aureus. The minimum inhibitory concentration (MIC) of Jatropha tanjorensis 

aqueous leaf extract was 7.5 mg/ml for both species of bacteria, while the MIC of Jatropha 

tanjorensis ethanolic leaf extract was 15 and 25 mg/L for S. aureus and E. coli, respectively, 

while MBC analyses revealed that the leaf extracts were bacteriostatic in activity (Daniyan et 

al., 2018). Anhwange et al. examined the antibacterial properties of methanolic and n-hexane 

extracts of Jatropha tanjorensis leaf against Klebsiella pneumoniae, Candida albicans, 

Escherichia coli, and Staphylococcus aureus in 2019. They detected cardiac glycosides, 

reducing sugars, flavonoids, alkaloids, steroids, and saponins in both extracts, with the 

exception of n-hexane extract, which lacked reducing sugars but contained phlobatannins. 
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According to the antimicrobial investigation, both extracts had variable degrees of 

antimicrobial activity (Anhwange et al., 2019). This further lends validity to the previously 

reported antimicrobial and antibacterial properties of Jatropha tanjorensis extracts. 

The most recent study on the antibacterial potentials of Jatropha tanjorensis was conducted 

by Babayemi et al (2021). They tested the antibacterial activity of Jatropha tanjorensis leaf 

extracts against bacteria associated with clinical wound infections (Babayemi et al., 2021). J. 

tanjorensis crude leaf extracts and commercial antibiotics were tested for antibacterial activity 

against bacterial isolates linked with wound samples using agar well diffusion and disc 

diffusion procedures, respectively (Babayemi et al., 2021). The methanol extract showed the 

highest zone of inhibition of 33mm against Staphylococcus aureus, whereas the cold-water 

extract had the lowest zone of inhibition of 5mm against Staphylococcus aureus. Methanol 

extract had the maximum zone of inhibition against Escherichia coli, ranging from 16mm to 

17mm, while cold water extract had the lowest zone of inhibition (3-4mm). Furthermore, 

Pseudomonas aeruginosa had the highest minimum inhibitory concentration (MIC) value of 

all extracts (100mg/mL), while coagulase–positive Staphylococcus aureus had the lowest 

MIC value (12.5mg/mL). In comparison to other crude extracts and ciprofloxacin, methanol 

extract exhibited the strongest inhibitory effect against bacteria isolated from wound samples, 

according to the investigation (Babayemi et al., 2021). 

2.9.5.2 Anti-anaemic and hematological potentials of Jatropha tanjorensis 

The anti-anaemic potentials of Jatropha tanjorensis appear to be the most popular and well-

studied of all the potentials of Jatropha tanjorensis. Omoregie and Osagie studied the 

phytochemical and anti-anaemic effects of Jatropha tanjorensis leaf in protein-malnourished 

rats in 2007. According to the study, the rats were divided into six groups each with eight rats 

treated as follows: Normal diet (group 1), protein-deficient diet (PDD; group 2), PDD with 
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10% J. tanjorensis leaf supplement (group 3), PDD with iron (fersolate) tablet supplement 

(group 4), normal diet with 10% J. tanjorensis leaf supplement (group 5) and normal diet with 

iron tablet supplement (group 6) were the six groups (Omoregie and Osagie, 2007). When 

compared to the control group, the rats fed the leaf-supplemented food had considerably 

higher levels of haemoglobin, platelets, packed cell volume, total protein, and albumin. When 

compared to the control rats, the rats fed the PDD exhibited significantly lower levels of these 

haematological indicators (Omoregie and Osagie, 2007). The liver and kidneys of the rats 

given the PDD had severe fatty alterations, according to histopathological testing. The liver 

and kidney histology of the rats fed the leaf-supplemented diet were normal. The leaf's anti-

anemic action could be due to an anti-oxidant mechanism. The leaf of J. tanjorensis possesses 

both protective and preventative properties against anemia (Omoregie and Osagie, 2007). 

Another anti-anaemic study of Jatropha tanjorensis leaf was conducted by Idu et al (2014) 

but with rabbits. The animals were divided into five groups (groups A, B, C, D, and E) of 

three rabbits each for the investigation. The animals in Group A were used as controls and so 

were not induced with anemia nor administered with J.tanjorensis leaf extracts. The animals 

in groups B, C, and D were induced with anemia and then given varying doses of J. tanjorensis 

leaf extracts. Group E rabbits were induced with anaemia but were not treated with J. 

tanjorensis extract and so served as test control. After treatment with an aqueous extract of J. 

tanjorensis leaves, the researchers discovered a substantial decrease in packed cell volume in 

groups B, C, and D by day 3 of the study, followed by an increase by day 14 of the 

investigation. Findings from the study indicated that crude extracts of J. tanjorensis reduced 

the anaemic condition of the treated animals (Groups B, C, and D) as compared to the phenyl 

hydrazine-induced but untreated Group E animals (Idu et al., 2014). 
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Two significant studies published in 2019 by Nigerian experts demonstrated the effect of 

Jatropha tanjorensis extract on haematological markers in albino Wistar rats. Ebe and 

Chukwuebuka (2019) of the University of Uyo did the initial study. They investigated the 

effects of Jatropha tanjorensis ethanol root extract on haematological parameters in male 

albino Wistar rats. The study found that groups administered the extract had a substantial 

(P<0.05) increase in white blood cell (WBC) count, red blood cell (RBC) count, and 

haemoglobin (HGB) count when compared to the control group. Similarly, there was a 

substantial (P <0.05) rise in haematocrit, plate count, and lymphocyte levels in the treated 

groups compared to the control (Ebe and Chukwuebuka, 2019). The mean cell volume 

(MCV), mean cell haemoglobin (MCH), and mean cell haemoglobin concentration (MCHC) 

values in groups II and III were not substantially (P <0.05) different from the control group, 

however group IV was significantly (P< 0.05) higher. There was no significant (P <0.05) 

difference between the treated groups and the control group for neutrophil count values. As a 

result of the findings, the extract may be effective in the treatment and management of anemia, 

as well as in boosting the immune system in people (Ebe and Chukwuebuka, 2019). The other 

similar research which reported the effects of J. tanjorensis extract on haematological 

parameters in albino Wistar rats were conducted by Danborno et al (2019). They evaluated 

the effects of aqueous leaf extracts of Jatropha tanjorensis on haematological indices in male 

Wistar rats. A total of 25 male Wistar rats weighing 150-180kg were used for the study. The 

rats were divided into five groups of five rats each. Group I served as the control, while groups 

II, III, IV, and V were given 125mg, 250mg, 500mg, and 750mg per kilogram body weight of 

Jatropha tanjorensis leaf extract daily for 14 days, respectively. When compared to the 

control, the groups treated with 125mg/kg, 250mg/kg, and 500mg/kg aqueous leaf extract of 

Jatropha tanjorensis showed a significant increase in RBC, PCV, Hb, WBC, and PLT 
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(P<0.05). However, at a greater dose of 750mg/kg of Jatropha tanjorensis aqueous leaf 

extract, there was a decrease in RBC, WBC, PCV, Hb and PLT (P<0.05) as compared to the 

control (Danborno et al., 2019). In all treated groups compared to the control, there were no 

statistically significant changes in Monocytes, Basophils, Eosinophils, MCHC, MCV, or 

MCH. Neutrophils were considerably lower in the 750mg/kg group compared to the control 

group (P> 0.05). According to the findings of this study, the aqueous leaf extract of Jatropha 

tanjorensis leaves may increase haemopoiesis at lower dosages, but higher levels may cause 

haemolysis (Danborno et al., 2019). Ebenyi et al (2021) undertook another significant study 

that investigated the effect of aqueous leaf extracts of Jatropha tanjorensis leaf extract on 

parasitemia and haematological indices in Plasmodium berghei-infected mice. The study used 

a total of forty (40) mice that were infected with Plasmodium berghei. For four days, infected 

mice were divided into five groups of six mice and given varying doses of conventional 

medicine (artemether/lumefantrine 25mg/kg) and extract (200, 400, and 800mg/kg body 

weight). Blood was obtained after treatment and used to determine percentage parasitemia, 

haemoglobin concentration and packed cell volume. Within the first 24 hours and throughout 

the 14-day study period, no symptoms of neurological, behavioral, or mortality were observed 

at concentrations of 2,000 and 5,000 mg/kg oral dosages (Ebenyi et al., 2021). When 

compared to the negative control, there was a dose-dependent increase in total haemoglobin 

(Hb) and packed cell volume (PCV), as well as an increase in weight. When compared to the 

negative control, the leaf extract of J. tanjorensis showed substantial (p<0.05) suppression 

activity and mean survival time at dosages of 400 mg/kg, 200 mg/kg, and 100 mg/kg. With 

no symptoms of acute toxicity, the extract of Jatropha tanjorensis demonstrated reasonable 

levels of anti-anemia and antimalarial activity. The result further supported anti-anaemic and 

blood boosting use of J. tanjorensis leaf (Ebenyi et al., 2021). Iron (Fe) has been shown to be 
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abundant in Jatropha tanjorensis (Wardaw and Kessel, 2002). The amount of iron available 

for erythropoiesis is increased due to the high amount or concentration of iron in the extract. 

The formation of red blood cells and hemoglobin increase as the amount of iron in the body 

increases. 

It is also likely that some of the extract's chemical elements have an erythropoietin-like action 

on the bone marrow, causing an increase in erythropoiesis rate and, as a result, an increase in 

packed cell volume and hemoglobin concentration (Falodun et al., 2013). This could explain 

why most studies that looked at the effect of the leaf on haematological indicators found 

increased packed cell volume and hemoglobin concentration. Extracts of Jatropha tanjorensis 

can thus be used to boost blood levels under physiological situations such as pregnancy and 

menstruation, when hemoglobin concentration and packed cell volume diminish (Falodun et 

al., 2013). Mabubuike et al (2015) also found that methanol extract of Jatropha tanjorensis 

in cyclophosphamide-induced bone marrow suppression in albino Wistar rats exhibited dose-

dependent myeloprotective action. This further lends credence to its ethnomedicinal use in the 

treatment and prevention of anaemia (Madubuike et al., 2015). 

 

2.9.5.3 Antidiabetic properties of Jatropha tanjorensis 

Jatropha tanjorensis has been utilized in ethnomedicine as a diabetes treatment, but there has 

been no experimental or pharmacological confirmation of this claim until 2004 when 

Olayiwola et al undertook a study to evaluate the antidiabetic potentials of Jatropha 

tanjorensis leaves. The ethanolic extract (JTE) of Jatropha tanjorensis was partitioned into 

chloroform ethylacetate and water concentrated to give the following fractions: Jatropha 

tanjorensis aqueous (JTEA), Jatropha tanjorensis ethylacetate (JTEE), and Jatropha 

tanjorensis chloroform (JTEC). A total of 24 Swiss albino Wistar rats were used in the 
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investigation, which was divided into six experimental groups of four each. Animals in groups 

2, 3, 4, 5, and 6 were fasted for 24 hours. JTE was not administered to rats in groups 1, 2, or 

5, however it was administered intraperitoneally to rats in groups 3, 4, and 6. Blood samples 

were taken from the rats' tail veins 30 minutes before extract administration and 30 minutes, 

60 minutes, 120 minutes, and 180 minutes following extract administration (Olayiwola et al., 

2004). Using a phenol in sulphuric acid reaction, blood sugar levels were measured. The 

study's findings revealed that the extract had no effect on the rats. JTE (2g/Kg, i.p.) 

significantly lowered blood glucose levels in glucose-laden, fasting rats (62.8 ± 2.8 mg/dL) 

compared to fasted control (79.55 ± 10.4 mg/dL) and fasted +glucose loaded control group 

(158.22 ± 23.4 mg/dL). Only the ethylacetate (JTEE) fraction revealed obvious and 

considerable insulin-release from the INS-1 cells in the in-vitro researches (Olayiwola et al., 

2004). Insulin secretion was reduced by the JTEC and JTEA fractions. This study confirmed 

the presence of hypoglycaemic and anti-hyperglyacemic compounds in J. tanjorensis leaf. It 

also revealed pharmacological evidence for the folkloric usage of J. tanjorensis leaves in 

diabetic control (Olayiwola et al., 2004). In yet another fascinating work, Ijioma et al (2014) 

investigated the hypoglycemic, hematologic, and hypolipidemic activities of Jatropha 

tanjorensis ethanolic leaf extract (JELE) in alloxane induced diabetic rats. According to the 

study, the normal control group consisted of 7 normal rats who were given 0.2ml of normal 

saline. Diabetic rats were placed into four groups of seven individuals each (groups 2-5). The 

diabetic control group, Group 2, received no treatment. Glibenclamide (5mg/kg) was 

administered to Group 3, whereas JELE (150 and 300mg/kg) was administered to Groups 4 

and 5 (Ijioma et al., 2014). All treatments were administered orally and lasted 21 days. All 

doses of JELE significantly (P<0.05) reduced glucose levels in diabetic rats, with 300mg/kg 

reducing blood glucose from 311.80± 37.10 in diabetic rats to 95.95± 2.90 at the end of 21 
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days. JELE's hypoglycemic impact was comparable to that of Glibenclamide. Red blood cell 

(RBC) counts, packed cell volume (PCV), and hemoglobin levels were all considerably higher 

(P<.05) in treated rats, whereas the elevated WBC level in diabetic rats was reduced (Ijioma 

et al., 2014). Total triglycerides, cholesterol, very low-density lipoprotein cholesterol (VLDL-

C), and low-density lipoprotein cholesterol (LDL-C) levels were considerably (P<0.05) lower 

in diabetic rats, but high-density lipoprotein cholesterol levels increased (HDL-C). These 

findings reveal that Jatropha tanjorensis ethanolic leaf extract (JELE) contains bioactive 

components with hypoglycemic, hematologic, and hypolipidemic capabilities, suggesting that 

JELE could be useful in the treatment of diabetes mellitus and its associated anemia and lipid 

abnormalities (Ijioma et al., 2014). Ukubuiwe et al (2019) investigated the hypoglycaemic 

efficacies of leaf and stem extracts of Jatropha tanjorensis in alloxane-induced diabetic mice 

in a different study. Similarly, both aqueous and ethanolic leaf and stem extracts of Jatropha 

tanjorensis demonstrated considerable hypoglycaemic activity, according to the research. At 

day 10, aqueous stem extract extracts caused the greatest drop in glucose levels. Initial weight 

loss on day 5 was accompanied by an increase on day 10 post-treatment in all treatments. The 

study indicated that J. tanjorensis leaf and stem extracts have anti-diabetic properties, 

indicating that they could be used to treat diabetic diseases (Ukubuiwe et al., 2019). 

2.9.5.4 Pro-antioxidant and antioxidant activities of Jatropha tanjorensis 

Jatropha tanjorensis has been demonstrated to exhibit pro-antioxidant and antioxidant effects 

in studies. The pro-antioxidant properties of cold, boiled, and methanolic extracts of nine 

edible vegetables utilized in South-Western Nigeria, including Jatropha tanjorensis, were 

discovered by Iwalewa et al (2005). J. tanjorensis demonstrated mild antioxidant activity 

(10.7-12.1%). However, at higher concentrations of 1 or 5 mg/mL or both, all extracts from 

the nine edible plants examined, including J. tanjorensis, were found to be pro-antioxidant 
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(Iwalewa et al., 2005). Omoregie et al. (2011) conducted another study on the antioxidant 

properties of Jatropha tanjorensis. In that study, Omoregie and her colleagues looked at the 

antioxidant activity of methanol extracts on various indigenous plants including J. tanjorensis 

in vitro, as well as the effect of methanol extracts on nutritionally stressed rats. The extract of 

Jatropha tanjorensis among other plant extracts studied had the highest phenolic 

concentration, according to the study. The flavonoid content of Jatropha tanjorensis leaf 

extracts were significantly increased (P<0.05) (Omoregie et al., 2011). The extracts were also 

tested in vivo in male albino rats that had been subjected to nutritional oxidative stress for 6 

weeks on a protein deficient diet (PDD), while the other rats were on a regular diet. When 

compared to the control, rats on a protein-deficient diet exhibited significantly lower levels of 

Catalase (CAT) , superoxide dismutase (SOD), Vitamin C, Vitamin E and enhanced lipid 

peroxidation in their liver and kidney tissues (P<0.05). In comparison to the PDD group, 

supplementing the PDD diet with several extracts, including that of Jatropha tanjorensis 

resulted in significantly higher (P<0.05) levels of CAT, SOD, vitamin E, and vitamin C, as 

well as reduced lipid peroxidation. Similarly, giving the extracts to normal rats resulted in 

normal levels of these parameters (p>0.05) when compared to the control (Omoregie et al., 

2011). The findings therefore revealed that different plant leaves and Jatropha tanjorensis 

have different levels of strong antioxidant activity in vitro and in vivo (Omoregie et al., 2011). 

Another study by Madubuike et al., 2015 further supported the antioxidant potentials of 

Jatropha tanjorensis. The researchers used an in vitro 2, 2 diphenyl picrylhydrazine (DPPH) 

spectrophotometric assay and an in vivo assessment of serum malondialdehyde, superoxide 

dismutase, and catalase activity to assess the antioxidant capacity of a methanolic extract of 

Jatropha tanjorensis. In the DPPH spectrophotometric test, the extract (50–400 µg/ml 

concentration) demonstrated a concentration-dependent, significant (P<0.05) antioxidant 
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effect. When compared to the control group, 400 mg/kg of the extract resulted in a substantial 

(P< 0.05) increase in serum superoxide dismutase and catalase activity, as well as a significant 

drop in malondialdehyde levels (Madubuike et al., 2015). These findings further supported 

that J. tanjorensis possess antioxidant properties. In a more recent work, Ajah et al (2021) 

discovered that Jatropha tanjorensis methanol leaf extract contains bioactive constituents 

exhibiting free radical scavenging action. The total phenolic content of methanol extract of 

Jatropha tanjorensis leaf assessed by Folin-Ciocalteau reagent in units of gallic acid 

equivalent was 11.35 ± 0.82 mgGAE/g, according to the findings. The flavonoid content of 

the plant sample was 15.91 ± 1.60 mgQCE/g when calculated as Quercetin equivalent. The 

total phenolic content of the plant extract was related to its antioxidative action. The lowering 

potency of the radical scavenging activity increased in a dose-dependent manner. At 

200µg/ml, the minimum NO inhibitory activity was 8.88 ± 0.63, while at 800µg/ml, the 

maximum activity was 32.70 ± 2.71. At 200µg/ml, the minimum percentage H2O2 radical 

inhibitory activity was 8.30±0.88, while at 800µg/ml, the highest activity was 22.80 ± 2.28. 

The scavenging effect of the lipid peroxide radical was likewise increased in a concentration-

dependent manner. The findings suggested that Jatropha tanjorensis leaf has antioxidant 

capabilities and could be used as a free radical inhibitor (Ajah et al., 2021) 

2.9.5.5 Anti-malarial and anti-plasmodial activity of Jatropha tanjorensis 

In their study titled, in vitro anti-plasmodial activity and cytotoxicity of leaf extracts from 

Jatropha tanjorensis, Omoregie and Sisodia (2011) found that Jatropha tanjorensis has 

intriguing anti-plasmodial activity. Jatropha tanjorensis leaves were extracted in three 

different extract forms: ethanolic, aqueous, and hydro-ethanolic (50:50 v/v) extracts, 

according to the study. On extracts, high performance thin layer chromatography (HPTLC) 

was used for quality control. A 3D7 chloroquine sensitive clone of Plasmodium falciparum 
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NF-54 isolate was used to test antiplasmodial activity in vitro (Omoregie and Sisodia, 2011). 

The 48-hour microassay approach was used to determine parasite growth inhibition, with the 

extracts dissolved in either DMSO or water. The positive control was chloroquine, whereas 

the negative control was medium containing solely parasitized red blood cells. The 

cytotoxicity of extracts against non-cancerous Vero cell lines (C-1008 African green monkey 

kidney fibroblasts) was assessed using doxorubicin as the standard cytotoxic agent (Omoregie 

and Sisodia, 2011). The chemical fingerprint spectra of the extracts revealed many peaks that 

were more prominent in the ethanolic extract than in the other extracts. When compared to the 

other extracts, the ethanolic extract showed the strongest antiplasmodial activity (IC50; 10.86 

± 1.52 µg/ml), cytotoxicity (IC50; 86.8 ± 4.8 µg/ml), and the lowest selectivity index (8.0). 

The findings supported local reports that Jatropha tanjorensis leaves has antiplasmodial 

properties and can be used to cure malaria infection (Omoregie and Sisodia, 2011). 

2.9.5.6 Cytotoxicity effects of Jatropha tanjorensis   

The same study on Jatropha tanjorensis anti-plasmodial activity also found that hydro-

ethanolic, ethanolic, and aqueous extracts of Jatropha tanjorensis had little or no cytotoxic 

effects on non-cancerous Vero cell lines, with the exception of the moderate cytotoxic activity 

shown by just the ethanolic extract (IC50 Vero = 86.8 ± 4.8 μg/ml) which was still less toxic 

than the standard cytotoxic drug doxorubicin (IC50 Vero = 1.8 ± 0.42 μg/ml) (Omoregie and 

Sisodia, 2011). The cytotoxic potentials of pyrrolidinone from the leaves of Jatropha 

tanjorensis were reported by Viswanathan et al., (2018) in a different investigation. The study 

used standard procedure to investigate the cytotoxic activity of methanol and R (+) 4-hydroxy-

2- pyrrolidinone of J. tanjorensis in vivo and in vitro utilizing four cancer cell lines: HEP-2, 

B16F10, A549, and NRK 49F. The in vivo cytotoxic effect of the methanol fraction of J. 

tanjorensis was investigated in mice using B16F10 melanoma cells. Simultaneous injection 
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of methanol fractions at doses of 100 and 200 mg/kg, as well as R (+) 4- hydroxy-2-

pyrrolidinone per oral, was used (Viswanathan et al., 2018). The results of the in vitro testing 

demonstrated that the methanol extract and R (+) 4-hydroxy-2-pyrrolidinone had stronger 

cytotoxic effect against all four cell types. With an IC50 value of 43.24g/ml, the Caucasian 

male larynx epithelium cornicing Hep-2 was shown to be more sensitive. The activity of the 

other cell line was lower, as seen by the relatively high IC50 value. The results of the in vivo 

study demonstrated that R (+) 4-hydroxy-2- pyrrolidinone increased life span significantly 

more than the methanol fraction (Viswanathan et al., 2018). 

2.9.5.7 Antiviral activity of Jatropha tanjorensis  

 Various extracts of Jatropha tanjorensis have been reported to possess varying degrees of 

antiviral activity. This fascinating finding was described in a study by Esimone et al (2008). 

A recombinant lentiviral (HIV-1) vector expressing a luciferase reporter gene was used for 

the rapid screening of potential anti-HIV medicinal plants in the study titled, single cycle 

vector based antiviral screening assays for high throughput evaluation of potential anti-HIV 

medicine plants; a pilot study on some Nigerian herbs (Esimone et al., 2008). The vector could 

only replicate once (improving safety), and the tropism was boosted by pseudo typing with a 

Vesicular Stomatitis Virus glycoprotein (VSV-G) envelope (Esimone et al., 2008). The water 

(JTW), dichloromethane (JTD) and n-hexane (JTH) extracts of Jatropha tanjorensis, 

ethylacetate (NLE), the water (NLW), dichloromethane (NLD), butanol (NLB)  and n-hexane 

(NLH) extracts of Nymphaea lotus, as well as extracts of Morinda lucida (ML), Garcinia kola 

(GK), and Chenopodium ambrosioides (CH). A typical anti-HIV medicine, nevirapine, was 

used as a control. While GK, ML, and CH had no antiviral activity, the n-hexane and 

dichloromethane extracts of J. tanjorensis (JTD, JTH, NLD, and NLH) had varying degrees 

of antiviral activity, with JTD showing the greatest activity. The antiviral activity of JTW, 
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NLW, NLB, and NLE was very weak. The J. tanjorensis dichloromethane (JTD) extract was 

fractionated according to bioassays, yielding four strong anti-HIV fractions: JTD10, JTD11, 

JTD12, and JTD13. The suggested single-cycle vector-based antiviral screening assay for 

medicinal plants is extremely fast, safe, inexpensive, and repeatable (Esimone et al., 2008). 

2.9.5.8 Spermatogenic, testicular toxicity and increased serum testosterone effect of 

Jatropha tanjorensis 

According to Osuchukwu et al (2016), Jatropha tanjorensis exhibits spermatogenic effect. 

The impact of an aqueous extract of J. tanjorensis on the testes of adult Wistar rats was 

studied. The study used a total of twenty-four (24) male Wistar rats. The rats were divided 

into three experimental groups, each with eight rats. The control group was Group I, while the 

treatment groups were Groups II and III. The rats in group I were given free access to food 

and water. Group II rats were fed the same usual diet as group I rats, but they were additionally 

given the extract in two different dosages. For 14 days, group IIA received 500mg of the 

extract per kilogram of body weight (mg/kg b.wt), while group IIB received 1000mg/kg b.wt. 

The spermatozoa in the seminiferous tubules of those in group IIA treated with 500mg of the 

extract showed a little rise, whilst those in group IIB treated with 1000mg for 2 weeks 

exhibited a greater increase in sperm cells (Osuchukwu et al., 2016). The testes of those in 

group IIIA treated with 500mg for 3 weeks had a greater increase in sperm cells and the lumen 

of the seminiferous tubules was almost completely enclosed by the tail of the spermatozoa, 

whereas those in group IIIB treated with 1000mg for 3 weeks had a major increase in sperm 

cells and the lumen of the seminiferous tubules were almost totally enclosed by the tail of the 

spermatozoa. The study therefore concluded that when taken for a short length of time, 

Jatropha tanjorensis may have the capacity to enhance spermatogenesis, in a dose-dependent 

manner (Osuchukwu et al., 2016). Iroanya et al (2018) found in another investigation that 
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ethanolic leaf extract of Jatropha tanjorensis has the capacity to impact sperm shape at high 

doses. The study found indications of acute sperm deformation at a high dose of 800mg/kg. 

However, such severe sperm abnormalities were not found at lower doses, implying that the 

ethanolic leaf extract of J.tanjorensis produced sperm deformity only at high concentrations 

(Iroanya et al., 2018). Their findings corroborated   those of Osuchukwu et al (2016). The 

effect of J. tanjorensis on male reproductive parameters was taken a notch further by Bassey 

et al (2019) by studying the effect of ethanolic leaf extract of Jatropha tanjorensis on testicular 

microstructure and hormonal profile of male albino Wistar rats following the administration 

of highly active antiretroviral therapy (HAART) (Zidovudine, Lamivudine and Nevirapine 

[ZLN]) (Bassey et al., 2019). According to the study, the testicular histo-architecture of the 

test groups exhibited moderate aberrations in the seminiferous tubules, with significantly 

(P<0.05) higher testosterone compared to the control. Finally, the concurrent administration 

of ZLN and JT has the potential to be testiculotoxic (Bassey et al., 2019). 

2.9.5.9   Hypolipidaemic effect of Jatropha tanjorensis  

Methanolic extracts of Jatropha tanjorensis have been reported to possess hypolipidemic 

effects on albino Wistar rats as reported by Oyewole and Akingbala (2011). For the study, 24 

albino rats weighing between 130 and 150g were separated into four groups. Group 1 was the 

control group, whereas Groups 2, 3, and 4 received different doses of methanolic leaf extract 

of Jatropha tanjorensis daily for 14 days (Oyewole and Akingbala, 2011). Serum lipid profile 

measurements in rats given the extract revealed a substantial (P<0.05) drop in the mean values 

of total cholesterol, total lipids, and LDL cholesterol, whereas HDL cholesterol and 

triglycerides levels were not significantly different from the control. The study concluded that 

Jatropha tanjorensis leaf extract contains bioactive components capable of decreasing blood 
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cholesterol levels and may be effective for the treatment of cardiovascular diseases induced 

by hyperlipidemia (Oyewole and Akingbala, 2011). 

2.9.5.10 Hepatoprotective and cardioprotective effect of Jatropha tanjorensis 

Oxidants and free radicals represent a significant threat to the liver, the body's primary 

detoxifying mechanism. Many researches have been undertaken to investigate the 

hepatoprotective potentials of J. tanjorensis extracts in order to counteract the damage caused 

by the release and accumulation of free radicals. One of such researches was conducted by 

Madubuike et al (2015). He and his colleagues evaluated the hepatoprotective activity of 

methanolic extract of Jatropha tanjorensis in carbon tetrachloride-induced hepatotoxicity. 

According to the study, liver toxicity was induced in albino rats using carbon tetrachloride 

and the methanolic extracts of Jatropha tanjorensis was orally administered to the rats at doses 

of 200mg/kg and 400mg/kg for 14 days while using the standard hepatoprotective drug 

silymarin as a reference drug (Madubuike et al., 2015). Both doses of J. tanjorensis 

significantly (P< 0.05) reduced serum levels of Alanine aminotransferase (ALT), Alkaline 

Phosphatase (ALP), and Aspartate aminotransferase (AST).  When compared to the negative 

control rats, the higher dose (400 mg/kg) of the extract considerably (P< 0.05) reduced total 

cholesterol (TC), low density lipoprotein cholesterol (LDL-C) and triglyceride (TG) and 

significantly (P< 0.05) increased high density lipoprotein cholesterol (HDL-C). When 

compared to the negative control, the lower dose (200 mg/kg) significantly (p< 0.05) reduced 

the levels of TG and LDL-C but had no effect on the levels of TC, HDL-C, and VLDL-C in 

the treated groups. The plant's activities were dosage – dependent and equivalent to 

silymarin's. Iroanya et al (2018) observed that ethanolic leaf extract of Jatropha tanjorensis 

displayed hepatoprotective effect against acetaminophen-induced liver injury in Swiss albino 

rats in a separate investigation. In yet another similar study Ebe et al (2019) observed a marked 
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reduction in three serum liver enzyme markers (AST, ALT and ALP) in albino rats treated 

with ethanolic extract of J. tanjorensis, this further buttress previous researches that leaf 

extract of Jatropha tanjorensis has the potentials of protecting the liver against oxidative 

damage. J. tanjorensis is not only hepatoprotective but cardioprotective as well. This was 

reported by Uchenna et al (2021). Uchenna and his colleagues evaluated the cardioprotective 

impact of methanol extract of Jatropha tanjorensis leaves on certain cardiac functional 

biomarkers, endogenous antioxidant activity, and heart pathology in isoprenaline-induced 

myocardial infarction in albino rats. The study found that a 400mg/kg dose of methanol extract 

of Jatropha tanjorensis significantly (p<0.05) reduced CK-MB, Troponin I, LDH, hsCRP, 

and MDA compared to the negative control (Uchenna et al., 2021).There was also a 

substantial (p<0.05) rise in catalase, SOD, GPx, and GSH levels in the treated groups, with 

the exception of the group given 600mg/kg of the extract, which had a significant reduction 

in catalase levels when compared to the normal and other groups. They concluded that the 

extract at 400mg/kg dose was more effective in preventing cardiomyocyte damage, despite 

moderate changes in heart histoarchitecture (Uchenna et al., 2021). In addition to having 

hepatoprotective activity, extracts of J. tanjorensis have been reported to possess wound 

healing activity thus their application on wounds and refractory ulcers (Viswanathan et al., 

2018). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Materials 

3.1.1 Equipment and instruments 

 

The following equipment were used in this study: UV-Visible Spectrophotometer (Genesys, 

10UV,/ 10-S, USA), Atomic Absorption Spectrophotometer (Agilent Technologies, FS240 

AA, USA) , Gas Chromatography ( Buck, Model 910, and Model 530, USA), GC Systems ( 

GC-7890A/MS-5975C, Agilent Technologies C.A ,USA), Gas chromatography column- HP 

88 capillary column (100m x 0.25µm film thickness) Rotary Evaporator ( Heidolph 

Rotavapor, Germany), Flame ionization detector, Centrifuge, Cyclomixer, Homogenizer, and 

Refrigerator. Other laboratory apparatus used are volumetric flask, Water bath, separatory 

funnel, conical flask, Micro pipette, pasture pipette, test tubes, filter paper (Whatman No.1), 

measuring cylinder and electric blender (ES-BL-090/350W/220-240V/50Hz /China). 

3.1.2 Chemicals and reagents 

Chemicals and reagents used were of analytical grade and were purchased from BDH and 

Sigma-Aldrich, USA. 

3.1.3 Collection of plant materials 

Fresh leaf samples of J. secunda and J. tanjorensis were collected from a garden at Ichi-Ukwu 

autonomous community in Isiala Ngwa South, Abia State, Nigeria. The leaves were identified 

and botanically authenticated by Mr. Iwueze Francis Onyemauche, a taxonomist with the 

department of Forestry and Wildlife, Federal University of Technology, Owerri. Samples of 

J. secunda and J. tanjorensis with voucher numbers FUTO/FWT/ERB/2021/63 and 
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FUTO/FWT/ERB/2021/62 respectively were deposited in the herbarium of department of 

Forestry and Wildlife Federal University of Technology, Owerri. 

3.1.4 Plant preparation and extraction 

The fresh leaves of Justicia secunda  and Jatropha tanjorensis were washed with distilled 

water and air-dried for 3 weeks. The dried leaves were double blended into fine powder using 

electric blender (ES-BL-090/350W/220-240V/50Hz /China) and stored in a sterile polythene 

bag until further use. 

3.2 Methods 

3.2.1 Extraction method 

Soxhlet extraction was used and the extraction solvent was ethanol-water (Et-OH) (80:20v/v). 

About 100g of each powdered leaf sample was placed in the Soxhlet apparatus. The extraction 

was carried out using 1000mL of 80% V/V of Et-OH for 4 hours. After the extraction process, 

the suspensions were filtered and concentrated using a rotary evaporator (Heidolph Rotavapor, 

Germany). 

3.2.2 Determination of proximate composition 

3.2.2.1 Ash content 

The ash content was determined using the procedure given by AOAC (Williams, 1984). 

Procedure 

The weight of an empty platinum crucible was measured after it had been cleansed and dried. 

One gram of the sample was weighed into the platinum crucible and placed in a muffle furnace 

at 550°C for three hours. After burning, the sample was cooled in a desiccator and weighed. 

Ash content (%) was calculated using the formula below: 

𝑊3 − 𝑊1

𝑊2 − 𝑊1
×

100

1
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Where; 

W1 = weight of empty platinum crucible 

W2 = weight of platinum crucible and sample before burning 

W3 = weight of platinum and ash. 

 

3.2.2.2 Moisture content 

The moisture content was determined using AOAC method as described by (Williams, 1984). 

Procedure 

A petri-dish was washed and dried in the oven. Approximately 1g of the sample was weighed 

into the petri dish. Before drying, the weight of the petri dish and sample was recorded. The 

petri dish and sample were put in the oven and heated at 1050C for 2 hours and the result 

noted. And heated for another 1 hour until a fixed result is obtained and the weight was noted. 

The drying process was repeated until a constant weight was achieved. 

Moisture content (%) was determined thus: 

% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  
𝑊3 − 𝑊1

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
×

100

1
 

Where: 

w1 = weight of petri-dish and sample before drying 

W2 = weigh of petri-dish and sample after drying   

3.2.2.3 Crude fibre  

The Crude fibre was determined using AOAC method described by (Williams, 1984) 

Procedure 

About 2g of the extract was defatted with petroleum ether and boiled under reflux for 30 

minutes with 200ml of a solution containing 1.25g of H2SO4 per 100ml of solution. The 
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resulting solution was filtered through fine linen and washed with boiling water until the 

washings were no longer acid to litmus. The residue was transferred to a beaker and boiled 

for 30 minutes with 200ml of a solution containing 1.25g of carbonate free NaOH per 10ml. 

The final residue was filtered through a thin but closed pad of washed and ignited asbestos in 

a Gooch crucible. The Gooch crucible and its contents were dried in an electric oven and 

weighed. The contents of the crucible were further incinerated, cooled and weighed. The lost 

in weight after incineration x 100 represents the percentage of crude fibre. 

 

% 𝐶𝑟𝑢𝑑𝑒 𝑓𝑖𝑏𝑟𝑒 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑏𝑟𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
×

100

1
 

3.2.2.4 Crude protein 

The Crude protein was determined using the procedure given by AOAC (Williams, 1984) 

Procedure 

In order to prevent the sample from striking the flasks' side walls, 0.5g of sample was carefully 

weighed into each 30ml Kjeldahl flask before the flasks were sealed and shaken. The Kjeldahl 

catalyst mixture was then added in the 0.5g sample. The mixture was carefully heated in a 

digestion rack over fire until it formed a clear solution. The clear solution was then left to 

stand for 30 minutes before being cooled. To avoid caking, 100ml of distilled water was added 

after cooling, and 5ml was transferred to the Kjeldahl distillation apparatus, followed by 5ml 

of 40% NaOH. A 100ml receiver flask containing 5ml of 2% boric acid and an indicator 

mixture containing 5 drops of Bromocresol blue and 1 drop of methylene blue was placed 

under the distillation apparatus's condenser so that the tap was about 20cm inside the solution, 

and distillation began immediately until 50 drops reached the receiver flask, after which it was 

titrated to pink using 0.01N hydrochloric acid. 
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Calculations   

% Nitrogen =Titre value x 0.01 x 14 x 4 

% Protein = % Nitrogen x 6 

3.2.2. 5 Crude fat  

The Soxhlet fat extraction method, as described by (AOAC, 1990) was used to determine 

crude fat Continuous extraction of the samples in a Soxhlet apparatus for 6 hours with a non-

polar organic solvent such as petroleum ether was used for this procedure. 

Procedure 

Clean 250ml boiling flasks were dried in an oven at 105-110°C for approximately 30 minutes 

before being placed in a desiccator and permitted to cool. The labeled and cooled boiling 

flasks were correspondingly weighed. The boiling flasks were filled with about 300ml of 

petroleum ether (boiling point 40-60°C). The extraction thimble was lightly plugged with 

cotton wool. The Soxhlet apparatus was assembled and allowed to reflux for about 6hrs.The 

thimble was then carefully removed and petroleum ether collected in the top container of the 

set –up and drained into a container for re-use. Flask was removed and dried at 105-110°C for 

1hr when it was almost free of petroleum ether and finally transferred from the oven into a 

desiccator and allowed to cool and then weighed 

%𝑓𝑎𝑡 =
𝑤𝑡 𝑜𝑓 𝑓𝑙𝑎𝑠𝑘 + 𝑜𝑖𝑙 − 𝑤𝑡 𝑜𝑓 𝑓𝑙𝑎𝑠𝑘

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
×

100

1
 

 

3.2.2.6 Carbohydrate content 

Total Carbohydrate content of the leaf samples was determined using differential method as 

described by Muller & Tobin (1980). This method is used after all other proximate 

components have been determined. In this method, the sum of all the percentages of all the 
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other proximate components was subtracted from 100 (Muller & Tobin, 1980) as shown 

below: 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑠 (%)  =  100% – (%𝑃𝑟𝑜𝑡𝑒𝑖𝑛 +  %𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 +  %𝐴𝑠ℎ +  %𝐹𝑎𝑡 +  %𝐹𝑖𝑏𝑟𝑒) 

3.2.3 Determination of mineral composition using atomic absorption spectrometry 

(AAS) 

The mineral compositions were assessed using FS240AA Agilent Atomic Absorption 

Spectrophotometer using the method described by APHA, (1998). 

Principle 

Atomic Absorption Spectrometer's working principle is based on the sample being aspirated 

into the flame and atomized when the AAS's light beam is directed through the flame into the 

monochromator, and onto the detector that measures the amount of light absorbed by the 

atomized element in the flame. Because metals have distinct absorption wavelengths, a source 

lamp made of that element is used, keeping the method relatively free of spectral or radiational 

interferences. The amount of energy absorbed in the flame by the characteristic wavelength is 

proportional to the concentration of the element in the sample. Sample digestion was done 

according to Adrian, (1973) as follows: approximately 2g of the dried sample was weighed 

into a digestion flask and 20ml of the acid mixture (65ml conc HNO3, 80ml Perchloric acid, 

20ml conc H2SO4) was added. The flask was heated until a clear digestion was achieved. The 

digest was diluted with distilled water to the 100ml mark.  

 Procedure for Mineral Determination 

The AAS was used to aspirate the sample into the flame and atomized only when the light 

beam in the AAS was directed through the flame to the detector, which then measured the 

amount of light absorbed by the atomized element in the flame. (APHA, 1998). The quantity 

of energy absorbed in the flame is related to the mineral element concentration in the sample. 
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3.2.4 Determination of amino acid composition  

The amino acid composition of the leaf samples was determined using HPLC as described by 

(Gonzalez-Castro et al., 1997). A Spectra Physics (San Jose, CA) HPLC apparatus with an 

8700 XR ternary pump, a 20-µL Rheodyne (Cotati, CA) injection loop, an SP8792 column 

heater, an 8440 XR UV-vis detector, and a 4290-integrator linked via Labnet to a computer 

running on WINner 8086 software was used (operating system, MS.DOS version 3.2). A 250 

x 4.6 mm column packed with 5 µm Spherisorb C1 8 (Sugelabor, Madrid, Spain) was used 

for separation.  

Derivatization procedure  

The method used was a modification of Elkin et al (1985) method. Pipetting a standard 

solution (5, 10, 15, or 20 μL) or 50 μL of sample solution into a 10- 5-mm tube and drying in 

vacuo at 65°C. The residue was treated with 30 μL of methanol-water-Phenylisothiocianate 

(2:2:1 [v/v]) and then evaporated in vacuum at 65°C. The derivatizing reagent methanol-

water-Phenylisothiocianate (7:1:1:1 [v/v]) was then added in 30 μL increments, agitated, and 

allowed to stand for 20 minutes at ambient temperature. Each tube received a phosphate 

solution containing 5% acetonitrile. Finally, the solvents were extracted using a nitrogen 

stream, and the tube was sealed and stored at 4°C until further analysis. Each tube received 

150 μL of diluent containing 5mM sodium phosphate and 5% acetonitrile prior to injection. 

Chromatographic procedure  

Chromatography was performed at a constant temperature of 30°C using the gradient elution 

method described below. Eluant A was an aqueous buffer made by adding 0.5 mL/L 

Triethylamine to 0.14M sodium acetate and titrating it to pH 6.20 with glacial acetic acid; 

eluant B was an acetonitrile-water (60:40 [v/v]) solution. 
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3.2.5 Qualitative phytochemical screening 

The leaf samples were subjected to qualitative phytochemical analysis to identify the presence 

of alkaloids, saponins, flavonoids, tannins, resins, glycosides and terpenoids using standard 

analytical techniques. 

3.2.5.1 Wagner`s reagent test for alkaloids 

Principle 

Alkaloids under acidic condition and at room temperature react with iodine and potassium 

iodide to give reddish brown precipitate in the presence of Wagner’s reagent.  

Procedure 

The filtrate was pipetted into a test tube with 1.0 ml. Wagner's reagent was then pipetted into 

the test tube in an additional 1.0 ml, carefully mixed, and checked for color change. A reddish-

brown precipitate indicated the presence of alkaloids (Evans, 2002). 

3.2.5.2 Test for glycosides 

To 10 cm3 of 50% H2SO4, 1.0 ml of the extract was added, and the mixture was heated for 5 

minutes in boiling H2O. It was mixed with 10 cm3 of Fehling's solution, which was made up 

of 5cm3 of each solution A and B. A brick- red precipitate indicating presence of glycosides 

was observed (Hikino et al., 1984). 

3.2.5.3 Salkowiski test for terpenoids 

Concentrated H2SO4 (3ml) was carefully added to produce a layer after 5.0ml of each extract 

was carefully added to 2ml of chloroform (Numex, India).  A reddish-brown coloration of the 

interface was formed to show positive results for the presence of terpenoids (Edeoga et al., 

2005). 

3.2.5.4 Frothing test for saponins 

In a water bath, 2g of the powdered sample was boiled in 20ml of distilled water and filtered. 
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To produce stable, enduring foam, 10ml of filtrate was combined with 5ml of distilled water 

and rapidly shaken. Three drops of olive oil were added to the mixture, which was then rapidly 

shaken before being observed. The formation of an emulsion after the addition of 3 drops of 

olive oil yielded a positive result (Edeoga et al., 2005). 

3.2.5.5   Alkali test for flavonoids 

Principle 

Flavonoids at room temperature and under alkaline pH forms observable precipitate. 

Procedure 

A test tube was pipetted with 1.0 ml of the extract. The same test tube was then pipetted with 

1.0 ml of diluted NaOH solution, stirred, and observed for color change. Formation of 

precipitate showed positive test (Trease and Evans, 1989). 

3.2.5.6 Ferric chloride (FeCl3) test for tannins 

About 0.5g of each sample was stirred with distilled water of about 10ml and then filtered. To 

2ml of the filterate, few drops of 1% ferric solution was added. Formation of green, blue-black 

or blue-green precipitate showed positive test (Evans, 2002). 

3.2.5.7 Precipitation test for resins 

Using 15ml of 90% ethanol, 0.2g of the powdered leaf samples were extracted. In a beaker, 

the alcoholic extract was then combined with 20ml of distilled water. Precipitate formation 

yielded a positive result (Ojukwu and Ibekwe, 2018). 

3.2.6 Quantitative phytochemical and anti-nutrient analyses using Gas Chromatography 

with Flame Ionization Detector (GC-FID) 

3.2.6.1 Extraction of phytochemicals 

After weighing and placing 1g of sample in a test tube, 15ml of ethanol and 10ml of 50% m/v 

potassium hydroxide were added. The test tube was allowed to react in a 60°C water bath for 
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60 minutes. The reaction product in the test tube was transferred to a separatory funnel after 

the reaction time. The tube was successfully washed with 20ml of ethanol, 10ml of cold water, 

10ml of hot water, and 3ml of hexane, all of which were transferred to the funnel. This extract 

was combined and washed three times with a 10ml aqueous solution of 10% v/v ethanol. The 

solvent was evaporated after the solution was dried with anhydrous sodium sulfate. The 

sample was solubilized in 1000µl of pyridine of which 200µL was transferred to a vial on the 

Gas Chromatography machine for quantitative phytochemical analysis. 

3.2.6.2 Quantification using GC-FID 

The phytochemical analysis was carried out on a BUCK M910 Gas chromatography fitted 

with a flame ionization detector (FID) (Ogbuagu et al., 2019). A 15-meter RESTEK MXT-1 

column (15m x 250µm x 0.15µm) was used. The injector temperature was 280°C, with a 

splitless injection of 2µL of sample and a linear velocity of 30cms-1, and the carrier gas was 

Helium 5.0 Psi at a flow rate of 40 ml/min. The oven initially operated at 200°C but was 

heated to 330°C at a rate of 30°C per minute for 5 minutes. The detector was set at 320°C. 

The ratio of the area and mass of the internal standard to the area of the identified 

phytochemicals was used to determine the phytochemicals (Ugoeze et al., 2020). The 

concentration of the various phytochemicals contained in the extract was expressed as µg/g. 

3.2.7 GC-MS assisted bioactive constituents’ analysis 

Bioactive compounds of the leaves extracts were analyzed as described by Enemor et al., 

(2019) using GC–MS. using Agilent Technologies GC systems with GC-7890A/MS-5975C 

model (Agilent Technologies, Santa Clara, CA, USA) fitted with HP-5MS column (30 m in 

length × 250 μm in diameter × 0.25 μm in thickness of film). An electron ionization system 

using high energy electrons was used for spectroscopic detection by GC–MS (70 eV). The 

carrier gas was pure helium gas (99.995% purity) at a flow rate of 1 mL/min. The initial 
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temperature was maintained at 50–150 °C, with a 3 °C/min increase rate and a holding time 

of about 10 minutes but was later raised to 300 °C at a rate of 10 °C/min. In a splitless mode, 

1 µL of the prepared 1% extracts diluted with respective solvents was injected. The relative 

quantity of bioactive compounds present in each sample of the extract was stated as a 

percentage based on peak area generated in the chromatogram. 

3.2.7.1 Identification of chemical constituents 

Bioactive components extracted from the plant extracts were identified using GC retention 

time on an HP-5MS column and spectral matching with computer software data from 

standards (Replib and Mainlab data from GC–MS systems) (Enemor et al., 2019). 

3.2.8 Antioxidant determination 

3.2.8.1 Total phenolic content 

The total phenolic content of the leaf samples was determined as described proposed by 

Mallick and Singh (1980). 

Principle  

In the Folin-Ciocalteau reagent, phenols react with phosphomolybdic acid to produce a blue-

colored complex in alkaline medium that can be measured spectrophotometrically at 650nm. 

 

Procedure 

In a 10x volume of 80% ethanol, 0.5g of each leaf sample was homogenized. For 20 minutes, 

the homogenate was centrifuged at 10,000rpm. The residue was extracted again with 80% 

ethanol. The supernatants were collected and evaporated until dry. After that, the residue was 

dissolved in a known volume of distilled water. Pipettes were used to extract various aliquots, 

and the volume in each tube was filled to 3.0ml with distilled water. After adding 0.5ml of 

Folin-Ciocalteau reagent, the tubes were placed in a boiling water bath for one minute. After 
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cooling the tubes, the absorbance was spectrometrically measured using Genesys 10-S, USA 

at 650nm against a reagent blank. Standard catechol solutions (0.2-1ml) corresponding to 2.0-

10µg concentrations were also treated in the same manner as described above. The phenol 

concentration was expressed in mg/g tissue. 

3.2.8.2 Estimation of total flavonoids 

To sample and estimate flavonoids in the leaf samples, the method proposed by Cameron et 

al. (1943) was used. 

Principle 

Flavonoids react with vanillin to produce a coloured product, which can be 

spectrophotometrically measured. 

Extraction of flavonoids 

Initially, 0.5g of leaf samples were analyzed with a 2:1 ratio of methanol to water, and then 

with a 1:1 ratio. The samples were vigorously agitated and allowed to sit overnight. The 

supernatants were collected and measured in volume. This supernatant was concentrated 

before being used in the assay. 

 

Procedure 

The sample was pipetted out in a known volume and evaporated to dryness. After adding 

4.0ml of vanillin reagent, the test tubes were then for 15 minutes heated in a boiling water 

bath. The standard at different concentration was also treated in the same way. The optical 

density was spectrophotometrically determined at 340nm using Genesys 10-S, USA. The 

concentration of flavonoids in the different leaf samples was determined using a standard 

curve. Flavonoids were measured in mg/g sample. 
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3.2.8.3    Determination of antioxidant vitamins 

3.2.8.3.1 Vitamin C (ascorbic acid) content 

The spectrophotometric method described by Roe and Keuther (1943) was used to measure 

vitamin C. 

Principle 

When absorbate is treated with activated charcoal, it is converted into dehydroascorbate, 

which then reacts with 2, 4-dinitrophenyl hydrazine to yield osazones. When these osazones 

are dissolved in sulphuric acid, they produce an orange-colored solution whose absorbance 

can be determined spectrophotometrically at 540nm. 

Extraction of vitamin C 

From 1g of leaf sample, ascorbate was extracted with 4% TCA and diluted to 10ml using 

same. After centrifuging at 2000rpm for 10 minutes, the supernatant was treated with a pinch 

of activated charcoal, vigorously shaken with a cyclomixer, and kept for 5 minutes. 

Centrifugation was used to remove the charcoal particles, and aliquots were utilized for the 

estimation. 

 

Procedure 

Standard ascorbates in concentrations ranging from 0.2 to 1.0ml, as well as 0.5 to 1.0ml of 

supernatant, were used. With 4% TCA, the volume was increased to 2.0ml. All of the tubes 

received 0.5ml of DNPH reagent, followed by 2 drops of 10% thiourea solution. The contents 

were mixed and incubated for 3 hours at 370 degrees Celsius, which then resulted in the 

formation crystals of osazones. Cold 2.5ml of 85% sulphuric acid was used to dissolve the 

crystals. After adding sulphuric acid, DNPH reagent and thiourea were introduced to the 

blank. After cooling the tubes in ice, the absorbance was measured in a spectrophotometer at 
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540nm. An electronic calculator set to linear regression mode was used to create a standard 

graph. The ascorbate concentration in the sample was calculated and expressed in mg/kg of 

sample. 

3.2.8.3.2 Vitamin E (tocopherol) content 

Each leaf sample was homogenized into 2.5 g in 50 ml of 0.1N sulfuric acid, then permitted 

to sit for the night. The contents of the flask were vigorously shaken before being filtered 

through Whatman No.1 filter paper. Estimation was done using aliquots of the filtrate. 

Procedure 

Separate 1.5ml portions of the sample, the standard, and the 1.5ml of water were pipetted into 

three stoppered centrifuge tubes. Each tube received 1.5 ml of each substance before being 

thoroughly mixed and centrifuged. The xylene (1.0ml) layer was transferred using a second 

stoppered tube. Each tube received 1.0ml of dipyridyl reagent, which was thoroughly mixed. 

The mixture (1.5ml) was pipetted into a cuvette, and the extinction was measured 

calorimetrically at 460nm as described by Lowry et al., (1983). 

3.2.8.3.3 Beta–carotene content 

Beta-carotene content of the leaf samples were estimated using the method described by 

Zakaria et al. (1979). 

Principle 

Beta-carotene can be sampled in leaf samples using petroleum ether and then measured at 

450nm and 503nm respectively. 

Procedure 

To avoid photolysis of carotenoids after saponification, the experiment was conducted in the 

dark. In water bath at 60°C for 30 minutes, 0.5g of each sample was homogenized and 

saponified with 2.5ml of 12% alcoholic potassium hydroxide. The saponified sample was 
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mixed thoroughly before being moved to a separating funnel comprising 10- 15ml of 

petroleum ether. The lower aqueous layer was then moved to a different separating funnel, 

and the topmost petroleum ether layer, which contained the carotenoids, was collected. The 

process was repeated till the aqueous layer lost its color. To remove excess moisture from the 

petroleum ether sample, a small quantity of anhydrous sodium sulphate was added. The 

petroleum ether sample's final volume was recorded. Using petroleum ether as a blank, the 

absorbance of the yellow color was spectrometrically measured using (Genesys 10-S, USA) 

at 450nm and 503nm.The amount of Beta carotene and lycopene was calculated using the 

formulae: 

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐵𝑒𝑡𝑎 𝐶𝑎𝑟𝑜𝑡𝑒𝑛𝑒 =
𝐴450 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
× 4 

3.2.8.4 Antioxidant assay 

3.2.8.4.1 α, α-diphenyl-β-picrylhydrazyl (DPPH) scavenging activity     

The potential of the natural antioxidants in the leaves to scavenge the stable free radical DPPH 

was assessed using the method described by Mensor et al. (2001). 

(DPPH) 

Procedure 

The leaf samples were combined with 0.5ml of a 0.1mM DPPH methanolic solution and 

0.48ml of methanol in a volume of 20µL. For 30 minutes, the mixture was left to react at room 

temperature. Methanol served as the blank, DPPH in methanol served as the positive control, 

and butylated hydroxytoluene (BHT) served as the reference. A spectrophotometer was used 

to measure the discoloration of the purple color after 30 minutes of incubation at 518nm 

(Genesys 10-S, USA). The following formula was used to calculate radical scavenging 

activity: 
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𝑆𝑐𝑎𝑣𝑒𝑛𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 % =
100 − 𝐴518(𝑠𝑎𝑚𝑝𝑙𝑒) − 𝐴518(𝑏𝑙𝑎𝑛𝑘)

𝐴518(𝑏𝑙𝑎𝑛𝑘)
×

100

1
 

 

3.2.8.4.2   2, 2'-azino-bis-3-ethyl benzthiazoline-6-sulphonic acid (ABTS) scavenging 

activity 

The antioxidant activity of the leaf samples was investigated using the ABTS (2, 2'-azino-bis-

3-ethyl benzthiazoline-6-sulphonic acid) radical cation decolorization assay developed by 

Shirwaikar et al. (2006). ABTS radical cations (ABTS+) were created by reacting an ABTS 

solution (7mM) with 2.45mM ammonium persulphate. Before using, the reaction mixture was 

kept in the dark at room temperature for about 12-16 hours. Aliquots (0.5ml) of each of the 

two leaf samples were added to 0.3ml of ABTS solution before being diluted to 1ml with 

ethanol. The absorbance was measured in a spectrophotometer at 745nm (Genesys 10-S, 

USA) and the percentage inhibition was calculated by using the formula; 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%)
(𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑡𝑒𝑠𝑡)

𝐶𝑜𝑛𝑡𝑟𝑜𝑙
×

100

1
 

3.2.8.4.3 Ferric Ion Reducing Antioxidant Power (FRAP)   

The extracts' reducing property was determined using the method described by Pulido et al. 

(2000). 

Principle 

The assay's principle is the estimation of ferric degradation product via condensation with the 

extract. 

Procedure 

Mix 0.25 ml of extract, 0.25 ml of 200 mM sodium phosphate buffer, pH 6.6, and 0.25 ml of 

1% potassium ferrocyanide. After incubation at 50°C for 20 minutes, 0.25 mL of 10% 

trichloroacetic acid was added and centrifuged at 2000 rpm for 10 minutes, 1 mL of the 
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supernatant was mixed with 1 mL distilled water and 0.2 mL ferric chloride, and the 

absorbance was measured at 700 nm. 

3.2.9 Toxicological test using brine shrimp lethality assay 

The brines shrimp lethality assay was done using the method described by Meyer et al. (1982) 

with little modifications. 

Principle 

The brine shrimp lethality assay is a preliminary in vitro bioassay that evaluates the toxicity 

of chemicals and natural products such as plant extracts using brine shrimp nauplii, a tiny 

crustacean (Artemia salina).  In brine medium, the procedure measures the LC50 values of 

active compounds and extracts in µg/ml. The activities of wide range of known bioactive 

constituents in the test sample results in toxicity to the brine shrimp larvae. 

Procedure 

Brine shrimp eggs (Artemia salina Leach) were obtained from Department of Pharmacognosy, 

University of Ibadan, Oyo State, Nigeria. Two grams (2.0g) of the brine shrimp eggs were 

transferred and allowed to hatch in natural sea water obtained from bar beach, Ikoyi Lagos 

containing 3.8g/L salt. The larvae (Nauplii) were put in a filtered sea water for 48h at 25°C 

under constant aeration and illumination so as to ensure survival and maturity before use 

(Simorangkir et al., 2017; Ogbole et al., 2017). After the 48h, eggs that have hatched into a 

nauplii (larvae) were used as test animals.  Stock solutions (10mg/mL) of the two plant 

extracts were made and diluted serially in clean text tubes of 10mL volume to obtain five final 

concentrations (1000µg/mL, 500 µg/mL, 100 µg/mL ,10 µg/mL and 1.0 µg/mL). Ten nauplii 

(larvae) were collected with the aid of a pipette and added to the serially diluted ten solutions. 

The test was carried out in triplicate. The negative control consisted of ten nauplii per tube in 

sea water without plant extracts (Ogbole et al., 2017) while thymol 1% aqueous solution was 
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the positive control (Basto et al., 2009). After the 24h incubation at 25°C, a magnifying lens 

was used to count the number of dead larvae and the percentage mortality was calculated. 

Larvae were considered dead only if they did not move for few seconds after pricking with a 

sharp object during observation.  

3.2.10 Statistical analysis 

Analyses were done in triplicates and results expressed as mean ± SD. Data was analyzed by 

ANOVA using GraphPad Prism version 5.0. The LC50 was calculated using probit analysis 

and the data was determined by the best fit line method, while percentage mortality was 

calculated using mean survival of treated and untreated brine shrimp larvae. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Results 

Table 4.1 Proximate composition (%) of ethanol-water leaf extracts of Justicia secunda  and 

Jatropha tanjorensis 

Parameter (%) Justicia 

secunda  

Jatropha 

tanjorensis 

T-value P-value Comment 

Moisture 6.37 ± 0.09 5.32 ± 0.07 15.95 <0.0001 significant 

Fibre 4.62 ± 0.04 5.22 ± 0.05 16.23 <0.0001 significant 

Ash 8.89 ± 0.07 9.79 ± 0.09 13.67 0.0002 significant 

Fat 8.45 ± 0.03 7.65 ± 0.04 27.71 <0.0001 significant 

Protein 10.15 ± 0.10 9.80 ± 0.07 4.966 0.0077 significant 

Carbohydrate 61.52 ± 0.12 62.22 ± 0.14 6.575 0.0028 significant 

Values are mean ± standard deviation of triplicate determinations. 

 

 

Table 4.1 shows the proximate composition of the ethanol-water leaf extracts of Justicia 

secunda  and Jatropha tanjorensis. There were significantly (p<0.05) higher contents of 

moisture (6.37 ± 0.09%), fat (8.45 ± 0.03%), and protein (10.15 ± 0.10%) in J. secunda 

compared to J. tanjorensis, while J. tanjorensis showed higher contents of fibre (5.22 ± 

0.05%), ash (9.79 ± 0.09%) and carbohydrate (62.22 ± 0.14). 
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Table 4.2: Mineral composition (mg/kg dry weight) of ethanol-water leaf extracts of Justicia 

secunda  and Jatropha tanjorensis 

Parameter (mg/kg 

dry weight) 

Justicia 

secunda  

Jatropha 

tanjorensis 

T-value P-value Comment 

Sodium 6.48 ± 0.10 6.99 ± 0.12 5.655 0.0048 Significant 

Potassium 8.49 ± 0.08 8.58 ± 0.10 1.217 0.2904 Not 

Significant 

Calcium 5.68 ± 0.07 5.99 ± 0.09 4.709 0.0092 Significant 

Magnesium 9.39 ± 0.10 8.48 ± 0.08 12.31 0.0003 Significant 

Copper 0.79 ± 0.03 0.67 ± 0.04 4.157 0.0142 Significant 

Zinc 0.79 ± 0.04 0.67 ± 0.05 3.246 0.0315 Significant 

Iron 1.99 ± 0.08 1.67 ± 0.06 5.543 0.0052 Significant 

Manganese 0.57 ± 0.02 0.53 ± 0.03 1.922 0.1270 Not 

Significant 

           Values are mean ± standard deviation of triplicate determinations 

 

Table 4.2 shows the result of the mineral analysis of the plants’ extracts. There is significantly 

(p<0.05) higher contents of sodium (6.99 ± 0.12 mg/kg), and calcium (5.99 ± 0.09 mg/kg) in 

J. tanjorensis in comparison with J. secunda. J. secunda generally had higher contents of the 

microelements compared to J. tanjorensis. No significant (p>0.05) difference was observed 

in the potassium and manganese contents of the two plant leaves. 
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Table 4.3: Amino acids composition (µg/g) of ethanol-water leaf extracts of Justicia 

secunda  and Jatropha tanjorensis 

Amino acids (µg/g) Justicia 

secunda  

Jatropha 

tanjorensis 

T-value P-value Comments 

Essential Amino Acids  

Valine (Val) 4.75 ± 0.03 4.74 ± 0.03 0.4083 0.7040 Not 

Significant 

Threonine (Thr) 3.57 ± 0.08 2.98 ± 0.03 11.96 0.0003 Significant 

Isoleucine (Ile) 2.85 ± 0.04 4.74 ± 0.07 40.60 <0.0001 Significant 

Leucine (Leu) 2.65 ± 0.09 2.98 ± 0.03 6.025 0.0038 Significant 

Lysine (Lys) 3.85 ± 0.04 3.74 ± 0.09 1.934 0.1252 Not 

Significant 

Methionine (Met) 1.50 ± 0.03 1.54 ± 0.02 1.922 0.1270 Not 

Significant 

Phenylalanine (Phe) 3.74 ± 0.09 5.78 ± 0.04 35.88 <0.0001 Significant 

Histidine (His) 4.76 ± 0.08 2.89 ± 0.05 34.33 <0.0001 Significant 

Tryptophan (Trp) 1.79 ± 0.09 1.24 ± 0.05 

 

9.253 0.0008 Significant 

Non-Essential Amino Acids  

Glycine (Gly) 4.85 ± 0.03 2.44 ± 0.09 44.00 <0.0001 Significant 

Alanine (Ala) 3.84 ± 0.07 2.38 ± 0.02 34.74 <0.0001 Significant 

Serine (Ser) 2.57 ± 0.04 3.84 ± 0.09 22.33 <0.0001 Significant 

Proline (Pro) 3.69 ± 0.09 4.78 ± 0.04 19.17 <0.0001 Significant 

Aspartate (Asp) 2.89 ± 0.03 2.21 ± 0.08 13.79 0.0002 Significant 

Glutamate (Glu) 2.75 ± 0.03 4.69 ± 0.04 67.20 <0.0001 Significant 

Arginine (Arg) 2.74 ± 0.05 3.49 ± 0.06 16.63 <0.0001 Significant 

Tyrosine (Tyr) 2.92 ± 0.02 2.97 ± 0.09 1.369 0.2428 Not 

Significant 

Cystine (Cys) 2.74 ± 0.03 1.44 ± 0.06 33.57 <0.0001 Significant 
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Table 4.3: Amino acids composition (µg/g) of ethanol-water leaf extracts of Justicia secunda  

and Jatropha tanjorensis. A total of eighteen amino acids were identified in each of the plants.   

The highest essential amino acid found in Justicia secunda  was valine followed by histidine, 

lysine and phenylalanine while phenylalanine, valine, isoleucine and lysine were the highest 

occurring essential amino acids in Jatropha tanjorensis. The highest non-essential amino 

acids (NEAA) identified in Justicia secunda  was glycine, followed by alanine, proline and 

aspartate while proline, glutamate, arginine and tyrosine were the most abundant in Jatropha 

tanjorensis. J. tanjorensis has a higher (30.63±0.41 µg/g) distribution of essential amino acid 

as opposed to (29.46 ± 0.57 µg/g) observed in J. secunda. Conversely J.secunda had a total 

amount of non-essential amino acid as (28.99 ±0.39 µg/g) as against 28.24±0.57µg/g) seen in 

J. tanjorensis 
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4.4: Phytochemical screening of ethanol-water leaf extracts of Justicia secunda  and 

Jatropha tanjorensis 

Parameters Justicia secunda  Jatropha tanjorensis 

 Observation  Remark Observation Remark 

Alkaloid ++ High ++ High 

Saponin + Low ++ High 

Flavonoids ++ High ++ High 

Tannin ++ High ++ High 

Resin  + Low + Low 

Cardiac glycoside + Low ++ High 

Terpenoids + low + Low 

Key ++ = High + =Low 

 

Table 4.4 shows the result of phytochemical screening of ethanol-water leaf extracts of J. 

secunda and J. tanjorensis. The table shows high amount of alkaloid, saponin, flavonoids, 

tannin and cardiac glycoside in J. tanjorensis as against low saponin, cardiac glycoside, 

terpenoids and resin in J.secunda. Terpenoids and resin were low in both plants. 
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Table 4.5: Composition (µg/ml) of phytochemicals and antinutrient factors in ethanol-water 

leaf extracts of Justicia secunda  and Jatropha tanjorensis 

Component (µg/ml) Justicia secunda  Jatropha 

tanjorensis 

T-value P-value Comment 

Sapogenin 6.76 ± 0.24 14.13 ± 0.39 27.88 <0.0001 Significant 

Naringenin 4.09 ± 0.09 26.21 ± 0.23 155.10 <0.0001 Significant 

Anthocyanin 6.68 ± 0.75 11.35 ± 0.51 8.918 0.0009 Significant 

Epihedrine 0.01 ± 0.30 4.67 ± 0.82 9.244 0.0008 Significant 

Dihydrocytisine 8.07 ± 0.82 8.38 ± 0.48 0.5651 0.6022 Not 

Significant 

Kaempferol 4.72 ± 0.51 6.09 ± 0.39 3.696 0.0209 Significant 

Cynogenic  glycoside 5.13 ± 0.54 7.83 ± 0.25 7.859 0.0014 Significant 

Aphylidine 5.55 ± 0.23 12.77 ± 0.40 27.10 <0.0001 Significant 

Steroid 4.35 ± 0.39 15.75 ± 0.19 45.52 <0.0001 Significant 

Tannin 18.88 ± 0.28 26.12 ± 0.15 39.48 <0.0001 Significant 

Flavonones 6.58 ± 0.27 9.04 ± 0.17 13.35 0.0002 Significant 

Catechin 3.97 ± 0.16 24.40 ± 0.06 207.10 <0.0001 Significant 

Flavone 7.08 ± 0.50 7.36 ± 0.35 0.7946 0.4713 Not 

Significant 

Proanthocyanidin 6.21 ± 0.71 8.16 ± 0.19 4.595 0.0101 Significant 

Ribalinidine 9.14 ± 0.34 18.27 ± 0.16 42.08 <0.0001 Significant 

Spartein 2.76 ± 0.22 4.34 ± 0.18 9.627 0.0007 Significant 

Cardiac    glycoside 3.00 ± 0.45 10.34 ± 0.43 20.43 <0.0001 Significant 

Phytate 4.15 ± 0.59 7.74 ± 0.11 10.36 0.0005 Significant 

Oxalate 2.53 ± 0.37 3.22 ± 0.15 2.993 0.0402 Significant 

Ammodendrine 5.99 ± 0.28 22.36 ± 0.11 94.25 <0.0001 Significant 

 

 

Table 4.5 shows the phytochemical composition (µg/ml) and antinutrient factors in ethanol-

water leaf extracts of Justicia secunda  and Jatropha tanjorensis. A higher amount of 

phytochemicals and anti-nutrient factors such as tannin, phytate and oxalate was observed in 

J. tanjorensis compared to J. secunda. A significant (P<0.05) difference was observed in all 

the phytochemicals and antinutrient factors except in dihydrocystisine and flavone (p>0.05) 

between the two plant leaves. 
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Table 4.6a-4.6f: GCMS-identified bioactive components of ethanol-water leaf extracts of 

Justicia secunda  (arranged according to their Retention time (Min), % Report (percentage 

abundance), molecular formula and molecular weight) 

 
S/N RT 

(min) 

Bioactive compound Formula MW % 

Report 

Structure Biological activities 

 

1 
 

22.130 

          Phenol 

2,4-Di-tert-butylphenol 
 

C14H22O 

 

206 

 

8.08 

 Anticancer, antibacterial  

Antiproliferative, 

Antifungal, Antimicrobial, 

cytotoxic 

 Antioxidant, 

Antiinflammatory 

antiviral, antimalarial, 

insecticidal,nematocidal 

and phytopathogenic  

 

2 

 

9.430 
             Alkane 

Decane,3,8-dimethyl 

 

C12H26 

 

170 

 

7.72 

 

 

No reported activity 

3 9.816 Heptadecane,2,6,10,14-

tetramethyl 
C21H44 296 4.72  No reported activity 

4 10.268 Heptadecane,2,6-dimethyl C19H40 268 4.51  No reported activity 

 

5 

 

8.876 

 

Hexadecane,3-methyl 
 

C17H36 

 

240 

 

3.38 

 

 

No reported activity 

 

6 

 

9.737 

 

Dodecane 

 

C12H26 

 

 170 

 

3.16 

 Antioxidant, antimicrobial 

and  anti-cancer 

 

7 

 

9.622 

 

Undecane 

 

C11H24 

 

156 

 

2.93 

 

 

 

Anti-inflammatory , 

Anti-allergic, 

Anti-fungal & 

anti-microbial 

8 8.980 Nonane C9H20  128 1.84  

 

Antifungal & antibacterial  

 

9  15.706 Tridecane C13H28 184 1.82  

 

Antimicrobial & 

Antioxidant  

 

10 

 

10.506 

 

Undecane,5-methyl 

  

C12H26 

 

170 

 

1.70 

 

 

 

No reported activity 

 

  



71 

 

Table 4.6b 

11 9.138 2,6-Dimethyldecane C12H26  170 1.69 

 

No reported activity 

12  10.635 Octane,3-ethyl C10H22  142  1.52  

 

No reported activity 

 

13 

 

10.579 

 

Tricosane, 2-methyl 

 

C24H50 

 

338 

 

1.30 

 

 

No reported activity 

 

14 

 

9.059 

 

Decane 

 

C10H22 

 

142 

 

1.19 

 Antifungal & antibacterial  

 

 

 

15 

 

21.104 

 

Undecane, 2-methyl 

 

C12H26 

 

170 

 

0.88 

 

 

Antifungal, antibacterial 

& antioxidant activity 

 

 

16 

 

23.597 

 

Hexadecane 

 

C16H34 

 

226 

 

0.57 

 

 

Antibacterial 

Antimicrobial & 

antioxidant 

 

 

17 

 

26.072 

 

Heptane, 2,6-dimethyl- 

 

C9H20 

 

128 

 

0.41 

 

 

Induced morphological 

changes in human skin 

and monkey kidney cells 

Exhibits weak 

antibacterial activity  

 

18 

 

28.325 
       Alkene 

1-octadecene 

 

C18H36 

 

 252 

 

2.66 

 Antibacterial, antioxidant,  

Anticancer. 

 

 

19 

 

23.440 

 

Z-8-Hexadecene 

 

C16H32 

 

224 

 

2.35 

 

 

Antimicrobial  

 

20 

 

18.283 

 

4-tetradecene, (Z) 

 

C14H28 

 

196 

 

1.31 

 No reported activity 

 

21 

 

32.181 

 

1-Docosene 
 

C22H44 

 

308 

 

1.03 

 Antimicrobial  

22 34.796 1- Hexacosene C26H52 364  0.41  Cytotoxic activity  
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Table 4.6c 

23 23.743  Cetene C16H32 224  0.31 

 

Antioxidant & 

antitumour , 

24 28.553 3-Eicosene, (E)- C20H40 280 0.15  Antioxidant,cytotoxic 

 antimicrobial,    anti-

hyperglycemic,insecticide

-al activity  

 

25 

 

32.843 
     Fatty Acid 

Oleic acid 

 

C18H34O2 

 

282 

 

0.61 

 Antimicrobial, 

Antifungal, Inhibitor of 5-

α reductase, Allergenic, 

anti-inflammatory, 

anti-androgenic, cancer 

preventive, anemiagenic, 

anti-alopecic, propecic 

anti-leukotriene-D4, 

choleretic, dermatitigenic, 

hypocholesterolemic, 

insectifuge, 
 

26 

 

33.550 

 

Hexacosanoic acid 
 

C26H52O2 

 

396 

 

0.20 

 

 

Antimicrobial & 

antifungal 

 

27 

 

19.743 
   Fatty alcohol 

 1-Hexacosanol 

 

C26H54O 

 

382 

 

0.15 

  

Antitumour activity 

 

 

28 

 

8.521 

 

 2-Ethyl-1-dodecanol 

 

C14H30O 

 

214 

 

1.41 

 

 

Anti-helminthic 

 

29 

 

10.159 
  Fatty Acid  Ester 

Carbonic acid, nonyl vinyl 

ester 

 

C12H22O3 

 

214 

 

3.73 

 

 

 

No reported activity 

30 9.938 Carbonic acid nonyl prop-1-

en-yl ester 
C13H24O3 228 1.24  

 

probable antibacterial 

activity 

31 5.250 Butyl 9-octadecenoate C22H42O2 338 1.22  

 

 

No reported activity 

32 33.375 2-Chloropropionic acid, 

hexadecyl ester 
C19H37Cl

O2 

332 1.08  No reported activity 

33 34.116 Tetradecanoic acid, dodecyl 

ester 
C26H52O2 396 0.36 

 

No reported activity 

 

 

 

34 

 

 

7.137 

 

Hexadecanoic acid, 4-

nitrophenyl ester 

 

 

C22H35N

O4 

 

 

377 

 

 

0.32 

 

 

 

 

 Has cosmetic uses  

 

 

35 

 

34.543 
   Phthalate Ester 

Bis (2-ethylhexyl) 

Phthalate 

 

 

 

C24H38O4 

 

390 

 

1.50 

 Antimicrobial 

Anticancer & anti-tumour 

Cytotoxic 

36 30.527 Dibutylphthalate 

 

 

C16H22O4 278  1.31  

 

Antimicrobial,  

Antifouling ,Antifungal  

Antimalarial 

 

 

  



73 

 

Table 4.6d 

 

37 

 

30.069 
      FAME 

Hexadecanoic acid, methyl 

ester 

 

C17H34O2 

 

270 

 

1.02 

 Promotes aortic dilation, 

Promotes membrane 

autolysis, 

Inhibits phagocytosis and 

influences nitric oxide 

production in some cells  

38 31.551 9,12-Octadecanoic acid, 

methyl ester, (E,E) 

 

C19H34O2 294 1.43  Antifungal Anticancer, 

anti-oxidant, anti-acne, 

anti-eczemic, anti-

histamine, Anti-

inflammatory, insectifuge, 

nematicide, 

hepatoprotective and 

hypercholesterolemic 

39 25.513 Benzoic acid, 4-(3-hydroxy-

3-methyl-1-butynyl)-

,methyl ester 

C13H16O3 220 0.32  No reported activity 

 

 

 

40 

 

 

8.612 

Pyridine derivative 

 

1-Hexadecanesulfonic 

acid,3,5-dichloro-2,6-

dimethyl-4-pyridyl ester 

 

 

C23H39Cl

2NO3S 

 

 

480 

 

 

2.07 

  

 

 

Anti-microbial and 

antioxidant 

 

 

 

 

 

41 

 

7.425 
    Chlorobenzene 

Benzene,1,3-dichloro 

 

 

C6H4Cl2 

 

 

 

147 

 

1.33 

 

 

 

Toxic to aquatic 

organisms like bluegill 

 

42 

 

6.885 
    Aldehyde 

9-octadecenal, (Z) 

 

C18H34O 

 

266 

 

1.11 

 Antimicrobial 

 

43 

 

12.584 

 

E-14-Hexadecenal 

 

  

C16H30O 

 

238 

 

0.95 

 Antioxidant & 

antibacterial  

 

44 

 37.248  

13-Octadecenal, (Z)- 
 

C18H34O 

 

266 

 

0.33 

  

 

 

45 

 

 

15.873 

  Bicyclic Organic    

    Compound 

1,4-Methanonaphtha 

lene,1,4-dihydro 

 

 

 

C11H10 

 

 

142 

 

 

0.84 

  

 

Antimicrobial, 

antibacterial  

Probable inhibitory effect 

against 

acetylcholinesterase  

46 16.361 9-Oxabicyclo[6.1.0] 

nonane 
C8H14O 126 0.53  Antibacterial, anti-fungal 

& nematicidal activity 

 

 

47 

 

 

30.886 

Heterocyclic Organic 

       Compound 

Indazole-4-one,3,6,6-

trimethyl-1-phthalazin-1-yl-

1,5,6,7-tetrahydro 

 

 

C18H18N4

O 

 

 

306 

 

 

0.60 

  

 

No reported activity 
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Table 4.6e 

 

48 

 

7.788 
           Ether 

Octadecane,1-(ethenylo xy) 

 

C20H40O 

 

296 

 

0.59 

  

Antisepsis 

49 20.899 Dodecane, 1,1'-oxybis- C24H50O 354 0.16   No reported activity 

 

50 

 

14.888 
    Dialkyl Ether 

  Decyl octyl ether 

 

C18H38O 

 

270 

 

0.57 

  

No reported activity 

 

 

51 

 

 

29.799 

    Poly aromatic 

Hydrocarbon(PAH) 

Anthracene, 1,2,3, 4,5, 

6,7,8-octa hydro-1,1,4, 

5,5,8,8-octamethyl- 

 

 

 

C22H34 

 

 

298 

 

 

0.47 

 

 

 

 

No reported activity 

 

52 18.963 Naphthalene, 2,7-dimethyl- C12H12 156 0.33  No reported activity 

 

 

 

53 

 

5.455 
          MUFA 

       Erucic acid 

 

C22H42O2 

 

338 

 

0.44 

  

Regulates mesenchymal 

stem cell differentiation 

into osteoblasts and 

adipocyte  

Broad-spectrum antiviral 

activity against IAV 

Antiinflammatory/Pro-

inflammatory 

amplification effect. 

Inhibits NF-κB and p38 

MAPK 

 

 

54 29.928 cis-Vaccenic acid C18H34O2 282 0.20 

 

 Antibacterial 

May down regulate 

gluconeogenesis and 

liver fat accumulation 
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Table 4.6f 

 

55 

 

23.978 
  Cycloalkane 

Cyclohexadecane 

 

C16H32 

 

224 

 

0.30 

 

 

 

 

insecticidal, antioxidant, 

anticancer  

 

56 

 

10.992 
    Hydrazide 

Stearic acid hydrazide 

 

C18H38N2

O 

 

298 

 

0.26 

  

No reported activity 

 

57 

 

17.473 
    Chloroalkane 

Hexadecane, 1-chloro 

 

C16H33Cl 

 

260 

 

0.26  

 

 

No reported activity 

 

 

58 

 

25.958 
        Ketone 

Cyclopentadecanone, 2-

hydroxy 

 

C15H28O2 

 

240 

 

0.26 

 

 

 

Antimicrobial  

 

 

59 

 

 

13.191 
     Acyl fluoride 

Trifluoroacetoxy 

hexadecane 

 

C18H33F3 

 

338 

 

0.24 

  

Antifungal activity 

 

 

60 

 

17.804 
      Epoxide 

Oxirane,tetradecyl 

 

C16H32O 

 

240 

 

0.23 

  

No reported activity 

 

 

61 

 

 

19.354 

  Monoterpenoid   

     Alcohol 

  Citronellol 

 

 

 

C10H20O 

 

 

156 

 

 

 

0.23 

  

Antifungal, cytotoxic, 

antiproliferative  

 

 

62 

 

11.563 
  Sulfonyl Chloride 

1-Octadecanesulphonyl 

chloride 

 

C18H37Cl

O2S 

 

353 

 

0.19 

 

 

 

No reported activity   

 

 
FAME: Fatty acid methyl ester, MUFA: Monounsaturated fatty acid, PAH: Polyaromatic hydrocarbon 
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Table 4.7a-4.7f: GCMS-identified bioactive components of ethanol-water leaf extract of 

Jatropha tanjorensis (arranged according to their Retention time (Min), % Report (percentage 

abundance), molecular formula and molecular weight 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S/N RT 

(Min) 

Bioactive compound Formula MW %  

Report 

Structure Biological activities 

 

1 
 

22.133 

    Phenol 

2,4-Di-tert-butyl phenol 
 

C14H22O 

 

206 

 

7.74 

 Anticancer, antibacterial  

Antiproliferative, 

Antifungal 

Antimicrobial, cytotoxic 

Antioxidant 

Antiinflammatory 

antiviral, antimalarial, 

insecticidal, nematocidal 

and phytopathogenic  

 

2 

 

25.514 

  

2-Chloro-4-fluoro phenol, 

TBDMS derivative 

 

C12H18ClFO

Si 

 

160 

 

0.23 

 

 

 

No activity reported 

 

3 

 

9.428 
   Alkane 

Docosane, 2,21-  dimethyl 

 

  C24H50 

 

338 

 

8.16 

  

No activity reported 

4 9.815 Undecane   C11H24 156 4.88   Anticancer  

Anti-inflammatory & 

Anti-allergic  

Anti-fungal & 

anti-microbial 

 

5 9.553  Decane   C10H22 142 2.19  Antifungal & 

antibacterial 

 

6 9.138 Tricosane,2-methyl   C24H50 338 1.84   

No reported activity 

 

7 

 

15.705 

  

Tridecane 

 

   

  C13H28 

 

184 

 

1.56 

  

Antimicrobial 

 

8 18.476 Tetradecane    C14H30 198 1.24  Antimicrobial, Diuretic 

& Antituberculosis  
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Table 4.7b 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

  

9 9.937 Tetracosane, 3-ethyl    C26H54 

 

366 1.24   

No reported activity 

10 12.803 Dodecane    C12H26  170 1.22  Antioxidant 

Antimicrobial 

11 10.578 2,6-Dimethyldecane     C12H26  170 1.14  No reported activity 

 

12 11.464 Undecane, 5-methyl-     C12H26  170 

 

0.24  No reported activity 

 

13 

 

33.375 
 Fatty Acid Ester 

2-Chloropropionic acid, 

hexadecyl ester 

 

 

C19H37ClO2 

 

332 

 

1.25 

 

  

No reported activity 

14 5.253 Butyl 9-octadece noate C22H42O2 338 0.93  No reported activity 

 

15 34.110 Eicosanoic acid, isobutyl 

ester 
C24H48O2 368 0.38  No reported activity 

16 31.022 9-Methyl-10,12-

hexadecadien-1-ol-acetate 
C19H34O2 294 0.34  No reported activity 

 

 

 

17 23.597 Carbonic acid, eicosyl 

vinyl ester 
C23H44O3 268 0.32  

 

Antibacterial  

Antioxidant  

 

 

18 

 

28.090 
 Alkene 

1-octadecene 

 

C18H36 

 

252 

 

2.40 

 Antibacterial, 

Antioxidant 

Anticancer  

 

19 23.441  Hexadecene  C16H32 224 2.07  Antibacterial 

Antimicrobial and 

antioxidant  

 

20 18.282  Tetradecene, (Z)  C14H28 196  1.18   

Antimicrobial 
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Table 4.7c 

 

 

  

21 32.181  1-Docosene  C22H44  308  1.02  Antimicrobial  

 

 

22 

 

8.669 
   Ester 

Oxalic acid, cyclobutyl 

tetradecyl ester 

 

C20H36O4 

 

340 

 

 1.12 

  

 

No reported activity 

 

23 

 

34.544 
Phthalate Ester 

Bis(2-ethylhexyl) phthalate 

 

 

 

C24H38O4 

 

390 

 

1.33 

 

 

 

Antimicrobial 

Anticancer & anti-

tumour 

Cytotoxic  

24 30.527 Dibutylphthalate C16H22O4 278 0.88  Antimicrobial,  

Antifouling 

Antifungal Antimalarial 

 

25 

 

31.588 
    FAME 

Trans-13 octa 

decenoic acid, methyl ester 

 

 

C19H36O2 

 

296 

 

1.70 

 Hypocholesterolemic 5-

alpha reductase inhibitor 

Anemiagenic, 

Insectifuge, 

Sickle erythrocyte 

membrane stabilizing 

ability 

26 31.550 8,11-octadecadienoic acid 

methyl ester 

 

C19H34O2 294 1.57  No reported activity 

27 31.764 Methyl stearate C19H38O2 298 0.72  

 

Antidiarrheal  

Cytotoxic & 

Antiproliferative 

.Antifungal, 

antioxidant,anticancer 

 

28 

 

10.158 
  Fatty alcohol 

1-Decanol, 2-hexyl 

 

C16H34O 

 

242 

 

5.09 

  

No reported activity 

29 26.626 2-Methyl-Z,Z-3,13-

octadecadienol 
C19H36O 280 

 

0.29  Insecticidal, herbicidal, 

pesticidal and 

Pheromonal activity 

 

30 

 

34.796 
Cycloalkane 

Cycloeicosane 

 

C20H40 

 

280 

 

0.36 

 

 

 

 

No reported activity 
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Table 4.7d 

 

 

 

  

31 30.704 Cyclohexadecane,1,2-

diethyl 
C20H40 280 1.79   No reported activity 

32 26.072 Cyclohexane,6-butyl-1-

nitro 
C10H17NO2 183 4.36  No reported activity 

 

33 

 

8.875 
   Ether 

Octadecane,1-(ethenyloxy) 

 

C20H40O 

 

306 

 

3.84 

 Antisepsis  

 

 

34 10.268 Allyl n-octyl ether 

 
 C11H22O 170 2.61  

 

No reported activity 

 

 

35 

 

9.619 
   Oxime 

Hydroxylamine, O-decyl 

 

C10H23NO 

 

173 

 

2.90 

  

Antimicrobial 

 

 

 

 

36 

 

 

10.638 

Aromatic Hydrocarbons 

Benzene, 1-ethyl-2-4-

dimethyl 

 

 

C10H14 

 

 

134 

 

 

2.67 

  

 

No reported activity 

37 10.505 Benzene,1,2,4,5-

tetramethyl 
C10H14 134 2.15   No reported activity 

 

 

38 15.872 Naphthalene, 1-methyl C11H10 142 0.77  

 

No reported activity 

39 11.571 Benzene, 1-ethyl-2,3-

dimethyl- 
 C10H14 134 0.33  No reported activity 

 

 

40 16.352 Benzocycloheptatriene  C11H10 142 0.15  

 

No reported activity 
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Table 4.7e 

 

 

  

 

41 

 

6.884 
 Fluorinated Organic   

     compounds 

Trifluoroacetoxy 

hexadecane 

 

C18H33F3O2 

 

338 

 

1.22 

  

 

Antifungal 

 

 

 

42 

 

 

 

7.425 

Chlorinated  Aromatic   

Hydrocarbons 

Benzene,1,4-dichloro 

 

 

 

 

C6H4Cl2 

 

 

 

147 

 

 

 

1.20 

  

 

 

Pesticide 

 

 

43 

 

 

12.595 

 Bicyclic aromatic   

  hydrocarbon 

 Azulene 

 

 

C10H8 

 

 

128 

 

 

1.21 

  

 

Antifungal 

Antimicrobial  

 

 

 

44 

 

32.601 
   Fatty Acid 

Oleic acid 

 

C18H34O2 

 

282 

 

0.86 
 

 

Antimicrobial, 

Antifungal 

Inhibitor of 5-α 

reductase  Allergenic, 

anti-inflammatory, 

anti-androgenic, cancer 

preventive, anemiagenic, 

anti-alopecic, propecic 

anti-leukotriene-D4, 

choleretic, 

dermatitigenic, 

hypocholesterolemic, 

insectifuge 

 

 

 

45 

 

 

8.613 

   Alcohol 

1-Hexadecanol,2-methyl 

 

 

C17H36O 

 

 

256 

 

 

0.94 

  

Antioxidant, 

Antimicrobial  

 

 

 

 

 

46 

 

 

 

30.887 

Heterocyclic compound 

Indazol-4-one, 3, 6, 6-

trimethyl-1-phthalazin-1-

yl-1,5,6,7-tetrahydro- 

 

 

C18H18N4O 

 

 

306 

 

 

0.62 

 

 

 

 

No reported activity 

 

47 

 

37.258 
Aldehyde 

13-octadecenal, (Z) 

 

C18H34O 

 

266 

 

0.60 

 Antibacterial 

 

48 

 

14.889 

 

9- 

octadecenal, (Z) 

 

C18H34O 

 

266 

 

0.56 

 

 

Antimicrobial 
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Table 4.7f 

 
FAME: Fatty acid methyl ester, MUFA: Monounsaturated fatty acid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

49 28.327 E-15- Heptacenal C17H32O 252 0.32  AntibacterialAnti-

inflammatory  

 

50 

 

11.329 
    Hydrazide 

Stearic acid hydrazide 

 

C18H38N2O 

 

298 

 

0.36 
 

 

No reported activity 

 

 

 

51 

 

33.999 
Fatty Acid Derivative 

3-(Prop-2-enoyloxy) 

dodecane 

 

C15H28O2 

 

240 

 

0.32 

  

 

Propesic 

 

 

52 

 

11.123 
    Epoxide 

Oxirane, tetradecyl- 

 

C16H32O 

 

240 

 

0.32 

  

No reported activity 
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Figure 4.1: Antioxidant vitamin contents (mg/kg) of ethanol-water leaf extracts of Justicia secunda  

and Jatropha tanjorensis. Bars are mean ± standard deviation of triplicate determinations. **Vitamin 

values of Jatropha tanjorensis significantly (p<0.05) lower than corresponding vitamin values of 

Justicia secunda . 
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Table: 4.8 Total phenolic content (mg/ml) of ethanol-water leaf extracts of Justicia secunda  

and Jatropha tanjorensis 

Extract Conc. (mg/ml) Justicia secunda  Jatropha 

tanjorensis 

T-value P-value Comment 

0 
0.00 ± 0.00 0.00 ± 0.00 

- - - 

10 3.39 ± 0.07 4.54 ± 0.02 27.36 <0.0001 Significant 

20 4.60 ± 0.04 4.98 ± 0.03 13.16   0.0002 Significant 

40 4.84 ± 0.08 6.05 ± 0.07 19.72 <0.0001 Significant 

80 4.48 ± 0.06 6.09 ± 0.07 30.25 <0.0001 Significant 

 

Table 4.8 shows total phenolic content (mg/ml) of ethanol-water leaf extracts of J. secunda and J. 

tanjorensis. The result shows a significant difference (P<0.05) in total phenolic content of the two 

plant extracts. At all concentration, J. tanjorensis showed higher and a concentration dependent 

increase in total phenolic content. 

Table 4.9: Total flavonoid content (mg/ml) of ethanol-water leaf extracts of Justicia secunda  

and Jatropha tanjorensis 

Extract Conc. (mg/ml) Justicia secunda  Jatropha 

tanjorensis 

T-value P-value Comment 

0 
0.00 ± 0.00 0.00 ± 0.00 

- - - 

10 
10.69 ± 0.14 8.63 ± 0.19 

15.12 0.0001 Significant 

20 
11.87 ± 0.15 11.49 ± 0.16 

3.001 0.0399 Significant 

40 
10.93 ± 0.18 13.79 ± 0.13 

22.31 <0.0001 Significant 

80 
11.59 ± 0.16 12.48 ± 0.17 

6.603 0.0027 Significant 

 

Table 4.9 shows total flavonoid content (mg/ml) of ethanol-water leaf extracts of J.secunda and 

J.tanjorensis. The result shows a significant difference (P<0.05) in total flavonoid content of the 

two plant extracts. At extract concentrations of 10mg/ml and 20mg/ml J.secunda showed higher 

total flavonoid contents of 10.67±0.14mg/ml and 11.87 ±0.15mg/ml. The highest total flavonoid 

content was observed in J.tanjorensis at extract concentrations of 40 and 80mg/ml. 
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Figure 4.2: DPPH Radical Scavenging activity (%) of ethanol-water leaf extracts of Justicia 

secunda  and Jatropha tanjorensis. Bars are mean ± standard deviation of triplicate 

determinations. * DPPH values of Jatropha tanjorensis significantly (p<0.05) higher than 

corresponding Justicia secunda  DPPH values. 
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Figure 4.3: ABTS Radical Scavenging activity (%) of ethanol-water leaf extracts of Justicia 

secunda  and Jatropha tanjorensis. Bars are mean ± standard deviation of triplicate 

determinations. * DPPH values of Jatropha tanjorensis significantly (p<0.05) higher than 

corresponding Justicia secunda  DPPH values 
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Figure 4.4: FRAP Radical Scavenging activity (%) of ethanol-water leaf extracts of Justicia 

secunda and Jatropha tanjorensis. Bars are mean ± standard deviation of triplicate determinations. 

** FRAP values of Jatropha tanjorensis significantly (p<0.05) lower than corresponding Justicia 

secunda  FRAP values. 
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Table 4.10: Brine shrimp lethality (% mortality) effect of ethanol-water leaf extracts of 

Justicia secunda  and Jatropha tanjorensis. 

Extract 

Concentration 

(µg/ml) 

Justicia secunda  Jatropha tanjorensis T-value P-value Comment 

1 13.31 ± 0.03 39.79 ± 0.03 1081.0 <0.0001 Significant 

10 27.62 ± 0.03 48.98 ± 0.04 739.9 <0.0001 Significant 

100 37.88 ± 0.03 57.25 ± 0.02 930.5 <0.0001 Significant 

500 58.30 ± 0.03 71.13 ± 0.02 616.3 <0.0001 Significant 

1000 71.08 ± 0.03 83.47 ± 0.02 595.2 <0.0001 Significant 

LC50 value 7.59 (x 102) ± 0.03 9.89 (x 103) ± 0.03 93.90 <0.0001 Significant 

Inference  Low toxicity             Non toxic - - - 

  

Table 4.10 shows the result of brine shrimp lethality (%mortality) effect of ethanol – water leaf 

extracts of J. secunda and J. tanjorensis. There is a significant difference (p<0.05) in % Mortality 

effect of the extracts at different concentration. J. secunda showed an LC50 value of 7.59 (x 102) ± 

0.03 as against 9.89 (x 103) ± 0.03 observed in J. tanjorensis. 
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4.2 DISCUSSION 

The result of the proximate composition of ethanol-water leaf extract of Justicia secunda  and 

Jatropha tanjorensis (Table 4.1.1) indicated there were significant (p< 0.05) differences in 

the percentage moisture, fibre, ash, fat, protein and carbohydrate composition of the leaves. 

The results showed that Justicia secunda has higher moisture (6.37%), fat (8.45%), and 

protein (10.15%) while Jatropha tanjorensis has higher ash (9.79%) and fibre contents 

(5.22%). Both leaves are rich sources of carbohydrates with Jatropha tanjorensis having a 

slightly higher percentage content (62.22%) as against 61.52% seen in Justicia secunda . The 

results showed that for both leaves, the main nutritional constituents followed this order: 

carbohydrate > protein > ash > fat > moisture > fibre. Just like this findings, Arogbodo, (2020) 

and Onochie et al., (2020) had reported carbohydrate as the highest nutritional constituents of 

Justicia secunda  leaves. Conversely, our study found a higher percentage of carbohydrate 

than in the cited reported. Ajuru et al. (2021) reported fibre and ash as the major nutritional 

constituents of Justicia secunda  root. As against our findings that carbohydrate (62.22%) was 

the major nutritional constituent of ethanol-water leaf extract of Jatropha tanjorensis, Idu et 

al, (2014) reported protein (41.65%) and fat/oil (36.73%) as the major nutritional constituents 

in the leaves of Jatropha tanjorensis. In another study, Nwachukwu (2018) and Anhwange et 

al., (2019) reported moisture content (81.62% and 80.59% respectively) as the major 

nutritional constituents of Jatropha tanjorensis leaves. Results our study generally suggest 

that both leaves could serve as good dietary sources of carbohydrate to humans and 

omnivorous animals, providing a cheap and good source of energy. Carbohydrate is the 

primary constituent of all normal diets and provides most of the energy required of the body. 

Carbohydrates yield glucose on hydrolysis which serves as an important and immediate source 

of energy and may be stored in the liver and muscles to be mobilized and utilized when needed 
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by the body (Raven et al., 1999; Okeke et al., 2008). The protein contents were 10.15 ± 0.10% 

in Justicia secunda and 9.80 ± 0.07% in Jatropha tanjorensis leaves. Suffice it to say that both 

leaves are not excellent sources of protein. This is in accordance to Pearson, (1976) who stated 

that plant foods are considered good sources of protein only if more than 12% of their caloric 

value is made up of protein. Nevertheless, both leaves could still be fair sources of dietary or 

protein supplements, especially for vegetarians, people who live in rural areas, and people 

who have protein deficient diseases (Mgbeje et al., 2019). Proteins remain essential 

biomolecules and are a major constituent of the body. Their roles are vital and highly diversed 

and seen in numerous physiological processes such as cell division and growth (Sholey et al., 

2003), as a part and pro-immune system component (Kelley et al., 2017), required in enzyme, 

blood plasma and hormone synthesis (Mathew et al., 2021). According to Igile et al. (2013), 

it is an essential part of human diet required for the replacement of dead tissues and for the 

supply of energy and sufficient amount of required amino acids. (Arogbodo, (2020) and 

Onochie et al., (2020) have earlier reported a lower fibre content of 0.60% and 6.51% 

respectively in leaves of Justicia secunda . The highest fibre content of 55.18% was reported 

in the roots of Justicia secunda  by Ajuru et al. (2021). On the other hand, fibre contents of 

2.80% and 3.46% were reported by Nwachukwu, (2018) and Idu et al. (2014), while 

Anhwange et al. (2014) reported a higher fibre content of 7.15%. In humans, dietary fibers 

have a significant impact on blood cholesterol levels (Schweizer and Würsch, 1991). Studies 

have shown that compared to matched controls, vegetarians who consume high-fibre diets 

possess lower plasma total cholesterol, LDL cholesterol, and HDL cholesterol (Knuiman and 

West, 1982). After ten years of observation, men who consumed more fiber were less likely 

to develop atherosclerosis and certain other degenerative diseases than those who consumed 
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less fiber (Kromhout et al., 1982). Dietary fiber is essential for regular bowel movements, the 

avoidance of piles and prevention of constipation (Asaolu et al., 2012). 

Justicia secunda  and Jatropha tanjorensis leaves have low fat content. Because the leaves 

are low in fat, they can be included in the diets of individuals that aim to lose weight. The 

findings indicated that the leaves are poor sources of plant-derived fats. Fats and oil are 

essential in human health as they serve as sources of energy and components of biological 

membranes (Michelle at al., 1993). Fats are secondary plant products that yield more energy 

per gram than carbohydrate. Dietary fats are crucial owing to their high calorific value as well 

as the essential fatty acids and fat-soluble vitamins that are found within fat of natural foods. 

Fats and oils are beneficial in the production and repair of essential cell components, as well 

as in blood pressure regulation (Dutta, 2003).  

When the organic matter in a food sample is completely oxidized or ignited, the inorganic 

residue left over is referred to as ash. A food's ash content is important because it represents 

a measure of the food's overall mineral composition (Vunchi et al., 2011). As a result, the ash 

content of the leaves is determined by the mineral elements present in the leaves. The ash 

contents obtained were 8.89 ± 0.07 and 9.79 ± 0.09% for J. secunda and J. tanjorensis 

respectively. Ash contents of 9.81% in Justicia carnea and 16.75% in Justicia secunda  were 

reported by Ajuru et al. (2021). Earlier, Onochie et al. (2020) had reported an ash content of 

12.83% in Justicia secunda . In similar studies, Idu et al. (2014), Nwachukwu (2018) and 

Anhwange et al., (2019) found ash contents of 4.71%, 0.98%, and 5.06% in Jatropha 

tanjorensis leaves. It should be noted that their findings were significantly lower than those 

of the present study. Dietary ash has been shown to be important in creating and maintaining 

the blood system's acid-alkaline balance, in addition to controlling hyperglycemia (Gokani et 

al., 1992). 
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The moisture contents were 6.37 ± 0.09% in Justicia secunda  leaves and 5.32 ± 0.07% in 

Jatropha tanjorensis leaves. Moisture content of food is an indicator of its water activity 

(Olutiola et al., 1991). The amount of moisture in a product determines its stability and 

vulnerability to microbiological contamination and spoilage (Uraiha and Izuagbe, 1990). 

Because both leaves have low moisture content, they can apparently be stored for long 

duration of time without deterioration. 

Results of the mineral composition analysis showed a significant difference (p<0.05) in sodium 

(Na), calcium (Ca), magnesium (Mg), copper (Cu), zinc (Zn) and iron (Fe) composition of both 

leaves whereas, there is no significant difference (p>0.05) in potassium (K) and manganese (Mn) 

contents of the leaves. Among these mineral elements identified, Na, K, Ca and Mg are macro 

minerals while Cu, Zn, Fe and Mn are essential trace elements or minerals. Both leaves contain 

more macro minerals/elements than the trace minerals/elements. The result of the mineral 

composition of the leaves of J. secunda and J. tanjorensis obtained is not comparable to that of 

Onochie et al. (2020) who had earlier reported a higher mineral composition in leaves of Justicia 

secunda  except for Mg which is higher in the present study. Another higher mineral composition 

in J. secunda was reported by Anhwange et al., (2019). Their findings indicated the highest 

amount of calcium (98.10 mg/kg) reported so far in J.secunda, followed by iron (35.34 mg/kg). 

They went further to report potassium and zinc as 13.73 and 13.83 mg/kg respectively, while Mg, 

Mn, and Cu were 5.85, 6.83 and 0.76 mg/kg respectively. In yet another investigation, 

Ogunbamowo et al., (2020) reported mineral compositions lesser than the findings of this study, 

both in macro minerals and micro minerals. Okunade and Adesina, (2014) reported higher Na 

(9.33mg/100g), Mg (33.30 mg/100g), K (110.30 mg/100g) but lesser Ca (1.38± mg/100g), Fe 

(1.22 mg/100g), and Zn (0.01 mg/100g) in the leaves of Jatropha tanjorensis.  

Sodium and potassium are complementary macrominerals. Sodium is an important 

intracellular cation component, while potassium remains an essential extracellular cation 
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component (Asaolu et al., 2012). As one of the principal electrolytes in the blood, sodium 

contributes to the contraction of muscles, maintenance of acid-base balance, the transmission 

of nerve impulses, and the control of plasma volume (Akpanyung, 2005; Ghanghro, 2019). 

The RDA for sodium is 500 mg/day. Low plasma sodium occurs due to clinical conditions 

such as trauma, cachexia, overuse of diuretics. Anorexia nervosa, congestive heart failure, 

ulcerative colitis, liver disease and diarrhea are all conditions that can lead to loss of sodium. 

Thus, the leaves of J. secunda and J. tanjorensis can be relied upon to supply fair amount of 

sodium as a means of dietary supplementation. 

Potassium concentrations in both leaves of J. secunda and J. tanjorensis were 8.49 and 8.58 

mg/kg respectively. Just like sodium, potassium plays pivotal roles in transmission of nerve 

impulses and contraction of skeletal muscle (Toaheed et al., 2017). 

Calcium was found to be 5.68mg/kg in J. secunda and 5.99 mg/kg in J. tanjorensis. Calcium 

promotes blood clotting, muscle contraction and relaxation, vitamin B12 absorption, and 

strong teeth and bones (Toaheed et al., 2017). Controlling calcium levels is crucial for both 

insulin release and resistance (Ozcan and Tabas, 2016). Calcium balance is disrupted in 

diabetics, which plays a role in the abnormal cell control of skeletal muscles, cardiac muscles, 

erythrocytes, and platelets (Dubey et al., 2020). According to Pittas et al. (2007), alterations 

in vitamin D and calcium concentrations are associated with the onset of type 2 diabetes 

(T2DM). High amounts of cytosolic calcium have been linked to insulin resistance in cell 

culture studies (Henquin, 2011). In addition, a dose-dependent meta-analysis of cohort studies 

found that calcium in the diet protects against type 2 diabetes (Aune et al., 2013; Gijsbers et 

al., 2016). 

Magnesium levels were 9.39 mg/kg in J. secunda and 8.48 mg/kg in J. tanjorensis. 

Magnesium is utilized in a variety of biological processes, serving as a cofactor in over 300 
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enzyme systems that govern various of biochemical processes in the body, including protein 

synthesis, muscles and neuron functions, blood sugar balance, and blood pressure regulation. 

(Institute of Medicine, 1997; Rude, 2010; Rude, 2012). Additionally, it aids in the synthesis 

of RNA, DNA and glutathione, an important antioxidant (Romani, 2013). Muscle contraction, 

nerve impulse conduction, and regular heart rhythm all rely on the active transport of 

potassium and calcium ions across cell membranes, a process that cannot occur without 

magnesium (Rude, 2012). The recommended dietary allowance (RDA) for magnesium is 400 

mg/day for healthy adult males and 320mg/day for heathy adult females (Institute of 

Medicine, 1997). Among the best sources of dietary magnesium are; whole grains, spinach, 

nuts, legumes and seeds (USDA-ARS, 2012). Magnesium deficiency is uncommon but seen 

majorly because of low dietary intake or alcoholics (Rude, 2012; USDA-ARS, 2012). Studies 

have also shown that inadequate intake of Mg results in muscle spasm, diabetes, high pressure, 

migraines, osteoporosis, cerebral infarction (Kobrin and Goldfarb, 1990; Larsson et al., 2008; 

Romani, 2013) and hypocalcemia or hypokalemia in severe cases. Therefore, Mg 

supplementation through dietary intake of these leaves is recommended.  

Copper (Cu) levels observed were 0.79 and 0.67 mg/kg for J. secunda and J. tanjorensis 

respectively. Cu is an essential trace mineral in both plants and animals (Al-fartusie and 

Mohssan, 2017). A minute amount of 150mg of this essential mineral is contained in the 

human body (Al-fartusie and Mohssan, 2017). In the gut, copper is absorbed and subsequently 

transferred to the liver coupled to albumin. Cu is transported to various organs after being 

metabolized in the liver. The majority of the body's Cu reserves are transported to the liver 

via the protein ceruloplasmin. Numerous enzymes, including, ascorbic acid oxidase, 

peroxidase monoamine oxidase, catalase, and cytochrome oxidase require copper as an 

important component. The hematologic and neurological systems need it. It is necessary for 
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the development of myelin sheaths, the operation of neurological systems and the integration 

of iron into hemoglobin (Tan et al., 2006). The recommended dietary allowance (RDA) for 

Cu is 2mg/day in healthy adults (National Research Council, Food Nutrition Board,1980). 

Among the best-known dietary sources of Cu are sunflower seeds, peanuts, almonds, walnuts, 

mushrooms, barley, wheat, fish and cashews (Roger, 2011). Malabsorption of Cu after gastric 

bypass surgery and other forms of remote gastrointestinal surgery is the leading cause of Cu 

deficiency whereas acquired Cu deficiency is usually as a result of dietary deficit frequently 

seen in malnourished infants with low birth weight, newborns, and young infants (Tan et al., 

2006). Therefore, decoction of these leaves maybe given as a cheap supplementation 

especially among indigent rural dwellers.  

Results obtained for Zn are similar to those of Cu. Zn is found throughout the entire body 

system with half seen in the muscle tissue (Zevenhove and Kilipinen, 2001). It's a vital mineral 

that helps metabolism and cell growth by acting as a cofactor for enzymes. Nearly 300 

different enzymes use it (Prasad, 2003; Plum et al., 2010; Osredkar and Sustar, 2011). As a 

component of several enzymes, it is involved in the metabolism of proteins, lipids, energy, 

and carbohydrates (Al-fartusie and Mohssan, 2017). It plays a crucial role in maintaining a 

healthy immune system and a strong resistance to infections and promoting radiant skin (Al-

fartusie and Mohssan, 2017). Zn acts as a necessary requirement for DNA and protein 

synthesis, insulin activity, and liver function throughout cell division and development. Zn is 

also crucial for metabolism in ovaries and testes (Prasad, 2003; Plum et al., 2010; Osredkar 

and Sustar, 2011; Burjonrappa and Miller, 2012). Inadequate dietary intake of zinc may lead 

to zinc deficiency. It is estimated that almost two billion people in developing countries are 

zinc-deficient (Prasad, 2003). The RDA for Zn is 8mg/day for women and 11mg/day for men 

(Wellman, 2009). Good amount of dietary zinc has been found in wheat, brown rice, soybean, 



95 

 

oats, peanuts, walnuts and numerous vitamin mineral supplements such as citrate and sulfate 

(Ensminger and Ensminger, 1993; Berdanier et al., 2007; Wellman, 2009). Severe Zn 

deficiency results in hair loss, delayed sexual maturation, impotence, hypogonadism in males, 

delayed healing and taste abnormalities (Heyneman, 1996; Prasad, 2004; Maretm and 

Sandstead, 2006). Therefore, leaves of J. secunda and J. tanjorensis are recommended as 

dietary supplements for such conditions. World Health Organization also recommends Zn 

supplementation in severe cases of diarrhea and malnutrition (WHO, 2007). 

This study reported 1.99 mg/kg of iron in J. secunda and 1.67 mg/kg in J. tanjorensis. Iron is 

the most abundant metal in the human body (Al-fertusie and Mohssan, 2017). Fe 

concentration in the body is roughly 3 to 4 grams, which is virtually equivalent to a 

concentration of 40 to 50 milligrams of iron per kilogram of body weight (Crichton et al., 

2008). The most of the iron in the body is housed within hemoglobin. The distinctive red color 

of blood is attributable to the presence of Fe in the hemoglobin (Wessling-Resnick, 2014). 

Iron is also a crucial component of myoglobin (Agget, 2012). Iron is essential for 

development, synthesis of certain hormones, connective tissues, normal cellular functions, 

growth and development (Murray-kolbe et al., 2010; Agget, 2012). Men and post-menopausal 

women have an iron RDA of 8mg per day, whereas menstruation women have an iron RDA 

of 18mg per day (Russell et al, 2001). This is because of the frequent high blood volume lose 

during their monthly period. The following are rich dietary sources of iron, seafood, leafy 

vegetables, chickpeas, black-eyed peas, poultry, beans, liver and red meat. Investigations have 

revealed that iron in meat is more easily absorbed than that in vegetables (Roger, 2011). Due 

to the iron content of the leaves, frequent consumption of these leaves is recommended for 

people suffering from iron-deficient conditions such as anemia as the leaves will provide some 

dietary portions. Mn is another important trace mineral found in the body in a minute quantity. 
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About 12mg of Mn can be found in a typical human body. The skeletal system contains 

roughly 43% of the body's manganese, with the remainder distributed throughout soft tissues 

such as liver, pancreas, kidneys, brain, and central nervous system (Roger, 2011; Emsley, 

2011). Mn aids the body in the formation of bones, sex hormones, connective tissues and 

blood-clotting factors (Fraga, 2005; Palacios, 2006). Additionally, it is necessary for calcium 

absorption, blood sugar control, and fat and carbohydrate metabolism (Henn et al, 2010; Avila 

et al., 2013). Mn is a part of the antioxidant SOD, which aids in the defense against free 

radicals (Law et al., 1998; Treiber et al., 2012). Mn RDA for adults is 2.3mg/day for men and 

1.8mg/day for females (Russell et al.,2001). Dietary sources include peas, dried beans, bulgur 

wheat, rye, oats, brown rice, corn, legumes, leafy greens and sea vegetables (Cabrera-Vique 

and Bouzas, 2009; US Department of Health and Human Services, 2010; Roger, 2011). The 

leaves of both J. secunda and J. tanjorensis can be recommended as a dietary supplement in 

people with impaired glucose tolerance, hypercholesterolemia, dermatitis and infertility 

(Berdainer, 2001; Soetan et al., 2010; Dutta and Mukta, 2012). 

Amino acid compositions of ethanol-water leaf extracts of J. secunda and J. tanjorensis are 

shown in Table 4.3. There significant (p<0.05) differences in the amino acids contents 

detected in the plants, except in valine, lysine, methionine and tyrosine which showed no 

significant (p>0.05) difference. Among the eighteen amino acids identified, nine belonged to the 

special class of amino acids known as essential amino acids (EAA) while the remaining nine were 

of non-essential amino acids (NEAA). The highest essential amino acid found in J. secunda was 

valine followed by histidine, lysine and phenylalanine while phenylalanine, valine, isoleucine and 

lysine were the highest occurring essential amino acids in J. tanjorensis. The highest non-

essential amino acids (NEAA) identified in J. secunda was glycine, followed by alanine, proline 

and aspartate while proline, glutamate, arginine and tyrosine were the most abundant in J. 
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tanjorensis. The result obtained in this study were lower in comparison to the values of amino 

acids of some important medicinal plants that are also used as blood boosters such as the seeds 

of Mucuna pruriens (Fitriyah et al., 2021), Telfairia occidentalis, Amaranthus hybridus and 

Solanum aethiopicum (Adeyeye and Omolayo, 2011; Aja et al., 2021). Though, the 

methionine composition of A. hybridus and T. occidentalis as reported by Aja et al, (2021) 

were lesser than the values obtained in the present study. In another study, Najda et al. (2013) 

identified only four amino acids namely; asparagine, proline, cysteine and histidine in 

Jatropha curcas an important members of the Jatropha family. Amino acids are essential 

biomolecules required for protein building in the body. Each amino acids whether essential or 

non-essential plays a critical role in disease prevention as well as in the transportation of 

nutrients (Ogunka-Nnoka et al., 2020).The amino acid threonine plays a critical role in 

building muscles and also helps maintain a healthy equilibrium between the brain's various 

neurotransmitters (Watford, 2008). Isoleucine speeds up protein synthesis and aids in building 

muscle, both of which are crucial for maintaining stable blood sugar levels (Elango et al., 

2009; Chmurzynska, 2010). Glutamic acid and alanine protect the heart and blood vessels and 

give energy to the body's cells (Bruhat et al., 2009). Glycine is important for the health of the 

brain and prostate (Wu et al., 2004; Mohammad et al., 2017).  For a healthy and functional 

liver and cartilage, methionine is pivotal (Chen et al., 2007; Palii et al., 2009). Tyrosine 

functions as a monomeric unit for synthesis of proteins and polypeptide (Wang et al., 2008). 

The amino acid lysine is essential for proper cell division and growth; without it, fatty acid 

metabolism is disrupted and connective tissues are weakened (Elango et al., 2009). In humans, 

arginine aids in the production of growth hormones and insulin, which are essential for a 

strong immune system (Wu et al., 2004; Tan et al., 2009). Phenylalanine on the other hand 

plays a key role in the processes of glucose synthesis in the brain, insulin secretion, and fat 
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oxidation (Brosnan et al., 2010). Collagen syntheses, as well as the synthesis of adrenaline, 

creatine, DNA, and RNA, require the amino acids proline and serine (Brasse et al., 2009; 

Brosnan et al., 2010). Aspartate was discovered to have a crucial role in RNA and DNA 

metabolism, immunoglobulin and antibody formation, and other cellular processes. It aids the 

body in promoting a strong metabolism and in the treatment of depressive symptoms and 

weariness (Albrecht et al., 2010). 

Phytochemical screening showed high presence of alkaloids, flavonoids, and tannins in J. 

secunda, while alkaloids, saponin, flavonoids, tannins and cardiac glycosides were seen 

appreciably in J. tanjorensis. On the other hand, low content of saponin, resin, cardiac 

glycosides and terpenoids were seen J. secunda while only resin and terpenoids were low in 

J. tanjorensis. This result is comparable to those of Osioma and Hamilton-Amachree (2017),  

Arogbodo (2020), Ogunbamowo (2020) and Ajuru et al., (2021), and Oyewole and Akingbala, 

(2011), Omoregie and Osagie (2017) and Igbinaduwa et al., (2017) who reported the presence 

of the same phytochemicals as revealed by this study in various leaf extracts of J. secunda 

and J. tanjorensis respectively. These are secondary metabolites isolated from plants that have 

been shown to provide health benefits for humans, such as the prevention or treatment of 

disease (Ajuru et al., 2017). Besides luring in pollinators and dispersal animals, plants rely on 

secondary metabolites for structural and mechanical support. In addition to protecting the 

plants from predators and pathogens, the secondary metabolites also reduce the growth of 

neighboring plants, which lessen competition, and protects the plant from harmful UV rays 

(Aziz, 2015). Some of these secondary metabolites and their derivatives are have medicinal 

properties (Haddad-Kashni et al., 2012). Alkaloids for example are a class of plant-friendly 

compounds (Igwe et al., 2010). They have been shown to have a variety of pharmacological 

properties, including antiasthmatic, anticancer, and antimalarial properties (Kittakoop et al., 
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2014). While alkaloids can be toxic, they have been shown to have vasodilatory, 

antihyperglycemic, cholinomimetic, antiarrhythmic (Shi et al., 2014), antimicrobial, and 

analgesic characteristics (Cushnie et al., 2014; Robbers et al., 2016). The antimicrobial, anti-

allergic, antioxidant, hepatoprotective, anti-inflammatory, antiviral and anticancer properties 

of many plants have been attributed to their flavonoids content (Watson, 2000). In addition, 

flavonoids inhibit platelet aggregation (Okwu and Emenike, 2006). Tannins are important 

secondary metabolites of plants with different medicinal importance. Because of their 

astringent and haemostatic qualities, they help wounds heal faster and reduce mucus 

membrane inflammation (Ajuru et al., 2017). Additionally, tannins have been shown to be 

powerful and long-lasting antioxidants (Awosika, 1991; Ogunleye and Ibitoye, 2003). 

Tannins impede digestion of proteins in foods by forming complexes with digestive enzymes 

(D`Amelia, 1998). Saponins, on the other hand, are a type of potent expectorant that are crucial 

in the treatment of inflammations of the upper respiratory tract. Anti-fungal and anti-diabetic 

activities have also been attributed to them (Trease and Evans, 1989; Kamel, 1991). Saponins 

are characteristically foamy hence known as natural detergents. They have a wide variety of 

pharmacological effects, including anticancer activity, immunological modulatory effects, 

and the suppression of cancer cell proliferation. Cholesterol-lowering effects of saponins have 

also been studied (Jimoh and Oladji, 2005). Terpenoids are thought to be the most prevalent 

chemicals in natural products, with a variety of medicinal and pharmacological functions such 

as anti-tumor, anti-inflammatory, antibacterial, antiviral, and hypoglycemic properties (Yang 

et al, 2020). They have also been shown to have wide anti-cancer capabilities (Chen et al., 

2015). 

Cardiac glycosides are steroids that have the capability to operate specifically and strongly on 

the heart muscles. A minute amount is just potent enough to stimulate healing of a heart that 
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has been damaged by disease (Morsy, 2017). They are crucial for treating congestive heart 

failure (Kelly, 1990). Without increasing oxygen consumption, they promote free cardiac 

contraction. As a result, the myocardium improves its pumping ability and can keep up with 

the needs of the cardiovascular system (Kelly, 1990). Plants use resins, which are sticky 

secretions that harden when exposed to air, largely for defense against herbivores and 

microbes (Langenheim, 1990). 

Results of the quantitative phytochemical and anti-nutrient analyses of J. secunda and J. 

tanjorensis indicated significant (p<0.05) differences in the values of all phytochemicals and 

anti-nutrients studied except in the values of dihydrocystistine and flavone. The 

concentrations of all the identified phytochemicals and anti-nutrient factors were higher in J. 

tanjorensis compared to J. secunda. The most abundant anti-nutrient factors detected in both 

leaf extracts are tannin (18.88 ± 0.28 µg/ml, 26.12 ± 0.15 µg/ml), followed by phytate (4.15 

± 0.59 µg/ml, 7.74 ± 0.11 µg/ml) and oxalate (2.53±0.37 µg/ml, 3.22 ± 0.15 µg/ml). Tannins 

are regarded as anti-nutrients because they cause proteins to clump together, making them 

hard to be digested therefore reducing the amount of amino acids in the body. This happens 

when the hydroxyl group of tannins and the carbonyl groups of proteins form reversible or 

irreversible tannin-protein complexes (Lampart-Szczapa et al., 2003; Raes et al., 2014). There 

are two kinds of tannin groups: hydrolysable groups and condensed groups. Hydrolyzable 

tannin groups are easily broken down in ruminant animals during digestion. Substantial 

quantities of potentially toxic compounds are produced as a byproduct of the breakdown 

process (Kumar, 1992). Goats can tolerate the highly concentrated tannins found in legume 

fodder and certain seeds, while cattle and sheep are extremely susceptible to them (Bhattarai 

et al., 2016; Smeriglio et al., 2017; D`Mello, 2000). Ingestion of tannins lead to production 

of a variety of digestive enzymes which consequently results in reduced protein digestion 
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(Joye, 2019). Another important anti-nutrient factor identified in the leaf extracts is phytate. 

The phytate content of the leaf extracts were 4.15 ± 0.59 and 7.74 ± 0.11 µg/ml respectively. 

With reference to Onimawo and Akubor (2012), the levels of phytate detected in both leaf 

extracts falls outside the tolerable range. Onimawo and Akubor (2012) had stated that 

ingestion of 2.5g or more of phytic acid per day has been reported to cause a decrease in 

bioavailability of certain mineral elements such as calcium, zinc and iron. The result obtained 

from this study is lower than that of Ajuru et al (2021) who reported higher values of tannin, 

phytate and cyanogenic glycosides in ethanol leaf extracts of J. carnea and J. secunda. 

Nwachukwu (2018) had also reported a higher value of phytate in J. tanjorensis. Phytates also 

reduce the bioavailability of magnesium. Phytates have been linked to the elimination of 

phosphorus and the production of indigestion and flatulence in humans (Groff et al., 1995). 

The concentration of oxalate found in J. secunda and J. tanjorensis were 2.53 ± 0.37 and 7.74 

± 0.11 µg/ml respectively. An insoluble salt is formed when oxalate is present in food, which 

both irritates the tongue and prevents the body from absorbing divalent metallic cations like 

calcium and iron (Ola and Oboh, 2000; Ladeji et al., 2004). In the case of calcium, it prevents 

calcium from performing its usual biochemical and physiological functions, such as 

maintaining healthy bones and teeth, acting as a cofactor in enzyme reactions, clotting factors, 

and nerve impulse transmission. In addition, eating foods high in oxalate can lead to 

hyperoxaluria, which increases the likelihood of developing kidney stones (Chai and 

Liebman, 2004; Hassan and Umar, 2004; Hassan et al, 2007). The results obtained from this 

investigation therefore showed that both leaf extracts contain important phytochemicals with 

diversed medicinal properties but J. tanjorensis has higher contents of the anti-nutrient factors 

- tannins, phytates and oxalates. Generally, however, the concentrations of these antinutrient 
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components in the leaves are within the permissible limits so insufficient to cause toxicity 

when ingested except for phytate. 

The results of the GC-MS phytochemical analysis of the ethanol-water leaf extracts of J. 

secunda and J. tanjorensis are presented in Tables (4.6a-4.6f) and (4.7a-4.7f) respectively. 

GC-MS analysis of J. secunda revealed sixty-two (62) prominent peaks indicating sixty-two 

bioactive compounds. The major compounds were; 2,4-Di-tert-butylphenol (8.08%), 

decane,3,8-dimethyl (7.72%), heptadecane,2,6,10,14-tetramethyl (4.72%), heptadecane,2,6-

dimethyl (4.51%), carbonic acid, nonyl vinyl ester (3.37%), hexadecane,3 methyl (3.38%), 

and dodecane (3.16%). The least abundant bioactive compounds detected in J. secunda were 

3-eicosene (0.15%), dodecane, 1,1`-oxybis (0.16%), 1-octadecanesulphonyl chloride ( 

0.19%), hexacosanoic acid (0.20%), cis-vaccenic acid (0.20%), citronello (0.23%), oxirane, 

tetradecyl (0.23%), trifluoroacetoxy hexadecane (0.24%), and cyclopentadecanone, 2-

hydroxyl- (0.26%). Most of the identified bioactive compounds were alkanes, fatty acid esters, 

aromatic hydrocarbons, alkenes, fatty acid methyl esters and cycloalkanes. Many of these 

bioactive compounds have been reported to show diverse biological activities. 2, 4-Di-tert-

butylphenol for example, has been reported to possess the following biological activities; 

anticancer (Nair et al., 2020; Seenivasan et al., 2022), anti-proliferative, anti-fungi, cytotoxic 

(Chawawisit et al., 2015b; Seenivasan et al., 2022), antioxidant (Belght et al., 2016), anti-

inflammatory, and antiviral (Sang et al., 2012) effects. Dodecane has antioxidant activity 

(Nandhini et al., 2015), while undecane has anticancer (Van Duuren, 1976), anti-

inflammatory, anti-allergic (Choi et al., 2020) and anti-fungal properties (Jeong-Ho et al., 

2008; Sasidharam and Menon, 2010).1-Octadecene has been investigated to possess 

antibacterial, antioxidant and anticancer properties (Mishra and Sree, 2007; Lee et al., 2007). 

The result from the GC-MS analysis of J. secunda is comparable with that of Hamilton-
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Amachree and Uzoekwe (2017) who reported the presence of 2-4-Di-tert-butylphenol, E-14-

hexadecenol, hexadecanoic acid methyl ester and trifluoroacetoxy hexadecane in essential oil 

of J. secunda. The most abundant compound according to their report was 9,12,15- 

octadecatrienoic acid, methyl ester (36.65%), followed by 9-octadecenamide (7.12%), E-14-

hexadecenal (6.3%), trifluoroacetoxy hexadecane (6.00%) and 1-heptadecene (5.68%). In 

similar study, bis (2-ethylhexyl) phthalate (52.52%), diethyl phthalate (28.71%) and (3aR, 4R, 

7R)-1,4,9,9-tetramethyl -3,4,5,6,7,8-hexahydro-2H-3a,7-methanoazulen-2-one (6.71%) were 

the most abundant compounds detected (Odokwo and Onifade, 2020). 

On the other hand, GC-MS analysis of Jatropha tanjorensis showed fifty-two peaks indicating 

52 bioactive compounds. The major compounds detected were: docosane, 2,21-dimethyl 

(8.16%), 2,4-Di-tert-butylphenol (7.74%), 1-decanol, 2-hexyl (5.09%), undecane (4.88%), 

cyclohexane, 6-butyl-1-nitro (4.36%), and octadecane, 1-(ethnyloxy) (3.84%). The least 

abundant bioactive compounds were benzocycloheptatriene (0.15%), 2-chloro-4-

fluorophenol, TBDMS derivative (0.23%), undecane, 5-methyl (0.24%), 2-methyl-z-z-3, 13-

octadecadienol (0.29%), oxirane, tetradecyl (0.32%), 3-(Prop-2-enoyloxy) dodecane (0.32%), 

E-15-heptacenal (0.32%), carbonic acid, eicosyl vinyl ester (0.32%), benzene,1-ethyl-2,3-

dimethyl (0.33%), 9-methyl-10,12-hexadecadien-1-ol-acetate (0.34%) and stearic acid 

hydrazide (0.36%). Habila et al. (2021) had earlier reported dodecanoic acid, 1,2,3-

propanetriyl ester (22.93%) was most abundant in 70% ethanol leaf extract of J. tanjorensis 

followed by methoxyacetic acid, tridecyl ester (21.77%) and carbamic acid, N-(3-chloro-4-

methoxyphenyl)-,glycidyl ester (14.56%), while in 98% ethanol leaf extract of J. secunda, 

lauric anhydride (73.54%) was the most abundant compound followed by 1H-1,2,3,4-

Tetrazole-1-propanamide, N-(2-pyrazinyl) (5.85%) and docosanoic acid nonyl ester (5.26%). 

The authors further reported that 2-heptanol,4-methyl-(27.28%), octane, 2-methyl- (18.19%) 
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and 3-prop-2-enoyloxy dodecane (17.65%) were the most abundant phytocompounds in GC-

MS analysis of aqueous leaf extract of J. tanjorensis. Interestingly none of these compounds 

were detected in the present study. 

Table 4.7a-4.7f revealed that alkanes, alkene, fatty acid esters, fatty acid methyl esters and 

aldehyde were the most abundant groups of compounds detected. Many of the identified 

bioactive compounds have been reported to possess many biological activities as also shown 

in the table. Z-8 hexadecane has been reported to possess antimicrobial activity (Strobel et al., 

2010), 1-hexadecanesulfonic acid, 3,5-dichloro-2,6-dimethyl-4-pyridyl ester has 

antimicrobial and antioxidant properties (Hamad, 2015; Bichi and Abdulmumin, 2022). 

Studies have demonstrated antifungal and antibacterial properties of nonane (Povlovic et al., 

2011). Tridecane has also been reported to possess antimicrobial and antioxidant activities 

(Duke, 1992; Faridha et al., 2016). Other bioactive compounds in J. tanjorensis with known 

biological activities are bis(2-ethylhexyl)phthalate which has antimicrobial, anticancer, 

antitumor and cytotoxic properties (Habib and Karim, 2009; Habib and Karim, 2012; 

Thenmozhi and Rajan, 2015); ethyl-1-dodecanol that is anti-helminthic (Dulara et al., 2017); 

and 9-12 octadecanoic acid methyl ester which has been shown to have antifungal, anticancer, 

antioxidant and anti-acne properties (Rajalakshmi and Mohan, 2016; Kumar et al., 2017; 

Abdurrahman and Cai-Xiab, 2020).  

Analysis of antioxidant vitamins content of the plants showed vitamins’ C, E and A 

concentrations of 72.65 ± 1.85, 17.96 ± 1.78 and 27.47 ± 0.14 mg/kg for J. secunda and 60.43 

± 1.63, 14.33 ± 1.33 and 24.61 ± 0.16 mg/kg respectively. The result shows that J. secunda 

and J. tanjorensis have high concentrations of the vitamins with J. secunda having more of 

these essential antioxidant vitamins. High contents of these vitamins observed in both leaves 

is an indication of their high antioxidant properties (Wasagu et al., 2013). Vitamin C also 
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known as L-ascorbic acid is seen in most living systems as ascorbate (Sies et al., 1992). 

Vitamin C is most abundant in the following parts of the human body: spleen, liver, blood 

cells, pituitary gland, brain, ovaries, adrenal glands, extracellular fluid surrounding the eye, 

and lungs. Vitamin C plays a vital role in hydroxylation reactions necessary for collagen 

formation and carnitine synthesis as well as the facilitation of iron absorption (Levine, 1986). 

It further acts as a chain-breaking antioxidant in lipid peroxidation (Doba et al., 1985; Niki et 

al., 1985).  Specifically, in groups with low ascorbate, such as smokers, dietary ascorbate has 

been shown to defend sperm from endogenous oxidative DNA damage, which could decrease 

sperm quality and raise the chance of genetic abnormalities (Fraga et al., 1981). The body's 

own production of free radicals can be detrimental to genetic information stores including 

DNA, then enzymes and lipid membranes (Halliwell and Gutteridge, 1985) but vitamin C's 

antioxidant properties can help protect the body from these free radical damage (Bendich et 

al., 1986). Tocopherol, or vitamin E, is the principal lipid-soluble, chain-breaking 

antioxidants, notwithstanding its modest concentration in membranes (Olson, 1988). It is well-

known as the immediate line of defense against lipid peroxidation, as its free radical-

neutralizing activity in bio membranes shields polyunsaturated fatty acids in cell membranes 

from damage caused by free radicals (Horwitt, 1986; Van Gossum et al., 1988). In order to 

prevent and treat cancer, vitamin E is crucial (Pecker, 1991). In addition to scavenging free 

radicals, vitamin E boosts the body's immunological response when consumed in large 

amounts (Pecker, 1991). Additionally, it influences the stomach's transformation of nitrites to 

nitrosamines (Watson and Leonard, 1986). There are many different forms of vitamin A, 

including retinols, retinals, and retinoic acids (Polcz and Barbul, 2019). It is acknowledged as 

being crucial for maintaining healthy cells and tissues (Ross, 2010). The most well-known use 

of vitamin A is for maintaining vision. Additionally, it is essential for immunity, growth, 
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wound healing, and embryological development (Polcz and Barbul, 2019). Therefore, the 

richness of J. secunda and J. tanjorensis particularly in vitamins C and A is an indication of 

their importance as dietary sources of essential antioxidant vitamins which possess diverse 

biological and health benefits. 

The results of the total phenolic contents (TPC) of J. secunda and J. tanjorensis are presented 

in Table 4.9. There are significantly (p<0.05) high TPC in the plants which increased 

significantly with increase in extract concentration. Meanwhile at all extract concentrations, 

J. tanjorensis showed a higher TPC than J. secunda. Phenolic compounds are the primary 

secondary metabolites that hugely contribute to the multifarious medicinal properties of 

medicinal plants such as anti-carcinogenic, anti-microbial, anti-inflammatory, anti-allergic 

and anti-viral (Atik and Mohammedi, 2011). A number of epidemiological investigations have 

found a correlation between eating foods high in flavonoids and phenolic compounds with 

powerful antioxidant activities and a lower risk of developing diabetes, cardiovascular 

disease, neurodegenerative illness, and cancer (Adebooye et al., 2008). Plant polyphenolics 

in human diets have been reported as the most predominant antioxidants (Dutta and Ray, 

2020). Scientists have found that overall phenolic levels correlate positively with the 

antioxidant properties of plant extracts (Sun et al., 2002; Kauer and Kapoor, 2002). Hence 

plants with the high total phenolic contents have potentials for greater antioxidant activity 

(Cai et al., 2006; Igwe et al., 2021). Besides antioxidant activity, total phenolic content has 

been reported to correlate with mainly, the position and number of primary - OH group as 

well as molecular structure (Cai et al., 2006). 

As was observed with TPC, total flavonoid contents (TFC) of both J. secunda and J. 

tanjorensis were appreciably high and TFC values increased with increase in extract 

concentration. Flavonoids have huge pharmacological importance. Numerous derivatives of 
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flavonoids have been reported to exhibit anti-allergic, anti-viral, anti-inflammatory and 

antibacterial properties (Dicarlo et al., 1999; Montoro et al., 2005). The majority of oxidizing 

molecules with the inclusion of singlet oxygen and other free radicals linked to a number of 

diseases have been demonstrated to be effectively neutralized by flavonoids (Bravo, 1998). 

Flavonoids work as antioxidants because they have functional OH groups that get rid of free 

radicals and bind to metal ions (Sarian et al., 2017; Governa et al., 2018). Antioxidant activity 

of flavonoids is important in both prevention and treatment of diabetes and its complications. 

This is because, flavonoids can stop formation of reactive oxygen species (ROS) by inhibiting 

enzymes or by chelating trace elements involved in free radical production (Hajiaghaalipour 

et al., 2015). They can also get rid of ROS by scavenging them and stopping enzymes that 

make ROS, like microsomal monooxygenase, glutathione S-transferase, mitochondrial 

succinoxidase and others (Dabeek and Marra, 2019). The richness of these leaves in 

flavonoids especially Jatropha tanjorensis explains their antioxidant properties.  

The DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging assay is a fast, easy and 

widely used method to determine the antioxidant activity of foods, natural compounds or 

extracts (Baliyan et al., 2022). The DPPH radical scavenging activity of the extracts was 

expressed as a percentage, which represents the ability of the extracts to reduce the stable 

DPPH radical to a non-radical form. The higher the percentage, the higher the antioxidant 

activity of the extract. Figure 4.2 showed the DPPH radical scavenging activity (%) of ethanol-

water leaf extracts of Justicia secunda  and Jatropha tanjorensis at various concentrations 

(10, 20, 40, and 80 mg/ml) compared to a reference antioxidant, butylated hydroxytoluene 

(BHT). It further indicated that both Justicia secunda  and Jatropha tanjorensis extracts have 

significant antioxidant activity, as evidenced by their high percentage inhibition of the DPPH 

radical at all concentrations tested. The highest percentage inhibition was observed for 
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Jatropha tanjorensis extract at 93.95% at 20 mg/ml concentration, while the lowest 

percentage inhibition was observed for Justicia secunda  extract at 80.90% at 40 mg/ml 

concentration.  The results therefore suggest that Jatropha tanjorensis extract has stronger 

DPPH radical scavenging activity than to Justicia secunda  extract. This is in consonance with 

earlier observed higher TPC and TFC levels in Jatropha tanjorensis. It is important to note 

that the reference compound, BHT, showed the highest percentage inhibition of the DPPH 

radical at 98.24%, indicating high antioxidant activity compared to the plant extracts. In a 

similar study, Onoja et al (2017) reported that methanolic leaf extract of J. secunda caused a 

concentration dependent increase in percentage antioxidant activity, resulting in a rise of 

antioxidant activity from 7.22% at 25µg/ml concentration to 54.07% at 400 µg/ml 

concentration. Osima and Hamilton-Amachree (2017) carried out yet another related study 

that investigated the phytochemical and in vitro antioxidant properties of methanolic leaf 

extracts of J. secunda using DPPH, H2O2 and superoxide anion. Their study also revealed that 

J. secunda possess free radical scavenging activities, an activity which they attributed to the 

plant`s richness in phytochemicals such anthocyanins, phenols and flavonoids. 

The ABTS assay is yet another commonly used method to evaluate the antioxidant activity of 

plant extracts. The results of the present study indicate that the percentage of ABTS radical 

scavenging activity increased with increasing concentration of the extract for both plant 

species. At all concentrations tested, Jatropha tanjorensis extract exhibited higher ABTS 

radical scavenging activity than Justicia secunda  extract. The p-values indicate that the 

differences between the ABTS radical scavenging activity of the two plant species at each 

concentration tested are statistically significant. This means that the difference in ABTS 

radical scavenging activity between the two plant species is not due to chance or random 
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variation. Overall, these results suggest that Jatropha tanjorensis leaf extract has stronger 

antioxidant activity than Justicia secunda  leaf extract, as measured by the ABTS assay.  

Figure 4.4 shows the results of FRAP inhibition activity (%) of ethanol-water leaf extracts of 

the two different plant species, Justicia secunda  and Jatropha tanjorensis, at different 

concentrations (10, 20, 40, and 80 mg/ml). The results indicate that the percentage of FRAP 

inhibition activity increased with increasing concentration of the extract for both plant species. 

However, unlike the DPPH and ABTS assay results, Jatropha tanjorensis extract showed 

lower FRAP inhibition activity than Justicia secunda  extract at all concentrations tested. 

Justicia secunda  has better FRAP inhibition activity than Jatropha tanjorensis, implying that 

it has a greater capacity to contribute electrons to lower the ferric ions in the process. Overall, 

these results suggest that Justicia secunda  leaf extract has stronger FRAP inhibition activity 

than Jatropha tanjorensis leaf extract, as measured by the FRAP assay. 

Results of the brine shrimp lethality (%) mortality effect of ethanol-water leaf extracts Justicia 

secunda  and Jatropha tanjorensis show that both extracts exhibited a concentration-

dependent increase in lethality to the brine shrimp. At the lowest concentration tested 

(1µg/ml), J. secunda and J. tanjorensis extracts induced 13.31% and 39.79% mortality 

respectively. At higher concentration (10µg/ml to 1000µg/ml), the percentage mortality 

increased for both extracts with J. tanjorensis extracts exhibiting higher lethality than J. 

secunda. Between the extracts, J. secunda had a lower LC50 value of 7.59 (x102 µg/ml) 

compared to the higher LC50 value of 9.89 (x103µg/ml) obtained from J. tanjorensis indicating 

that former is more toxic than the later.  According to Nguta and Mbaria (2013), lower LC50 

value correlates with higher cytotoxicity of plant extracts. LC50 is the number that shows the 

concentration of toxic substances that kill up to 50% of the test organisms at a given time 

(Rasy et al., 2020). Toxicity evaluation of plant extracts using brine shrimp lethality assay is 
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usually determined using the Clarkson`s toxicity index which stipulates that LC50 of > 1000 

µg/ml indicates non-toxic, 500-1000 µg/ml (low toxicity), 100-500 µg/ml (medium toxicity) 

and 0-100 µg/ml (high toxicity) (Clarkson et al., 2004). 

Apparently, the present study is the first to evaluate the toxicity of J. secunda and J. 

tanjorensis using brine shrimp lethality assay. Though this method has been used by Patel and 

Zaveri (2012) and Maskat and Hussain (2012) to evaluate cytotoxicity of different extracts of 

Justicia genderussa and methanol extract of Justicia adhatoda respectively. Methanolic 

fraction of leaf extract of J. genderussa showed higher cytotoxicity than n-hexane and water 

fractions of the leaf and root extracts of the plant (Patel and Zaveri, 2012). According to 

Meskat and Hussain (2012), the n-hexane, ethyl acetate and chloroform soluble fractions of 

methanolic crude extracts of Justicia adhatoda exhibited significant cytotoxicity. Similarly, 

Akhter et al., (2018) studied n-hexane extract of Jatropha pandurifolia using brine shrimp 

lethality assay. Their result showed that J. pandurifolia showed a concentration dependent 

increase in lethality, exhibiting a significant cytotoxicity with LC50 of 4.67 µg/ml as against 

0.27 µg/ml of Vincristin sulphate. 

Brine shrimp lethality assay is considered a useful tool for preliminary evaluation of toxicity. 

It has also been employed in the detection of fungal toxins, plant extract toxicity, heavy 

metals, pesticides and cytotoxicity testing of dental materials (Barahona and Sanchez-Fortun, 

1999). 
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CHAPTER FIVE 

                                     CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The results obtained from this study have shown the richness of Justicia secunda and Jatropha 

tanjorensis in phytochemicals and essential plant-based nutrients. Both plants showed 

substantial amounts of alkaloids, tannins and flavonoids. Jatropha tanjorensis showed higher 

content of saponin and cardiac glycoside. Anti-nutrient factors such as phytate and oxalate 

where also detected in higher quantity in Jatropha tanjorensis than in Justicia secunda . Both 

plants contain significant amounts of carbohydrate, amino acids and a fair content of important 

mineral elements such potassium, magnesium and sodium.  

GC-MS analysis revealed 62 and 52 bioactive compounds in J. secunda and J. tanjorensis 

respectively with diverse biological activities. From the results of the antioxidant vitamins 

composition, both plants particularly J. secunda could be relied upon as excellent dietary 

sources of vitamins C, E and A. High total phenolic and flavonoid contents were noted in the 

plants and were seen to be directly related to their observed high antioxidant activity. The 

observed significant DPPH and ABTS radicals scavenging activities, and FRAP inhibition 

activity of both plants justify them as good sources of natural antioxidants. Hence, the plants 

can be considered as good sources of natural antioxidants to counteract the dangerous effects 

of free radicals that the body is exposed to.  

The results of brine shrimp lethality test indicate that the leaf extracts of J. secunda and J. 

tanjorensis showed LC50 values 7.59 (x102) ± 0.03 µg/ml and 9.89 (x103) ± 0.03 µg/ml 

respectively. Therefore, given the observed LC50 values, ethanol-water leaf extract of J. 

tanjorensis is non-toxic, while that of J. secunda showing lower LC50 value has low toxicity 

to the brine shrimp. 
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5.2 Contribution to knowledge 

This research has contributed the following to the body of knowledge: 

Identification of new bioactive compounds: Using GC-MS and other techniques, the 

phytochemical study of the two plant extracts has led to the discovery of new bioactive 

chemicals that might be investigated further for possible therapeutic applications. 

Antioxidant activity evaluation: Investigating the antioxidant activity of the two plant extracts 

using various assays such as FRAP, ABTS, and DPPH scavenging activities has aided in 

identifying the plants with the most potent antioxidant activity, which can then be used to 

develop nutraceuticals and functional foods. 

Determination of nutritional value: The determination of the amino acid composition, mineral 

content, and anti-nutrient factors of the plant extracts has provided valuable information on 

the nutritional value of the plants, which could be useful for the formulation of animal feed 

and human diets. 

Assessment of toxicity: The evaluation of the toxicity of the plant extracts using the Brine 

shrimp lethality assay has provided information on the safety of the plant extracts, which is 

important for their potential use in medicine and food. 

Comparative analysis: The comparative analysis of the phytochemical and antioxidant profiles 

of the two plant extracts has provided insights into the similarities and differences in their 

chemical composition and biological activities, which could be useful for their classification, 

conservation, and utilization. 
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5.3 Recommendation 

This study has gone a step further in providing good information on the phytochemistry, 

antioxidant and toxicological properties of ethanol-water leaf extracts of Justicia secunda  and 

Jatropha tanjorensis. For more study on these essential medicinal plants, the following are 

hereby recommended: 

1. An investigation into the in vivo antioxidant properties of the ethanol-water leaf 

extracts of Justicia secunda and Jatropha tanjorensis in animal models of oxidative 

stress. This would provide more information on the potential health benefits of these 

plant extracts in the context of preventing or mitigating oxidative damage in living 

organisms. 

2. Conduct of a comprehensive phytochemical analysis of the ethanol-water leaf extracts 

of Justicia secunda and Jatropha tanjorensis using more advanced analytical 

techniques such as HPLC or LC-MS/MS. This would enable the identification and 

quantification of a wider range of phytochemical compounds and elucidation of their 

potential synergistic effects. 

3. Conduct further toxicological studies to determine the safety profile of the plant 

extracts beyond the brine shrimp lethality assay. This could include acute and sub-

chronic toxicity studies in animal models, as well as assessing the potential genotoxic 

and mutagenic effects of the extracts. 

4. Exploration of the potential applications of the plant extracts in the development of 

functional foods, nutraceuticals, or cosmeceuticals. This could involve investigating 

the stability, bioavailability, and sensory properties of the extracts, as well as their 

potential to improve the nutritional or functional properties of food products or 

skincare formulations. 
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APPENDIX 

 

Table: A1: Antioxidant vitamins content of ethanol-water leaf extracts of Justicia secunda  and 

Jatropha tanjorensis. 

Component Justicia secunda  Jatropha 

tanjorensis 

T-value P-value Comment 

Vitamin C (mg/kg) 72.65 ± 1.85 60.43 ± 1.63 8.584 0.0010 Significant 

Vitamin E (mg/kg) 17.96 ± 1.78 14.33 ± 1.33 2.830 0.0474 Significant 

Vitamin A (mg/kg) 27.47 ± 0.14 24.61 ± 0.16 23.30 <0.0001 Significant 

 

 

 

 

Table A2: DPPH Radical Scavenging activity (%) of ethanol-water leaf extracts of Justicia 

secunda  and Jatropha tanjorensis. 

Extract Concentration 

(mg/ml) 

Justicia 

secunda  

Jatropha 

tanjorensis 

T-value P-value Comment 

10 85.87 ± 0.19 93.08 ± 0.22 42.96 <0.0001 Significant 

20 87.21 ± 0.23 93.95 ± 0.24 35.12 <0.0001 Significant 

40 80.90 ± 0.08 89.65 ± 0.89 16.96 <0.0001 Significant 

80 84.47 ± 0.23 87.88 ± 0.29 15.96 <0.0001 Significant 

Reference (BHT) 98.24 ± 0.00 98.24 ± 0.00 - - - 

 

 

Table A3: ABTS Radical Scavenging activity (%) of ethanol-water leaf extracts of Justicia 

secunda  and Jatropha tanjorensis. 

Extract Concentration 

(mg/ml) 

Justicia 

secunda  

Jatropha 

tanjorensis 

T-value P-value Comment 

10 55.18 ± 0.97 67.02 ± 0.90 15.50 0.0001 Significant 

20 57.51 ± 0.29 68.29 ± 0.53 30.91 <0.0001 Significant 

40 59.41 ± 0.80 71.25 ± 0.36 23.38 <0.0001 Significant 

80 61.31 ± 0.78 66.60 ± 0.19 11.41 0.0003 Significant 
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Table A4: FRAP inhibition activity (%) of ethanol-water leaf extracts of Justicia secunda  and 

Jatropha tanjorensis. 

Extract Concentration 

(mg/ml) 

Justicia secunda  Jatropha 

tanjorensis 

T-value P-value Comment 

10 55.52 ± 0.47 31.90 ± 0.18 81.29 <0.0001 Significant 

20 68.10 ± 0.16 58.90 ± 0.11 82.07 <0.0001 Significant 

40 74.23 ± 0.31 62.58 ± 0.16 57.84 <0.0001 Significant 

80 75.46 ± 0.12 64.42 ± 0.18 88.39 <0.0001 Significant 
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Figure 4.7: Brine shrimp lethality (% mortality) effect of ethanol-water leaf extracts of 

Justicia secunda  and Jatropha tanjorensis. 

 

 

 

 

 

 

 

 

 


