LJMU Research Online

Atiba, FA, Fatokun, AA, Imosemi, IO and Malomo, AO
Kola nut from Cola nitida vent. Schott administered to pregnant rats induces
histological alterations in pups’ cerebellum
http://researchonline.ljmu.ac.uk/id/eprint/14587/

Article

Citation (please note it is advisable to refer to the publisher’s version if you
intend to cite from this work)
Atiba, FA, Fatokun, AA, Imosemi, IO and Malomo, AO (2021) Kola nut from
Cola nitida vent. Schott administered to pregnant rats induces histological
alterations in pups’ cerebellum. PLoS One, 16 (3). ISSN 1932-6203
LJMU has developed LJMU Research Online for users to access the research output of the
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by
the individual authors and/or other copyright owners. Users may download and/or print one copy of
any article(s) in LJMU Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities or
any commercial gain.

The version presented here may differ from the published version or from the version of the record.
Please see the repository URL above for details on accessing the published version and note that
access may require a subscription.

For more information please contact researchonline@ljmu.ac.uk

http://researchonline.ljmu.ac.uk/

PLOS ONE
RESEARCH ARTICLE

Kola nut from Cola nitida vent. Schott
administered to pregnant rats induces
histological alterations in pups’ cerebellum
Foluso A. Atiba ID1*, Amos A. Fatokun2, Innocent O. Imosemi1, Adefolarin O. Malomo1,3*
1 Department of Anatomy, College of Medicine, University of Ibadan, Ibadan, Nigeria, 2 School of Pharmacy
and Biomolecular Sciences, Liverpool John Moores University, Liverpool, United Kingdom, 3 Department of
Surgery, College of Medicine, University of Ibadan, Ibadan, Nigeria

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

OPEN ACCESS
Citation: Atiba FA, Fatokun AA, Imosemi IO,
Malomo AO (2021) Kola nut from Cola nitida vent.
Schott administered to pregnant rats induces
histological alterations in pups’ cerebellum. PLoS
ONE 16(3): e0247573. https://doi.org/10.1371/
journal.pone.0247573
Editor: Izumi Sugihara, Tokyo Medical and Dental
University, JAPAN
Received: June 21, 2020
Accepted: February 9, 2021
Published: March 8, 2021
Copyright: © 2021 Atiba et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Data Availability Statement: The data underlying
this study have been uploaded to Figshare and are
publicly available at the following DOIs: https://doi.
org/10.6084/m9.figshare.14068961.v1 https://doi.
org/10.6084/m9.figshare.14068958.v1 https://doi.
org/10.6084/m9.figshare.14068955.v1 https://doi.
org/10.6084/m9.figshare.14068916.v1 https://doi.
org/10.6084/m9.figshare.14068919.v1 https://doi.
org/10.6084/m9.figshare.14068922.v1
Funding: The authors received no specific funding
for this work.

* folusoatiba@gmail.com (FAA); ademalomo@yahoo.com (AOM)

Abstract
Kola nut (from Cola nitida) is popular in Nigeria and West Africa and is commonly consumed
by pregnant women during the first trimester to alleviate morning sickness and dizziness.
There is, however, a dearth of information on its effects on the developing brain. This study,
therefore, investigated the potential effects of kola nut on the structure of the developing
neonatal and juvenile cerebellum in the rat. Pregnant Wistar rats were administered water
(as control) or crude (aqueous) kola nut extract at 400, 600, and 800 mg/kg body weight
orally, from pregnancy to day 21 after birth. On postnatal days 1, 7, 14, 21 and 28, the pups
were weighed, anaesthetised, sacrificed and perfused with neutral buffered formalin. Their
brains were dissected out, weighed and the cerebellum preserved in 10% buffered formalin.
Paraffin sections of the cerebellum were stained with haematoxylin and eosin for cerebellar
cytoarchitecture, cresyl violet stain for Purkinje cell count, Glial Fibrillary Acidic Protein
(GFAP) immunohistochemistry (IHC) for estimation of gliosis, and B-cell lymphoma 2 (Bcl2) IHC for apoptosis induction. The kola nut-treated rats exhibited initial reduction in body
and brain weights, persistent external granular layer, increased molecular layer thickness,
and loss of Bergmann glia. Their Purkinje cells showed reduction in density, loss of dendrites and multiple layering, and their white matter showed neurodegeneration (spongiosis)
and GFAP and Bcl-2 over-expression, with evidence of reactive astrogliosis. This study,
therefore, demonstrates that kola nut, administered repeatedly at certain doses to pregnant
dams, could disrupt normal postnatal cerebellar development in their pups. The findings
suggest potential deleterious effects of excessive kola nut consumption on human brain and
thus warrant further studies to understand the wider implications for human brain
development.

The developing brain, especially the cerebellum, is highly susceptible to the effects of many
types of chemicals and environmental pollutants [1, 2]. The brain is embryologically divided
into 3 major parts rostrocaudally: the forebrain (prosencephalon), midbrain (mesencephalon)
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and hindbrain (rhombencephalon) [3]. The cerebellum develops from the hindbrain, which
subdivides into the medulla oblongata caudally (myelencephalon) and the pons and the cerebellum rostrally (metencephalon) [4, 5]. The cerebellum, one of the earliest structures of the
brain to differentiate, attains maturity months postnatal [6, 7]. For this reason, the cerebellum
is highly susceptible to developmental abnormalities and deviation from normalcy [7, 8]. In
rats, some neuroactive chemicals have been shown to induce long-lasting behavioural and
structural alterations to the brain, even at low doses, especially at critical developmental periods [9–11]. Therefore, the study of the potential neurodevelopmental effects of chemicals
which organisms, including humans, are commonly exposed to, either through environmental
contact, direct ingestion from food substances or some other means, is extremely important.
Medicinal plants or their products are a major source of chemicals with potential neurodevelopmental effects. One of such plant is the kola tree.
The kola tree (Cola nitida) is known to West Africa, especially Sierra Leone, Liberia, Ivory
Coast and Nigeria. Its fruit is kola nut, called “Obi” by the Yoruba tribe of Nigeria [12, 13].
Some of the chemical constituents of African kola nut include caffeine, theobromine, d-catechin, l-epicatechin, kolatin, kolanin, glucose, starch, fatty matter, tannins, anthocyanin pigment, betaine and protein [14, 15]. Kola nut has been used as aphrodisiac and appetite
suppressant [16], as it has been found to cause decrease in food and water intake [17]. Other
studies have investigated its effects on the heart, liver and kidney [18], stomach [19, 20], male
reproductive system [21, 22], behavioural and endocrine system [13, 23–26], body weight [13,
17], the brain [27], and brain sodium pump activity [28]. Kola nut is also one of the herbal
fruits that get consumed by pregnant women in Nigeria [29, 30]. However, despite these various studies done on kola nut, there is a dearth of information on its effects on the developing
brain.
About 82.8% of pregnant women experience a phenomenon known as morning sickness
during pregnancy [31]. Morning sickness usually comprises nausea, vomiting, tiredness and
spitting, and it is more intense in the morning. For some women, it occurs only during the
first trimester, while for some others it might occur throughout the gestational period. Studies
have shown that a good percentage of these women resort to taking any substance that can
reduce the effects of morning sickness [32]. Amongst the substances consumed in pregnancy
is kola nut [29, 30], although why this is so has not been fully documented by any study. However, based on selected interviews, some pregnant women confessed to taking kola nut to suppress early morning sickness symptoms. It is of note that the brain development of the foetus
is critical during the first trimester, as this is when the neural tube folds, elongates, expands
and undergoes cytological changes to attain the typical brain arrangement of the cerebrum,
cerebellum and the brain stem. This study was, therefore, carried out to investigate the potential effects of kola nut on the developing brain, with a focus on the cerebellum. It was found
that in utero exposure of foetus to repeated administration of certain doses of kola nut could
induce abnormal changes in the neonatal cerebellum. While we found the effects of kola nut to
be widespread in the brain, we specifically investigated the cerebellum, as it is an important
model for brain development and evolution and has a key role in sensory-motor processing,
thus providing us an opportunity to demonstrate a proof of concept.

Materials and methods
Ethical approval
Ethical approval for this project was obtained from the Institutional Animal Care and Use
Committee, University of Ibadan, Nigeria (UI-ACUREC/APP/2015/009), and the use of animals in the study was consistent with internationally accepted standards for the welfare of, and
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experimentation on, animals (e.g., NIH Guide for the care and use of laboratory animals), as
described in the methodology.

Collection and identification of plant material
Fresh kola nut (Cola nitida) fruits were purchased from kola plantation in Sagamu, Ogun
State, Nigeria in August 2016. The fruits of kola nut were identified and authenticated at the
Federal Research Institute of Nigeria (FRIN), with Federal Herbarium Identification (FHI)
Number 109605.

Preparation of kola nut extract
The kola nut fruits were cut into small cubes and room dried until a constant weight was
achieved. These were ground with a miller and mixed with water, with 0.5% of chloroform
added to avoid the growth of fungi. The soaked kola nut was vortexed every one hour for 12
hours. This was sieved and filtered with Whatman filter paper 4. The supernatant was concentrated using a rotary evaporator (which should remove the chloroform) and the concentrate
was freeze-dried and kept in the refrigerator at +4˚C, which ensured the stability of its composition. The kola nut extract was reconstituted with water and administered to the pregnant rats
every morning through oral gavage, in doses of 400, 600 and 800 mg/kg body weights as previously reported [1]. Administration through oral gavage ensured the entire extract was directly
delivered into the stomach of the dams. The dams were then monitored for any signs of vomit
or regurgitation (there was none) before leaving them in their respective cages.

Experimental animals
Sexually-matured female and male Wistar rats were purchased from the central Animal House
of the Faculty of Veterinary Medicine, University of Ibadan, Ibadan, Nigeria. The animals
were acclimatized for two weeks in the central Animal House under 12-hour night and day
cycles and fed with rodents’ cubes purchased from Ladokun Feeds, Ibadan, Oyo State, Nigeria,
and water was provided ad libitum.
Forty (40) sexually matured female Wistar rats weighing between 160 g-180 g were designated for the study. The female rats were mated by matured male rats and pregnancy was
noted by presence of vaginal plug and confirmed by vaginal smear. However, not all the dams
carried their pregnancy to term; therefore, seven (7) dams were used in each of the four experimental groups (see following section). The number of animals used was what was required in
order to ascertain statistical significance of any effect.

Grouping of animals for experiments
The animals were randomly grouped into four groups (Groups 1–4) of seven rats each:
Group 1. Pregnant animals received 0.4 ml of distilled water orally as placebo, from
embryonic day (ED) 1 of pregnancy to post-natal day (PND) 21, to serve as Control (CON).
Group 2 (Treated (TRT)) 1. Pregnant animals received 400 mg/kg body weight of kola
nut extract orally from ED1 of pregnancy to PND 21.
Group 3 (TRT2). Pregnant animals received 600 mg/kg body weight of kola nut extract
orally from ED1 of pregnancy to PND 21.
Group 4 (TRT3). Pregnant animals received 800 mg/kg body weight of kola nut extract
orally from ED1 of pregnancy to PND 21.
The pregnant animals were kept under close observation before and during pregnancy and
after delivery, and animal use was in accordance with local and national guidelines, consistent
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with the United States National Institutes of Health (NIH) Guidelines for the Care and Use of
Laboratory Animals in Biomedical Research [33].

Sacrifice of animals and tissue processing for histological studies
Five pups of post-natal days 1, 7, 14, 21 and 28 from each group were weighed, anaesthetized
by intraperitoneal administration of 300 mg/kg ketamine (Pfizer, USA) and 5 mg/kg diazepam
(Pfizer, USA), perfused with neutral buffered formalin (NBF), and their brains dissected out
and weighed. The brains were preserved in Bouin’s fluid (75 ml of saturated picric acid, 25 ml
of formalin and 5 ml of acetic acid) for 6 h and then transferred to 10% buffered formaline for
ease of grossing and to prevent autolysis by enzymatic or bacterial actions; another set of five
pups of post-natal days 1, 7, 14, 21 and 28 from each group were also weighed, anaesthetized
and perfused with NBF, their brains dissected out, weighed and preserved in NBF to preserve
their structure and molecular composition.
A mid-sagittal section of the cerebellum was dissected. The sections were dehydrated through
ascending grades of alcohol, 70%, 90%, 95% and two changes of absolute alcohol for 1 hour
each. Clearing of the tissues was done in two changes of xylene for thirty minutes each. The sections were then infiltrated in four changes of molten paraffin wax for an hour each at a temperature of 60˚C. Immediately after the infiltration stage, the tissues were embedded in molten
paraffin wax with embedding moulds and allowed to solidify into blocks ready for sectioning.
Sections of 5 micrometers (5 μm) were cut using a rotary microtome. The cut sections were
floated in a warm water bath at a temperature of 30–40˚C and picked up on slides coated with
egg albumin, which acted as a mountant allowing the cut sections to stay for Haematoxylin
and Eosin (H&E), while Poly-L-lysine slides were used for Cresyl violet and Immunohistochemistry staining. The slides were dried on a regulated hot plate (57˚C).

Haematoxylin and Eosin (H&E) staining
This was performed (as well as cresyl violet staining and immunohistochemistry (IHC)) at the
Histopathology Laboratory, National Hospital, Abuja, Nigeria (laboratory contact: Dr Jonathan Madueke). Sections were placed in xylene to dissolve the paraffin wax. They were then
washed in absolute alcohol for a minute to remove xylene and hydrated in two changes of
descending grades of alcohol (90%, 70%) and distilled water for five minutes each, after which
they were washed in running tap water and stained with Haematoxylin for fifteen minutes.
Sections were then differentiated in 1% acid alcohol for thirty seconds, placed in Scott’s tap
water for 1 min for bluing, counterstained with eosin for a minute, rinsed briefly in tap water
and transferred to ascending grades of alcohol (70%, 95%) for two minutes each and into two
changes of absolute alcohol for a minute each. They were cleared in xylene and mounted in
Dibutylphthalate Polystyrene Xylene (DPX) with cover slips in their wet state, at what stage
they were ready for microscopic examination.

Cresyl violet staining
The serial sections of the cerebellum were mounted on Poly-L-lysine-coated adhesive glass
slides and allowed to dry over a slide warmer. The sections were transferred to a slide rack and
put in a chloroform/ethanol (4:1) solution for 1 h and then placed in cresyl violet acetate solution (Sigma-Aldrich, Germany) for 10 min, with careful monitoring of the colour of the tissue,
to avoid overstaining. They were dehydrated by passing through ascending concentrations of
ethanol, 50%, 70%, 80%, 90%, 96% and 100% twice for 1 minute each. The sections were then
passed through two changes of xylene for 10 minutes each, cover-slipped with DPX Mountant
(BDH Chemicals Ltd., England) and allowed to dry.
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Immunohistochemistry (IHC)
Immunohistochemistry (IHC) using the primary antibodies anti-GFAP (mouse monoclonal,
clone G-A-5, Bio SB, CA, USA) and anti-Bcl-2 (mouse monoclonal, clone Bcl2-100, EnVision,
DAKO (now Agilent), Germany) was done on paraffin-embedded tissue. Immunohistochemical detection was done using the Avidin-Biotin Complex (ABC) method (Avidin-Biotin
Immunoperoxidase method). The Ultra-Sensitive ABC Peroxidase Rabbit IgG Staining Kit
used (Cat. No. 32054, Lot UG282613; Thermo Scientific, MA, USA) came with 3,30 -Diaminobenzidine (DAB), haematoxylin and biotinylated secondary antibodies. The antibody dilution
factor used was 1:100 for all the markers.
The processed tissue was sectioned at 5 micrometers (5 μm) on the rotary microtome,
mounted on Poly-L-lysine slides, and placed on the hot plate at 70˚C for at least 1 h. Sections
were dewaxed and hydrated. Antigen retrieval was performed on the sections by heating them
for 15 min in a citric acid solution of pH 6.0 using a microwave at a power of 100 W and they
were equilibrated gradually with cool water to displace the hot citric acid for at least 5 min for
the section to cool. Peroxidase blocking was done on the sections by covering them with 3%
hydrogen peroxide (H2O2) for 15 min and they were washed with phosphate-buffered saline
(PBS) and protein blocking was performed using avidin for 15 min. Sections were washed
with PBS and endogenous biotin in tissue was blocked using biotin for 15 min. After washing
with PBS, sections were incubated with the respective diluted primary antibody (diluted 1:100)
for 60 min and excess antibody was washed off with PBS and a secondary antibody (LINK)
was applied on the section for 15 min. Sections were washed and the Label, horseradish peroxidase (HRP), was applied on them for 15 min. A working 3,30 -Diaminobenzidine (DAB) solution, made up by mixing 1 drop (20 μl) of the DAB chromogen with 1 ml of the DAB
substrate, was applied on the sections (for a positive target a brown reaction was expected to
begin to appear at this moment) after washing off the HRP with PBS for at least 5 min. Excess
DAB solution and precipitate were washed off with water. Sections were counterstained with
Haematoxylin solution for at least 2 min and blued briefly (1 min) by immersion in Scott’s tap
water until the stain was intensified in the target nuclei. They were then dehydrated in alcohol,
cleared in xylene and mounted in DPX. Cells with specific brown colours in the cytoplasm,
cell membrane or nuclei (depending on the antigenic sites) were considered to be positive,
while the haematoxylin-stained cells without any form of brown colours were scored negative.
Non-specific binding/brown artifacts on cells and connective tissue were disregarded. Quantification of the intensity of antibody signalling was done using ImageJ software.

Measurement of gross and histomorphometric parameters
Body weight and brain weight of the pups were measured using a Mettler Analytical Balance.
Morphological changes within the cerebellar cortex were assessed on a 500 pixel Leica microscope. For histomorphometry, the Motic software 2.0 was used to determine molecular layer
thickness in μm and the purkinje density in cells/μm2 (total number of purkinje cells in a given
area).

Data presentation and statistical analyses
The brain sections processed for Haematoxylin & Eosin (H & E), Cresyl and immunohistochemistry were viewed under Leica application suit version 3.3.0 (Switzerland) X 40 objective. All values of parameters were expressed as mean ± SEM (standard error of mean) and
subjected to statistical analysis (through GraphPad Prism 6.0) employing one-way ANOVA,
followed by Tukey post-hoc test at 95% confidence interval. Statistical significance was established at P<0.05. Levels of significance are depicted as � P<0.05, �� P<0.01, ��� P<0.001 and
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P<0.0001 for the indicated comparisons, where CON = Control, and each TRT indicated
the administered dose of kola nut, as follows: TRT1 = 400 mg/kg body weight; TRT2 = 600
mg/kg body weight; and TRT3 = 800 mg/kg body weight.

Results
Behavioural and weight changes in kola nut-administered pregnant dams
It was observed that pregnant dams administered the kola nut extract were more active and
aggressive than the negative control group dams that did not receive the extract. There was
also evidence of impairment of motor control and posture (balancing) in kola nut-treated
dams, as they showed some difficulty in walking on the grid and flared their hind limbs when
picked by the tails. Kola nut administration was for a total of 6 weeks, starting at mating
(beginning of pregnancy), continuing through the 3 weeks of pregnancy, and then ending 3
weeks after the pups were born (post-natal day (PND) 21), which was when the pups were
weaned. Some days after the commencement of daily administration of the kola nut extract,
we noticed some reduction in water and food intake of kola nut-treated pregnant dams. Then,
the same week the dams had given birth (3 weeks after kolanut administration commenced),
we began to notice weight loss in the kola nut-administered dams. All dams had similar
weights before and during pregnancy (between 170–175 g at the time of giving birth). The
weight loss in kola nut-administered dams that began the week they gave birth was such that,
two weeks after giving birth, the average weight (Mean ± SEM) of the negative control dams
was 203.6 ± 5.7 g, while the average weights of dams administered 400, 600 and 800 mg/kg
kolanut were 163.7 ± 4.1 g, 153.0 ± 2.7 g and 148.6 ± 2.7 g, respectively.

Gross morphometry: Body weight
The mean body weight (g) of the control pups was significantly higher than those of the kola
nut-treated (TRT1, TRT2, TRT3) pups on PND7 (control: 11.78 ± 0.19, vs. 11.58 ± 0.27,
10.40 ± 0.15 and 10.32 ± 0.16, respectively) and PND14 (control: 19.56 ± 0.19, vs. 17.60 ± 0.35,
17.18 ± 0.37 and 15.38 ± 0.18, respectively), but lower than that of 600 mg/kg kola nut treatment on PND21 (control: 26.10 ± 0.85, vs. 30.66 ± 0.70) and 400 and 600 mg/kg kola nut treatments on PND28 (control: 36.48 ± 2.00, vs. 45.42 ± 1.01 and 44.50 ± 0.66, respectively) (Fig 1).

Fig 1. Mean body weights of the control group and the kola nut-treated groups at PND 1, 7, 14, 21 and 28 for
n = 5 pups. � P<0.05, �� P<0.01, ��� P<0.001 and ���� P<0.0001 for the indicated comparison.
https://doi.org/10.1371/journal.pone.0247573.g001
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Gross morphometry: Brain weight
The mean brain weight (g) of control pups was significantly higher than those of kola nuttreated (TRT1, TRT2, TRT3) pups on PND1 (control: 0.30 ± 0.00, vs. 0.10 ± 0.00, 0.18 ± 0.03
and 0.10 ± 0.00, respectively) and PND7 (control: 0.76 ± 0.02, vs. 0.62 ± 0.02, 0.60 ± 0.04 and
0.66 ± 0.05, respectively), while on PND14 the mean brain weights (g) of kola nut-treated pups
at 400 and 800 mg/kg (1.12 ± 0.02 and 1.16 ± 0.02, respectively) were higher than that of the
control pups (1.04 ± 0.02). However, there was no significant difference between the mean
brain weights of control and kola nut-treated pups on PND21 (control: 1.30 ± 0.03) and
PND28 (control: 1.36 ± 0.02) (Fig 2).

Histomorphology
Measurements were made consistently in the anterior lobe of the cerebellum. The demarcations of the molecular, purkinje and granular layers and how the thickness of the molecular
layer was measured are shown in Fig 3.
Treatments with 400 mg/kg, 600 mg/kg and 800 mg/kg kola nut are depicted as TRT1,
TRT2 and TRT3, respectively. Purkinje cells of the kola nut-treated groups on PND21 showed
varying degrees of degeneration and necrosis compared to the control group of the same age.
The cells were pyknotic, with chromatolysis, while some regions showed total loss of Purkinje
cells (Fig 4).
The normal architecture of the molecular layer was also disrupted. Cells with different morphologies were seen scattered in the molecular layer of the kola nut-treated groups, especially
in the TRT3 on PND 14 (red arrows), with mild separation of the molecular layer (black
arrow) (Fig 5).
Cells from the external granular layer (EGL) migrate to the granular layer at PND 20 in rats
and by PND 21 the EGL is expected to have completely migrated. However, the EGL was
retained in all the kola nut-treated groups at PND 21 (Fig 6).
In the control group, the Nissl stain showed normal cytoarchitecture of the cerebellum,
with viable Purkinje cells (black arrow) and normal flask-shaped morphology (red arrow). In
contrast, TRT1 showed loss of Purkinje cells (black arrow) with pyknotic cells (red arrow) and
TRT2 and TRT3 showed a Purkinje cell layer comprised of rounded, pyknotic and degenerated cells (black arrow) (Fig 7). Red arrow shows loss of Purkinje cells in TRT2 and separation
of the molecular and granular layers in TRT3 (Fig 7).

Fig 2. Mean brain weights of the control group pups and the kola nut-treated group pups at PND 1, 7, 14, 21 and
28 for n = 5 pups. � P<0.05, �� P<0.01 and ���� P<0.0001 for the indicated comparison.
https://doi.org/10.1371/journal.pone.0247573.g002

PLOS ONE | https://doi.org/10.1371/journal.pone.0247573 March 8, 2021

7 / 20

PLOS ONE

Kola nut and histological changes to the cerebellum

Fig 3. Demarcations of layers of the cerebellum of control and kola nut extract-treated pups. A microphotograph
of the mid-sagittal section of a hematoxylin and eosin-stained folium surface of the cerebellar cortex from a control
(PND14) rat pup. The red line shows the cortical thickness of the folium surface comprising the molecular (M),
purkinje (P) and granular (G) layers, while the blue double arrow shows the molecular layer (M) thickness. Scale
bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g003

Immunohistochemistry using anti-GFAP (Glial Fibrillary Acidic Protein) antibody on
PND 21 cerebellar cortex revealed varying degrees of astrogliosis in the groups that were
treated with kola nut extract. This was characterized by upregulation of GFAP reactivity in the
astrocytes, hypertrophy, and overlap of astrocyte process with no preservation of individual
domains, as well as scar formation (Fig 8). Immunohistochemistry with anti-GFAP antibody
also depicted a dose-dependent presence of spongiosis (red arrow) within the white matter of

Fig 4. Mid-sagittal sections of formalin-fixed, paraffin-embedded, H&E stained cerebellum of control (CON) and
kolanut extract-treated (TRT) PND 21 pups. The three layers of the cerebellar cortex are shown (ML is Molecular
Layer; P is Purkinje; GL is Granular Layer). CON shows a normal cytoarchitecture of the cerebellum with viable
Purkinje cells (black arrow). TRT1 and TRT3 show a Purkinje cell layer that is comprised of pyknotic and degenerated
Purkinje cells (black arrow) and TRT2 shows a sparsely populated Purkinje cell layer (black arrow). Scale bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g004
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Fig 5. Mid-sagittal sections of formalin-fixed, paraffin-embedded, H&E stained cerebellum of PND 14 pups. CON
shows a normal molecular layer (ML) with few cells scattered in the parenchyma. TRT1 shows thinner ML with a mild
separation between the ML and granular layer (black arrow) with pyknotic and degenerated purkinje cells (black arrow
heads). TRT2 shows thinner ML with sparse Purkinje cells (black arrow). TRT3 shows relatively normal ML with
various morphologies (red thin arrow) in the parenchyma, slight separation of the ML and granular layer (black arrow),
and pyknotic purkinje cells with central chromatolysis (black arrow head) Scale bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g005

Fig 6. Midsagittal sections of formalin-fixed, paraffin-embedded, H&E stained cerebellum of PND 21 pups. Slide
CON shows the absence of external granular layer (EGL) (arrow). Slides TRT1, TRT2 and TRT3 show retention of
external granular layer (EGL) (arrow) following the ingestion of kola nut extract. The insets show the lower
magnification of the photomicrographs. Scale bar = 40 μm for main image and 60 μm for inset.
https://doi.org/10.1371/journal.pone.0247573.g006
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Fig 7. Mid-sagittal sections of formalin-fixed, paraffin-embedded, Nissl-stained cerebellum of PND 28 pups.
CON shows a normal cytoarchitecture of the cerebellum with viable Purkinje cells and normal flask-shaped
morphology (black arrow). TRT1 shows loss of Purkinje cells and pyknotic cells (red arrow). TRT2 and TRT3 show
Purkinje cell layer with pyknotic and degenerated cells and loss of normal morphology (red arrow). Scale bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g007

the cerebellum of kola nut-treated PND 21 groups (Fig 9). In addition, immunohistochemistry
with anti-GFAP antibody on PND 28 revealed a disruption in the normal layering of the Bergmann glia of treated groups. This disruption was, however, dose-dependent, with pronounced

Fig 8. Midsagittal sections of the cerebellar cortex of PND 21 pups immunostained with anti-GFAP antibody.
CON shows astrocytes, most of which are not expressing detectable levels of GFAP (red arrowhead) within the
granular layer. TRT1 shows upregulation of GFAP with astrocyte hypertrophy (red arrow head) and mild overlap of
domain, while TRT2 and TRT3 show severe diffuse reactive astrogliosis with pronounced upregulation of GFAP,
disruption of individual astrocyte domain, astrocytic hypertrophy and proliferation (red arrow) as well as pronounced
overlap of astrocyte processes (black arrow). Scale bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g008
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Fig 9. Midsagittal sections of the cerebellum of PND 21 pups stained with anti-Glial Fibrillary Acidic Protein
(GFAP) antibody. Slide CON shows absence of spongiosis in the white matter of the cerebellar folium of control pups.
Slides TRT1, TRT2 and TRT3 show the presence of mild to severe spongiosis caused by degeneration of white matter
following the ingestion of kola nut extract (red arrow). Scale bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g009

upregulation in the TRT3 group (Fig 10). Note the hypertrophic astrocyte with overlapping
processes (black arrow head).
Immunohistochemistry with anti-Bcl-2 on PND 28 revealed overexpression of the Bcl-2
protein in the kola nut-treated groups and a layering of the Purkinje cells was pronounced in
the TRT1 group (Fig 11).

Histomorphometry
Purkinje cell density. Histomorphometric analysis revealed a progressive decrease in the
control (CON) purkinje cell density from PND14 to PND 28. For PND 14, 21 and 28, there
was a statistically significant decrease in the purkinje cell density of all the kola nut-treated
groups compared to the control. For PND14, the purkinje cell density for the control (CON)
was 0.164 ± 0.004 cells/μm2 and there was a significant 73% reduction in the purkinje cell density in the TRT1 group compared to the control (P<0.0001), a value that was not significantly
different from the purkinje cell density values obtained for the TRT2 and TRT3 groups. A similar trend was observed for PND21 and PND28, where there was a 55% decrease and a 41%
decrease, respectively, in the purkinje cell density for the TRT1 group, and the effect was sustained in the respective TRT2 and TRT3 groups (Fig 12).
Molecular layer thickness. The molecular layer thickness in the control group (CON)
increased steadily from PND7 to PND28, with values of 0.037 ± 0.004μm, 0.106 ± 0.005μm,
0.206 ± 0.027μm and 0.248 ± 0.018μm, respectively. Kola nut extract produced a dose-dependent change in the thickness of the molecular layer. On PND 7, the molecular thickness
increased dose-dependently, with the thickness of the TRT3 group being significantly higher
than that of the control. Strangely, on PND14, the molecular layer thickness of the TRT2
group was significantly higher than that of the control but that of the TRT1 or TRT2 group
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Fig 10. Photomicrographs of the cerebellar cortex of PND 28 pups immunostained with anti-GFAP antibody.
CON shows proper layering of the Bergmann glia (arrow) in the molecular layer (ML) of the control pups. TRT1
shows a loss of the Bergmann glia depicted by upregulation of GFAP reactivity (black arrow). TRT2 shows an
upregulation of GFAP reactivity as well as a severe disruption in the layering of the Bergmann (black arrow). TRT3
shows a mild disruption in the normal layering of the Bergmann glia (black arrow). Note the hypertrophic astrocyte
with overlapping processes (black arrow head). Scale bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g010

was not. The molecular layer thicknesses on PND 21 and 28 were not significantly higher than
for their respective controls. On PND 28, the molecular layer thickness of the TRT2 group was
significantly lower than that of the control (P<0.01). (Fig 13).

Fig 11. Formalin-fixed, paraffin-embedded cerebellum stained with anti-Bcl-2 monoclonal antibody. CON shows
mild expression of Bcl-2 and normal architecture of Purkinje cells. TRT1 shows layering of the Purkinje cells
(rectangular box) with an overexpression of Bcl-2 protein in neurones. TRT2 shows necrotizing and necrotized
Purkinje cells (red arrow head). TRT3 shows necrotized Purkinje cells with high expression of Bcl-2 protein. Scale
bar = 40 μm.
https://doi.org/10.1371/journal.pone.0247573.g011
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Fig 12. Purkinje cell densities of the cerebella of the control group (CON) and the kola nut-treated groups (400,
600, 800 mg/kg) at PND 14, 21 and 28 (n = 5 pups). � P<0.05, �� P<0.01 and ���� P<0.0001 for the indicated
comparison.
https://doi.org/10.1371/journal.pone.0247573.g012

GFAP reactivity. GFAP reactivity showed a dose- and age-dependent difference when
the kola nut-treated groups were compared to control. Control GFAP reactivity on PND1
was 9.78 ± 0.17% positive. This decreased 3-fold on PND14 but on PND28 was restored
to the PND1 level. On PND1, control (CON) GFAP reactivity was significantly higher
(nearly three-fold) (P<0.001) than was obtained for the TRT1 or TRT2 group, but was
not different from that of the TRT3 group. However, the trend was reversed on PND14
and PND28, as GFAP reactivities in the treatment groups were higher than in the control.
On PND14, GFAP reactivities for the TRT1, TRT2 and TRT3 groups were nearly five-,
four- and seven-fold higher than in the control (P<0.01, P<0.01 and P<0.001, respectively), while on PND28 they were each 2-fold higher (P<0.05, P<0.01, P<0.01, respectively) (Fig 14).
Bcl-2 protein expression. There was a trend of dose-dependent increase in Bcl-2 protein
expression in the kola nut-treated groups compared to the control. The expression in the
TRT2 group quadrupled that of the control (P<0.05) on PND14. On PND 28, the expression
in the TRT1 group was more than ten-fold (P<0.01) the control expression, whereas the
expression in the TRT2 or TRT3 group was significantly less than that of TRT1, even though
significantly higher than that of the control (Fig 15).

Fig 13. The thickness of the molecular layer of the cerebellum in the control (CON) and kola nut-treated (400,
600, 800 mg/kg) groups at PND 7, 14, 21 and 28 (n = 5 pups). � P<0.05 and �� P<0.01 for the indicated comparison.
https://doi.org/10.1371/journal.pone.0247573.g013
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Fig 14. Changes in GFAP expression of both the control (CON) and kola nut-treated (400, 600, 800 mg/kg)
groups at PND 1, 14 and 28 (n = 5 pups). � P<0.05, �� P<0.01 and ��� P<0.001 for the indicated comparison.
https://doi.org/10.1371/journal.pone.0247573.g014

Discussion
This study set out to investigate the potential effects of kola nut on the developing brain, focussing on the cerebellum as a region of the brain whose maturation is highly developmentally
regulated.
The significantly lower body and brain weights observed up to PND 14 for pups from kola
nut-treated dams as compared to control dams is in line with findings by Ikegwuonu et al. [18]
and Umoren et al. [17], who reported a decrease in body weight when kola nut was administered to rats. Kola nut is well known to suppress the function of hunger centres in the brain
and there is documentary evidence about ancient African soldiers who after taking kola nut
could go on for days without food [16]. This known effect of kola nut could also explain the
reduction in food intake observed in kolanut-administered dams days after administration of
kola nut commenced, as well as the subsequent loss of weight that started weeks afterwards.
The effects of kola nut are also known to be attributed to its constituents, for example theobromine and kolanin that aid the combustion of fats and carbohydrates and reduce the combustion of nitrogen and phosphorus in the body [34].
The organization of the Bergmann glial was observed to be disrupted by ingestion of kola
nut, as demonstrated in the GFAP expression studies. The normal horizontal palisades parallel
to the longitudinal plane of the folium were disrupted following the ingestion of kola nut. The

Fig 15. Dose-dependent Bcl-2 protein expression in both the control (CON) and kola nut-treated (400, 600, 800
mg/kg) groups (n = 5 pups). � P<0.05, �� P<0.01 and ��� P<0.001 for the indicated comparison.
https://doi.org/10.1371/journal.pone.0247573.g015
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Bergmann glial fibres extended from the cell bodies to the pial surface in the control group,
just as described by Qu and Smith [35], but in the treated animals appeared short, irregular
and scattered, consistent with the description by de Blas [36]. Bergmann fibres are a final stage
in the development of a defined group of radial glia in the cerebellum. They help in guiding
migrating immature neurones; extending through the intermediate zone to the pial region,
they form the scaffold for Purkinje and other cells moving from the ventricular zone to their
proper positions during embryogenesis [37]. Disorganization of the Bergmann glial cells,
therefore, disrupted the migration of the young neurones [38], as has been observed in the
delayed migration of the external granular cells [39–41]. It has been suggested that Bergmann
glial fibres may be responsible for directing the geometrical organization of the cerebellar constituents [35].
As aforementioned, ingestion of kola nut during pregnancy in the rats caused aberrant,
shortened and scattered Bergmann glial fibres, leading to granule cells’ migration defect in the
cerebellum, with accumulation of cells in the external granular layer; this was also reported by
Weller et al. [37]. While further research needs to be done to identify the mechanisms
involved, Qu and Smith [35] reported that this disruption of the Bergmann glial fibres could
be as a result of physical wrecking of glial guide scaffolding and sub-optimal neuronal glial
guide communication during migration.
The Purkinje cells have five phases of maturation, with the first phase showing the dispersion and alignment into a monolayer with no or few synapses formed [42–45]. The kola nuttreated groups on PND28 showed Purkinje cell layering, which was abnormal. Kola nut treatment disrupted the normal maturation of the Purkinje cells, apart from the mentioned disruption of the Bergmann glial fibres. Purkinje cells are the only projection neurones of the
cerebellum [42, 46]. Decrease in the Purkinje cell density, increased apoptosis, degenerated
Purkinje cell axon, as well as granule cells with central chromatolysis were also observed in
kola nut-treated groups. This is similar to the findings of Priyanka et al. [47] in a work involving aluminium-induced neurotoxicity in the cerebellum of albino mice. These were expected
to reduce the cerebellar cortical outputs in the treated rats.
Kola nut treatment also induced status spongiosis, a term applied to the sieve-like appearance of nervous tissue associated with intracellular, extracellular, and intramyelinic accumulation of fluid and dissolution of myelin [48–51]. On PND 21 and 28, experimental groups that
were exposed to kola nut extract developed spongiosum, which involved degeneration of the
cerebellum alongside neuronal loss. This ‘cerebellar degeneration’ involved the noted destruction of axons with Purkinje cell loss as well as increased apoptosis of cerebellar granule cells.
Liang et al. [49], who worked on neural-specific deletion of FIP200, a protein that has been
associated with autophagy, found out that, upon deletion of this protein, there was degeneration of the cerebellum, with outcomes of neuronal loss, spongiosis, and neurite degeneration,
similar to what we observed, as we also demonstrated the toxic effect on the cerebellum of certain doses of kola nut. While the mechanisms underlying these effects of kola nut have not
been explored in these studies, a few possibilities have been suggested by some earlier studies,
including vacuolation, mitochondrial dysfunction and generation of reactive oxygen species
[51].
Furthermore, in kola nut-treated groups, cerebellar degeneration and astrogliosis were
observed, as reflected in the over-expression of Bcl-2 and GFAP, respectively. Bcl-2 protein
expression and glial activation could be induced by loss of neuronal cells [52, 53]. Astrocytes
are reported by Sofroniew and Vinters [54] to be in ratio 5:1 to neurones. Astrocytes help in
the formation of synapses by producing molecular signals and their loss or dysfunction can
lead to demyelination [54]. They also help in regulating the blood vessel diameter and amount
of blood flow. They react to any form of injury to the CNS, and this process is called reactive
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astrogliosis, which is a feature of many CNS pathological lesions. Astrocytes are supportive
components of the neural tissue. However, reactive astrogliosis is a valid indicator of on-going
pathology. It has also been established that astrocyte scars act as a neuroprotective barrier to
inflammatory cells and they form border along damaged tissue [54]. The molecular marker of
astrocytes, GFAP, was used in this study to detect the presence of reactive astrogliosis and
cyto-architecture property. The upregulation of GFAP in the kola nut-treated groups with
hypertrophy of individual astrocytes, as well as the overlap of processes with the neighbouring
astrocytes and loss of individual domains, are features of injury to the CNS. Although the
mechanism of the scar-formation was not explored in this study, it may have involved matured
astrocytes that re-entered the cell cycle and parent cells in the local parenchyma or around the
ventricle [55].
This study also showed increased expression of the anti-apoptotic protein Bcl-2 in kola nuttreated animals, although the effects of the various doses of kola nut were not consistently
dose-dependent across the post-natal days examined. Alterations to Bcl-2 protein expression
are used to determine the occurrence and intensity of programmed cell death (apoptosis) [50,
56]. The higher expressions of Bcl-2 seen with the administration of kola nut could indicate a
reactive attempt by the cellular machinery to combat the ensuing damage by over-expressing
Bcl-2, which is protective against apoptosis. While in the future we could additionally assess
changes to the expression of pro-apoptotic members of the Bcl-2 family of proteins, such as
Bax, and then determine the ratio of changes to Bcl-2 and Bax, the increase in Bcl-2 immunoreactivity in this study suggests possible neuronal damage and these findings are corroborative
of the findings of Baloui et al. [57].
In this study, the kola nut-treated rats had abnormally persistent external granular layer
(EGL) up till day 21 after birth, with scanty viable cells in the molecular layer, thereby causing
the molecular layer of the kola nut-treated groups to be thicker for age than in the control
group and causing an increase in granule cell population. EGL has a high level of mitosis [58]
and this increases the population of the granule cells. The thickness of EGL increases for
approximately 10 days, then reduces, with the molecular layer replacing it. At postnatal day 21,
it is expected for the EGL to have virtually disappeared, with molecular layer extending from
the Purkinje cell layer to the pial surface [39, 58, 59]. This reduced radial migration of external
granular cells through the molecular layer is a component of impaired cerebellar development
[60, 61] resulting in hypercellular molecular layer [59], and this could cause abnormalities of
movement and balancing in kola nut-treated rats. This observation warrants further study to
ascertain the mechanisms by which kola nut alters the proliferation and persistence of the
external granular layer.
This study raises certain health concerns that need to be addressed through wider studies,
findings from which may necessitate public health campaigns to enlighten pregnant women in
particular, and the entire population in general, about the potential risks of excessive or
chronic consumption of kola nut. To establish some caveats, we acknowledge that this study
was conducted using neonatal and juvenile rat brains as a means to understanding the potential effects of kola nut on the neonatal and juvenile human brains, and while there are similarities in the anatomy and biochemistry of the rat and human cerebella, there might also be
subtle differences in their responses to various chemical agents. It is also possible that the
doses examined in this study are not quite representative of, or might be higher than, equivalent doses in humans that pregnant women or other people who ingest kola nut are ever
exposed to. Nevertheless, our work definitely shows that exposure to kola nut in utero or postnatally, at least at certain dose levels, whether through excessive acute consumption or chronic
accumulative consumption, could be detrimental to brain health and function in neonates and
young individuals. Even when such untoward effects do not translate to functional
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(phenotypic) deficits in affected individuals, it is possible that the exposure significantly
increases their susceptibility to the detrimental effects of a number of pathological triggers that
would otherwise not affect them significantly if they had not been so exposed to kola nut.
This study is a sensitisation towards further studies to examine the potential wider effects of
kola nut on the developing brain. For example, how the fractions of the extract cross the blood
brain barrier, including at what rate, should be looked into, and other abnormalities in the
developing brain of pups from dams that had consumed kola nut during pregnancy should be
checked. The underlying molecular mechanisms should also be investigated. To further
embed the public health context and relevance of the work, surveys should be conducted to
assess the pattern and rate of kola nut consumption amongst pregnant women and nursing
mothers, which will, among other things, furnish information that could help to determine the
equivalent range of doses that should be further examined in animal studies.

Conclusion
This study shows that kola nut from Cola nitida has the capacity to disrupt normal development of rat cerebellum and induce neurotoxicity in the developing rat cerebellum, evidenced
by delayed maturation and migration of neurones, astrocytic gliosis, apoptosis, demyelination
of white matter and destruction of Bergmann glial and Purkinje cells. Further studies are
needed to establish the wider implications of these observations for human brain
development.

Author Contributions
Conceptualization: Foluso A. Atiba.
Formal analysis: Foluso A. Atiba.
Funding acquisition: Foluso A. Atiba.
Investigation: Foluso A. Atiba.
Methodology: Foluso A. Atiba.
Supervision: Innocent O. Imosemi, Adefolarin O. Malomo.
Validation: Foluso A. Atiba, Amos A. Fatokun.
Visualization: Foluso A. Atiba, Amos A. Fatokun.
Writing – original draft: Foluso A. Atiba.
Writing – review & editing: Foluso A. Atiba, Amos A. Fatokun, Adefolarin O. Malomo.

References
1.

Atiba FA, Imosemi IO, Owoeye O, Malomo AO. Protective effects of kolaviron on kola nut-induced oxidative stress in developing rat brain. Africa Journal of Biomedical Research 2016; 19(1):65–70.

2.

Rice D, Barone S. Critical periods of vulnerability for the developing nervous system: Evidence from
humans and animal models. Environ Health Persp. 2000; 108:511–33. https://doi.org/10.1289/ehp.
00108s3511 PMID: 10852851

3.

Martı́nez S, Puelles L. Neurogenetic Compartments of the Mouse Diencephalon and some Characteristic Gene Expression Patterns. Results and Problems in Cell Differentiation 2000; 30:91–106. https://doi.
org/10.1007/978-3-540-48002-0_4 PMID: 10857186

4.

Jenkins TW. Functional Mammalian Neuroanatomy. 2nd ed. Philadelphia, PA, USA: Lea and Febiger;
1978.

5.

Snell RS. Clinical Neuroanatomy. 6th ed: Lippincott Williams and Wilkins; 2005.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247573 March 8, 2021

17 / 20

PLOS ONE

Kola nut and histological changes to the cerebellum

6.

Bouet V, Dijk F, Ijkema-Paassen J, Wubbels RJ, van der Want JJ, Gramsbergen A. Early hypergravity
exposure effects calbindin-D28k and inositol-3-phosphate expression in Purkinje cells. Neurosci Lett.
2005; 382(1–2):10–5. https://doi.org/10.1016/j.neulet.2005.02.051 PMID: 15911113

7.

Wang VY, Zoghbi HY. Genetic regulation of cerebellar development. Nat Rev Neurosci. 2001; 2
(7):484–91. https://doi.org/10.1038/35081558 PMID: 11433373

8.

Kern JK, Jones AM. Evidence of toxicity, oxidative stress, and neuronal insult in autism. J Toxicol Env
Heal B. 2006; 9(6):485–99. https://doi.org/10.1080/10937400600882079 PMID: 17090484

9.

Legradi J, el Abdellaoui N, van Pomeren M, Legler J. Comparability of behavioural assays using zebrafish larvae to assess neurotoxicity. Environ Sci Pollut R. 2015; 22(21):16277–89. https://doi.org/10.
1007/s11356-014-3805-8 PMID: 25399529

10.

Spyker JM. Assessing Impact of Low-Level Chemicals on Development—Behavioral and Latent
Effects. Fed Proc. 1975; 34(9):1835–44. PMID: 1097268

11.

Wolansky MJ, Azcurra JM. Permanent motor activity and learning disorders induced by exposure to
phenytoin during gestation and early infancy in the rat. Neurotoxicol Teratol. 2005; 27(2):299–310.
https://doi.org/10.1016/j.ntt.2004.12.006 PMID: 15734280

12.

McIlroy RJ. “An introduction to Tropical Cash Crops". Ibadan: Ibadan University Press; 1963.

13.

Umoren EB, Osim EE, Udoh PB. The comparative effects of chronic consumption of kola nut (cola
nitida) and caffeine diets on exploration, anxiety and fear in Swiss white mice. International Research
Journal of Pharmacy and Pharmacology 2011; 1(5):93–9.

14.

Burdock GA. Kola nut (cola nut). In: Fenaroli’s Handbook of Flavor Ingredients, Fifth Edition. 5th ed.
Boca Raton, FL: CRC Press; 2005. p. 993–4.

15.

Harborne JB, Baxter HM, Gerard P. "General Introduction". Phytochemical dictionary: a handbook of
bioactive compounds from plants. 2nd ed. London: Taylor & Francis; 1999.

16.

Tindall R. The culture of Cola: social and economic aspects of a West African domesticate. Ethnobotanical Leaflets 1998; 2:1–3.

17.

Umoren EB, Osim EE, Udoh PB. The comparative effects of chronic consumption of kola nut (cola
nitida) and caffeine diets on locomotor behaviour and body weights in mice. Nigerian Journal of
Physiological Sciences 2009; 24(1):73–8. https://doi.org/10.4314/njps.v24i1.46387 PMID:
19826468

18.

Ikegwuonu FI, Aire TA, Ogwuegbu SO. Effects of kola-nut extract administration on the liver, kidney,
brain, testis and some serum constituents of the rat. Journal of Applied Toxicology 1981; 1(6):292–4.
https://doi.org/10.1002/jat.2550010603 PMID: 6193164

19.

Ojo GB, Caxton-Martins EA, Odukoya SOA. Morphometric effects of Cola nitida extract on the stomach
of adult male Wistar rats. Rev Electron Biomed / Electron J Biomed. 2010; 2:18–24.

20.

Tende JA, Ezekiel I, Dare SS, Okpanachi AO, Kemuma SO, Goji ADT. Study of the Effect of Aqueous
Extract of Kola nut (Cola nitida) on Gastric Acid Secretion and Ulcer in White Wistar Rats. British Journal of Pharmacology and Toxicology 2011; 2(3):132–4.

21.

Obidike IR, Aka LO, Ezema WS. Effects of caffeine extract from kola nut on body weight, hematology,
sperm reserve and serum enzyme activities in albino rats. Comparative Clinical Pathology. 2010;
20:625–30. https://doi.org/10.1007/s00580-010-1045-y

22.

Ogunwole E, Akindele OO, Oluwole OF, Salami SA, Raji Y. Effects of Oral Maternal Administration of
Caffeine on Reproductive Functions of Male Offspring of Wistar Rats. Nigerian Journal of Physiological
Sciences. 2015; 30(1):51–8. PMID: 27506170

23.

Ajarem JS, Ahmad M. Effects of consumption of fresh kola-nut extract by female mice on the post-natal
development and behavior of their offspring. Journal of King Saudi University 1994; 6(1):41–50.

24.

Ettarh RR, Okoosi SA, Eteng MU. The Influence Of Kola nut (Cola Nitida) On Exploratory Behaviour In
Rats. Pharmaceutical Biology. 2000; 38(4):281–3. https://doi.org/10.1076/1388-0209(200009)3841AFT281 PMID: 21214476

25.

Celec P, Behuliak M. Behavioural and endocrine effects of chronic cola intake. J Psychopharmacol.
2010; 24(10):1569–72. https://doi.org/10.1177/0269881109105401 PMID: 19423611

26.

Haskell CF, Dodd FL, Wightman EL, Kennedy DO. Behavioural effects of compounds co-consumed in
dietary forms of caffeinated plants. Nutr Res Rev. 2013; 26(1):49–70. https://doi.org/10.1017/
S0954422413000036 PMID: 23561485

27.

Archibong VB, Ofutet EO, Ekanem TB. Fetal Brain injury Associated with Maternal Caffeine Administration in Rats. Saudi J Med Pharm Sci. 2017; 3(8):849–52.

28.

Obochi GO, Abara AE, Malu SP, Obi-Abang M, Edu FE, Eteng MU, et al. Effect of Alcohol and Kola nut
Interaction on Brain Sodium Pump Activity in Wistar albino Rats. Nigerian Journal of Physiological Sciences. 2007; 22(1–2):99–104. https://doi.org/10.4314/njps.v22i1-2.54855 PMID: 18379627

PLOS ONE | https://doi.org/10.1371/journal.pone.0247573 March 8, 2021

18 / 20

PLOS ONE

Kola nut and histological changes to the cerebellum

29.

Ifesanya JU, Oke GA. Self report of adverse gingival conditions among pregnant South-Western Nigerian women. Journal of Dentistry and Oral Hygiene. 2013; 5(2):13–20.

30.

Ologe FE, Olajide TG, Nwawolo CC, Oyejola BA. Deterioration of noise-induced hearing loss among
bottling factory workers. J Laryngol Otol. 2008; 122(8):786–94. https://doi.org/10.1017/
S0022215107000242 PMID: 17666128

31.

Nyaruhucha CN. Food cravings, aversions and Pica among pregnant women in Dar es Salaam, Tanzania. Tanzania Journal of Health Research. 2009; 11(1):29–34. PMID: 19445102

32.

Onyiapat J-lE, Okoronkwo IL, Ogbonnaya NP. Complementary and alternative medicine use among
adults in Enugu, Nigeria. BMC Complementary and Alternative Medicine. 2011; 11(1):19. https://doi.
org/10.1186/1472-6882-11-19 PMID: 21375759

33.

National Research Council (US). National Research Council (US) Committee for the Update of the
Guide for Care and Use of Laboratory Animals. Guide for the Use of Laboratory Animals. 8th ed. Washington DC, USA: National Academy Press; 2011.

34.

Miller RA. The magical and ritual use of herbs. 1st ed. Seattle: Oak Press; 2002.

35.

Qu Q, Smith FI. Neuronal migration defects in cerebellum of the Large(myd) mouse are associated with
disruptions in Bergmann glia organization and delayed migration of granule neurons. Cerebellum. 2005;
4(4):261–70. https://doi.org/10.1080/14734220500358351 PMID: 16321882

36.

Deblas AL. Monoclonal-Antibodies to Specific Astroglial and Neuronal Antigens Reveal the Cytoarchitecture of the Bergmann Glia Fibers in the Cerebellum. J Neurosci. 1984; 4(1):265–73. https://doi.org/
10.1523/JNEUROSCI.04-01-00265.1984 PMID: 6693942

37.

Weller M, Krautler N, Mantei N, Suter U, Taylor V. Jagged1 ablation results in cerebellar granule cell
migration defects and depletion of Bergmann glia. Dev Neurosci-Basel. 2006; 28(1–2):70–80. https://
doi.org/10.1159/000090754 PMID: 16508305

38.

Rakic P, Sidman RL. Sequence of Developmental Abnormalities Leading to Granule Cell Deficit in Cerebellar Cortex of Weaver Mutant Mice. J Comp Neurol. 1973; 152(2):103–32. https://doi.org/10.1002/
cne.901520202 PMID: 4128371

39.

Imosemi IO, Osinubi AA. Phenytoin-induced Toxicity in the Postnatal Developing Cerebellum of Wistar
Rats, Effect of Calotropis procera on Histomorphometric Parameters. Int J Morphol. 2011; 29(2):331–8.
https://doi.org/10.4067/S0717-95022011000200004

40.

Opanashuk LA, Pauly JR, Hauser KF. Effect of nicotine on cerebellar granule neuron development.
Eur J Neurosci. 2001; 13(1):48–56. https://doi.org/10.1046/j.1460-9568.2001.01359.x PMID:
11135003

41.

Kumar K, Patro N, Patro I. Impaired Structural and Functional Development of Cerebellum Following
Gestational Exposure of Deltamethrin in Rats: Role of Reelin. Cell Mol Neurobiol. 2013; 33(5):731–46.
https://doi.org/10.1007/s10571-013-9942-7 PMID: 23681596

42.

Altman J. Postnatal development of the cerebellar cortex in the rat. II. Phases in the maturation of Purkinje cells and of the molecular layer. J Comp Neurol. 1975; 145(4):399–463. https://doi.org/10.1002/
cne.901450402.

43.

Komuro H, Yacubova E. Recent advances in cerebellar granule cell migration. Cell Mol Life Sci. 2003;
60(6):1084–98. https://doi.org/10.1007/s00018-003-2248-z PMID: 12861377

44.

Marzban H, Del Bigio MR, Alizadeh J, Ghayami S, Zechariah RM, Rastegar M. Cellular commitment in
the developing cerebellum. Front Cell Neurosci. 2015;8. doi: ARTN 450 https://doi.org/10.3389/fncel.
2015.00008 PMID: 25741235

45.

Xu HW, Yang Y, Tang XT, Zhao MN, Liang FC, Xu P, et al. Bergmann Glia Function in Granule Cell
Migration During Cerebellum Development. Mol Neurobiol. 2013; 47(2):833–44. https://doi.org/10.
1007/s12035-013-8405-y PMID: 23329344

46.

Casoni F, Croci L, Cremona O, Hawkes R, Consalez GG. Early Purkinje cell development and the origins of cerebellar patterning. In: Development of the cerebellum from molecular aspects to diseases.
Cham: Springer International Publishing; 2017. p. 67–86.

47.

Priyanka S, Rao KJ, Sushma NJ. Therapeutic effect of melatonin against aluminum-induced neurotoxicity in cerebellum of albino mice. Toxicol Environ Chem. 2012; 94(7):1422–32. https://doi.org/10.1080/
02772248.2012.695002

48.

Dethy S, Manto M, Bastianelli E, Gangji V, Laute MA, Coldman S, et al. Cerebellar spongiform degeneration induced by acute lithium intoxication in the rat. Neurosci Lett. 1997; 224(1):25–8. https://doi.org/
10.1016/s0304-3940(97)13461-9 PMID: 9132682

49.

Liang CC, Wang CR, Peng X, Gan BY, Guan JL. Neural-specific Deletion of FIP200 Leads to Cerebellar
Degeneration Caused by Increased Neuronal Death and Axon Degeneration. J Biol Chem. 2010; 285
(5):3499–509. https://doi.org/10.1074/jbc.M109.072389 PMID: 19940130

PLOS ONE | https://doi.org/10.1371/journal.pone.0247573 March 8, 2021

19 / 20

PLOS ONE

Kola nut and histological changes to the cerebellum

50.

Steele AD, King OD, Jackson WS, Hetz CA, Borkowski AW, Thielen P, et al. Diminishing apoptosis by
deletion of bax or overexpression of Bcl-2 does not protect against infectious prion toxicity in vivo. J
Neurosci. 2007; 27(47):13022–7. https://doi.org/10.1523/JNEUROSCI.3290-07.2007 PMID: 18032675

51.

VanderLugt JJ, Olivier J, Jordaan P. Status spongiosis, optic neuropathy, and retinal degeneration in
Helichrysum argyrosphaerum poisoning in sheep and a goat. Vet Pathol. 1996; 33(5):495–502. https://
doi.org/10.1177/030098589603300503 PMID: 8885175

52.

Bufalo MC, Ferreira I, Costa G, Francisco V, Liberal J, Cruz MT, et al. Propolis and its constituent caffeic
acid suppress LPS-stimulated pro-inflammatory response by blocking NF-kappa B and MAPK activation in macrophages. J Ethnopharmacol. 2013; 149(1):84–92. https://doi.org/10.1016/j.jep.2013.06.004
PMID: 23770030

53.

Calatrava-Ferreras L, Gonzalo-Gobernado R, Herranz AS, Reimers D, Vega TM, Jimenez-Escrig A,
et al. Effects of Intravenous Administration of Human Umbilical Cord Blood Stem Cells in 3-Acetylpyridine-Lesioned Rats. Stem Cells Int. 2012;2012. doi: Unsp 135187. https://doi.org/10.1155/2012/
135187 PMID: 23150735

54.

Sofroniew MV, Vinters HV. Astrocytes: biology and pathology. Acta Neuropathol. 2010; 119(1):7–35.
https://doi.org/10.1007/s00401-009-0619-8 PMID: 20012068

55.

Buffo A, Rite I, Tripathi P, Lepier A, Colak D, Horn AP, et al. Origin and progeny of reactive gliosis: A
source of multipotent cells in the injured brain. P Natl Acad Sci USA. 2008; 105(9):3581–6. https://doi.
org/10.1073/pnas.0709002105 PMID: 18299565

56.

Nicolas O, Gavin R, Braun N, Urena JM, Fontana X, Soriano E, et al. Bcl-2 overexpression delays caspase-3 activation and rescues cerebellar degeneration in prion-deficient mice that overexpress aminoterminally truncated prion. Faseb J. 2007; 21(12):3107–17. https://doi.org/10.1096/fj.06-7827com
PMID: 17494993

57.

Baloui H, von Boxberg Y, Vinh J, Weiss S, Rossier J, Nothias F, et al. Cellular prion protein/laminin
receptor: distribution in adult central nervous system and characterization of an isoform associated with
a subtype of cortical neurons. Eur J Neurosci. 2004; 20(10):2605–16. https://doi.org/10.1111/j.14609568.2004.03728.x PMID: 15548204

58.

Koppel H, Lewis PD, Wigglesworth JS. A Study of the Vascular Supply to the External Granular Layer
of the Postnatal Rat Cerebellum. J Anat. 1982; 134(Jan):73–84. PMID: 7076546

59.

Smeyne RJ, Goldowitz D. Development and Death of External Granular Layer Cells in the Weaver
Mouse Cerebellum—a Quantitative Study. J Neurosci. 1989; 9(5):1608–20. https://doi.org/10.1523/
JNEUROSCI.09-05-01608.1989 PMID: 2723742

60.

Nowakowska-Kotas M, Kedzia A, Dudek K. Development of External Surfaces of Human Cerebellar
Lobes in the Fetal Period. Cerebellum. 2014; 13(5):541–8. https://doi.org/10.1007/s12311-014-0566-3
PMID: 24831768

61.

Olopade FE, Shokunbi MT. The Development of the External Granular Layer of the Cerebellum and
Neurobehavioral Correlates in Neonatal Rats Following Intrauterine and Postnatal Exposure to Caffeine. Journal of Caffeine and Adenosine Research 2018; 8(1):27–36.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247573 March 8, 2021

20 / 20

