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ABSTRACT

Cola verticillata (Sterculiaceae) is a plant that produces nuts renowned for their ceremonial,
cultural, medicinal and above all economic value in Africa. The study consisted in evaluating the
cytotoxic and genotoxic effects of the aqueous extract of the plant's nuts on the Zonocerus
variegatus model. Male and adult locusts were treated with increasing concentrations of 5, 10, 20,
30 and 40 pg/ml. The 0.01 ml/mg extract was administered intraperitoneal and 96 h post-treatment
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the grasshoppers were killed, dissected and the testicular follicles removed for smear preparation.
Chromosomal examinations revealed that the aqueous extract of C. verticillata induced a significant
regression of the meiotic index, followed by a significant increase in the chiasmatic frequency in a
concentration-dependent manner and in comparison with the control group. In addition to
chromosome bridges, chromosome breaks, sticky chromosomes and leak chromosomes were
observed mainly at 40 pg/ml. These results show that Cola extract is cytotoxic and genotoxic
because it slowed down meiosis while also inducing multiple chromosomal abnormalities with
clastogenic effects in the male Z. variegatus breeder. The results of this study call for populations to
consume kola nuts (Cola verticillata) intermittently if the cytotoxic and genotoxic effects are not

reversed.

Keywords: Cola verticillate; chromosomal alterations; meiotic inhibition; Zonocerus variegatus.

1. INTRODUCTION

The walnuts plant is an exotic shrub with
evergreen foliage, decorative and very famous
[1]. A slow-growing tree, it is commonly known as
an understory tree [1,2]. It can reach 30 m in
height and 60 cm in diameter [3]. In Cameroon,
the first harvests take place 10 years later. The
fruit is dented like cocoa. Each fruit contains
around ten seeds, some coloured and some not,
grouped in bunches. [4]. According to [2], The
kola tree is thought to have originated in Central
Africa, and according to these authors, the plant
can be found in West Africa in Senegal, Togo
and Sierra Leone, among other places. Kola nuts
(seeds) are widely produced and consumed in
southern Africa, Indonesia and Brazil. In
Cameroon, the nuts are mainly produced and
consumed in the West, Littoral, Centre and South
of the country. Their socio-economic and cultural
importance in Africa, and in Cameroon in
particular, is well established [5]. It is used as an
anti-inflammatory [3], analgesic [6],
antimicrobials, and even as antioxidants [7,8]. In
traditional medicine, it is used as an anti-tissue
and anti-diarrhoeal agent [9] and as a spiritual
crutch [10]. This plant is used in textiles [11],
cosmetics [9] and in the food industry [12].
Studies have shown that kola nuts are rich in the
following classes of substances in decreasing
proportions:  phenols, alkaloids, flavonoids,
tannins, terpenes, glycosides, cardenolides and
anthraquinons [7,9]. Some of these compounds
are known for their cytotoxic and genotoxic
properties [13,14]. Among these secondary
metabolites, terpenoiides have been widely
shown to be antimimetic in Z. variegatus [15].
Kola nuts are widely consumed across the
continent, particularly in Cameroon [12], The
cytogenotoxic evaluation of this seed is
becoming a necessity in order to protect the
health of consumers. This study proposes to use
the Z. variegatus animal model to investigate the

potential side effects associated with long-term
consumption of this seed in gonadal cells during
their meiosis processes. The Z. variegatus
cricket model offers significant experimental
advantages and a possible correlation with
extrapolation to mammalian cells, hence its use
in this study [16,17].

2. METHODS
2.1 Harvesting and Obtaining Kola Nuts

The plant material (mature kola nut fruit) used in
this study was harvested in March 2023 in
Likong. Likong is a village in the Foréké-Dschang
community, located in the Menoua Division, West
Cameroon Region. The harvesting site can be
located at latitude 5°24'49°N and longitude
10°03'50"E. The fruits used were identified at the
Cameroon National Herbarium as Cola
verticillata under reference N° 49762 HNC. The
seeds were removed from the harvested pods,
the pericarp (white strips) were also removed
before they were sanitized with distilled water
under normal laboratory conditions. Cut into
small pieces to facilitate drying, the seeds were
dried in an electric dehydrator set at 44°C for 72
h. The dried cola nuts were crushed into powder
using an electric grinder.

2.2 Preparation of Aqueous Kola Nut
Extract

The aqueous extract was prepared according to
the protocol described by [18]. The dry walnut
powder (250 g) was dissolved and homogenised
in 2200 ml of tape water. The macerate was then
fitered through Wattmann papers n°4 and n°1l
respectively. The violet-red filtrate obtained was
in turn distributed into stainless steel dishes and
then oven dried at 40°C for 63 h. The dry extract
(25 g) was dissolved and homogenised in 22 ml
to prepare the stock solution of 40 pug/ml based
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on the adjustment made for an average nut of
Cola consumed per day. By successive dilutions,
concentrations of 30, 20, 10 and 5 pg/ml were
prepared.

2.3 Animal Material and Cell Model
2.3.1 Identification of Z. variegatus

Male and adult locusts of Z. variegatus (30) were
caught by mowing [19] in April 2023 in the village
of Likong. The adults are sexually active and are
the breeding males [20] (Fig. 1). Adults were
identified in the field on the basis of
morphometric parameters (winged individuals
with L>22.8mm and yellow body colour with
black mottling) and ethological parameters
(strudation and mating individuals). Sexual
dimorphism made it possible to separate males
from females. The identification key for [20]
combined with the use of a field magnifier
facilitated the identification of the species
Zonocerus variegatus.

2.3.2 Acclimatisation and managing of Z.
variegatus

The captured locusts were placed in plastic bottle
cages previously manufactured according to the
recommendations of [21]. The aim of
acclimatisation is to cancel out the stress of
capture, and the cage-bottles simulate the
natural environment of the grasshopper, and
according to [17,21], 72 h are essential
for acclimatising this species. Thirty (30)
locusts weighing between 1.2 and 1.5 g were
selected and placed in 6 cages corresponding to

6 groups of 5 individuals each numbered from 1
to 6.

2.3.3 Administration of the extract and

incubation of Z. variegatus

Each individual received a single dose injection
of 0.01 ml/mg of treatment by the intraperitoneal
route described by [22]. The treatment was
applied directly to the haemolymph in the
haemocoel using an insulin syringe. Group N°1
(5 control individuals) in the first cage was
exposed to distilled water. Groups 2, 3, 4, 5 and
6 were treated with aqueous extract of C.
verticillata at concentrations of 5, 10, 20, 30 and
40 pg/ml respectively. It was demonstrated that
72 h incubation was sufficient for the extract to
be drained by the haemolymph and metabolised
by those of the gonadal lineage (3 generations of
cells) [15].

2.3.4 Killing, follicle isolation and smear
preparation in Z. variegatus

After 72 h of incubation, the locusts were killed
by smoking ethyl acetate in the death chamber
(glass bottle) in accordance with the ethical
recommendations of the Biology Department of
the University of Dschang [22]. The locusts were
then dissected and the testicular follicles were
removed and placed in vials containing fixative
and stored at 4°C. Chromosome smears were
prepared using the cell-crushing method
proposed by [23], where 2 follicles are spread
evenly between slide and coverslip after staining
with acetic orcein. After focusing, the
chromosomes were examined using the 10 and
40X objectives of the ZEISS light microscope.

Fig. 1. Photograph of Zonocerus variegatus, breeding male

347



Rick et al.; Adv. Res., vol. 25, no. 4, pp. 345-355, 2024; Article no.AIR.119719

2.4 Determination of Meiotic Index and
Chiasmatic Frequency

The meiotic index expresses the percentage of
dividing germ cells. It was calculated according
to the formula used by [15]: MI= (Ml %) treated
with distilled water - (MI %) treated with extract /
(MI %) treated with distilled water. The number of
chiasmas was determined by comparing the
shapes of the bivalents with those described by
[24]. For this purpose, rod-shaped or cross-
shaped bivalents were counted as one (1)
chiasma, bow-shaped bivalents two (2)
chiasmas, and double-ringed bivalents three (3)
chiasmas.

2.5 Determining the Frequency of
Chromosomal Abnormalities

Chromosome abnormalities were identified by
the presence of chromosome bridges, leaks
chromosomes, disrupted anaphases, sticky
chromosomes, chromosome breaks and stray
chromosomes. The number of dividing cells was
counted using the technique described by [23],
which consists of counting only the cells present
in the left, right, top and bottom fields.

Statistical

2.6 Micronography and

Analysis

Micrographs of the structures of the different
bivalents and the main structures of the
chromosomal anomalies were taken using a
Google pixel 4 XL ,12 MP phone connected to
the microscope. Python version 3.1 was used for
statistical ~ analysis.  According to the
recommendations of [25], one-way analysis of
variance (ANOVA) was used to compare the
means of the parameters studied, followed by
Tukey's post-test (LSD) at the 5% significance
level.

3. RESULTS

3.1 Effects of C. verticillata Extract on
the Meiotic Index of Z. variegatus

Graphs A and B in Fig. 2 show the effects of
aqueous extract of C. verticillata on the meiotic
index in Z. variegatus treated for 96 hr. The
results (Fig. 2-A) revealed that the meiotic index
in individuals treated with distilled water was
normal. In locusts treated with the extract, this
index decreased significantly (p<0.05) and with a
concentration-dependent trend compared with
the control group. At equal concentrations, the C.

verticillata extract induced an average reduction
effect of 9.80%, for example reduction rate of
4.45% (Fig. 2-B).

3.2 Effect of Aqueous Extract of C.
verticillata on Chiasmatic Frequency
in Z. variegatus

The effects of aqueous extract of C. verticillata
on chiasmatic frequency in Z. variegatus
exposed to different concentrations of the extract
are recorded in Fig. 3. Compared with the control
group, aqueous extract significantly reduced
chiasmatic frequency (CF) in a concentration-
dependent manner. In the control group, the
normal chiasmatic frequency was 11.90%. By
gradually increasing the concentration, this
frequency regressed. This regression was weak
at 5, 10 and 20 pg/ml (11%, 10% and 9.90%
respectively), then moderate at 30 pug/ml (8.2%)
and very strong at 40 pg/ml (8.90% and 8.20%).
The average reduction in extract was 3.7%.
Micronograms A and B in Fig. 4 show the
structure of different forms of the bivalents
examined at the diplotene stage of prophase | in
Z. variegatus exposed to increasing
concentrations of the aqueous extract of C.
verticillata.

3.3 Effects of Aqueous Extract of Cola
verticillata on the Frequency of
Chromosomal Abnormalities in
Zonocerus variegatus

The frequency of chromosomal abnormalities
observed in Z. variegatus (Fig. 5) are recorded in
Table 1. The frequency was 0.0+0.0 for cells
treated with distilled water. This frequency
increased sufficiently at 30 and 40 pg/mi
(15.6£1.72 and 20.8+2.43 respectively). Leaky
chromosomes (7.281£1.11%), sticky
chromosomes (8.51+3.18%) and micronuclei
(18.0245.13%) were the most frequent
chromosome anomalies at equal concentrations
(Fig. 5). The other anomalies (CB, LC, DA and
CBR) are relatively less remarkable (frequency <
8.14+1.11%).

4. DISCUSSION

4.1 Effects of Extract on Meiotic Index in
Z.variegatus

The meiotic index according to [15], the meiotic
index is a score describing the proportion of
spermatogonia entering meiosis. The drop in the
meiotic index observed in Z. variegatus could be
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Fig. 2. Effects of C. verticillata on Meiotic Index
Number of trials n=5, ** p< 0.05; *** p< 0.005 significantly different to control group (0 pg/mi=distilled water), by applying one-way ANOVA followed by Tukey's post-test (LSD)
at 5% (F = 4.50; dof = 4; p=0.00004311)
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Fig. 3. Effects of Cola verticillata on chiasmatic frequency
Number of trials n=5, ** p< 0.05; *** p< 0.005 significantly different to control group (0 pg/mi=distilled water), by
applying one-way ANOVA followed by Tukey's post-test (LSD) at 5% (F = 2.33; dof = 4; p=0.000021510)

Fig. 4. Micronograms of bivalents examined in Prophase | (scale bar: 30 um)
A: Bivalents examined in Z. variegatus treated with distilled water;
B: Bivalents examined in Z. variegatus treated with 40 pg /ml C. verticillata extract
i: Rod-shaped bivalents = a single chiasma;
ii: Single ring-shaped bivalents = two chiasmas;
iii: Double ring-shaped bivalents = two or more chiasmas

explained by the arrest of the meiotic process in
certain spermatogonia. In fact, certain bioactive
compounds contained in the plant extract may
have inhibited certain enzymes involved in the
segregation and separation of chromosomes in
diplotene of prophase | and anaphase |
respectively. Similar observations were made by
[15,26], when they showed that the
administration of concentrates of aqueous
extracts of the leaves, roots and fruits of

Cucumis melo significantly slowed down meiosis,
reducing the meiotic index by more than 36%.

4.2 Effects of Extract on Chiasmatic
Frequency in Z. variegatus

Chiasmatic frequency (CF) is a reliable indicator
used to estimate the potential recombination rate
of gametes in an individual in a dynamic,
evolving population [27]. According to [28,29],
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when CF in a population is low, its adaptive value
is also low. This relatively low CF rate is a direct
result of the natural selective pressure of the
populations at the level of their genomes. The
significant drop in CF depending on
concentration could be explained by a defect in
the assembly of bivalents at the diplotene stage

[27]. The extract is thought to have interrupted
the synthesis of certain enzymes involved in the
assembly of bivalents. Several studies, such as
that by [30], have shown that the drop in
temperature during the dry season could
considerably reduce the FC.

18-
16 -
14 -
12-

Meiotic abnormalities (%)

CB LC

DA CBR LCH SC MN

Fig. 5. Frequency of chromosomal abnormalities in Z. variegatus

Fig. 6. Micronograms of chromosomal abnormalities in Zonocerus variegatus (scale bar:
30 um)

A: Induced chromosome bridging at 30 pg/ml C. verticillata extract;

B: Anaphase-1 with chromosomal breaks at 20 pg/ml C. verticillata extract;

C: Disrupted Anaphase-1 in Z. variegatus examined at 10 pg/ml C. verticillata extract;
D: Anaphase-1 with chromosomal breaks at 20 pg/ml C. verticillata extract;
E: Binucleated cells examined in Z. variegatus at 5 pg/ml C. verticillata extract;
F: Metaphase-1 with micronuclei at 40 pg/ml C. verticillata extract;
G: Telophase-2 with chromosomal agglutinations at 10 pg /ml C. verticillata extract;
H: Anaphase-2 with straggler chromosome at 5 pg/ml C. verticillata extract
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Table 1. Effects of the extract on the frequency of chromosomal abnormalities in Z. variegatus

Chromosomal abnormalities (%)

Concentrations CB LC DA CBR LCH SC MN Moyenne tESM
0 pg/ml 0 0 0 0 0 0 0 0.0£0.02
5 pg/ml 5 2 2 03 0 06 03 4.2+0.31°
10 pg/ml 9 3 5 03 01 11 04 7.20+£0.98 ©
20 pg/mi 13 3 6 05 01 18 05 10.20+1.65
30 pg/mi 17 7 9 07 03 28 07 15.6+1.72 ¢f
40 pg/ml 26 9 11 08 04 36 10 20.8+2.43 9

Number of trials n=5, p<0.05 significantly different to control group (0 pg/mi=distilled water), by applying one-way
ANOVA followed by Tukey's post-test (LSD) at 5% (F = 4.50; ddI = 4; p=0.0000432). Groups With no letters in
common differ significantly
Legend. CB: Chromosomes bridges; LC: Lagging chromosomes; DA: Disturbed anaphasis; CBR: Chromosomes
breaks; LCH: Leaky chromosomes; SC: Sticky chromosomes, MN: Micronuclei

4.3 Effects of the Extract on the
Frequency of Chromosomal
Abnormalities in Z. variegatus

The frequency of meiotic abnormalities assesses
the level of cytotoxicity [31,32]. For example, low
levels of chromosome bridging and lagging are
indicative of low toxicity. This cytotoxicity could
result respectively from a replication defect in
certain sequences of the DNA molecule [33].
Studies have shown that exposure to high
concentrations of caffeine and colatein could
induce micronuclei, the chromosomal
abnormalities most observed in this work.
Caffeine and colatein in cola nuts are known to
inhibit kinase synthesis, an enzyme involved in
regulating the cell cycle and cell division
[34,35,36].

5. CONCLUSION

The present study revealed that exposure
of the aqueous extract to even low
concentrations of C. \verticillata induced

cytogenotoxic effects in Z. variegatus. These
cytogenotoxic effects, accumulated over the long
term, are potentially likely to induce the formation
of abnormal gametes unable to compete
for reproduction and could therefore be a source
of infertility in consumers of this seed. The
results of this study could serve as a warning
against the permanent long-term consumption of
cola.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Virginie T, Cyril L, Serge E, Ibrahim F,
Desire T. Ecophysiology and Seedlings
Nutrient Contents of Forest Species
&amp;lt;i&amp;gt;Ricinodendron heudelotii

&amp;lt;/i&amp;gt;(Mull. Arg.) and
&amp;lt;i&amp;gt;Cola acuminata
&amp;lt;/i&amp;gt;(P. Beauv.) Influenced

by Biofertilizer and Salinity. American
Journal of Agriculture and Forestry. 2024;
12(3):129-141.
Available:https://doi.org/10.11648/j.ajaf.20
241203.11

2. Babadele FI, Akeredolu MI, Aiyelari OP.
Varietal response of cola species to
fertilizer application on field establishment,
growth,  development and  canopy
characteristics. Asian Journal of Soil
Science and Plant Nutrition. 2023;9(4):
120-131.

Available:https://doi.org/10.9734/ajsspn/20
23/v9i4198

3. Ekalu A, Habila JD. Phytochemistry,
pharmacology and medicinal uses of Cola
(Malvaceae) family: A review, Med. Chem.
Res. Dec. 2020;29(12):Art. no. 12.

DOI: 10.1007/s00044-020-02637-x

4. Li S, Jiang C, Wang H, Cong S, Tan M.
Fluorescent nanopatrticles present in Coca-
Cola and Pepsi-Cola: Physiochemical
properties, cytotoxicity, biodistribution and
digestion studies, Nanotoxicology. Jan.
2018;12(1):Art. no. 1.

DOI: 10.1080/17435390.2017.1418443

352



10.

11.

12.

Rick et al.; Adv. Res., vol. 25, no. 4, pp. 345-355, 2024; Article no.AIR.119719

Adedokun MO, Soaga JAO, Olawumi AT,
Oyebanji OO, Oluwalana SA. Socio-
economic Contribution, Marketing and
Utilization of Edible Kolanut (Cola
acuminata and Cola nitida) to Rural
Women Livelihood in Abeokuta, Nigeria,
Int. J. Mol. Ecol. Conserv ; 2013.

DOI: 10.5376/ijmec.2012.02.0006

Yinyang J, Mpondo Mpondo E, Tchatat M,
Ndjib RC, Mvogo Ottou PB, Dibong SD.
Les plantes a alcaloides utilisées par les
populations de la vile de Douala
(Cameroun), J. Appl. Biosci, Jul. 2014;
78(0):6600.

DOI: 10.4314/jab.v78i0.7

Sonibare M, Soladoye M, Esan O,
Sonibare 0. Phytochemical and
antimicrobial studies of four species of
Cola Schott & Endl. (Sterculiaceae), Afr. J.
Tradit. Complement. Altern. Med. Jul.
2010;6(4):Art. no. 4.

DOI: 10.4314/ajtcam.v6i4.57182

Fabunmi T, Arotupin D. Antioxidant
Properties of Fermented Kolanut husk and
Testa of Three Species of Kolanut: Cola

acuminata, Cola nitida and Cola
verticillata, Br. Biotechnol. J. Jan. 2015;
8(2):1-13.

DOI: 10.9734/BBJ/2015/18443

Jacob DE, Nelson IU, lzah SC. Cola

accuminata: Phytochemical Constituents,

Nutritional Characteristics, Scientific
Validated Pharmacological Properties,
Ethnomedicinal Uses, Safety
Considerations, Commercial Values, in

Herbal Medicine Phytochemistry, S. C.
Izah, M. C. Ogwu, M. Akram, Eds, in
Reference Series in Phytochemistry.,
Cham: Springer International Publishing.
2023;1-39.

DOI: 10.1007/978-3-031-21973-3_59-1.

Makemteu Junelle, et al. Traditional use of
medicinal plants in the town of Mbanga
(Littoral- Cameroon), Int. J. Sci. Res.
Updat. Nov. 2022;4(2):173-190.

DOI: 10.53430/ijsru.2022.4.2.0173.
Seguena F, Soro K, Soro D, Guessan KN.
Savoir-faire des populations locales des
taxons du Jardin Botanique de Bingerville,

Céte d Ivoire, J. Appl. Biosci. Oct.
2013;68(0):5374.

DOI: 10.4314/jab.v68i0.95064

Manourova A, Chinheya IP, Kalousova M,
Ruiz-Chutan JA, Okafor UC, Tchoundjeu

13.

14.

15.

16.

17.

18.

19.

353

Z, et al. Domestication potential of Garcinia
kola Heckel (Clusiaceae): Searching for
Diversity in South Cameroon. Plants.
2023;12(4):742.
Available:https://doi.org/10.3390/plants120
40742

Houménou V, Adjatin A, Assogbha F,
Gbénou J, Akoeégninou A. Etude
phytochimique Et De Cytotoxicité De
Quelques Plantes Utilisées Dans Le
Traitement De La Stérilité Féminine Au
Sud-Bénin, Eur. Sci. J. ESJ. Feb. 2018;
14(6):156.

DOI: 10.19044/esj.2018.v14n6p156

Chang C-C, Yang M-H, Wen H-M, Chern J-
C. Estimation of total flavonoid content in
propolis by two complementary colometric
methods, J. Food Drug Anal. Jul
2020;10(3).

DOI: 10.38212/2224-6614.2748

Abdoul N, Akwanjoh SR, Tonleu DI
Cytogenetic Toxicity and Infertile
Properties of the Aqueous Extract of
Cucumis melo Seeds (Cucurbitaceae) in
Male Zonocerus variegatus Cell Model
(Orthoptera: Pyrgomorphidae), Asian J.
Biochem. Genet. Mol. Biol. Jan. 2024,
16(2):1-11.

DOI: 10.9734/ajbgmb/2024/v16i2356

He X, et al. Insect Cell-Based Models: Cell
line establishment and application in
insecticide Screening and Toxicology
Research, Insects. Jan. 2023;14(2):104.
DOI: 10.3390/insects14020104.

He X, Lu L, Huang P, Yu B, Peng L, Zou L,
Ren Y. Insect Cell-Based Models: Cell Line
Establishment and  Application in
Insecticide Screening and Toxicology
Research. Insects. 2023;14(2):104.

Available:https://doi.org/10.3390/insects14
020104

Falleh H, Hafsi C, Mohsni |, Ksouri R.
Evaluation de différents procédés d
extraction des composés phénoliques
dune plante médicinale : Verbena
officinalis, Biol. Aujourd hui. 2021;215(3—
4):133-142.

DOI: 10.1051/jbio/2021009.

Kekeunou S, Wandji AC, Oumarou Ngoute
C. Morphology, post-embryonic
development, reproduction of Taphronota
ferruginea (Fabricius, 1781) (Orthoptera:
Pyrgomorphidae), Trop. Zool. Apr. 2018;
31(2):68-84.



20.

21.

22.

23.

24,

25.

26.

Rick et al.; Adv. Res., vol. 25, no. 4, pp. 345-355, 2024; Article no.AIR.119719

DOI: 10.1080/03946975.2018.1445686.

Kekeunou S, Wandji AC, Oumarou Ngoute
C. Morphology, post-embryonic
development, reproduction of Taphronota
ferruginea (Fabricius, 1781) (Orthoptera:
Pyrgomorphidae), Trop. Zool. Apr. 2018;
31(2):68-84.

DOI: 10.1080/03946975.2018.1445686.

Popov AV. Co-Evolution of Sound-
Production and Hearing in Insects, in
Sensory Systems and Communication in
Arthropods, F. G. Gribakin, K. Wiese, A. V.
Popov, Eds, Basel: Birkhduser Basel.
1990;301-304.

DOI: 10.1007/978-3-0348-6410-7_52.

Akwanjoh SR, Socrate AM, Abdoul N,
Ingrid DT, Raissa TN. Cytogenotoxic
assessment of the aqueous extract of
Citrullus lanatus (Cucurbitaceae) leaves
using the spermatogonial germ-line cells of
Zonocerus variegatus L. (Orthoptera:
Pyrgomorphidae), Afr. J. Biol. Sci. Jul.
2020;02(03):Art. no. 03.

DOI: 10.33472/AFJBS.2.3.2020.30-36

Akwanjoh SR, Socrate AM, Abdoul N,
Ingrid DT, Raissa TN. Cytogenotoxic
assessment of the aqueous extract of
Citrullus lanatus (Cucurbitaceae) leaves
using the spermatogonial germ-line cells of
Zonocerus variegatus L. (Orthoptera:
Pyrgomorphidae), Afr. J. Biol. Sci. Jul.
2020;02(03):30.

DOI: 10.33472/AFJBS.2.3.2020.30-36

Ingrid DT, Akwanjoh SR, Abdoul N,
Yacouba M. Cytogenotoxicity assessment
of Aqueous Extracts of Rauvolfia vomitoria
(Apocynaceae) on the Male Germ Line
Cells of the Pest Grasshopper Zonocerus
variegatus (Orthoptera: Pyrgomorphidae),
Asian J. Biochem. Genet. Mol. Biol. Mar.
2021;19-31.

DOI: 10.9734/ajbgmb/2021/v7i230170.
Al-Fahham AA. Development of New LSD
Formula when numbers of observations
are Unequal, Open J. Stat.
2018;08(02):258—263.

DOI: 10.4236/0js.2018.82016.

Kouvidi E, Tsarouha H, Katsidi C, Zachaki
S, Nitsos N, et al. Chromosomal
Abnormalities in Infertile Greek Men: A
Single Institution s Experience. OBM
Genetics. 2023;07(01):1-17.

Available:https://doi.org/10.21926/obm.gen
et.2301178

27.

28.

29.

30.

31.

32.

33.

34.

35.

354

Lekhapan P, Anamthawat-Jonsson K,
Chokchaichamnankit P. Chromosome
evolution based on variation in
chromosome number and chiasma
frequency in the Genus ocimum L. from
Thailand, Cytologia (Tokyo). Sep. 2019;
84(3):199-206.

DOI: 10.1508/cytologia.84.199.

Strelnikova SR, Komakhin RA, Zhuchenko
AA. Variability of chiasma frequencies in
different tomato species, Cell Tissue Biol.
Jul. 2019;13(4):321-329.

DOI: 10.1134/S1990519X19040096

Roy RP, Saran J. Chiasma Formation in a
Heteromorphic Bivalent in Belamcanda
chinensis, Leman, Cytologia (Tokyo).
1961;26(2):176-181.

DOI: 10.1508/cytologia.26.176.

Seino, The effect of the dry and wet
seasons on chiasma frequency in male
Taphronota thaelephora Stal. 1873 and
Zonocerus variegatus L. 1753 (Orthoptera:
Pyrgomorphidae) in Cameroon, Int. J.
Biosci. 1JB. Apr. 2013;3(4):1-7.

DOI: 10.12692/ijb/3.4.1-7.

Akinboro A, Bakare AA. Cytotoxic and
genotoxic effects of aqueous extracts of
five medicinal plants on Allium cepa Linn.,
J. Ethnopharmacol. Jul. 2007;112(3):470—
475.

DOI: 10.1016/j.jep.2007.04.014

Duro E, Marston AL. From equator to pole:
Splitting chromosomes in  mitosis and
meiosis, Genes Dev. Jan. 2015;29(2):109—
122.

DOI: 10.1101/gad.255554.114

An H, Hu M, Li P, Geng G, Zhang Q,
Zhang S. Chromosomal Behavior during
Meiosis in the Progeny of Triticum
timopheevii x Hexaploid Wild Oat, PLOS
ONE. May 2015;10(5) :e0126398.

DOI: 10.1371/journal.pone.0126398

Matsuda Y, Yamashiki N. Microtubule
dynamics and distribution of &gamma;-
Tubulin in Male Germ Cells of Bombyx
mori (Lepidoptera). The Japanese Society
of Sericultural Science; 2007.

DOI: 10.11416/jibs.76.3_113.

Ebrahimzadegan R, et al. Meiotic
segregation and post-meiotic drive of the

Festuca pratensis B chromosome,
Chromosome Res. Sep. 2023;31(3):26.

DOI: 10.1007/s10577-023-09728-6



Rick et al.; Adv. Res., vol. 25, no. 4, pp. 345-355, 2024; Article no.AIR.119719

36. Billmyre KK. Chromosome-specific Available:https://doi.org/10.1016/bs.ctdb.2
behaviors during early meiosis. 2023;127— 022.05.002
154.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/119719

355


https://www.sdiarticle5.com/review-history/119719

