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ABSTRACT

The therapeutic effects of medicinal plants are often attributed to their recognised and scientifically validated phyto-
chemical constituents. However, literature is rare on the effects of Vernonia ambigua (VA), a documented medicinal
plant, on the expression of antioxidant enzymes, cytokines, and neurotransmitters. This study aimed to examine the
relative gene expression of cerebellar catalase (rCCAT), glutathione peroxidase-1 (rCGPx-1), tumour necrosis factor-
alpha (rCTNF-a), interleukin-1 beta (rCIL-1B), and acetylcholinesterase (rCAChE) in male Wistar rats after the inges-
tion of an ethanol leaf extract of VA (ELEVA). The 200-220 g rats were divided into four groups, each containing five
rats. The control group received feed and water, while test groups ELEVA (E)1, E2, and E3 received 100 mg/kg, 200
mg/kg, and 400 mg/kg of body weight of ELEVA, respectively, for 14 days. On the 15th day, portions of fresh cerebellar
tissues were collected for total ribonucleic acid quantification and analysis using a spectrophotometer. Complementary
deoxyribonucleic acid was produced using reverse transcriptase kits. rCTNF-a was significantly increased (p<0.05) in
E1, E2, and E3, while rCGPx-1 and rCCAT were significantly increased and decreased, respectively, in E3. No signifi-
cant difference (p>0.05) in rCIL-1 was observed in the test groups. The rCAChE in E1 and E2 were significantly re-
duced. ELEVA demonstrated concentration-dependent effects that reduced rCCAT and rCAChE but increased rCGPx-
1 and rCTNF-a. Consequently, ELEVA may decrease AChE activity, offering potential therapeutic benefits while posing
a risk of overstretched inflammatory responses. Additionally, the antioxidant effects of ELEVA may rely on elevated
rCGPx-1, as it reduced rCCAT.
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INTRODUCTION

The mammalian body undergoes continuous, tightly regu-
lated complex cellular activities crucial for sustaining life.
During these cellular processes, several reactive oxygen
species (ROS) are produced (Hendrix et al., 2020), which
help maintain normal cell function within a physiological
range by acting as vital signalling molecules (Hong et al.,
2024). These ROS, described as natural by-products of
cellular metabolism, primarily form within the cells' power-
house during energy production (D’Ascenzo and Colussi,
2025) and include superoxide, hydroxyl radical, and hy-
drogen peroxide (H,O,) (Nandi et al., 2019). Paradoxically,
when ROS levels exceed physiological limits, leading to
ISSN 1116-4182

difficulties in their elimination and subsequent accumula-
tion (Olufunmilayo et al., 2023) and cellular dysfunction, it
is termed oxidative stress (Dash et al., 2025).

Oxidative stress is also characterised by decreased activity
of antioxidant enzymes, including superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT)
(Mbah Ntepe et al., 2020), along with a reduction in other
antioxidants such as ascorbate, a-tocopherol, and caro-
tene (Philips et al., 2020). Oxidative stress results in the
release of pro-inflammatory cytokines, such as tumour ne-
crosis factor a (TNF-a), interleukin-6 (IL-6), and interleukin-
1 beta (IL-1B) (Muzio et al., 2021). It also affects the activi-
ty of acetylcholinesterase (Goschorska et al., 2018).
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Oxidative stress disrupts the normal functions of brain tis-
sue (Lee et al., 2020), and regions most susceptible to its
deleterious effects include the hippocampus, amygdala,
prefrontal cortex, and cerebellum (Wang and Michaelis,
2010). Among these brain regions, the cerebellum stands
out, and it is often referred to as the little brain (Amore et
al., 2021). The cerebellum has been shown to possess
functions beyond its traditionally recognised roles of bal-
ance and voluntary muscle control (Phillips et al., 2015).
Other reported functions include emotional learning
(Ciapponi et al., 2023), pain processing (Li et al,
2024) and cognition (Zhang et al., 2023). Despite its small
size, the cerebellum contains a rich reserve of neurons,
constituting about 80% of the brain's neurons (Roostaei et
al., 2014), estimated to be around 69.03 + 6.65 billion in
humans (Azevedo et al., 2009). This substantial neuronal
population portrays the cerebellum as a site of significant
and highly active metabolic activities necessary to meet its
diverse functional demands and the consequent produc-
tion of ROS.

Furthermore, emerging scientific evidence supports the
notion that medicinal plant products exert protective effects
by scavenging ROS and enhancing antioxidant levels
(Ashafaq et al., 2023). Additionally, medicinal plants are
utilised in managing central nervous system (CNS)-related
conditions, such as Alzheimer’'s disease (Gregory et al.,
2021), migraines (Bavarsad et al., 2023), and multiple
sclerosis (Breijyeh et al., 2021). The aforementioned me-
dicinal remedies have been linked to phytochemical con-
stituents, or bioactive compounds, establishing medicinal
plants as an excellent repository of therapeutic agents
(Rabizadeh et al.,, 2022). Notable plants recognised for
their medicinal values within the genus Vernonia include V.
amygdalina (Asante et al., 2024), V. cinerea (Theja and
Nirmala, 2024), V. guineensis Benth (Nnanga et al., 2022),
V. auriculifera (Haile et al., 2022), V. kotschyana (Vasincu
et al., 2022), V. ambigua (VA) (Maroyi, 2020) and V. hy-
menolepis (Gelata et al., 2024).

The genus Vernonia, named after the renowned British
botanist William Vernon, comprises over one thousand
species distributed across North America, South America,
Africa, Asia, and Australia (Toyang and Verpoorte, 2013).
Generally, the genus is utilised for treating skin infections,
gastrointestinal infections, bacterial infections, gynaecolog-
ical diseases, respiratory conditions, snake bites, and in-
sect bites (Kiplimo, 2016).

Specifically, VA contains phytochemical constituents, such
as saponins, tannins, alkaloids, and flavonoids (Kunle and
Egharevba, 2009), which confer it with antibacterial (Aliyu
et al., 2011), antimalarial, antioxidant (Builders et al.,
2011), and fertility-promoting abilities (Igwe et al., 2024).
VA has also been used in recipes for treating epilepsy in
Fongo-Tongo, in the Western Region of Cameroon, for
over two decades (Noumi and Fozi, 2003).

However, studies examining the roles of VA on the com-
plex interplay between the expressions of specified antiox-
idant enzymes, pro-inflammatory cytokines, and acetylcho-
linesterase within the CNS remain limited. Furthermore,
some of these plants are known to be poisonous (Kavitha
et al., 2023), raising safety concerns despite their reported
benefits to humans and animals. This caution emphasises
the need for scientifically based scrutiny before confirming
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their safe use. This study aimed to investigate the impact
of administering ethanol leaf extract of VA (ELEVA) on the
relative gene expressions of cerebellar catalase (rCCAT),
glutathione peroxidase-1 (rCGPx-1), tumour necrosis fac-
tor-alpha (rCTNF-a), interleukin-1 beta (rCIL-13), and ace-
tylcholinesterase (rCAChE).

MATERIALS AND METHODS

Assembling of Plants for Identification and Extraction
Fresh plants of VA still bearing their flowers and intact
roots were obtained from Ochudo City, Abakaliki Local
Government Area, Ebonyi State, Nigeria, for identification.
A taxonomist in the Applied Biology Department of Ebonyi
State University handled the identification process. A
voucher (herbarium) number assigned to the plant was
EBSU-H-1100. After identification, a large quantity of the
plant was collected, and their leaves were defoliated and
dried at room temperature. This is followed by pulverisa-
tion of the dried leaves using a mortar and pestle. The re-
sultant powdered VA, weighing 190 g, was subsequently
stored in an air-tight container. A mixture of the powdered
leaves was constituted by mixing 5 mL of absolute alcohol
{(Guangdong Guandgua Chemical Factory Co. Ltd, CAS:
7778-80-5) M.P. 1069°C B.P.1689° D2.66; Lot number
20100408} with 1 g of VA in an air-tight container. The mix-
ture was stirred every 6 h, left tightly covered with the lid of
the container and kept at room temperature for 72 h. A
double-folded sieve cloth with fine pores and two Whatman
filter papers No. 1 were used for the filtration of the mix-
ture, with the former being the first and the latter serving in
the second filtration procedure. To concentrate the result-
ant ethanol-containing filtrate, it was placed in a water bath
whose temperature was set at 40°C to facilitate the evapo-
ration of the ethanol. A sticky texture of the extract was
obtained, which was weighed (21.6 g) using an electronic
weighing balance. The stock solution of the ELEVA for this
study was constituted following the procedure stated in the
Organisation of Economic Cooperation and Development
(OECD) adopted on 16th October 2008 and corrected on
30th June 2022 (OECD, 2022) and refrigerated to maintain
its efficacy.

Study Procedure

A total of twenty male Wistar rats obtained from the Animal
Research Facility of the Faculty of Basic Medical Sciences
of Ebonyi State University were used for this experiment.
The rats were housed at a room temperature of 25 + 2 °C
(natural 12:12 h light/dark cycle) and acclimatised for two
weeks. The rats were placed in cages that allowed ade-
quate ventilation and fed regularly during the periods of
acclimatisation and the study proper. Before administering
the crude ethanol leaf extract of VA, rats (weight range
200-220 g) were randomly grouped into four, each com-
prising five male Wistar rats. The control group received
feed and water only. Groups E1, E2 and E3, which were
the test groups, received 100 mg/kg, 200 mg/kg and 400
mg/kg of ethanol leaf extract of VA, respectively. This
study lasted for 14 days, during which each rat received
the extract orally and once daily with the aid of an orogas-
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tric tube attached to the end of a 2 mL insulin syringe. On
the 15th day of the experiment, the animals in each group
were sacrificed using cervical dislocation. The entire brain
was first excised from the skull of rats to reveal the entire
cerebellum. This step was immediately followed by the
careful excision of a small portion of the cerebellar cortex
and placing the same in an Eppendorf tube containing fixa-
tive for the relative gene expression study.

Total Ribonucleic Acid (RNA) Isolation

The seclusion of total RNA from the excised cerebellum of
each rat was performed according to the procedure ex-
plained by Omotuyi et al. (2018). The various cerebellar
tissues (cortex) from each rat were homogenised in cold
TRIzol reagent (Zymo Research, USA, Cat: R2050-1-50,
Lot: ZRC186885) at 4°C. Total RNA was segregated in
trichloromethane (BDH Analytical Chemicals, Poole, Eng-
land Cat: 10076-6B) using an Abbott Laboratories centri-
fuge (Model: 3531, Lake BIuff, lllinois, United States) set at
15,000 revolutions per minute for 15 min. The next stage
was the precipitation of RNA, which was achieved by utilis-
ing the same volume of isopropanol (Burgoyne Urbidges
and Co, India, Cat: 67-63-0) as the RNA obtained from the
clear supernatant. This stage was followed by rinsing the
RNA pellet twice in a solution of ethanol and nuclease-free
water, constituted in the ratio of 7:3 {70 mL of absolute
ethanol (BDH Analytical Chemicals, Poole, England Cat:
10107-7Y) and 30 mL of nuclease-free water (Ingaba Bio-
tec, West Africa, Lot no: 0596C320, code: E476-500ml)}.
The pellets went through air drying and dissolution. While
the former lasted for 5 min, the latter occurred in 1 mM of
sodium citrate at a pH of 6.4 (also called RNA buffer).

Complementary Deoxyribonucleic Acid (cDNA) Con-
version:

Before initiating the conversion to cDNA, the quantity, as
well as the quality of the total RNA, were estimated with
A260/A280 (A=absorbance), read with a Jenway UV-VIS
spectrophotometer (model 6305, UK), and recorded. The
decontamination of RNA from DNA was conducted using
DNAse | treatment (NEB, Cat: MO303S) according to the
instructions of the producer. RNA was transformed to
cDNA in a 2 yL solution holding 100 ng of decontaminated
RNA, using the M-MuLV reverse transcriptase Kit (M-
MuLV RT, NEB, Cat: M0253S) in a 20 pL final volume (2
ML, N9 random primer mix; 2 pL, 10X M-MuLV buffer; 1 uL,
M-MuLV RT (200 U/pL); 2 pL, 10 mM deoxynucleotide tri-
phosphate; 0.2 yL, RNase Inhibitor (40 U/uL) and 10.8 pL
nuclease-free water). Apart from the inactivation of M-Mulv
reverse transcriptase that was conducted at 65°C for 20
min, these stepwise procedures were conducted at room
temperature.

Polymerase Chain Reaction (PCR) Amplification and
Agarose Gel Electrophoresis

The PCR amplification for the estimation of the genes un-
der scrutiny was conducted following the procedure speci-
fied: PCR amplification was carried out in a 25 pL volume
reaction mixture holding 2 yL cDNA (40 ng), 2 uL primer
(100 pmol), 12.5 uL Ready Mix Taqg PCR master mix (One
Taq Quick-Load 2x, master mix, NEB, Cat: M0486S) and
8.5 uL nuclease-free water. Initial denaturation that took
Igwe et al.
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place at 95 °C, which lasted for 5 min, was followed by 20
cycles of amplification that involved denaturation at 95 °C
and annealing, each lasting for 30 sec, initial extension at
72 °C for 60 sec, and a final extension at 72 °C for 10 min.
In all experiments, there were inclusions of negative con-
trols where the reaction mixture lacked cDNA. The ampli-
cons were resolved on a 1.5% agarose gel (Cleaver Scien-
tific Limited: Lot: 14170811) using tris (hydroxymethyl)
aminomethane (Tris)-borate-EDTA buffer at pH 8.4 (Tris -
RGT reagent, China, Lot: 20170605; Borate - JHD chemi-
cals, China, Lot 20141117).

Data Handling

The data obtained from this study were analysed using the
Social Package for Statistical Sciences version 25. De-
scriptive statistics were presented as mean + Standard
Error of Mean (SEM). A Tukey post hoc test was used to
compare each relative gene expression. The significance
level in this study was set at p < 0.05.

RESULTS

Relative Gene Expression of Selected Cerebellar Oxi-
dative Enzymes

rCCAT

The mean rCCAT of male Wistar rats in the control, E1,
E2, and E3 groups were 0.97 + 0.05, 0.96 + 0.08, 0.72 +
0.07, and 0.64 + 0.06, respectively. The mean rCCAT of
test groups E1 (p = 0.999) and E2 (p = 0.087) showed no
significant difference compared to the control group. The
mean rCCAT of test group E3 (p = 0.026) was significantly
lower than the control group (Fig. 1).
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Fig. 1: The mean relative gene expression of cerebellar rCCAT.
The control group received only feed and water. The E1, E2, and
E3 groups received 100 mg/kg, 200 mg/kg, and 400 mg/kg body
weight of ELEVA, respectively. * significant different compared to
the control at p < 0.05

rCGPx-1

The mean rCGPx-1 of male Wistar rats in the control, E1,
E2, and E3 groups were 0.91 + 0.03, 1.02 £ 0.06, 0.66 +
0.03, and 2.09 + 0.11, respectively. The mean rCGPx-1 of
test groups E1 (p = 0.641) and E2 (p = 0.102) was lower
and of no significant difference when compared to the con-
trol group. The mean of rCGPx-1 of male Wistar rats in the
test group E3 (p = 0.0001) was significantly higher when
compared to the control group (Fig. 2).
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Fig. 2: The mean relative gene expression of cerebellar glutathi-
one peroxidase-1 (rCGPx-1). The control group received only
feed and water. The E1, E2, and E3 groups received 100 mg/kg,
200 mg/kg, and 400 mg/kg body weight of ELEVA, respectively. *
significant different compared to the control at p < 0.05

Relative Gene Expression of Selected Cerebellar Cyto-
kines

rCTNF-a

The mean rCTNF-a of the control, E1, E2, and E3 groups
were 1.09 £ 0.05, 2.49 + 0.03, 1.72 + 0.10, and 2.42 *
0.06, respectively. The mean rCTNF-a of E1 (p = 0.0001),
E2 (p = 0.001) and E3 (p = 0.0001) were significantly high-
er when compared to the control group (Fig. 3).
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Fig. 3: The mean relative gene expression of cerebellar tumour
necrotic factor alpha (rCTNF-a). The control group received only
feed and water. E1, E2, and E3 groups received 100 mg/kg, 200
mg/kg, and 400 mg/kg body weight of ELEVA, respectively. *
significant different compared to the control at p < 0.05.

rC1L-18

The mean rC1L-1B of Wistar rats in the control, E1, E2,
and E3 groups were 1.09 + 0.06, 1.26 + 0.08, 0.91 + 0.05,
and 1.33 £ 0.15, respectively. The mean rC1L-13 of E1 (p
= 0.640) and E3 (p = 0.362) showed no significant differ-
ence when compared to the control group. There was a
lower mean rC1L-1pB in the E2 (p = 0.558), which was not
significantly different when compared to the control group
(Fig. 4).

rCAChE

The mean rCAChE of the male Wistar rats in the control,
E1, E2, and E3 groups were 1.05 + 0.05, 0.80 £ 0.04, 0.60
+ 0.03, and 0.98 * 0.06, respectively. The mean rCAChE
of groups E1 (p = 0.023) and E2 (p = 0.001) were signifi-
cantly lower when compared to the control group. The
mean rCAChE of group E3 (p = 0.773) was higher but not
significantly different when compared to the control group
(Fig. 5).
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Fig. 4: The mean relative gene expression of cerebellar rC1L-1p.

The control group received only feed and water. E1, E2, and E3
groups received 100 mg/kg, 200 mg/kg, and 400 mg/kg body
weight of ELEVA, respectively. No significant difference was ob-
served at p < 0.05
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Fig. 5: The mean relative gene expression of cerebellar acetyl-
cholinesterase (rCAChE). The control group received only feed
and water. E1, E2, and E3 groups received 100 mg/kg, 200
mg/kg, and 400 mg/kg of ELEVA, respectively. * significant dif-
ferent compared to the control at p < 0.05.

DISCUSSION

Medicinal plants and their products have gained worldwide
recognition as effective components in treatment plans for
various diseases, often with fewer side effects. Scientifical-
ly verified effects of VA on key cellular activities, vital en-
zymes, or proteins in the CNS, especially the cerebellum,
have remained scarce. Narrowing this knowledge gap will
significantly assist in their proper use to address ongoing
therapeutic needs. This study evaluated the expressions of
rCCAT, rCGPx-1, rCTNF-qa, rCIL-1B, and rCAChE follow-
ing the administration of ELEVA in male Wistar rats.

A uniform downregulation in the expression of cerebellar
catalase was observed following the administration of
ELEVA, reaching significant levels in the three test groups
compared to the control group. This decline in expression
implies reduced translation for the synthesis of catalase in
the Purkinje cells and in neurons of the molecular and the
granular layer, where expression of cerebellar catalase
occurs (Schad et al., 2003). The observed decline in
rCCAT suggests that hydrogen peroxide will accumulate in
the cerebellar cortex, subsequently increasing the risk of
oxidative stress, as the function of catalase, which is re-
sponsible for eliminating hydrogen peroxide, will be dis-
rupted (Rasheed, 2024). As an antioxidant enzyme, its
reduction due to a decline in the rCCAT may lead to mi-
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croglia activation or neuronal damage in the cerebellar cor-
tex (Alrafiah, 2021) and also may disrupt synaptic plasticity
(Ahn et al., 2016).

GPx supports protection against ROS and reactive nitro-
gen-induced cell damage (Oliveira-Silva et al., 2019), and
GPx-1 contributes to these general functions through its
ability to decrease hydrogen peroxide and lipid hydroper-
oxides (Handy and Loscalzo, 2022). This study specifically
focused on the expression of GPx-1, which is one of the
five selenium-containing glutathione peroxidase types
(GPx-1 to GPx-4 and GPx-6) (Brigelius-Flohé and Flohé,
2020), and showed significant upregulation of rCGPx-1 at
400 mg/kg of ELEVA. This may suggest increased synthe-
sis of GPx-1, supporting the classification of VA as a me-
dicinal plant with antioxidant properties (Builders et al.,
2011) due to its ability to facilitate the expression of GPx-1
in the cerebellum, as shown in this study. This finding sug-
gests ELEVA may play a vital role at this concentration in
offering protection to neural cells from oxidative stress by
decomposing hydrogen peroxide to water, hence limiting
its toxic effects (Cueto-Urefia et al., 2023). Furthermore, in
their review centred on GPx-1 in disease and health,
Handy and Loscalzo (2022) stated that the expression of
GPx-1 at the physiological levels is as important as exces-
sive upregulation of GPx-1, as the latter is also highly ben-
eficial in ROS-induced cellular damage. This study, there-
fore, supports the reported antioxidant properties of VA as
stated by Builders et al. (2011). However, such properties
may result from the observed inverse relationship between
rCCAT and rCGPx-1 or solely from the increased activity
of GPx-1 due to the upregulation in rCGPx-1 observed in
this study.

Of the two evaluated pro-inflammatory cytokines in this
study, ELEVA stimulated a significant increase in rCTNF-a.
These elevated levels of rCTNF-a may contribute to com-
munication between glial cells, resulting in the sustenance
of the physiological levels of glutamate in the synaptic
cleft, within the cerebral cortex, thereby inducing neuronal
plasticity (Shim et al., 2018). Furthermore, the upregulation
of rCTNF-a levels may lead to an increase in ROS (Hari-
haran and Dharmaraj, 2020), which will subsequently elicit
neuronal death and increased blood-brain barrier permea-
bility (Caldito, 2023). This study also suggests that ELEVA
may lack anti-inflammatory potential in the cerebellar cor-
tex due to the significant increase in rCTNF-a, which is
contrary to the anti-inflammatory properties shared by oth-
er plants of the same genus, such as Vernonia amygdalina
(Georgewill and Georgewill, 2010) and Vernonia cinerea L.
(Theja and Nirmala, 2024). The finding from this study
suggests that the administration of VA may pose a risk of
neurotoxicity.

Conversely, the observed elevation of rCIL-13 due to
ELEVA administration indicates that the extract may not
alter the physiological roles of IL-13, which, according to
Hewett et al. (2012), include neuronal protection, tissue
remodelling, and repair. This is because rCIL-1 remained
within the physiological range, as no significant changes
were observed in the expression levels of cerebellar IL-18
upon administration of various concentrations of ELEVA
compared to the control group.

The observed downregulation in rCAChE due to ELEVA
administration suggests that ELEVA possesses the ability
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to suppress the activity of AChE. Other plants with similar
AChE inhibitory effects include Acinos arvensis, Lavandula
angustifolia (Vladimir-Knezevi¢ et al., 2014) and Vernonia
amygdalina (Oladele et al., 2020). This implies that ELEVA
may increase the level of acetylcholine, thereby influencing
the physiology of the synaptic cleft and cholinergic system
in the cerebellum.

Conclusion

The ELEVA exhibited concentration-dependent effects that
reduced rCCAT and rCAChE, but increased rCGPx-1 and
rCTNF-a. Therefore, ELEVA may decrease AChE activity,
offering potential therapeutic benefits while posing a risk of
raised inflammatory responses. Additionally, the antioxi-
dant effects of ELEVA may rely on elevated rCGPx-1, as it
reduced rCCAT. However, there is a need for further study
to understand the observed dynamics between antioxidant
enzymes, pro-inflammatory cytokines and AChE following
the administration of ELEVA.

DECLARATION

Acknowledgements

| am extremely grateful to Professor Olaposi I. Omotuyi, a
Senior Scientist at Mols and Sims Laboratory in Ado-EKiti,
for ensuring the careful handling of tissue samples. | am
also very grateful to scholars who laid the foundation for
this study.

Grants and Financial Support
This work was self-funded.

Conflict of Interest
None declared.

Ethical Approval

This study followed the stipulated guideline provided in the
Guide for the Care and Use of Experimental Animals
Committee (National Research Council, 2011), which was
approved by the Faculty of Basic Medical Sciences Re-
search and Ethics Committee of Ebonyi State University,
Abakaliki, Ebonyi State, Nigeria, with the assigned ethical
approval number of EBSU/FBMS/REC/2019/08/009.

Consent to Participate and Publish Data
Not applicable.

Authors’ Contribution
All aspects of this study were contributed by the author.

REFERENCES

Ahn, J. H,, Chen, B. H., Shin, B.-N., Lee, T.-K., Cho, J. H,,
Kim, I. H., et al. (2016). Comparison of catalase immuno-
reactivity in the hippocampus between young, adult and
aged mice and rats. Mol Med Rep 14, 851. doi:
10.3892/mmr.2016.5300

Aliyu, A. B., Musa, A. M., Abdullahi, M. S., Ibrahimi, H.,
and Oyewale, A. O. (2011). Phytochemical screening and
antibacterial activities of Vernonia ambigua, Vernonia

57



Cerebellar enzymes and cytokines in rats

blumeoides and Vernonia oocephala (Asteraceae). Acta
Pol Pharm 68, 67—73.

Alrafiah, A. (2021). Thymoquinone protects neurons in the
cerebellum of rats through mitigating oxidative stress and
inflammation following high-fat diet supplementation. Bio-
molecules 11, 165. doi: 10.3390/biom11020165

Amore, G., Spoto, G., leni, A., Vetri, L., Quatrosi, G., Di
Rosa, G., et al. (2021). A Focus on the cerebellum: From
embryogenesis to an age-related clinical perspective.
Front Syst Neurosci 15, 646052. doi:
10.3389/fnsys.2021.646052

Asante, D.-B., Wiafe, G. A,, Tsegah, K. M., and Domey, N.
K. (2024). Therapeutic Benefits of Vernonia amygdalina in
the Treatment of Inflammation and Its Associated Diseas-
es. Clin. Complement Med Pharmacol 4, 100122. doi:
10.1016/j.ccmp.2023.100122

Ashafaq, M., Hussain, S., Alshahrani, S., Siddiqui, R.,
Alam, M. |, Elhassan Taha, M. M., et al. (2023). Neuropro-
tective Effects of nano-curcumin against cypermethrin as-
sociated oxidative stress and up-regulation of apoptotic
and inflammatory gene expression in rat brains. Antioxi-
dants. 12, 644. doi: 10.3390/antiox12030644

Azevedo, F. A. C., Carvalho, L. R. B., Grinberg, L. T.,
Farfel, J. M., Ferretti, R. E. L., Leite, R. E. P., et al. (2009).
Equal numbers of neuronal and nonneuronal cells make
the human brain an isometrically scaled-up primate brain.
J Comp Neurol 513, 532-541. doi: 10.1002/cne.21974
Bavarsad, N. H., Bagheri, S., Kourosh-Arami, M., and Ko-
maki, A. (2023). Aromatherapy for the brain: Lavender’s
healing effect on epilepsy, depression, anxiety, migraine,
and Alzheimer’'s disease: A review article. Heliyon 9,
€18492. doi: 10.1016/j.heliyon.2023.e18492

Breijyeh, Z., Jubeh, B., Bufo, S. A., Karaman, R., and
Scrano, L. (2021). Cannabis: A toxin-producing plant with
potential therapeutic uses. Toxins 13, 117. doi:
10.3390/toxins13020117

Brigelius-Flohé, R., and Flohé, L. (2020). Regulatory Phe-
nomena in the Glutathione Peroxidase Superfamily. Anti-

oxid. Redox Signal 33(7), 498-516. doi:
10.1089/ars.2019.7905
Builders, M., Wannang, N., Ajoku, G., Builders, P.,

Orisadipe, A., and Aguiyi, J. (2011). Evaluation of the An-
timalarial Potential of Vernonia ambigua Kotschy and Peyr
(Asteraceae). Int J Pharmacol 7, 238-247. doi:
10.3923/ijp.2011.238.247

Caldito, N. G. (2023). Role of tumor necrosis factor-alpha
in the central nervous system: a focus on autoimmune dis-
orders. Front Immunol 14, 1213448. doi: 10.3389/fimmu.
2023.1213448

Ciapponi, C., Li, Y., Osorio Becerra, D. A., Rodarie, D.,
Casellato, C., Mapelli, L., et al. (2023). Variations on the
theme: focus on cerebellum and emotional processing.
Front Syst Neurosci 17, 1185752. doi: 10.3389/fnsys.2023.
1185752

Cueto-Urefia, C., Ramirez-Expésito, M. J., Mayas, M. D.,
Carrera-Gonzalez, M. P., Godoy-Hurtado, A., and Mar-
tinez-Martos, J. M. (2023). glutathione peroxidase gpx1 to
gpx8 genes expression in experimental brain tumors re-
veals gender-dependent patterns. Genes 14, 1674. doi:
10.3390/genes14091674

Igwe et al.

Nig J Neurosci 16(2):53-60.2025

D’Ascenzo, M., and Colussi, C. (2025). Oxidative stress
and the central nervous system. Antioxidants 14, 110. doi:
10.3390/antiox14010110
Dash, U. C., Bhol, N. K., Swain, S. K., Samal, R. R,,
Nayak, P. K., Raina, V., et al. (2025). Oxidative stress and
inflammation in the pathogenesis of neurological disorders:
Mechanisms and implications. Acta Pharm Sin B 15, 15—
34. doi: 10.1016/j.apsb.2024.10.004
Gelata, A., Jemal, M., Gershe, S., and Abdissa, N. (2024).
Chemical constituents and evaluation of bioactivity of
vernonia hymenolepis A. rich root extracts. Biol Med Nat
Prod Chem 13, 595-600. doi: 10.14421/biomedich.2024.
132.595-600
Georgewill, O., and Georgewill, U. (2010). Evaluation of
the anti-inflammatory activity of extract of Vernonia Amyg-
dalina. Asian Pac J Trop Med 3, 150-151. doi:
10.1016/S1995-7645(10)60057-0
Goschorska, M., Gutowska, |., Baranowska-Bosiacka, I.,
Piotrowska, K., Metryka, E., Safranow, K., et al. (2018).
Influence of acetylcholinesterase inhibitors used in Alz-
heimer’'s disease treatment on the activity of antioxidant
enzymes and the concentration of glutathione in THP-1
macrophages under fluoride-induced oxidative stress. Int.
J Environ Res Public Health 16, 10. doi:
10.3390/ijerph16010010
Gregory, J., Vengalasetti, Y. V., Bredesen, D. E., and Rao,
R. V. (2021). Neuroprotective herbs for the management of
Alzheimer's disease. Biomolecules 11, 543. doi:
10.3390/biom11040543
Haile, F., G/Medhin, M. T., Kifle, Z. D., Dejenie, T. A., and
Berhane, N. (2022). Synergetic antibacterial activity of
Vernonia auriculifera Hiern and Buddleja polystachya
Fresen on selected human pathogenic bacteria. Metab
Open 16, 100210. doi: 10.1016/j.metop.2022.100210
Handy, D. E., and Loscalzo, J. (2022). The role of glutathi-
one peroxidase-1 in health and disease. Free Radic Biol
Med 188, 146-161. doi: 10.1016/j.freeradbiomed.2022.06.
004
Hariharan, S., and Dharmaraj, S. (2020). Selenium and
selenoproteins: it’s role in regulation of inflammation. In-
flammopharmacology 28, 667—695. doi: 10.1007/s10787-
020-00690-x
Hendrix, J., Nijs, J., Ickmans, K., Godderis, L., Ghosh, M.,
and Polli, A. (2020). The Interplay between Oxidative
Stress, Exercise, and Pain in Health and Disease: Poten-
tial Role of Autonomic Regulation and Epigenetic Mecha-
nisms. Antioxidants 9, 1166. doi: 10.3390/antiox9111166
Hewett, S. J., Jackman, N. A., and Claycomb, R. J. (2012).
Interleukin-1B in central nervous system injury and repair.
Eur J Neurodegener Dis 1, 195.
Hong, Y., Boiti, A., Vallone, D., and Foulkes, N. S. (2024).
Reactive oxygen species signaling and oxidative stress:
transcriptional regulation and evolution. Antioxidants 13,
312. doi: 10.3390/antiox13030312
Igwe, E. C., Besong, E. E., Esomchi, C. N., Nwofia, J. O.,
Okoche, M. C., and Onigbo, E. O. (2024). Effects of
Vernonia ambigua on testicular histology, selected semen
profiles and serum oxidative stress biomarkers of Wistar
rats. J Exp Clin Anat 21, 385-392. doi:
10.4314/jeca.v21i2.33
Kavitha, S., Kumar, T. S., Naresh, E., Kalmani, V. H.,
Bamane, K. D., and Pareek, P. K. (2023). Medicinal plant
58



Cerebellar enzymes and cytokines in rats

identification in real-time using deep learning model. SN
Comput Sci 5, 73. doi: 10.1007/s42979-023-02398-5
Kiplimo, J. J. (2016). A Review on the biological activity
and the triterpenoids from the genus Vernonia (Asteraceae
Family). Int Res J Pure Appl Chem 11, 1-14. doi:
10.9734/IRJPAC/2016/25091

Kunle, O., and Egharevba, H. (2009). Preliminary studies
on Vernonia ambigua: phytochemical and antimicrobial
screening of the whole plant. Ethnobot Leafl 13, 1216—
1221.

Lee, K. H., Cha, M., and Lee, B. H. (2020). Neuroprotec-
tive Effect of Antioxidants in the Brain. Int J Mol Sci 21,
7152. doi: 10.3390/ijms21197152

Li, C. N., Keay, K. A., Henderson, L. A., and Mychasiuk, R.
(2024). Re-examining the mysterious role of the cerebel-
lum in pain. J Neurosci 44, e1538232024. doi:
10.1523/JNEUROSCI.1538-23.2024

Maroyi, A. (2020). Evaluation of pharmacological proper-
ties, phytochemistry and medicinal uses of Vernoniastrum
ambiguum. Res J Pharm Technol 13, 4715-4719. doi:
10.5958/0974-360X.2020.00830.6

Mbah Ntepe, L. J., Habib, R., Judith Laure, N., Raza, S.,
Nepovimova, E., Kuca, K., et al. (2020). Oxidative stress
and analysis of selected SNPs of ACHE (rs 2571598),
BCHE (rs 3495), CAT (rs 7943316), SIRT1 (rs 10823108),
GSTP1 (rs 1695), and Gene GSTM1, GSTT1 in Chronic
Organophosphates Exposed Groups from Cameroon and
Pakistan. Int J Mol Sci 21, 6432. doi:
10.3390/ijms21176432

Muzio, L., Viotti, A., and Martino, G. (2021). Microglia in
neuroinflammation and neurodegeneration: From under-
standing to therapy. Front Neurosci 15, 742065. doi:
10.3389/fnins.2021.742065

Nandi, A., Yan, L.-J., Jana, C. K., and Das, N. (2019). Role
of catalase in oxidative stress- and age-associated degen-
erative diseases. Oxid Med Cell Longev 2019, 9613090.
doi: 10.1155/2019/9613090

National Research Council (2011). Guide for the Care and
Use of Laboratory Animals. National Research Council
(US) Committee for the Update of the Guide for theCare
and Use of Laboratory Animals 8th Edn. Washington (DC):
National Academies Press (US). Available at:
http://www.ncbi.nlm.nih.gov/books/NBK54050/ (Accessed
January 1, 2025).

Nnanga, L. S., Ambamba, B. D. A,, Ella, F. A., Mandob, D.
E., and Ngondi, J. L. (2022). Lipotropic activities of aque-
ous extract of Vernonia guineensis Benth. in Wistar rats
fed high fat diet. BMC Complement Med Ther 22, 117. doi:
10.1186/s12906-022-03602-4

Noumi, E., and Fozi, F. L. (2003). Ethnomedical botany of
epilepsy treatment in Fongo-Tongo village, Western Prov-
ince, Cameroon. Pharm Biol doi: 10.1076/phbi.41.5.330.
15944

OECD (2022). Test No. 425: Acute Oral Toxicity: Up-and-
Down Procedure. Paris: Organisation for Economic Co-
operation and Development. Available at:
https://www.oecd-ilibrary.org/environment/test-no-425-acut
e-oral-toxicity-up-and-down-procedure_978926407 1049-
en (Accessed December 4, 2024).

Oladele, J. O., Oyeleke, O. M., Oladele, O. T., and
Olaniyan, M. (2020). Neuroprotective mechanism of
Vernonia amygdalina in a rat model of neurodegenerative

Igwe et al.

Nig J Neurosci 16(2):53-60.2025
diseases. Toxicol Rep 7, 1223-1232. doi:
10.1016/j.toxrep.2020.09.005
Oliveira-Silva, J. A. de, Yamamoto, J. U. P., Oliveira, R. B.
de, Monteiro, V. C. L., Frangipani, B. J., Kyosen, S. O., et
al. (2019). Oxidative stress assessment by glutathione pe-
roxidase activity and glutathione levels in response to se-
lenium supplementation in patients with Mucopolysaccha-
ridosis I, Il and VI. Genet Mol Biol 42, 1-8. doi:
10.1590/1678-4685-GMB-2017-0334
Olufunmilayo, E. O., Gerke-Duncan, M. B., and Holsinger,
R. M. D. (2023). Oxidative stress and antioxidants in neu-
rodegenerative disorders. Antioxidants 12, 517. doi:
10.3390/antiox12020517
Omotuyi, O. I, Nash, O., Inyang, O. K., Ogidigo, J.,
Enejoh, O., Okpalefe, O., et al. (2018). Flavonoid-rich ex-
tract of Chromolaena odorata modulate circulating GLP-1
in Wistar rats: computational evaluation of TGR5 involve-
ment. 3 Biotech 8, 124. doi: 10.1007/s13205-018-1138-x
Philips, N., Samuel, P., Keller, T., Alharbi, A., Alshalan, S.,
and Shamlan, S.-A. (2020). Beneficial regulation of cellular
oxidative stress effects, and expression of inflammatory,
angiogenic, and the extracellular matrix remodeling pro-
teins by 1a,25-Dihydroxyvitamin D3 in a melanoma cell
line. Molecules 25, 1164. doi: 10.3390/molecules25051164
Phillips, J. R., Hewedi, D. H., Eissa, A. M., and Moustafa,
A. A. (2015). The cerebellum and psychiatric disorders.
Front Public Health 3, 66. doi: 10.3389/fpubh.2015.00066
Rabizadeh, F., Mirian, M. S., Doosti, R., Kiani-Anbouhi, R.,
and Eftekhari, E. (2022). Phytochemical classification of
medicinal plants used in the treatment of kidney disease
based on traditional persian medicine. Evid -Based Com-
plement Altern Med 2022, 8022599. doi:
10.1155/2022/8022599
Rasheed, Z. (2024). Therapeutic potentials of catalase:
Mechanisms, applications, and future perspectives. Int J
Health Sci 18, 1-6.

Roostaei, T., Nazeri, A., Sahraian, M. A., and Minagar, A.
(2014). The human cerebellum: a review of physiologic
neuroanatomy. Neurol Clin 32, 859-869. doi:
10.1016/j.ncl.2014.07.013

Schad, A., Fahimi, H. D., Vdlkl, A., and Baumgart, E.
(2003). Expression of catalase mRNA and protein in adult
rat brain: detection by nonradioactive in situ hybridization
with signal amplification by catalyzed reporter deposition
(ISH-CARD) and immunohistochemistry (IHC)/ immunoflu-
orescence (IF). J. Histochem. Cytochem. Off. J. Histo-
chem. Soc. 51, 751-760. doi: 10.1177/002215540305100
606

Shim, H. G., Jang, S.-S., Kim, S. H., Hwang, E. M., Min, J.
O., Kim, H. Y., et al. (2018). TNF-a increases the intrinsic
excitability of cerebellar Purkinje cells through elevating
glutamate release in Bergmann Glia. Sci Rep 8, 11589.
doi: 10.1038/s41598-018-29786-9

Theja, D. D., and Nirmala, S. (2024). A review of Vernonia
cinerea L. ethno-medicinal uses and pharmacology shows
that it could be a useful plant for medical purposes. Intell
Pharm 2, 662-671. doi: 10.1016/j.ipha.2023. 11.005
Toyang, N. J., and Verpoorte, R. (2013). A review of the
medicinal potentials of plants of the genus Vernonia
(Asteraceae). J Ethnopharmacol 146, 681-723. doi:
10.1016/j.jep.2013.01.040

59



Cerebellar enzymes and cytokines in rats

Vasincu, A., Luca, S. V., Charalambous, C., Neophytou, C.
M., Skalicka-Wozniak, K., and Miron, A. (2022). LC-
HRMS/MS phytochemical profiling of Vernonia kotschyana
Sch. Bip. ex Walp.: Potential involvement of highly-
oxygenated stigmastane-type saponins in cancer cell via-
bility, apoptosis and intracellular ROS production. South
Afr J Bot 144, 83-91. doi: 10.1016/j.sajb.2021.09.003

Vladimir-Knezevi¢, S., Blazekovi¢, B., Kindl, M., Viadi¢, J.,
Lower-Nedza, A. D., and Brantner, A. H. (2014). Acetyl-
cholinesterase Inhibitory, Antioxidant and Phytochemical

Nig J Neurosci 16(2):53-60.2025

Properties of Selected Medicinal Plants of the Lamiaceae
Family. Molecules 19, 767. doi: 10.3390/molecules190
10767

Wang, X., and Michaelis, E. K. (2010). Selective neuronal
vulnerability to oxidative stress in the brain. Front Aging
Neurosci 2, 12. doi: 10.3389/fnagi.2010.00012

Zhang, P., Duan, L., Ou, Y., Ling, Q., Cao, L., Qian, H., et
al. (2023). The cerebellum and cognitive neural networks.
Front Hum Neurosci 17, 1197459. doi: 10.3389/fnhum.
2023.1197459

Published by Neuroscience Society of Nigeria

m Copyright © 2025 by author(s). This work is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Igwe et al.

60



