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Abstract
Zanthozylum zanthozyloides is a widely distributed plant that possesses numerous medicinal properties. This study was 
designed to assess the phytochemical constituents, antioxidant property, and cytotoxicity of flavonoid- rich extracts of 
shoot of Z. zanthozyloides. The crude ethanolic extract of the tested plant was screened for bioactive compounds and the 
flavonoids-rich  extract  was  obtained.  The  plant  extracts  were  subjected  to  2,  2-Diphenyl-1-picrylhydrazyl  (DPPH), 
nitric oxide (NO) and hydrogen peroxide (H2O2) radicals scavenging activity, and brine shrimp lethality (BSL) assay in 
comparison  to  standard  substances.  The  bio-active  compounds  in  the  crude  extract  were  determined  via  gas  liquid 
chromatography-mass  spectroscopy  (GC-MS).  Flavonoids,  alkaloids,  saponins,  tannins,  glycosides,  steroids  and 
carbohydrates were detected in the crude extract. Likewise, compounds like squalene, vitamin E, 3-carene and limonene 
were present in varied concentrations. The extracts caused a dose-dependent antioxidant and BSL cytotoxic activities. 
In all the antioxidant evaluations, flavonoid-rich extract significantly (p<0.05) scavenged DPPH, NO and H2O2 radicals 
than the crude extract, but lower than the ascorbic acid. Moreover, the flavonoid extract caused a serious mortality at 
85.52  µg/  mL  lethal  concentration  on  50%  of  the  nauplii  population  (LC50).  This  activity  was  insufficiently  (p<0.05)

effective  as  the  doxorubicin  (7.62  µg/  mL),  but  significantly  (p<0.05)    more  than  the  crude  extract  (99.58  µg/  mL). 
These results corroborate the presence of bioactive volatile compounds with potential antiradical and cytotoxic activity

in the studied plant sample.
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1. Introduction 
Natural products are secondary metabolites that an organism produces; many of these metabolites are unique to that 

organism. Secondary metabolites perform no explicit involvement in the organism's internal economy. Organisms use 

them for protective or adaptive purposes (Yadav et al., 2019). Natural products are found in different facet of life 

including plant, animals and microorganisms. Plant-based natural products are one of the bases for the development of 

new pharmaceuticals that are more effective, safer, and pharmacologically superior than synthetic drugs (Andrade et al., 

2018). Bioactive chemicals found in plants are responsible for their health-promoting properties (KossMikoajczyk et al., 

2019). They showed biological effects against chronic illnesses in several investigations, which consequently account 

for their use in alternative or supplemental therapy; particularly in developing countries (Ayeleso et al., 2017; Ozioma 

and Chinwe, 2019). Medicinal properties of plants and herbal components include anti-cancer, antiglycemic, anti-

inflamatory, antihyperglycemic and analgesic properties in studies (Bouyahya et al., 2021; Davoodvandi et al., 2019; 

Rana et al., 2021). Moreover, many of these biological activities are derived from the antioxidant ability of the plant 

derived natural products which resultantly lessens cellular oxidative damages in other to avert related diseases like 

cancer (Yang et al., 2019).  These natural products include alkaloids, flavonoids, lignans, taxanes, vitamins, minerals, 

gums, oils, biomolecules e.t.c., and are used alone or in combination during chemotherapy (Shamran and Abed, 2020; 

Bose et al., 2020).  

Z. zanthoxyloides (Rutaceae) is commonly found across a variety of habitats, and is used to treat indigestion, toothaches, 

abdominal pain, sickle cell anemia, bacterial and cancer e.t.c. (Guendéhou et al., 2018; Sado Kamdem et al., 2015). 

Assessment of bioactive compounds for biological activities can be done by probing their antioxidant or cytotoxic 

property by use of in vitro or in vivo model (Saleem et al., 2019). Antioxidant of flavonoids in Z. zanthoxyloides could 

be assessed by probing its effect on highly reactive unstable nitrogen or oxygen species. In other cases, toxicity to 

normal or diseased cells can be investigated by use of cytotoxicity measurement in human cell lines or animal cells 

(newly hatched brine shrimps) in in vitro or in vivo experiments, and the bioactive components characterized by the use 

of chromatographic experiments such as the gas liquid chromatography (Sarah et al., 2018; Ishtiaq et al., 2020).  Thus, 

the goal of this study was to determine the biological activity of Z. zanthozyloides by investigating its antiradical and 

cytotoxic activities, and authenticate the plant chemicals using GC-MS. 

2. Materials and Methods 

2.1 Plant Materials 

Sample of matured shoot of Z. zanthozyloides was collected from a forest in Oyo town, Oyo State, Nigeria, in the month 

of November and voucher specimen was submitted for authentication (LUH 6909) in the herbarium of the University of 

Lagos, Akoka. A portion of the plant sample was gently rinsed with tap water and dried on the laboratory bench before 

grinding to coarse powder in the laboratory mortal and reserved for extraction. 

 

2.2 Preparation of crude extract of Z. zanthozyloides 

A total of 800 grams of the ground sample were measured and extracted for 48 hours in 60 percent ethanol. The 

resulting filtrate was then concentrated to a paste (25.47±0.03% crude extract) using a rotary evaporator after filtration 

with Whatman No. 42 filter paper. The crude extract was screened for phytochemicals, while the other portion was kept 

for future use. 

 

2.3 Phytochemical screening of crude extract of Z. zanthozyloides 

The presence of the bioactive compounds was determined in the crude extract by conventional methods published by 

Harbone (1973), Sofowora (1993) and Evans (1993). 

 

2.4 Extraction of flavonoids from Z. zanthozyloides 

The extraction and separation of flavonoids from Z. zanthozyloides shoots were carried out using the method of (Lee et 

al., 1995). The flavonoid residue (6.70 ± 0.07%) was left after evaporating the organic layer at 40°C. 

 

2.5 Antioxidant activity of extracts of Z. zanthozyloides 

Method of Joshi et al. (2015) was used to determine the DPPH radical scavenging activity, the scavenging of NO 

generated from sodium nitroprusside was assessed according to Nanyonga et al.  (2013). The scavenging activity was 

also determined (Ngonda, 2013). The experiment was conducted in triplicates and the radical scavenging activity 

calculated as in the equation below. 

% 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
(𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒)100

𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
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2.6 BSL assay of extract of Z. zanthozyloides 

The protocol of Meyer et al. (Meyer et al., 1982) was adopted with minor changes. Using a transparent Pasteur pipette, 

ten (10) active nauplii were selected and subjected to treatment with 1 mL of various quantities of fractions of Z. 

zanthozyloides in DMSO for 24 hours in test tubes to. With clean seawater, the volume was increased to 10 mL. After 

24 hours, active nauplii were counted, and percentage mortality was calculated. For each of the sample concentrations, 

the experiment was repeated three times. Using probit analysis and IBM SPSS Statistics 20 software, the lethal 

concentration that killed 50% of the nauplii population (LC50) was calculated. 

 

2.7 Preparation of plant the extract for GC-MS analysis 

Considering the results from the investigated biological analyzes, 1g/ mL solution of ethanol extract of Z. zanthozyloides 

was prepared in concentrated ethanol (HPLC grade) and filtered with Whatman #1 filter paper before subjecting it to the 

GC-MS analysis 24 hours after then. Polar and non-polar phytocomponents in the ethanol extract of Z. zanthozyloides 

was determined in GC-MS.  The analysis was performed on a Perkin Elmer GC Clarus 500 system that included an 

AOC-20i autosampler and a gas chromatograph linked to a mass spectrometer comprising of Elite -1 column - Fused 

silica capillary column (30 x 0.25 mm ID x 1 df, made entirely of 100% dimethylpolysiloxane) working at 70 eV in 

electron impact mode.  At a continuous flow of 1 mL/min and an injection volume of 0.5 L (split ratio of 10:1), helium 

gas (99.999 percent) was employed as the carrier gas while the injector temperature of 250°C. The temperature of the 

ion source for the detection was 280°C. The oven temperature maintained at isothermal temperature of 110°C for 2 

minutes with a steady increase of 10°C until it rose to 200°C, this was followed by a rise 5°C/min to 280°C and finally 

with a 9 minutes isothermal at 280°C. The identification of the mass spectrum obtained from the GC-MS was performed 

using the National Institute Standard and Technology (NIST) by comparing the spectrum of the unknown component 

with the known components contained in the NIST database, and the name, molecular weight and structure of the phyto-

components of the understudy plant were determined. 

2.8 Statistical analysis 

Dunnett’s post hoc test using GraphPad Prism software was used to analyze and gather all analytical data, graphs, and 

significant differences between treatments. 

 

3. Results and Discussion 

Table 1: Bioactive compounds in ethanol extract of Z. zanthozyloides. 

Phytochemicals Pheno

lics 

Flavon

oids 

Alkal

oids 

Saponi

ns 

Tann

ins 

Glyco 

sides 

Steroi

ds 

Carbohydr

ates 

         

Crude extract + + + + + + + + 

Where (+ve) indicates that the compound was detectable. 
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Figure 1: Free radical scavenging activity of Z. zanthozyloides. 

 

 

Data are represented in terms of mean ± SEM of triplicate readings. The (*) implies a significant difference at (p<0.05) 

when compared with ascorbic acid. 
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Figure 2: Cytotoxic activity of Z. zanthozyloides. 

Data are represented in terms of mean ± SEM of triplicate readings. The (*) implies a significant difference at (p<0.05) 

when compared with Doxorubicin. 

Table 2: GC-MS analysis of ethanolic extract of Z. zanthozyloides. 

RT % 

area 

Compound Molecular 

formula 

Molecular 

mass 

Structure Biological 

activities 

References 

6.686 6.65 Limonene C10H16 136.238 

 

Anticancer/ 

antitumor by 

apoptosis, 

antibacterial, 

antioxidant, 

anti-

inflamatory, 

antidiabetic, 

(Anandakuma

r et al., 2021; 

Costa et al., 

2019; Vieira 

et al., 2018; 

Araújo‐Filho 

et al., 2021) 
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gastroprotective 

and antiviral. 

7.155 0.72 3-(1S,5S,6R)-

2,6-

Dimethylbicy

clo[3.1.1]hept

-2-3n-6-yl) 

propanal 

C12H18 178.271 

 

Antiperspirant 

and deodorant 

(Duke, 1992) 

7.155 0.72 3-Carene C10H16 136.24 

 

Antifungal and 

antimicrobial. 

(Shu et al., 

2019; Kang et 

al., 2019) 

31.124 1.52 Squalene C30H50 410.73 

 

Antibacterial, 

Antioxidant, 

Antitumor, 

Cancer-

Preventive, 

Chemopreventi

ve, 

Immunostimula

nt. 

Kim and 

Karadeni, 

2012; 

Rajamani et 

al., 2021; 

Yakubogullar

i et al., 2021). 

33.659 3.52 Vitamin E C29H50O2 430.71 

 

Analgesic, anti-

inflammator, 

antioxidant, 

antitumor, 

vasodilator, and 

antileukemic. 

(Salma et al., 

2018; 

Perumpail et 

al., 2018; 

(Abu-Fayyad 

et al., 2017) 

29.83 8.52 Caparratriene C15H26 206.4 

 

Antileukemia (Vydrina et 

al., 2018) 

28.68  Mono(2-

ethylhexyl) 

phthalate 

C16H22O4 278.4 

 

Spermatogenic 

apoptosis 

(Fu et al., 

2018; 

Bahrami et 

al., 2018) 

29.56  1,5-

Cyclooctadie

ne, 3-methyl- 

C9H14 122.2 

 

Cytotoxic (Daubit et al., 

2021) 

 

The percentage extraction yields of the crude extract of Z. zanthoxyloides (25.47±0.03 µg/ mL) varied with the 

flavonoid-rich extract (6.70±0.07 µg/ mL) indicating the presence other compounds which were sequentially removed in 

the course of extraction of flavonoids in the selected plant. Screening for biologically active compounds in medicinal 

plants is important in studying the pharmacological activity of such plants. Thus, qualitative screening of crude Z. 

zanthozyloides extract revealed the detection of compounds such as alkaloids, flavonoids, phenols, tannins, glycosides 

saponins, and carbohydrates with the exclusion of steroids (Table 1). This has been previously corroborated by previous 

study (Olusola et al., 2020). These compounds are relevant in the protection of plant and animal health; releasing odors 

and repelling substances against pests (Ajuru et al., 2017; Ogbonna et al., 2018). They also showed antioxidant, 

antimicrobial, anti-inflammatory, wounds healing, anticancer/antitumor, and cytotoxic effects (Al Ayash, 2020; Karak, 

2019; Ghosh et al., 2019; Shahzad et al., 2020; Tanase et al., 2019).  

The mode of antioxidant activity of Z. zanthozyloides was demonstrated by spectrophotometric assays using DPPH, NO 

and H2O2 scavenging activities (Figure 1). Usually, a lower IC50 value indicates greater antioxidant activity. Ascorbic 

acid was used as reference antioxidant for the assays. The ability of the flavonoid extract to scavenge free radicals from 
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DPPH, NO or H2O2 was significantly (p<0.05) lower than the ascorbic acid, but higher than the crude extract. In the 

DPPH scavenging ability assay, flavonoids had 38.23±1.09 µg/ mL while the crude extract had 41.41±0.81 µg/ mL. 

Polyhenolics like flavonoids have been reported to possess antioxidant activity (Jakubczyk et al., 2020). Kumar et al., 

(2020) inferred the DPPH radicals scavenging ability of flavonoids. This test revealed that the Z. zanthozyloides 

changed the violet-colored DPPH to a yellow-colored DPPH (picryl) derivative via releasing electrons or hydrogen 

radical to the DPPH radical (Habu and Ibe, 2015). NO is a major free radical that is generated in mammalian cells for 

the maintenance of physiological activities, but may damage organs and tissues, and cause health challenges like cancer 

and other inflammatory conditions (Habu and Ibe, 2015). The flavonoid extract interacts with the peroxynitrite anion 

(ONOO-) highly reactive compound (Nagmoti et al., 2012). The potency of polyphenolics like flavonoids as NO 

scavenger was previously reported (Senguttuvan et al., 2014). The extracted bioactive compound in the extract of Z. 

zanthozyloides scavenged H2O2 radicals by donating electrons to H2O2 and converting the radicals to water (Ali et al., 

2021). Thus, mitigating the ability of H2O2 to activate the cell proliferation or differentiation signaling pathway in other 

to prevent oxidative stress and inflammatory responses that cause conditions like cancer and cardiovascular (Lennicke et 

al., 2015; Nandi et al., 2019).  

The plant’s biological activity was also established by the in vitro cytotoxicity in the newly hatched brine shrimps; a 

rapid, inexpensive, and simple bioassay with a significant correlation with cytotoxic and antitumor properties (Elmore, 

2007; Anderson et al., 1991). This toxic response is usually determined by changes in cell survival or metabolism 

(McGaw et al., 2014). The results for the BSL assay presented as LC50 indicted flavonoid-rich extract (88.52±2.95 μg/ 

mL) with optimal cytotoxicity and the crude extract (99.58±3.46 μg/ mL) as the least cytotoxic when compared to the 

doxorubicin (Figure 2). Thus, the cytotoxicity of the extract of Z. zanthozyloides was lesser than the doxorubicin. Fatima 

et al. (2015) reported that any plant extracts having LD50 lower than 100 μg/ mL should be regarded highly cytotoxic. 

This report is in accord with the Niksic et al. (2021). Braguini et al. (2018) also showed that S. viarum (LC50 = 66.01 μg/ 

mL) was cytotoxic in active nauplii.  

GC-MS analysis of the crude extract reveals the presence of diverse bioactive compounds including limonene, vitamin E 

(α-tocopherol), squalene, 3-Carene and 3-(1S,5S,6R)-2,6-Dimethylbicyclo [3.1.1] hept-2-3n-6-yl) propanal, whose 

biological properties include anticancer through induction of apoptosis, antimicrobial, antimutagenic and antiviral, 

antiperspirant and deodorant, antioxidant, analgesic, anti-inflammatory and cytotoxic activities. Vitamin E is an 

analgesic, anti-aging, anti-inflammatory, and anti-tumor, antioxidant, anti-proliferative, apoptotic, anticancer agents. 

Also, limonene possesses anticancer, anti-inflammatory, antitumor, apoptotic, detoxifying, chemo-preventive, 

antibacterial and anti-mutagenic effects (Yao et al., 2017; Chen et al., 2018).  

These polyhenolics (limonene, vitamin E and squalene) in the hydro-ethanolic extract of Z. zanthoxyloides might be 

responsible for the biological properties (antioxidant and cytotoxicity) and may predict its anticancer and antimicrobial 

properties. Theese compounds are responsible for the traditional use of the plant as antimicrobial or anticancer therapy 

(Niksic et al., 2021).   

4. Conclusion 

The Z. zanthozyloides contains nutritional and pharmacologic agents that can be administered as supplements, used for 

treatment or prevention of free radical inciting diseases like microbial attacks, cancer, inflammatory, pains and aging.  
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