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ABSTRACT

Background: Many bioactive substances in plants have the potentials to affect physiological processes in both plants
and animals. One of the most common tests used in the evaluation of antimitotic and antiproliferation properties of
plant extracts is the Allium cepa assay.

Aim:

This study was aimed to screen the seeds of P. nigrum, a common spice used in Cameroonian cuisines, for
antiproliferative and antimitotic properties to and hence confirm their anticancer activity.

Materials and Methods:

Onion bulbs were treated to various concentration of the water extracts of dried seeds of P. nigrum for 72 hours. To
determine the antiproliferative and antimitotic effects of the extracts, the onion bulbs were examined for sprouting of
new roots, growth in length of the roots, mitotic indices and chromosomal abnormalities.

Results and conclusion:

The extracts were antiproliferative and antimitotic to the roots of A. cepa. The number of roots sprouted, the length of
the roots and mitotic index (MI) significantly decreased with increase in concentration of the extract. Chromosomal
aberrations such as chromosome bridges, chromosome laggards, chromosome stickiness and vagrants were recorded
indicating the cytogenotoxic nature of the extracts.
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INTRODUCTION

Piper nigrum is one of the two flowering decorous
climbing vines in the Piperaceae that is native to India,
Sri Lanka, and tropical regions. In Cameroon, the dry
seeds of P. nigrum variously referred to as black
pepper, bush pepper and kontri pepper is a common
spice used in almost all cuisines and form an important
component of soups used to spice grilled fish, chicken
and meat. In addition, P. nigrum seeds are used in
several traditional medications for the relief of pains,

rheumatism, chills, flu, colds, muscular aches and
fever. Externally, P. nigrum is used to relax sore throat
and some skin disorders. The seeds of P. nigrum have
antimicrobial, antimutagenic, antioxidant and
scavenging movement (Dorman and Dean, 2000; El-
Hamss et al, 2003; Gulcin, 2005). Inhalation of the oil
from P. nigrum is known to increase reflex swallowing
movements (Vijayakumar et al, 2004). Extracts from
P. nigrum have also been shown to have insecticidal

Copyright © 2024 Universal Journal of Life and Environmental Sciences Engineering 134 UJLESS



SEINO et al. : EVALUATION OF THE ANTIPROLIFERATIVE AND ANTIMITOTIC EEFECTS OF WATER EXTRACT OF Piper nigrum
SEEDS USING THE Allium cepa ASSAY

activities against 4™ instars of Aedes aegypti and
Anopheles stephensi (Siddiqui et al, 2006).

Recent research has it that P. nigrum is bestowed with
many bioactive compounds of pharmacological
significance hence the dominant piperine (alkaloid) as
well as complex mixtures of monoterpenes and
sesquiterpenes such as B-caryophyllene, B-thujene
steroids, tannins, phenols and flavones. Some 5
phenolic amides that possess antioxidant properties
have also been identified (Nakatani et al, 1986;
Dodson et al, 2000; Nahak and Sahu, 2011,
Vijayalaxmi, 2012; Ganesh et al, 2014; Andriana et al,
2019). The piperamides present P. nigrum extract have
been reported to cause oxidative damage to in DNA
leading to cell cycle arrest and apoptosis in cancer
cells (Santos et al, 2016).

In spite of its pharmacological importance, the
cytogenotoxic properties of P. nigrum seeds are yet to
be assessed. This study was therefore designed to
screen water extracts of P. nigrum seeds for
antiproliferative and antimitotic activities and hence
confirm the presence of anticancer properties of the
extract.

MATERIAL AND METHODS

Plant materials

Dry seeds of Piper nigrum (Fig. 1a) were bought in the
Bamenda main market located in the Northwest
Region of Cameroon. The seeds with voucher
specimen, UBa/PLS-Herb/122-22 were authenticated
by Dr. Tacham Walters and deposited in the
Herbarium of the Department of Plant Science,
Faculty of Science, The University of Bamenda.
Preparation of crude aqueous extracts

The 100 seeds of P. nigrum were selected to remove
debris, pulverized using 500 watts blender to obtained
a coarse powder. The powder obtained was stored in a
labelled stoppered plastic bottle from which various
amounts were taken and extracted in distilled water.
The water extracts of Piper nigrum were prepared
according to the procedure described by Seino et al
(2022) with modifications. One hundred (100) grams
of powder was weighed into a conical flask to which
one (1) litre of distilled water was added and left for
48 hours while stirring at intermittent intervals. The
filtrate obtained formed the stock solution from which
several concentrations were prepared and used for this
study. Five concentrations (Opg/ml, 10pg/ml,
20pg/ml, 30pg/ml and 40pg/ml) were prepared from
the stock and were used to study the antimitotic and
antiproliferation effects of the extract on the
meristematic cells of the root tip of onion (Allium

cepa). Distilled water (Ougm/ml) was used as the
control.

Allium cepa test

Thirty (30) onion bulbs were obtained commercially
from the Bamenda central market located in the North
West Region of Cameroon. The white variety
imported from the north of Cameroon was used for the
study. Dry onion bulbs were used in the modified A.
cepa assay (Fiskesjo 1997; Bakare and Wale-
Adeyemo 2004) to evaluate the antimitotic and
antiproliferative effects of the water extracts of P.
nigrum. Average size onion (Allium cepa) bulbs
(about 2.0cm diameter) were cleaned by carefully
removing the outer dry scales and the dry roots by
scraping away the bottom of the onion without
destroying the root primordia.

The experiment was set up putting about 100ml of
each concentration of the extract in small transparent
disposable cups. The onion bulbs were then placed in
the cups such that only the bottom with the primordia
touched the extracts. For each concentration and
extract, five replications were prepared. The
preparations were then incubated in the open
laboratory (25°C) for 72hours.

Evaluation of antiproliferative activity of the water
extract of P. nigrum seeds

The parametres used to measure the antiproliferative
effects of the water extracts of P. nigrum seeds
included counting the number of roots sprouted and
measuring the lengths of the roots at the end of the
experiment. The number of primary root emissions for
each onion bulb in each concentration of extract were
counted manually while the lengths of roots were
measured with aid of a transparent ruler. Ten (10)
roots were randomly selected from each of the treated
onion bulbs and measured. Therefore, the lengths of
fifty (50) roots were measured per concentration of the
water extract of P. nigrum seed.

The percentage inhibition of root sprouting was
calculated using the formula (Gupta and Patel, 2020):

Root sprouting inhibition (%) =

Mean No of roots in control — Mean No of roots in treated group X100

Mean No of roots in control

The percentage inhibition in root growth was
calculated using the formula:

Root growth inhibition (%) =

Mean root lenth in control — Mean root length in treated group X 100

Mean root length in control
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Evaluation of the antimitotic effect of the water
extract of P. nigrum seeds.

Antimitotic activity was determined using the A.
cepa root tip model as per the method of Gupta and
Patel. (2020). The antimitotic effects of the extracts
were measured through the determination of Mitotic
Index (MI) and chromosome abnormalities induced in
the mitotic process of the meristematic cells of the root
tips of onion (Allium cepa). Mitotic chromosome
smears were prepared from the meristematic tips of the
treated roots whose lengths were measured. The
chromosome smears were prepared with slight
modification of the method of Parmar et al, (2021).
Root tips 1cm were cut and placed in a petri dish. They
were fixed in 1:3 acetic — ethanol fixative for 12hours
at laboratory temperature (25 — 300C), dehydrated
with INHCI at 60°C for 10 minutes, stained with acetic
orcein for 15 minutes and then squashed between the
thumb and flat surface of the laboratory table. The
smears thus prepared were examined using the 40X
objective of a Fisher bright field compound
microscope for chromosome abnormalities and
pictures taken with the help of an Itel A51 phone
mounted with a 5.0 pixa lens. At least 500 cells were
scored per treatment and control to study the mitotic
index and chromosome abnormalities.

Percentage Mitotic Index (MI) were calculated using
the formula (Cree et al, 2021):

Mitotic index (MI) (%) =

Number of dividing cells recorded

X100

Total number of cells examined

Percentage Mitotic Inhibition were calculated using
the formula:

Mitotic inhibition (%) =
MI in control — MI in treated group X100

MI in control

—emts

The data obtained from the studies were presented as
mean = SEM and analysed using a one-way analysis
of variance (ANOVA) with ‘p’ value less than 0.05
considered as statistically significant. The difference
between the control and the treated groups in relation
to root number and root length was analysed using the
Student t-test.

Results and Discussion

Many bioactive substances in plants have the
potentials to affect physiological processes in both
plants and animals. One of the most common tests
used in the evaluation of antiproliferation and
antimitotic properties of plant extracts is the Allium
cepa assay. The A. cepa root tip assay is actually the
most common method for testing compounds with
antimitotic activity. In this study, the toxic effect of P.
nigrum seed extracts was evaluated by analysing the
number of roots sprouted, the length of root tip growth,
mitotic index and chromosome aberrations recorded.
Antiproliferation activity of the water extract of P.
nigrum seeds

To investigate the possible growth inhibition
(antiproliferation) effects of the aqueous extracts of P.
nigrum seeds, the extracts were tested for their
capability to inhibit sprouting of the roots and increase
in the lengths of sprouted of Allium cepa roots. The
effect of different concentrations of P. nigrum seed
extracts on the number of roots sprouted and the
growth in length of the roots A. cepa obtained during
this study is presented in Fig 1 and Table 1.

These results show that all tested concentrations of P.
nigrum seed water extracts caused significant
inhibition (p<0.05) in the sprouting and growth in
length of roots as compared to the control. The highest
activity was recorded for the extract with
concentration 40 pg/ml (85.17% and 83.18% for
sprouting of roots and length of roots respectively).
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Fig. 1: Pictures of Onion (Allium cepa) roots to show the effect of different concentrations of the water extract of the
seeds of Piper nigrum: a) Control (0.0 pg/ml) b) 10.0 pg/ml, c) 20.0 pg/ml, d) 30.0 pg/ml and e) 40 pg/ml.

Table 1.: Mean number of roots sprouted and length of roots of Allium cepa obtained on treatment with various
concentrations of aqueous extracts of the seeds of Piper nigrum.

Concentration Mean number of ~ Mean length of % inhibition of % inhibition of root
(ug/ml) roots sprouted roots (cm) root sprouting growth in length
Control (distilled H-O) 70.8 £ 0.522 4.34 +0.07° 0.0 0.0

10 51.2 +0.46° 1.64 +0.08° 27.68° 62.21°

20 36.0+0.33¢ 0.98 +0.11°¢ 49.15¢ 77.42°

30 17.2 +£0.124 0.96 + 0.05° 75.71¢ 77.88¢

40 105+1.6° 0.73+0.08° 85.17¢ 83.18°

Number of trials n=5, p<0.05; significantly different from control group (Distilled water), applying one-way
ANOVA followed by Tukey's post-test (HSD). Groups that have no letters in common differ significantly.

The lowest activity (27.68% and 62.21% for sprouting of roots and length of roots respectively) was recorded for the
extract at 10 pug/ml concentration. However, inhibition was more severe for root sprouting than growth in root length.
The inhibition increased significantly (p<0.05) with increase in concentration of the extract. In spite of this, percentage
inhibition of root sprouting and root length increased concentrations of P. nigrum seed extracts.

Antimitotic assay and mitotic index (MI)

Antimitotic agents are the compounds that arrest cells multiplication in mitosis. They can interrupt the process of
mitosis during any phase of the cell cycle. This section of the study was designed to investigate the possible mechanism
involved in root growth inhibition. Hence, the antimitotic activity of the water extracts of P. nigrum were determined
by analysis of cytological parametres like Mitotic Index (MI) and the chromosomal abnormalities. The chromosomal
abnormalities investigated included laggards, bridges, stickiness and disoriented anaphase chromosomes
(vagrants). The results obtained in this study revealed differences in mitotic index in all concentrations of P. nigrum
seed extract tested (Table 2). The highest mitotic index (MI) (6.3%) was recorded in the control (0 pug/ml) while the
lowest mitotic index (0.9%) was recorded at the 40 pug/ml concentration of the P. nigrum extract. The mitotic index
(MI) of A. cepa meristematic root tip cells treated with water extract of P. nigrum was therefore significantly decreased
(0.9 %) in comparison to the control (6.3%). The mitotic index was positively correlated with increasing concentration
of the P. nigrum seed extracts. (Table 2).

Table 2.: Effect of concentration of P. nigrum extract on Mitotic index (MI) of Allium cepa cells.

Concentration NO of dividing cells Mitotic Index (MI) Mitotic inhibition
(Hg/ml)

Control (distilled H-O 63 6.3? 0.02

10 52 5.2 17.5°

20 36 3.6° 42.9¢

30 19 1.94 69.8¢

40 9 0.9 85.7°

Number of trials n=5, p<0.05; significantly different from control group (Distilled water), applying one-way
ANOVA followed by Tukey's post-test (HSD). Groups that have no letters in common differ significantly.

Evidences abound in literature that the cytotoxicity of plant extracts affect mitotic index (M1). Also, increases in plant
extract concentration often result in decreases of mitotic index (MI) (Akinboro and Bakare 2007, Oyeyemi and Bakare
2013, Chukujekwu and Van Staden, 2014; Owolarafe et al., 2020). The results obtained in this study on the effect of
different concentrations of the water extracts of P. nigrum confirmed that the seeds of P. nigrum contain antimitotic
agents (compounds that can arrest cell multiplication in mitosis). The decrease Ml in A. cepa roots treated with water
extracts of P. nigrum could be explained by the prevention of DNA synthesis in the S-phase of the cell cycle and the
decrease in the number of cells that are dividing in the roots as a result of the cytotoxic effects of bioactive compounds
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found in P. nigrum seeds. Also, some of the phytochemicals in the plant extract could also interact with the formation
of the spindle apparatus in the meristematic root tip cells of A. cepa thus reducing mitotic index (MI) (Raheel et al,
2017). During such interaction, the mitotic apparatus of the cell is blocked and the transition from interphase to the
mitotic phase of the cell cycle fails to take place. It therefore follows that low mitotic index is the result of a direct
genotoxic effect of the water extract of the seeds of P. nigrum on the cells of A. cepa. Since mitosis was affected, it is
but normal that sprouting of roots as well as growth in length of the roots had to be slowed down.

Chromosomal abnormalities

The aqueous extract of P. nigrum showed very strong genotoxic effects in the meristematic cells of A. cepa root tips.
Chromosomal analysis revealed aberrations such as anaphase laggards and bridges, metaphase stickies and
disoriented anaphase chromosomes (vagrants) (Fig. 2 and Table 3).

Table 3 revealed that P. nigrum seed extracts induced chromosomal alterations and there was an increase in the number
of abnormalities with increase in concentration of extract. The toxic effects recorded were however not great as shown
by the low percentage occurrences of sticky metaphases. The mitotic inhibition was high with higher concentrations
of P. nigrum extract (40pg/ml). The absence of chromosome fragments could probably be the reason there was no
cellular death (Celik and Aslanturk. 2010).

Fig.2.: Some chromosomal abnormalities induced in A. cepa meristematic root cells, by water extracts of the seeds
of P. nigrum. a) Chromosome laggards, b) Anaphase bridges, c) Sticky, d) Disoriented Anaphase (vagrants).

Table 3: Chromosome and mitotic aberrations in the root meristem cells of Allium cepa after extract treatment with
various concentrations of aqueous extract of P.nigrum.

Chromosome Chromosome Sticky Anaphase Total

Concentration bridges (%) laggards (%) chromosomes vagrants chromosome
of extract +SD +SD (%) £SD (%) £SD aberrations (%)
+SD
Distilled H,O - - - - -

10ug/ml - 0.19+1.05 0.27 + 1.67 - 0.46 + 2.55%
20ug/ml 0.18+1.33 0.37+3.12 0.75+0.77 - 1.30 + 3.64°
30ug/ml 0.27+2.12 0.54+2.32 0.22 +3.52 0.26 +3.28 2.59 + 3.56°
40pg/ml 0.39 £2.33 1.42 + 3.66 1.06 + 4 .05 0.21+£0.91 3.08 + 3.49¢

Number of trials n=5, p<0.05; significantly different from control group (Distilled water), applying one-way
ANOVA followed by Tukey's post-test (HSD). Groups that have no letters in common differ significantly.

The presence of chromosomal abnormalities could be
due to the fact that active bioactive substances in the

Though the primary aim of this study was not to
determine the anticancer activity of the water extract

extract of P. nigrum affected microtubule formation
(Mitchison, 2012, Raheel et al. 2017) and DNA
synthesis (Celik and Aslanturk, 2010). Further, the
bioactive substances in the P. nigrum seed extract
could also induce disturbances in microtubule
formation leading to the formation of anaphase bridges
(Swierenga et al, 1991).
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of the seeds of P. nigrum, it is however worthy to note
that the mitosis in A. cepa root tip cells is similar to
cell division in normal human and cancer cells. For
this reason, meristematic root tip cells of A. cepa can
be used to test drugs that have anticancer activity
(Saboo et al., 2007). This study has therefore revealed
that the bioactive components of P. nigrum have
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beneficial health effects and can be used as a possible
therapeutic agent against cancer.

Akwu NA, Naidoo Y, Singh M. Cytogenotoxic and
biological evaluation of the aqueous
extracts of Grewia lasiocarpa: An Allium
cepa assay. South African Journal of
Botany, 2019; 125: 371-380.
https://doi.org/10.1016/j.sajb.2019.08.009
Akinboro A, Bakare AA. Cytotoxic and genotoxic
effects of aqueous extracts of five
medicinal plants on Allium cepa Linn. J.
Ethnopharmacol. 2007; 112: 470 — 475.
Andriana Y, Xuan TD, Quy TN, Tran H-D, Le Q-T.
Biological activities and chemical
constituents of essential oils from Piper
cubeba Bojer and Piper nigrum L.
Molecules, 2019; 24 (10): 1876.
https://doi.org/10.3390/molecules24101876.
Bakare AA, Wale-Adeyemo AR. The mutagenic and
cytotoxic effects of leachates from
domestic solid wastes and Aba-Eku landfill,
Nigeria on Allium cepa. Nat. Environ. Poll
Technol. 2004; 3:455-462.
Celik AT, and Aslanturk OS. Evaluation of
cytotoxicity and genotoxicity of Inula viscosa
leaf extract with Allium test. J. Biomed.
Biotechnol. 2010: 189252. Doi:
10.1155/2010/189252.
Chukwujekwu JC, Van Staden J. Cytotoxic and
genotoxic effects of water extract of
Distephanus anglifolius on Allium cepa
Linn. South African J. Bot. 2014; 92: 47 — 150.
Cree |A, Tan PH, Travis WD, Wesseling P, Yagi Y,
White VA, Lokuhetty D, Richard A,
Scolyer RA. Counting mitoses: Sl(ze)
matters! Modern Pathology, 2021; 34:1651—
1657. https://doi.org/10.1038/s41379-021-
00825-7.
Dodson CD, Dyer LA, Scarcy J, Wright Z,
Letourneau DK. Cenocladamidem a
diydropuridone alkaloid in Piper
cenocladum. Phytochemistry, 2000; 53: 51 — 54.
Dorman HJ, Deans SG. Antimicrobial agent from
plants: antibacterial activity of plant
volatile oils. Journal of Applied Microbiol.
2000; 88: 308 — 316.
El-Hanss HR, Idaomar M, Alonso -Moraga A,
Munoz SA. Antimutagenic properties of
bell and black pepper. Food Chem. Toxicol.
2003; 41(1): 41— 47.

Fiskesjo G. Allium test for screening chemicals;
evaluation of cytologic parameters. In:

Wang W, Gorsuch JW, Hughes JS, eds.

Plants for Environmental Studies. Boca

Raton, New York: CRC Lewis Publishers,

1997; 308-333.

Ganesh P, Kumar RS, Saranraj P. Phytochemical
analysis and antibacterial activity of

pepper (Piper nigrum L.) against some

human pathogens. Central European Journal

of Experimental Biology, 2014; 3(2): 36 —

41,

Gulcin I. The antioxidant and radical scavenging
activities of black pepper seeds. Int. J.

Food Sci. Natr. 2005; 56: 491 — 499.
Mitchison TJ. The proliferation rate paradox in
antimitotic chemotherapy. Mol Biol

Cell.; 2012; 23:1-6. doi: 10.1091/mbc. E10-
04-0335.

Nahak G, Sahu RK. Phytochemical evaluation and
antioxidant activity of Piper cubeba and

Piper nigrum. Journal of Applied
Pharmaceutical Science, 2011; 1(8): 153 — 157.
Nakatani N, Inatani R, Ohta H, Nishioka A. Chenical
constituents of peppers (Piper spp)

and application to foods preservation:

Naturally occurring antioxidative

compounds. Environmental Health

Perspectives, 1986; 67: 135 — 142.

Owolarafe TA, Salawu K, Theghoro GO, Ononamadu
CJ, Alhasan M, Wudil AM.
Investigation of different extracts of
Ziziphus mauritiana (Lam) leaf Allium cepa
model. Toxicology Reports, 2020; 7: 816 —
821.
https://doi.org/10.1016/j.toxrep.2020.06.010

Oyeyemi IT, Bakare AA. Genotoxic and anti-
genotoxic effect of aqueous extracts of
Spondias mombin L., Nymphea lotus L., and
Luffa cylindrica L. on Allium cepa root tip
cells. Caryologia, 2013; 66: 360 — 367.
Parmar MP, Waghela BN, Vaidya FU, Pathak C,
Parmar DV. Evaluation of antimitotic
activity of herbal extracts using plant-based
model systems and their cytotoxic potential
against human colon carcinoma cells. J Can
Res Ther. 2021; 17:1483-90
Saboo S, Deore SL, Khadabadi SS, Deokate UA.
Evaluation of antimitotic

Copyright © 2024 Universal Journal of Life and Environmental Sciences Engineering 139 UJLESS


https://www.sciencedirect.com/science/article/pii/S0254629919301279#!
https://www.sciencedirect.com/science/article/pii/S0254629919301279#!
https://www.sciencedirect.com/science/article/pii/S0254629919301279#!
https://www.sciencedirect.com/journal/south-african-journal-of-botany
https://www.sciencedirect.com/journal/south-african-journal-of-botany
https://www.sciencedirect.com/journal/south-african-journal-of-botany/vol/125/suppl/C
https://doi.org/10.1016/j.sajb.2019.08.009
https://doi.org/10.3390/molecules24101876

SEINO et al. : EVALUATION OF THE ANTIPROLIFERATIVE AND ANTIMITOTIC EEFECTS OF WATER EXTRACT OF Piper nigrum
SEEDS USING THE Allium cepa ASSAY

and anticancer activity of the crude extracts
of Pterospermun acerifolium wild leaves
(sterculeaceae). Nigerian Journal of Natural
Products and Medicine, 2007; 11: 76-79
Santos Mota NS, Ourique F, Porfirio Will Castro LS,
Andreguetti RR, Gomes Correia JF, Filho
DW, Pich CT, Pedrosa RC. Piper nigrum
ethanolic extract rich in piperamides causes
ROS overproduction, oxidative damage in
DNA leading to cell cycle arrest and

apoptosis in cancer cells. J Ethnopharmacol.

2016; 2: 189:139-47. doi:
10.1016/j.jep.2016.05.020.
Seino RA, Ngnanyiyyi A, Endum LA, Dongmo TI.
Cytogenotoxicity of the aqueous
extract of bitter kola (Garcinia kola:
Clusiaceae) using Allium cepa assay.
American Journal of Bioscience, 2022;
10(6): 195 — 200.
DOI: 10.11648/j.ajbi0.20221006.13
Siddiqui BS, Gulzar T, Mahmood A, Begum S,
Khan B, Rasheed M, Ahshan F, Tarig RM.

Phytochemical studies on the seed extract of

Piper nigrum Linn. Natural Product
Research, 2006; 19(7): 703 — 712.
Https://doi.org/10.1080/1478641051233065
7.
Swierenga SHH, Heddle JA, Sigal EA, et al., 1991.
Recommended protocols based on a survey
of current practice in genotoxicity testing
laboratories, V. Chromosome aberration
and sister-chromatid exchange in Chinese
hamster ovary, V79 Chinese hamster lung
and human lymphocyte cultures,” Mutation
Research, 1991; 246 (2): 301-322.
Vijayalaxmi KK. Phytochemicals investigation of
extract / solvent fractions of Piper
nigrum Linn. seeds and Piper bettle Linn.

Leaves. International Journal of Pharma and

Biosciences, 2012; 3: 344 — 349.
Vijayakumar RS, Surya D, Nalini N. Antioxidant
efficiency of black pepper and pipeine in

rats with high fat diet induced oxidative
stress, Redox Rep. 2004; 9(2):105 — 110.

AUTHORS CONTRIBUTION
- SRA conceived the research
- SRA, NA & DTI conducted the research
experiments as well as carried out the
statistical analysis.
- SRA wrote the manuscript.

DECLARATION ON CONFLICT OF INTEREST
The authors declare that there is no conflict of
interest.

ETHICAL APPROVAL AND CONSENT TO
PARTICIPATE

All experimental studies on plants have complied
with relevant institutional, national and international
guidelines and legislation.

Copyright © 2024 Universal Journal of Life and Environmental Sciences Engineering 140 UJLESS


https://doi.org/10.1080/14786410512330657
https://doi.org/10.1080/14786410512330657

