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Effect of orijin bitters, aqueous extracts of roselle
(Hibiscus sabdariffa) calyx and ginger (Zingiber

officinale roscoe) rhizome on the cerebellum of adult

wistar rats

Abstract

Orijin bitters is an herbal alcoholic drink, made up of numerous groups of chemical
compounds extracted from herbs and roots. Hibiscus sabdariffa and Zingiber officinale
plants are known for their antioxidant, antibacterial and anti-inflammatory properties. This
research examined how Orijin bitters, and aqueous extracts of roselle calyx and ginger
rhizome affected the cerebellum of rats. Thirty adult wistar rats (80-205g) were divided
into six groups, five rats in each. Group 1 was the control group and group 2 received only
orijin bitters (70cl/70kg/bw), group 3 orijin bitters and Hibiscus sabdariffa calyx aqueous
extract (200mg/kg/bw), group 4 orijin bitters and Hibiscus sabdariffa calyx aqueous
extract (500mg/kg/bw), group 5 orijin bitters and Zingiber officinale rhizome aqueous
extract (200mg/kg/bw) and group 6 orijin bitters and Zingiber officinale thizome aqueous
extract (500mg/kg/bw). After 21 days, the rats’ cerebellums were harvested and analyzed
biochemically and histologically. Result showed in non-significant decrease in latency time
after administration of orijin bitters, aqueous extracts of Hibiscus sabdariffa calyces and
Zingiber officinale rhizome, reduced activity of malondialdehyde in groups other than group
2, increase in antioxidant activities of catalase, superoxide dismutase and glutathione in all
groups other than group 2. There was presence of alteration, degeneration and vacuolation
in the purkinje cells in groups 2, 3 and 4 and regeneration of the cells in groups 5 and 6.
In conclusion, Orijin bitters may compromise cerebellar integrity and Hibiscus sabdariffa
calyces and Zingiber officinale roscoe rhizome due to their antioxidants properties may
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Introduction

The cerebellum is a key brain structure within the central nervous
system with interconnected feedback loops linking it to the cerebrum,
brainstem, and spinal cord.! As a crucial part of the human brain,
the cerebellum is essential for coordinating movement, maintaining
balance and posture, and regulating muscle activity.> The cerebellum
has connections with various areas of the cerebral cortex including
motor, premotor, prefrontal, temporal, and parietal regions.?

Bitters are alcoholic drinks containing various chemical
substances derived from medicinal herbs and roots, characterized by
their bitter flavour and are believed to stimulate the body’s energy
centres.* Additionally, bitters are purported to offer a range of health
benefits, including healing haemorrhoids, improvement of sexual,
circulatory and kidney functions, maintaining healthy blood pressure,
and promoting colon cleansing and as well as possessing anti-tumour
properties.’

Numerouss popular bitters are now marketed as digestifs or
cocktail flavoruings, often incorporating herbal components although
initially, many bitter brands were formulated as medicinal remedies.
Apart from water and alcohol, which most bitters contain, common
ingredients of bitters include cinchona bark, gentian, and citrus
peell. Alcohol can contribute to health issues depending on factors
like nutrition, viral contaminants of the liver, gastric predisposition®
and its content varies significantly across brands for example, Orijin
bitters contain 30% alcohol.” The alcohol content of Orijin bitters is
30%. Despite initial concerns regarding hygiene and composition,

brands like Alomo, Action, Pasa, 1960and Orijin bitters maintain
a substantial presence in the alcoholic beverage market.%’ Alomo,
Action, 1960 and Orijin Bitters as well as Local Gin are just a few
of the alcoholic beverage products that have achieved popularity and
consumption in Nigerian markets after being fortified with herbal and
plant additives. These drinks have ill-defined descriptions, absence of
scientific verification, and unknown active components. '’

Hibiscus sabdariffa also referred to as Roselle (English), Rosella
(Indonesia), Karkade (Egypt, Arab, and Sudan), Asampaya (Malaysia),
and Zobo (Nigeria), is a member of the Malvaceae family."""* It is an
annual or biennial plant of tropical and subtropical zones that adapts
to all climatic conditions.'*'7 It is native to Asia from arid and semi-
arid regions (Senegal, Mali, Niger, and Chad) to equatorial regions
(Nigeria, Gabon, and Congo Kinshasa). '%'° Hibiscus sabdariffa
contains anthocyanins, flavonoids, phenol derivatives, organic
acids, polysaccharides, triterpernoids, steroids and alkaloids, which
are responsible for its antioxidant, antibacterial, anti-inflammatory,
hepatoprotective and cholesterol-lowering properties.*? Hibiscus
sabdariffa is often used in medication for its various secondary
metabolites, which have therapeutic properties.’*?> Various health
conditions, including hypertension, toothaches, coughs, are addressed
using this plant. 2

Belonging to the Zingiberaceae family, which contains a wide
range of species, Ginger (Zingiber officinale Roscoe) is a plant
employed traditionally as a digestive aid and stimulant, relieving issues
like fevers, malaria, stomach aches, and indigestion with medicinal
applications extending to alleviating digestive problems, abdominal
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pain, loss of appetite, bleeding, arthritis, chronic bronchitis, cholera,
chest congestion, chickenpox, cancer, and cough.?”” This perennial
plant develops from underground rhizomes and features a tall,
upright stalk 60-90 cm with dark green leaves.”® Furthermore, ginger
is cultivated for both medicinal and culinary purposes and valued
for its antioxidant, anti-inflammatory, antibacterial, and anticancer
properties.?** Their polyphenolic contents are mostly responsible
for its antioxidant activity. Numerous studies have also showed its
memory-enhancing effect hence, it can be used to prevent and treat
neurodegenerative illnesses.>

Materials and methods

Plant procurement and extraction

Roselle (Hibiscus sabdariffa) calyces and Ginger (Zingiber
officinale Roscoe) rhizome were sourced from Masaka market, a local
market in Nasarawa State, Nigeria. The extraction was carried out at
the Department of Chemistry, Bingham University, Karu, Nasarawa
state, Nigeria. The plant materials were initially cleaned and air-
dried, then subjected to maceration by soaking in distilled water for
three (3) days, with intermittent stirring. The resulting extracts were
filtered through a 53pum sieve, dried in an oven, and stored at room
temperature.

Ethical clearance

The handling of all animals in this study adhered to the guidelines
of the IACUC, Institutional Animal Care and Use Committee which
is approved by the BHU Ethics Review Committee, Bingham
University, Nigeria.

Experimental design

Adult male wistar rats (n=30, 80-205g) were kept in standard
laboratory conditions, at Bingham University’s animal facility. They
were maintained on a regular common rat chow and water ad libitum.
Following a two-week acclimatiation period, they were grouped
(n=5/group, 6 groups total) and subjected to a 21-day experiment.
The 21-day experiment concluded with the rats being euthanized via
chloroform inhalation after an overnight fast. The cerebellum was
extracted and preserved in 10% formalin for histological analysis and
phosphate buffer for biochemical analysis. Below is the experimental
design. They were. Table 1

Table I Animal grouping

Experimental group  Administration

| (Control) 70cl/75kg/bw distilled water only

2 70cl/75kg/bw Orijin bitters only
70cl/75kg/bw Orijin bitters only +200mg/kg/
bw aqueous extract of Hibiscus sabdariffa

70cl/75kg/bw Orijin bitters only +500mg/kg/
bw aqueous extract of Hibiscus sabdariffa

70cl/75kg/bw Orijin bitters only +200mg/
5 kg/bw aqueous extract of Zingiber officinale
Roscoe

70cl/75kg/bw Orijin bitters only +500mg/
6 kg/bw aqueous extract of Zingiber officinale
Roscoe

3

All administration was done orally and once daily. Administration of Orijin
bitters was adopted from Johnson et al.®

Neurobehavioral study

To evaluate changes in the rats’ motor coordination following
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the treatment with orijin bitters and aqueous extracts of Hibiscus
sabdariffa calyces and Zingiber officinale Roscoe Rhizome, a beam-
walking test was conducted both prior to and after the administration.
The time (in seconds), also known as latency, taken by the animals to
traverse the beam from the starting point A to the safety box B, was
used to assess learning and memory.’!

Histological analysis

Cerebellar tissues were fixed in 10% formalin solution.
Subsequently, they were subjected to graded ethanol dehydration,
xylene clearing, and paraffin embedding. Serial sections, 5 um in
thickness, were obtained using a rotary microtome. These sections
were then stained with hematoxylin and eosin and visualized via light
microscopy.*?

Biochemical analyses

The cerebellum were placed in organ bottles containing phosphate
buffer. The levels of malondialdehyde (MDA), and the enzymatic
functions of glutathione (GSH), superoxide dismutase (SOD), and
catalase (CAT) were assessed. Nwogueze et al. (2021) method was
adopted.*

Statistical analysis

Data obtained were expressed as mean =+ standard error of the mean
(SEM). The result was compared using One-way analysis of variance
(ANOVA) with SPSS (Statistical Package for the Social Sciences) and
followed by Tukey post-hoc test using Graph pad prism. P <0.05 was
considered statistically significant.

Results

Beam walk analysis

The result for latency time before and after administration of orijin
bitters, aqueous extracts of roselle (Hibiscus sabdariffa) calyces and
ginger (Zingiber officinale roscoe) rhizome is shown in Figure 1. There
was notable decrease in latency time after administration of orijin
bitters and aqueous extracts of roselle (Hibiscus sabdariffa) calyces
and ginger (Zingiber officinale roscoe) rhizome. There however, was
no statistically significant difference in the results compared to the
pre-administration state (P<0.05).
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Figure | Latency time before and after administration of orijin bitters,
aqueous extracts of roselle (Hibiscus sabdariffa) calyces and ginger (Zingiber
officinale roscoe) rhizome.
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GRP 1 = control (distilled water), GRP 2=orijin bitters (70cl/75kg/
bw), GRP 3 =orijin bitters (70cl/75kg/bw) and aqueous extract of
Hibiscus sabdariffa calyces (200mg/kg/bw), GRP4 =orijin bitters
(70cl/75kg/bw) and aqueous extract of Hibiscus sabdariffa calyces
(500mg/kg/bw), GRP 5 =orijin bitters (70cl/75kg/bw) and aqueous
extract of Zingiber officinale roscoe rhizome (200mg/kg/bw), GRP
6 =orijin bitters (70cl/75kg/bw) and aqueous extract of Zingiber
officinale (500mg/kg/bw) (P < 0.05).

Biochemical analyses

The activities of malondialdehyde (MDA), catalase (CAT),
superoxide dismutase (SOD) and glutathione (GSH) following 21
days’ administration of orijin bitters, aqueous extracts of roselle
(Hibiscus sabdariffa) calyces and ginger (Zingiber officinale roscoe)
rhizome in the adult wistar rats were assessed (Figure 2 a-d). There
was general increase in MDA levels across all treatment groups,
with the exception of group 3 (orijin bitters and low dose of aqueous
extracts of roselle) when compared to the control group (Figure 2a).
Furthermore, compared to the group with group 2 (orijin bitters only),
groups 3, 4, 5 and 6 showed a reduction in MDA levels.
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Figure 2 Antioxidant activities of Malondialdehyde (MDA), Superoxide
Dismutase (SOD), Catalase (CAT) and Glutathione (GSH) after administration
of orijin bitters, aqueous extracts of Hibiscus sabdariffa and Zingiber officinale
roscoe on the cerebellum of adult wistar rats.

GRP 1 =control (distilled water), GRP 2 =orijin bitters (70cl/75kg/
bw), GRP 3=orijin bitters (70cl/75kg/bw) and aqueous extract of
Hibiscus sabdariffa calyces (200mg/kg/bw), GRP4 =orijin bitters
(70cl/75kg/bw) and aqueous extract of Hibiscus sabdariffa calyces
(500mg/kg/bw), GRP S5=orijin bitters (70cl/75kg/bw) and aqueous
extract of Zingiber officinale roscoe rhizome (200mg/kg/bw), GRP
6=orijin bitters (70cl/75kg/bw) and aqueous extract of Zingiber
officinale (500mg/kg/bw) (P <0.05).

The antioxidant activities of superoxide dismutase (SOD) level in
groups 2 (orijin bitters), 3 (orijin bitters and low dose aqueous extract
of Hibiscus sabdariffa calyces) and group 5 (orijin bitters and low
aqueous extract of Zingiber officinale roscoe rhizome) were more
reduced than group 4 (orijin bitters and high dose aqueous extract of
Hibiscus sabdariffa calyces) and group 6 (orijin bitters and high dose
aqueous extract of Zingiber officinale roscoe rhizome) in comparison
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to group 1 (control) (Figure 2b). When compared to group 2, SOD
level was greatly increased in groups 4 and 6.

The antioxidant activities of catalase (CAT) was also notably
increased in all treatment groups when compared to group 2 (Figure
2¢). The antioxidant activities of Glutathione (GSH) was low in group
2 (orijin bitters) but high in group 1 (control group) and experimental
groups (3, 4, 5 and 6) (Figure 2d). There however, was no statistical
significance (P <0.05) for all the results of biochemical analyses.

Histological analysis

The photomicrographs of the cerebellum obtained after histological
analysis are presented in Figure 3 for Hematoxylin and Eosin stain
and Figure 4 for Cresyl Fast Violet stain.

Hematoxylin and Eosin (H & E) stain

The photomicrograph of the cerebellum section of the wistar
rats in control group (Group 1) showed normal cytoarchitecture of
the three layers of the cerebellum. The purkinje cells are prominent
and the granular cell layer shows distinct granule cells (Figure 3a).
Group 2, which exclusively received orijin bitters, had alteration and
degeneration in the purkinje cells (Figure 3b). Group 3 administered
orijin bitters and aqueous extract of Hibiscus sabdariffa calyces
(200mg/kg/bw) and group 4 administered orijin bitters and aqueous
extract of Hibiscus sabdariffa calyces (500mg/kg/bw) showed
vacuolation and alteration present in the purkinje and granular cells
(Figure 3¢ and 3d). Group 5, administered orijin bitters and aqueous
extract of Zingiber officinale roscoe rhizome (200mg/kg/bw) (Figure
3e) and group 6 administered orijin bitters and aqueous extract
of Zingiber officinale roscoe rhizome (500mg/kg/bw) (Figure 3f)
showed restoration in the cytoarchitecture of the cerebellum.

da.k
Figure 3 Photomicrographs of Haematoxylin and Eosin (H & E) stain after
administration of orijin bitters, aqueous extracts of Hibiscus sabdariffa and
Zingiber officinale roscoe on the cerebellum of adult wistar rats.

(a) Group 1 rat administered distilled water only. There is normal
cytoarchitecture of the three layers of the cerebellum. The purkinje
cells are prominent and the granular cell layer shows distinct
granule cells. (b) Group 2 rat administered orijin bitters only. There
is presence of alteration and degeneration. The cells of the purkinje
layer are scanty. There is slight distortion in granular layer. (c) Group
3 rat administered orijin bitters and 200mg/kg/bw of aqueous extract
of roselle (Hibiscus sabdariffa) calyx. The purkinje and granule layers
show alteration. There is vacuolation and decrease in the number of
cells in the purkinje layer. (d) Group 4 rat administered orijin bitters
and 500mg/kg/bw of aqueous extract of roselle (Hibiscus sabdariffa)
calyx. There is presence of alteration and vacuolation in the cells of
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purkinje, molecular and granule layers. Cells in the purkinje layer
are scanty. (e) Group 5 rat administered orijin bitters and 200mg/kg/
bw of aqueous extract of ginger (Zingiber officinale) thizome and (f)
Group 6 rat administered orijin bitters and 500mg/kg/bw aqueous
extract of ginger (Zingiber officinale) rhizome. The cytoarchiteture
appears regenerated in all three layers. The regeneration \was better
in (e) than (f). The cells in the molecular, purkinje and granular layer
are prominent and more in number. PL= Purkinje cell layer, GL=
Granular cell layer, ML= Molecular cell layer (H&E, x400).

Cresyl fast violet (cfv) stain

The photomicrograph of control group 1 rats showed normal
histology of the cerebellum with high intensity of cresyl fast violet
(CFV) stain in the cells indicating the presence of abundant nissl
substance which plays a role in protein synthesis (Figure 4a). The
cerebellum of group 2 (orijin bitters only) rats showed a slight
reduction in intensity of CFV stain in the cells of the granular, purkinje
and molecular layers when compared to group 1 indicating decrease
of nissl substance which plays a role in protein synthesis (Figure
4b). The photomicrograph of the cerebellum of group 3 rats (orijin
bitters and low dose aqueous extract of Hibiscus sabdariffa calyx)
showed a moderate intensity of CFV stain when compared to group
1 (Figure 4c). The cytoarchitecture of group 4 (orijin bitters and high
dose aqueous extract of Hibiscus sabdariffa calyx) rats cerebellum
appeared distorted with a reduction in the intensity of CFV stain when
compared to group 1 (Figure 4d). Group 5 rat (orijin bitters and low
dose aqueous extract of Zingiber officinale rhizome) showed scanty
appearance of cells in the granular layer and increased intensity of
CFV stain (Figure 4e). Photomicrograph of cerebellum of group 6
rat (orijin bitters and high dose aqueous extract of Zingiber officinale
rhizome) showed normal appearance of the cytoarchitecture with
increase in the intensity of CFV stain (Figure 4f).

Figure 4 Photomicrographs of cresyl fast violet (CFV) stain after
administration of orijin bitters, aqueous extracts of Hibiscus sabdariffa and
Zingiber officinale roscoe on the cerebellum of adult wistar rats.

(a) Group 1 rat administered distilled water only, showed the
normal histology of the three layers of the cerebellum. There is a high
intensity of CFV stain in the cells indicating the presence of abundant
nissl substance, which plays a role in protein synthesis observed
in normal neurons. (b) Group 2 rat administered orijin bitters only.
The cytoarchitecture appears distorted. There is a slight reduction
in intensity of CFV stain in the cells of the granular, purkinje and
molecular layers when compared to group 1 indicating the decrease of
nissl substance. (¢) Group 3 rat administered orijin bitters and 200mg/
kg/bw of aqueous extract of roselle (Hibiscus sabdariffa) calyx. There
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is amoderate intensity of CFV stain in the cells of the granular, purkinje
and molecular layers of the cerebellum when compared to group 1. (d)
Group 4 rat administered orijin bitters and 500mg/kg/bw of aqueous
extract of roselle (Hibiscus sabdariffa) calyx. The cytoarchitecture
appears distorted with vaculation in purkinji layer cells. There is a
reduction in the intensity of CFV stain in the cells of the purkinje,
granular and molecular layers of the cerebellum when compared to
group 1. (e) Group 5 rat administered orijin bitters and 200mg/kg/bw
of'aqueous extract of ginger (Zingiber officinale) rthizome. The cells in
the granular layer are not abundant and there is an increased intensity
of CFV stain in the cells of the purkinje, granular and molecular layers
of the cerebellum. (f) Group 6 rat administered orijin bitters and
500mg/kg/bw aqueous extract of ginger (Zingiber officinale) rhizome.
The cytoarchitecture appears normal. There is increase in the intensity
of CFV stain in the cells of the granular, purkinje and molecular layers
of the cerebellum. PL= Purkinje cell layer, GL= Granular cell layer,
ML= Molecular cell layer (CFV, x400).

Discussion

Alcohol bitters enhance digestion and metabolic processes by
promoting appetite, alleviating constipation, and improving overall
digestive function* as well as influence the pancreas and liver,
facilitating cell proliferation, development, and the secretion of
pancreatic enzymes.’ Hibiscus sabdariffa is an important crop as it
leaves; calyces and seeds play a substantial socioeconomic role in
African populations. The different organs of the plant are very rich in
carbohydrates, proteins, lipids, calcium, ash, sodium, zinc, magnesium,
phosphorus and potassium.’ Ginger is grown for both medicinal and
culinary uses® and is known to demonstrate biological functions that
include scavenging free radicals, mitigating inflammation, inhibiting
bacterial growth, and combating cancer/tumors2** The polyphenolic
contents is mostly responsible for its antioxidant activity.** Numerous
studies have also showed its memory-enhancing effect hence, it
can be used to prevent and treat neurodegenerative illnesses.*® This
study assessed orijin bitters and aqueous extracts of roselle calyces
(Hibiscus sabdariffa) and ginger (Zingiber officinale roscoe) rhizome
effects on the cerebellum of adult wistar rats.

The beam-walking test is used to assess the fine motor
coordination and balance in rodents.’! There was a decrease in latency
time after administration of orijin bitters, aqueous extracts of roselle
(Hibiscus sabdariffa) calyces and ginger (Zingiber officinale roscoe)
rhizome which indicated no statistical significance (P<0.05) when
compared to before administration. This suggests that orijin bitters,
aqueous extracts of roselle (Hibiscus sabdariffa) calyces and ginger
(Zingiber officinale roscoe) rhizome pose no adverse effect to motor
coordination and memory.

The levels of the antioxidants such as Malondialdehde (MDA),
Catalase (CAT), Glutathione (GSH) and Superoxide dismutase (SOD)
were evaluated to ascertain orijin bitters and aqueous extracts of roselle
(Hibiscus sabdariffa) calyces and ginger (Zingiber officinale roscoe)
rhizome effects on the cerebellum of adult wistar rats. Malondialdehyde
(MDA) content slightly increased in the group administered with
orijin bitters only but decreased in other experimental groups. These
differences were not statistically significant. As a reactive aldehyde,
malondialdehyde forms covalent bonds with biomolecules, leading to
genotoxic and cytotoxic effects.* Elevation of MDA level suggests
increased oxidative stress, particularly lipid peroxidation resulting in
various types of tissue damage.”’**

Antioxidant enzymes, including catalase (CAT), superoxide
dismutase (SOD) and glutathione (GSH) content, were increased in
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experimental groups except in group two administered with orijin
bitters only. These differences were not statistically significant.
These increases in antioxidants enzymes could be because of the
antioxidant properties of roselle (Hibiscus sabdariffa) calyces and
ginger (Zingiber officinale roscoe) rhizome. According to research,
Hibiscus sabdariffa is a recognized antioxidant source.’® However,
the antioxidant effectiveness might change due to geographical
differences affecting their chemical composition.** Ginger also is a
rich plant in antioxidants known for its polyphenol compounds, which
mitigates serious oxidation-related illnesses, such as cognitive and
cardiovascular diseases, cancer, diabetes mellitus, and arithritis.*!

The histological findings revealed that the purkinje cells in the
purkinje layer of the cerebellum of groups two (administered with
orijin bitter only), three (orijin bitters and 200 mg/kg/bw of aqueous
extract of roselle (Hibiscus sabdariffa) calyces, and four (orijin bitters
and 500 mg/kg/bw of aqueous extract of roselle (Hibiscus sabdariffa)
calyces were altered and degenerated. Changes in Purkinje cells’
function have a major effect on the cerebellum as a whole because they
are the only output neuron in the cerebellar cortex. ** Cell regeneration
was observed in the purkinje cell layers of the cerebellum in groups
five and six, which received orijin bitters and 200 mg/kg/bw and orijin
bitters and 500 mg/kg/bw of the aqueous extract of ginger (Zingiber
officinale) thizome, respectively.

Conclusion

The study finds that because of the alcohol content, orijin bitters
may have the potential to be harmful to the cerebellum. Antioxidants
found in aqueous extracts of roselle (Hibiscus sabdariffa) calyces and
ginger (Zingiber officinale roscoe) thizome may be able to lessen the
toxicity resulting from orijin bitters intake. Further investigation on
other parts of the brain can be performed to evaluate the effect of these
drinks, to ascertain their short and long-term effects. Alternatively,
research focusing on safe consumption guidelines on alcohol bitters
as well as roselle and ginger extracts would be of great benefit to the
public.
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