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Abstract

mium chloride.

Background: Exposure to cadmium is implicated in the etiology of some neurodegenerative diseases. Compounds
isolated from Ipomoea cairica extract are neuroprotective. However, there is no reported neuroprotective activity of
the crude extract of /. cairica (ICE). We investigated the neuroprotective activity of /. cairica extract against cadmium-
induced biochemical changes in the brain of male Wistar rats. Thirty-six animals were divided into four groups of

9 animals per group: group | (Control); group Il (3.5 mg/kg CdCl,); group IIl (100 mg/kg ICE 4 CdCl,); and group IV
(250 mg/kg ICE+ CdCl,). Animals were pretreated with 100 and 250 mg/kg ICE before co-administration with cad-

Results: CdCl, treatment caused a significant increase in acetylcholineesterase activity, lipid peroxidation, beta-amy-
loid aggregation, caspase 3 and 9, p53, and glutamate concentration. In addition, CdCl, caused a significant decrease
in catalase activity, superoxide dismutase, glutathione-S-transferase, Na+/K+ ATPase, and glutamate dehydrogenase.

linesterase, and antiexcitotoxicity.

the prevention of neurodegenerative diseases.

ICE was able to reduce the neuronal damaging effect of CdCl, by acting as an antioxidant, antiapoptotic, anticho-
Conclusions: Our findings show that [pomoea cairica leaf can be developed and included in the natural product in
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Background

Cadmium (Cd) is one of the heavy metals human is
exposed to as it is one of the major components of build-
ing materials. The presence of Cd in building materials
and household appliances has made it one of the toxic
heavy metals humans are exposed to. Though the regula-
tory agencies have put a stop to its inclusion in industrial
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uses, the existing products have found their way into
developing countries such as Nigeria. The fact that Cd
is classified as a carcinogenic metal has also increased
its global awareness. The most common sources of Cd
in the environment are polluted food and water, ciga-
rette smoke inhalation, batteries, fertilizers, and insec-
ticides (Al-Olayan et al. 2020; Min and Min 2016). The
level of Cd toxicity in humans depends on the route of
exposure, duration, and concentration. Various studies
have also shown that the amount of Cd deposited in the
body increases with age (Elinder and Jarup 1996). The
non-biodegradable nature of Cd further prolongs its stay
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in the environment. In addition, the inability for animals
and rats to excrete the metal further increases its bioac-
cumulation, thus enhancing its toxic effect (Slencu et al.
2018; Nordberg et al. 2015). There is a growing concern
about the role of Cd as a neurotoxicant; evidence has
shown that Cd exposure can produce symptoms similar
to what is observed in patients suffering from Parkin-
son’s disease and Alzheimer’s disease (Javorac et al. 2020;
Branca et al. 2018; Wang and Du 2013; Agnihotri et al.
2015; Bocharova et al. 2005; Bush 2000; Ricchelli et al.
2005; Saturnino et al. 2014; Tamas et al. 2018). Cd was
able to exert its neurotoxicity by its ability to cross the
blood-brain barrier (BBB), where it accumulates and fur-
ther increases its permeability to various regions of the
brain (Kahtan 2020; Goncalves et al. 2012; Antonio et al.
2003). Some of the effects of Cd poison include mem-
ory impairment, loss of cognitive functions, and other
disabilities. Though Cd possesses no redox status, its
mechanism of neurotoxicity involves induction of oxida-
tive stress through the initiation of oxidation, inhibition,
and damage of several functional biomolecules. Oxi-
dative activity of Cd includes inhibition of antioxidant
systems, such as CAT and SOD (Shagirtha et al. 2017),
leading to an increase in the formation of reactive oxy-
gen species (ROS), such as superoxide anion and hydro-
gen peroxide. This ROS exacerbates the oxidative activity
of Cd through an increase in formation of lipid peroxide,
protein carbonyl, and DNA adduct. Apart from oxidative
stress, Cd also causes alteration in the neurotransmitter
system. Some studies have reported the inhibitory effect
of the Cd on acetylcholineesterase activities and can also
prevent the synaptic membrane response to Ach stim-
uli, a major defect observed in the brain of patient suf-
fering from Alzheimer’s disease (AD). The carcinogenic
effect of Cd is also linked to the inhibition of the enzymes
involved in the repair of defective DNA and interfering
with p53 activity (Maodaa et al. 2016). Chandler et al.
(2016) reported the role of Cd in the excitotoxicity activ-
ity of glutamate. They reported the inhibition of gluta-
mate dehydrogenase and inhibiting the Na/K ATPase
involved in the transport of glutamate across the glial
cells.

The role of medicinal plants in managing health chal-
lenges is on the rise, and it is not reducing anytime soon.
The renewed interest in medicinal plants can be linked
to the general belief which has also been confirmed that
they are far healthier than conventional drugs. Apart
from this, they are a rich source of antioxidant, anti-
inflammatory, and antiaging products. Ipomoea cairica is
a plant that is often classified as a weed due to its inva-
sive nature and natural habitats, such as dumpsites and
abandoned areas. Its origin is unknown, although can
be found in various parts of the world such as Asia and
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Africa. In Nigeria it is consumed as vegetables in the
south--south region. Medicinally, it is used for treating
jaundice, liver disorders, and aphrodisiac (Yanchon et al.
2021). Several reports have confirmed the antioxidant,
anti-inflammatory, cardioprotective, and neuroprotective
activities of the plant (Firdous and Koneri 2012; Baner-
jee and Firdous 2015; Ramachandran et al. 2019; Bag and
Mumtaz 2013). Some active compound isolated from the
plant includes matairesinol, vanillic acid, and lignin (Lin
et al. 2008). Based on the limited scientific literature on
the neuroprotective effect of crude extract of Ipomoea
cairica, we decide to investigate the protective effect of 1.
cairica against Cd-induced neurotoxicity in male Wistar
rats.

Methods

Extraction of plant materials (llesanmi et al. 2016)

Ipomoea cairica leaves were harvested from Nembe
town, Bayelsa State, Nigeria, and identified by a Prof.
Emmanuel I. Aigbokan in the department of Plant Biol-
ogy and Biotechnology, faculty of Science, University of
Benin, Edo State, Nigeria, and a voucher number UBH-
1561 was issued by Dr Henry A. Akinnibosun. The leaves
were air-dried under room temperature and ground into
powdered form using a home-made blender. The pow-
dered sample was weighed and soaked in 2.5 L of 80%
methanol with regular stirring for even distribution for
48 h. The extracts were filtered using a Whatman filter
paper. The filtrate was concentrated and lyophilized to
obtain a pure sample free of methanol and water. The lyo-
philized sample was stored at 4 °C before the experiment.

Experimental design

Thirty-six (36) male Wistar rats weighing 170+ 10 g were
purchased from the Central Animal House, University
of Benin, Edo State, Nigeria, were used for this experi-
ment. The animals were housed in well-ventilated cages
and provided water and food ad libitum. Animals were
randomly divided into 4 groups of 9 rats per group as
follows:

Group I: Control: administered vehicle (distilled
water).

Group II: each rat was orally administered Cd chlo-
ride (3.5 mg/kg) for seven consecutive days.

Group lll: each rat was orally administered 100 mg/
kg of Ipomoea cairica leaf extract for 5 consecutive
days before co-administration with CdCl,.

Group IV: ICE (250 mg/kg) + Cd: each rat was orally
administered 250 mg/kg of Ipomoea cairica leaf
extract for 5 consecutive days before co-administra-
tion with CdCl,.
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N.B the dosage administered was extrapolated

from the report of Ferreira et al. (2006)

Processing of the brain (llesanmi and lkpesu 2021)

24 h after last administration, animals were sacrificed
via cervical dislocation and the brain excised, rinsed,
and homogenized in a phosphate buffer saline (0.1 M,
pH 7.4) to obtain a 10% w/v homogenate. The homoge-
nate was centrifuged at 15,000 rpm for 10 min with the
temperature set at 4 °C to obtain a clear supernatant
that was used for biochemical assays.

Biochemical assay

Estimation of oxidants

The level of oxidative stress was determined by meas-
uring the amount of malondialdehyde (MDA) formed
from lipid peroxidation (LPO) in the brain tissue
according to the method of Varshney and Kale (1990).

Estimation of antioxidants in brain tissues

The concentration of glutathione (GSH) was measured
according to Jollow et al. (1973). Catalase (CAT) activ-
ity was determined as described by Aebi (1974). The
activity of superoxide dismutase (SOD) was measured
as described by Misra and Fridovich (1972).

GST assay
The activity of GST was assessed as described by Habig
et al. (1974).

p53

The concentration of p53 in rat brains was estimated
using an ELISA kit, following the instructions from the
kit manual. The level of p53 was expressed as pg/ml.

Acetylcholineesterase, Nat/K*ATPase, glutamate
dehydrogenase, and glutamate

The activity of acetylcholineesterase and Na®/K*t
ATPase was evaluated as described by Ilesanmi et al.
(2017), while glutamate dehydrogenase and glutamate
concentration in the brain were estimated according to
the instruction from the kit manual.

Beta-amyloid, caspase 3 and 9

The amount of brain f-amyloid1-42 formed was deter-
mined according to the ELISA kit instruction manual
supplied by RayBiotech Inc. (Norcross, GA, USA),
and the activity of caspase 3 and 9 was determined
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according to the instruction manual from the ELISA kit
supplied by Calbiochem.

Statistical analysis

All grouped data were statistically performed with Prism
(GraphPad Prism, 6.01) software. Differences among
groups were evaluated by one-way analysis of variance
followed by Duncan’s multiple range tests. All values
were expressed as the mean & standard deviation of nine
animals per group.

Results

Effect of Ipomoea cairica leaf extract (ICE) on AchE

and B-amyloid following Cd toxicity.

Treatment of animals with 35 mg/kg of Cd chloride
caused a significant increase in AchE activity as com-
pared to the control. Figure also shows that pretreat-
ment with 100 and 250 mg/kg of ICE caused a significant
reduction in the activity of AchE.

Figures 1and 2 show the effect of CdCl, (35 mg/kg) and
ICE (100 and 250 mg/kg) on AchE activity and p-amyloid
level.

Administration of Cdcl, caused a significant increase
in the blood of B-amyloid as compared to the control
(P>0.001). However, pretreatment with 100 and 250 mg/
kg of ICE was able to reduce the level of B-amyloid in a
dose dependent manner.
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Fig. 1 Anticholinesterase (AChE) activity of Ipomoea cairica leaf
extract (ICE) against cadmium-induced increase AChE activity in
rat brain. Data are shown as mean = standard deviation (SD) for 9
animals. Statistically significant differences: ***P <0.001 = Control
group vs Cd; * P<0.05=Cd vs 100 mg/kg ICE; ##P<0.001 =Cd vs
250 mg/kg
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Fig. 2 Pretreatment of male Wistar rats with [pomoea cairica leaf
extract (ICE) prevents the accumulation of 3 amyloid induced by
cadmium exposure in the brain. Data are shown as mean = standard
deviation (SD) for 9 animals. Statistically significant differences: ***

P <0.001 = Control group versus Cd; *P < 0.05=Cd versus 100 mg/kg
ICE; #¥P<0.001 =Cd versus 250 mg/kg
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Fig. 3 Effect of lpomoea cairica leaf extract (ICE) on Na™/K* ATPase
activity in the brain of male Wistar rats following cadmium exposure.
Data are shown as mean = standard deviation (SD) for 9 animals.
Statistically significant differences: ***P < 0.001 = Control group versus
Cd; *P<0.05 =Cd versus treatment groups

Effect of ICE on the activity of Nat/K* ATPase

and Glutamate dehydrogenase (GD) and concentration

of glutamate following Cd exposure (Figs. 3, 4 and 5).
Figures 3 and 4 show the effect of ICE and CdCl, on
Nat/K* ATPase and GD activity, while Fig. 5 shows
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Fig. 4 Effect of Ipomoea cairica leaf extract (ICE) on glutamate
dehydrogenase activity in the brain of male Wistar rats following
cadmium exposure. Data are shown as mean = standard

deviation (SD) for 9 animals. Statistically significant differences:

*%p <0001 = Control group versus Cd; P <0.05 = Cd versus 100 mg/
kg ICE

400+

glutamate concentration
(umol/L)

Fig. 5 Effect of Ipomoea cairica leaf extract (ICE) on glutamate
content in the brain of male Wistar rats following cadmium exposure.
Data are shown as mean == standard deviation (SD) for 9 animals.
Statistically significant differences: ***P <0.001 = Control group versus
Cd; #¥P<0.001 =Cd versus 250 mg/kg

the effect of ICE and CdCl, on glutamate concentra-
tion. Exposure of the animals to CdCl, causes a sig-
nificant increase in the activity of Nat/K* ATPase as
compared to the control. Pretreatment of the animals
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with 100 and 250 mg/kg of ICE caused a dose-depend-
ent decrease in the activity of ATPase when compared
with the untreated animals.

As shown in Fig. 4, exposure of the animals to CdCl,
caused a significant decrease in the activity of GD as
compared to control, and pretreatment with 100 mg/kg
of ICE significantly (P<0.05) increases the activity of GD
as compared to untreated group. However, pretreatment
with high dose (250 mg/kg) of ICE had no significant
effect on GD activity as compared with the untreated
group (P>0.05).

Figure 5 shows the effect of CdCl, and ICE on concen-
tration of glutamate in the brain of rats. CdCl, caused a
significant increase in glutamate concentration as com-
pared to the control (P<0.001). Pretreatment with ICE
caused a dose-dependent decrease in glutamate concen-
tration which was significant different (P<0.05) when
compared to the untreated group.

Antioxidant activity of ICE against CdCl,-induced oxidative
stress
Figures 6, 7, 8, 9 show the effect of the pretreatment of
animals with ICE and exposure to CdCl, on the level of
MDA, GSH, and activity of catalase and SOD respectiv
ely.

As observed in Fig. 6, CdCl, caused a significant
increase in the concentration of MDA as compared to
the control (P<0.001). Pretreatment with 100 mg/kg and
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Fig. 6 The concentration of lipid peroxides product—
malondialdehyde (MDA), in the brain tissue of male rats after
pretreatment with Ipomoea cairica leaf extract (ICE) following
exposure to cadmium (3.5 mg/kg) via intraperitoneal administration.
Data are shown as mean =+ standard deviation (SD) for 9 animals.
Statistically significant differences: ***P <0.001 = Control group versus
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Fig. 7 The concentration of non-enzymatic antioxidant-reduced
glutathione (GSH) in the brain tissue of male rats after pretreatment
with Ipomoea cairica leaf extract (ICE), followed by exposure to
cadmium (3.5 mg/kg) via intraperitoneal administration. Data are
shown as mean = standard deviation (SD) for 9 animals. Statistically
significant differences: ***P < 0.001 = Control group versus Cd;

##p < 0,001 = Cd versus treatment groups

Cd; " P<0.001 =Cd versus 250 mg/kg ICE

250 mg/kg caused a dose dependent decrease in the con-
centration of MDA as compared to the untreated group
(P<0.05).
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Fig. 8 The catalase activity in the brain tissue of male rats after
pretreatment with lpomoea cairica leaf extract (ICE) followed by
exposure to cadmium (35 mg/kg) via intraperitoneal administration.
Data are shown as mean = standard deviation (SD) for 9 animals.
Statistically significant differences: ***P <0.001 = Control group versus
Cd; #¥P<0.001 = Cd versus treatment groups (100- and 250 mg/kg
ICE)
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Fig. 9 The superoxide dismutase activity in the brain tissue of male
Wistar rats after pretreatment with [pomoea cairica leaf extract (ICE)
followed by exposure to cadmium (3.5 mg/kg) via intraperitoneal
administration. Data are shown as mean = standard deviation (SD) for
9 animals. Statistically significant differences: ***P < 0.001 = Control
group versus Cd; ##P < 0.001 = Cd versus 250 mg/kg

Figure 7 shows that CdCl, caused a significant deple-
tion in the concentration of reduced glutathione as
compared to the untreated group (P<0.001).

Figures 8 and 9 show that CdCl, significantly sup-
presses the expression of CAT activity as compared
to the control, and pretreatment with ICE at 100 and
250 mg/kg was able to prevent the suppression of CAT
caused by CdCl, as observed in the significant increase
in CAT activity as compared to the untreated group
(P<0.001).

The effect of CdCl, and ICE on SOD activity as pre-
sented in Fig. 9 showed that CdCl, caused a significant
decrease in SOD activity as compared to the control
(P>0.001). Pretreatment with ICE at 100 and 250 mg/kg
shows that the plant prevents Cd-induced decrease activ-
ity of SOD in a dose-dependent manner, as observed in
the significant increase in SOD activity as compared to
the untreated group.

Effect of CdCl, and ICE on glutathione-S-transferase (GST)
activity

Figure 10 shows the activity of GST due to pretreatment
with ICE and CdCl, exposure. CdCl, caused a significant
decrease in the activity of GST as compared to control
(P<0.001); pretreatment with ICE (100 and 250 mg/kg)
caused a significant increase in GST activity as compared
to the untreated group (P<0.05).

Fig. 10 The glutathione-S-transferase (GST) activity in the brain
tissue of male rats after pretreatment with Jpomoea cairica leaf extract
(ICE) before exposure to cadmium (3.5 mg/kg) via intraperitoneal
administration. Data are shown as mean = standard deviation (SD) for
9 animals. Statistically significant differences: ***P < 0.001 = Control
group versus Cd; #P<0.01 =Cd versus treatment group (100- and
250 mg/kg ICE)

Caspase 3 activity

Fig. 11 Effects of pretreatment of Ipomoea cairica leaf extract (ICE)
on Cd-induced increase on caspase-3 activity in the brain of male
Wistar rats. Data are shown as mean = standard deviation (SD) for
9 animals. Statistically significant differences: ***P < 0.001 = Control
group versus Cd; #P< 0.05 = Cd versus 250 mg/kg ICE
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Fig. 12 Effects of pretreatment of Ipomoea cairica leaf extract (ICE)
on Cd-induced increase on caspase-9 activity in the brain of male
Wistar rats. Data are shown as mean = standard deviation (SD) for
9 animals. Statistically significant differences: ***P < 0.001 = Control

group versus Cd; #P<0.01 =Cd versus 250 mg/kg
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Fig. 13 Protective effect of [pomoea cairica leaf extract (ICE) against
cadmium-induced increased expression of p53 protein generation
in rat brain. Data are shown as mean = standard deviation (SD) for
9 animals. Statistically significant differences: ***P <0.001 = Control

group versus Cd; #P < 0.001 = Cd versus 250 mg/kg

Antiapoptotic activity of ICE against Cd-induced apoptosis
Figures 11, 12, and 13 show the effect of CdCl, and ICE
on the activity of caspase 3, 9, and p53 level, respectively.

Figure 11 shows that CdCl, caused a significant
increase in the activity of caspase-3 as compared to the
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control (P<0.001). Pretreatment with 100 mg/kg of ICE
could not prevent the Cd-induced expression caspase-3
activity; however, treatment with 250 mg/kg of ICE was
able to significantly decrease the expression of caspase-3
(P<0.05) when compared with the untreated group.

Figure 12 shows that CdCl, caused a significant
increase in the activity of caspase-9 as compared to con-
trol (P<0.001). Pretreatment with ICE caused a signifi-
cant decrease in the activity of caspase-p as compared to
the untreated group (P<0.05).

Figure 13 shows that CdCl, caused a significant
increase in the level of p53 as compared to the control.
Pretreatment with 100 mg/kg of ICE could not increase
the level of p53 induced by CdCl,. However, treat-
ment with 250 mg/kg was able to significantly decrease
the level of p53 as compared to the untreated group
(P<0.001).

Discussion

Acetylcholine (ACh) is a neurotransmitter that plays
important role in memory and cognitive function. Ace-
tylcholineesterase (AchE) catalyzes the degradation of
ACh into choline and acetate after it has performed its
function. The study has shown that in most neurodegen-
erative diseases, the cholinergic system is often affected
via decreasing activity of AChE. Exposure to heavy met-
als such as Cd has been linked to a decreased level of Ach
through an induced increase in AchE activity (Bakulski
et al. 2020; Goncalves et al. 2010; Del Pino et al. 2016;
Francis et al. 1999). Our result shows that the activity
of AChE was elevated in the brain treated with Cd. The
observation is supported by the result of other investi-
gators on the role of Cd as an AchE-inducer (Al-Olayan
et al. 2020). In the search of an efficient AchE inhibition
in the treatment of ND linked to the activity of AchE,
natural products are one of the most studied groups of
compounds with the potential to inhibit AchE, they pro-
long the half-life of Ach in the brain (Khafaga et al. 2019;
Iranshahy and Javadi 2019). Animals treated with ICE
showed low activity of AchE and might prolong the half-
life of AchE.

Aggregation of -amyloid protein into f-plaques that is
not easily degraded. These plaques are highly expressed
in the brain of a patient suffering from neurodegenera-
tive diseases such as AD (Chauhan et al. 2004; Ghahghaei
et al. 2013). Cd is one of the heavy metals with the ability
to increase f-amyloid synthesis through altering proteins
such as a-secretin and amyloid precursor proteins in the
metabolism of B-amyloid in the brain (Notarachille et al.
2014; Yuan et al. 2012). This pathology was observed in
our experiment as the concentration of B-amyloid was
greatly increased in the brain of rats exposed to Cd. There
is a strong link between [-plagues and brain degeneration
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as p-plaques have been reported to initiate apoptosis in
the brain. Plant-rich antioxidant has been shown to pre-
vent amyloidosis process in the brain (Singh et al. 2011;
Ghahghaei et al. 2013; Asadi et al. 2015; Karuppagounder
et al. 2009; Porquet et al. 2013). Our result shows that
ICE was able to prevent the accumulation of beta-amy-
loid induced by Cd. The amyloidogenic properties of ICE
might be due to various antioxidants phytochemicals
present in it.

Alteration of the glutaminergic system is one of the
mechanisms by which Cd exerts its excitotoxicity in
the brain (Casalino et al. 1997; Chandler et al. 2016; Al-
Olayan et al. 2020). Cd caused a significant decrease in
the activity of NA*/K* ATPase and GD, while the con-
centration of glutamate was elevated in the brain. NATK*
ATPase is involved in the transportation of glutamate
across the membrane (Ilesanmi et al. 2017, 2019), while
GD is involved in the deamination of glutamate (Al-
Olayan et al. 2020); when these two enzymes are inhib-
ited, there will be an accumulation of glutamate in the
brain causing degeneration of the brain. ICE shows the
ability to prevent the neurotoxic effect of Cd by acting
as an antiglutamate agent. In addition, compounds from
ICE were effective against neurotoxicity of glutamate.

Cd is reported to upregulate the machinery involved in
apoptotic processes (Djordjevic et al. 2019; Moon et al.
2019; Gharaji et al. 2019; Wallace et al. 2019). Caspase 3
and 9 and p53 are some of the apoptotic proteins that Cd
exposure-induced, in various experimental models. Cas-
pase-3 activation is often regarded as the final straw in
the apoptotic process. p53 is a tumor suppressor protein
that also plays an important role in apoptosis through the
caspase processes. Cd has been shown to interfere with
the induction, structure, and function of p53 (Slencu
et al. 2018). Our result also confirmed this statement as
we observed an increase in the expression of p53 protein
in rat’s brain exposed to Cd. There is a strong interplay
between caspase 3—9 and p53 in the mechanism by which
various heavy metals exert their neurotoxicity. One of
the important health benefits of medicinal plants is their
antiaging properties, and they potentiate this property
by inhibiting caspases activity (Pulido and Parrish 2003).
These plants often slow down aging and cell death by act-
ing as an antiapoptotic agent. The antiapoptotic effect of
ICE was reflected in the low level of caspase 3, 9, and p53
in the rat brain.

The oxidative stress mechanism of toxicity has been
confirmed by the result of various investigations (Joseph
2009; Rena et al. 2019). In addition, some of the above-
reported observations on the neurotoxic effect of Cd can
be a cause or effect of oxidative stress. p-amyloid and cas-
pase increased generation of reactive species that dam-
age brain cells (Rani et al. 2014; Patrick 2003; Liu et al.

Page 8 of 10

2009). MDA is one of the major markers of oxidative
stress (Branca et al. 2015; Sirin et al. 2015; Garcia-Blanco
et al. 2017), with high concentration in the brain of Alz-
heimer’s disease patient. Our result shows that the level
of MDA is high in the brain of rats exposed to Cd, with
resultant depletion in GSH levels. GSH plays an impor-
tant role in scavenging and de-radicalization of reactive
species to the harmless molecule that can be easily elimi-
nated from the body (Eybl and Kotyzova 2010; Khan and
Parvez 2015; Herndndez et al. 2015). Apart from GSH,
other antioxidants involved in the de-radicalization of
reactive species include CAT, SOD, and GST. The activi-
ties of all these enzymes were highly reduced in the brain
of the rat exposed to Cd. This corroborates the report of
other work on the neurotoxicity of Cd (Chen et al. 2015;
Al-Olayan et al. 2020). Interestingly, pretreatment with
ICE was able to prevent the oxidative effect of Cd in the
rat brain. The antioxidant effect of ICE has been reported
by the various researchers (Raite and Lallianrawna 2013;
Yanchon et al. 2021), while some compounds such as
arctigenin and isolated from Ipomoea cairica have been
reported to possess neuroprotective activity (Jang et al.
2002).

Conclusions

Our results shows that administration of 3.5 mg/kg of
CdCl, to male Wistar rats causes biochemical changes
observed in the brain of patients suffering from Alzhei-
mer’s diseases; this includes increased oxidative stress,
low antioxidant activity, apoptosis, low acetylcholine, and
formation of p amyloid. Pretreatment with Ipomoea cair-
ica leaf extract was able to counter the neurotoxic effect
of CdCl,. The neuroprotective properties of I. cairica can
be linked to the presence of active phytochemicals with
confirmed antioxidant, antiapoptotic, anticholinester-
ase, and neuroprotective properties. These results reveal
the potential use of I. cairica as an antidote against Cd
poison. Further investigation will look at the neurobe-
havioral effect of the plants with respect to neurological
disorder models in addition to the effect of the plant on
some specific regions of the brain.

Abbreviations

ICE: Ipomoea cairica Leaf extract; Cd: Cadmium; ROS: Reactive oxygen species;
Ach: Acetylcholine; AchE: Acetylcholineesterase; GD: Glutamate dehydroge-
nase; CAT: Catalase; GSH: Reduced glutathione; SOD: Superoxide dismutase;
MDA: Malonedialdehyde; AD: Alzheimer's disease.

Acknowledgements
Authors will like to appreciate all the undergraduate project students that
assisted in the completion of this project.

Authors’ contributions

OBI designed and carried out the experiment interpreted and analyzed the
data. TTO, OJA, FOA, MA, AJO, TB, and GEB contributed in writing the manu-
script. All authors read and approved the final manuscript.



llesanmi et al. Bulletin of the National Research Centre (2022) 46:64

Funding
The project was self-sponsored.

Availability of data and materials

The datasets generated and analyzed during the current study are not publicly
available as it is an ongoing project, but are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate

All the rats used for this experiment were healthy and treated according to the
guidelines of the Helsinki Declaration of 1975 for the care and use of labora-
tory animals. The experimental design was approved by the ethical committee
on animal research and treatment (ART) of the Federal University Otuoke,
Nigeria. The approval code was ART2021008. In specific terms, the experi-
ment was conducted in the animal house of the Department of Biochemistry,
Faculty of Science, Federal University Otuoke, from February to June 2021.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Biochemistry, Faculty of Science, Federal University Otuoke,
Otuoke, Bayelsa State, Nigeria. 2Department of Biochemistry, Faculty of Life
Science, University of Benin, Benin, Edo State, Nigeria. *Department of Bio-
chemistry, Faculty of Basic Medical Sciences, Redeemer’s University, Ede, Osun
State, Nigeria. “Department of Biochemistry, Faculty of Natural Sciences, Kogi
State University, PO. Box 100, Anyigba, Nigeria. *Present Address: Lagoon
School, Lagos, Nigeria. °Department of Pharmaceutical Chemistry, College

of Pharmacy, Taif University, PM.B 11099, Taif 21944, Saudi Arabia. ' Depart-
ment of Pharmaceutical Chemistry, College of Pharmacy, King Saud University,
Riyadh, PO. Box 2457, Riyadh 11451, Saudi Arabia. ®Department of Pharmacol-
ogy and Therapeutics, Faculty of Veterinary Medicine, Damanhour University,
Damanhour 22511, AlBeheira, Egypt.

Received: 9 February 2022 Accepted: 26 February 2022
Published online: 10 March 2022

References

Aebi H (1974) Methods of Enzymatic Analysis (second Edition) 2:673-684

Agnihotri SK, Agrawal U, Ghosh I (2015) Brain most susceptible to cadmium
induced oxidative stress in mice. J Trace Elem Med Biol 30:184-193.
https://doi.org/10.1016/j.jtemb.2014.12.008

Al-Olayan EM, Aloufi AS, AlAmri OD, El-Habit OH, Moneim AEA (2020).
Protocatechuic acid mitigates cadmium-induced neurotoxicity in rats:
Role of oxidative stress, inflammation and apoptosis. Science of the Total
Environment 723 137969

Antonio MT, Corredor L, Leret ML (2003) Study of the activity of several brain
enzymes like markers of the neurotoxicity induced by perinatal exposure
to lead and/or cadmium. Toxicol Lett 143(3):331-340

Asadi F, Jamshidi AH, Khodagholi F, Yans A, Azimi L, Faizi M et al (2015) Reversal
effects of crocin on amyloid 3-induced memory deficit: Modification of
autophagy or apoptosis markers. Pharmacol Biochem Behav 139:47-58

Bag AK, Mumtaz SF (2013) Hepatoprotective and nephroprotective activity
of hydroalcoholic extract of lpomoea staphylina leaves. Bangladesh J
Pharmacol 8(3):263-268

Bakulskia KM, Seob YA, Hickmana RC, Brandta D, Vadaria HS, Huc H, Parka
SK (2020) Heavy Metals Exposure and Alzheimer’s Disease and Related
Dementias. J Alzheimers Dis 76(4):1215-1242

Banerjee A, Firdous SM (2015) Antiulcer activity of hydroalcoholic extract of
Ipomoea staphylina plant in rats. Bangladesh J Pharmacol 10(3):652-653

Bocharova OV, Breydo L, Salnikov VWV, Baskakov IV (2005) Copper(ll) inhibits
in vitro conversion of prion protein into amyloid fibrils. Biochemistry
44.6776-6787

Page 9 of 10

Branca J, Morucci G, Pacini S et al (2015) Protective effects of selenium on
cadmium neurotoxicity. Ital J Anat Embryol 120(1):38

Branca JJV, Morucci G, Pacini A (2018) Cadmium-induced neurotoxicity: still
much ado. Neural Regen Res 13:1879-1882. https://doi.org/10.4103/
1673-5374.239434

Bush A (2000) Metals and neuroscience. Curr Opin Chem Biol 4:184-191

Casalino E, Sblano C, Landriscina C (1997) Enzyme Activity Alteration by Cad-
mium Administration to Rats: The Possibility of Iron Involvement in Lipid
Peroxidation. Arch Biochem Biophys 346(2):171-179

Chandler JD, Wongtrakool C, Banton SA, Li S, Orr ML, Barr DB, Neujahr DC,
Sutliff RL, Go Y, Jones DP 2016. Low-dose oral cadmium increases airway
reactivity and lung neuronal gene expression in mice. Physiol Rep 4 (13).

Chauhan N, Wang K, Wegiel J, Malik MN (2004) Walnut extract inhibits the
fibrillization of amyloid beta-protein, and also defibrillizes its preformed
fibrils. Curr Alzheimer Res 1:183-188

Chen X, Zhou H, Li X, Wang Z, Zhu G, Jin T (2015) Effects of lead and cadmium
co-exposure on hemoglobin in a Chinese population. Environ Toxicol
Pharmacol 39(2):758-763

Del Pino J, Zeballos G, Anadon MJ, Moyano P, Diaz MJ, Garcia JM, Frejo MT
(2016) Cadmium-induced cell 1662 death of basal forebrain cholinergic
neurons mediated by 1663 muscarinic M1 receptor blockade, increase
in GSK-3beta 1664 enzyme, beta-amyloid and tau protein levels. Arch
Toxicol 90:1081-1092

Djordjevic VR, Wallace DR, Schweitzer A, Boricic N, Knezevic D, Matic S, Grubor
N, Kerkez M, Radenkovic D, Bulat Z, Antonijevic B (2019) Environmental
cadmium exposure and pancreatic cancer: Evidence from case control,
animal and in vitro studies. Environ Int 1(128):353-361

Elinder CG, and Jarup L (1996) Cadmium Exposure and Health Risks: Recent
Findings. Ambio, 25 (5): 370-373. Retrieved July 19, 2021, from http://
wwwjstor.org/stable/4314494

Eybl V, Kotyzova D (2010) Protective effect of manganese in cadmium-induced
hepatic oxidative damage, changes in cadmium distribution and trace
elements level in mice. Interdiscip Toxicol 3:68-72. https://doi.org/10.
2478/v10102-010-0013-3

Ferreira AA, Amaral FA, Duarte IDG, Oliveira PM, Alves RB, Silveira D, Azevedo
AQ, Raslan DS, Castro MSA (2006) Antinociceptive effect from Ipomoea
cairica extract. J Ethnopharmacol 105:148-153

Firdous SM, Koneri R (2012) In vivo and in vitro anti-inflammatory activity of
leaves of [pomoea staphylina. Int J Pharm Pharm Sci 4(5):339-343

Francis PT, Palmer AM, Snape M, Wilcock GK (1999) The cholinergic hypothesis
of Alzheimer’s disease: A review of progress. J Neurol Neurosurg Psychia-
try 66:137-147

Garcfa-Blanco A, Baquero M, Vento M, Gi E, Bataller L, Chéfer-Pericas C (2017)
Potential oxidative stress biomarkers of mild cognitive impairment due to
Alzheimer disease. J Neurol Sci 373:295-302

Ghahghaei A, Bathaie SZ, Kheirkhah H, Bahraminejad E (2013) The protective
effect of crocin on the amyloid fibril formation of ap42 peptide in vitro.
Cell Mol Biol Lett 18:328-339

Ghajari H, Hosseini SA, Farsi S (2019) The Effect of Endurance Training Along
with Cadmium Consumption on Bcl-2 and Bax Gene Expressions in Heart
Tissue of Rats. Annals of Military and Health Sciences Research 17(1). doi:
https://doi.org/10.5812/amh.86795

Goncalves JF, Fiorenza AM, Spanevello RM, Mazzanti CM, Bochi GV, Antes FG,
Stefanello N, Rubin MA, Dressler VL, Morsch VM, Schetinger MR (2010)
N- acetylcysteine prevents memory deficits, the decrease in acetylcho-
lineesterase activity and oxidative stress in rats exposed to cadmium.
Chem Biol Interact 186:53-60

Goncalves JF, Nicoloso FT, Da Costa P et al (2012) Behavior and brain
enzymatic changes after long-term intoxication with cadmium salt or
contaminated potatoes. Food Chem Toxicol 50(10):3709-3718

Habig WH, Pabst MJ, Jakoby WB (1974) Glutathione S-transferases: the
first enzymatic step in mercapturic acid formation. J Biol Chem
249:7130-7139

Herndndez LE, Sobrino-Plata J, Montero-Palmero MB, Carrasco-Gil S, Flores-
Caceres ML, Ortega-Villasante C, Escobar C (2015) Contribution of glu-
tathione to the control of cellular redox homeostasis under toxic metal
and metalloid stress. J Exp Bot 66(10):2901-2911

llesanmi OB, Ikpesu T. Neuromodulatory activity of trevo on cyanide-induced
neurotoxicity viz neurochemical, antioxidants, cytochrome C oxidase and
p53. Orient Pharm Exp Med. 2021;21(2):297-304.


https://doi.org/10.1016/j.jtemb.2014.12.008
https://doi.org/10.4103/1673-5374.239434
https://doi.org/10.4103/1673-5374.239434
http://www.jstor.org/stable/4314494
http://www.jstor.org/stable/4314494
https://doi.org/10.2478/v10102-010-0013-3
https://doi.org/10.2478/v10102-010-0013-3
https://doi.org/10.5812/amh.86795

llesanmi et al. Bulletin of the National Research Centre (2022) 46:64

llesanmi OB, Olaleye TM, Akinmoladun AC, Alawode TT. HPLC quantification
of phenolic content and assessment of methanolic extract of Antiaris
africana for toxicological study. Afr J Biotechnol. 2016;5(9):320-30.

llesanmi OB, Akinmoladun AC, Olayeriju OS, Saliu 10, Olaleye MT, Akindahunsi
AA (2017) Modulation of key biochemical markers relevant to stroke
by Antiaris africana leaf extract following cerebral ischemia/reperfusion
injury. Afr J Tradit Complement Altern Med 14(4).253-264

llesanmi OB, Akinmoladun AC, Josiah SS, Olaleye MT, Akindahunsi AA (2019)
Modulation of key enzymes linked to Parkinsonism and neurologic
disorders by Antiaris Africana in Rotenone-toxified rats. J Basic Clin Physiol
Pharmacol. https://doi.org/10.1515/jbcpp-2019-0014

Iranshahy M, Javadi B (2019) Diet therapy for the treatment of Alzheimer's
disease in view of traditional Persian medicine: a review. Iran J Basic Med
Sci 22:1102-1117. https://doi.org/10.22038/ijbms.2019.36505.8694

Jang YP, Kim SR, Choi YH, Kim J, Kim SG, Markelonis GJ, Oh TH, Kim YC (2002)
Arctigenin protects cultured cortical neurons from glutamate-induced
neurodegeneration by binding to kainate receptor. J Neurosci Res
68:233-240

Javorac D, Bordevi¢ AB, Andelkovi¢ M, Tatovi¢ S, Barali¢ K, Antonijevi¢ E, Kotur-
Stevuljevi¢ B-Cosi¢ D, Antonijevi¢ B, Bulat Z (2020) Redox and essential
metal status in the brain of Wistar rats acutely exposed to a cadmium and
lead mixture. Arh Hig Rada Toksikol 71:197-204

Jollow DJ, Mitchell JR, Potter WZ, Davis DC, Gillette JR, Brodie BB (1973)
Acetaminophen-induced hepatic necrosis. Il. Role of covalent binding
in vivo. J Pharmacol Exp Ther 187:195-202

Joseph P (2009) Mechanisms of cadmium carcinogenesis. Toxicol Appl Phar-
macol 238:272-279

Kahtan MAA (2020) Effect of both selenium and biosynthesized nanoselenium
particles on cadmium-induced neurotoxicity in albino rats. Hum Exp
Toxicol 39(2):159-172

Karuppagounder SS, Pinto JT, Xu H, Chen H-L, Beal MF, Gibson GE (2009)
Dietary supplementation with resveratrol reduces plague pathology in a
transgenic model of Alzheimer’s disease. Neurochem Intern 54:111-118

Khafaga AF, Abd El-Hack ME, Taha AE et al (2019) The potential modulatory
role of herbal additives against Cd toxicity in human, animal, and poultry:
a review. Environ Sci Pollut Res 26:4588-4604. https://doi.org/10.1007/
$11356-018-4037-0

Khan MH, Parvez S (2015) Hesperidin ameliorates heavy metal induced toxicity
mediated by oxidative stress in brain of Wistar rats. J Trace Elem Med Biol
31:53-60

Lin R, Chen C, Lo W (2008) Cytotoxic activity of Ipomoea cairica, Natural Prod-
uct Research: formerly. Nat Prod Lett 22(9):747-753

Liu J, Qu W, Kadiiska MB (2009) Role of oxidative stress in cadmium toxicity and
carcinogenesis. Toxicol Appl Pharmacol 238:209-214

Maodaa SN, Ahmed A, Allam AA, Jamaan Ajarem J, Mostafa A, Abdel-Maksoud
MA, Gadah |, Al-Basher G, Wang ZY (2016) Effect of parsley (Petroselinum
crispum, Apiaceae) juice against cadmium neurotoxicity in albino mice
(Mus Musculus). Behav Brain Funct 12(1):6

Min J, Min K (2016) Blood cadmium levels and Alzheimer’s disease mortality
risk in older US adults. Min Min Environ Health 15:69

Misra HP, Fridovich | (1972) The univalent reduction of oxygen by reduced
flavins and quinones. J Biol Chem 247:188-192

Moon SH, Lee CM, Nam MJ (2019) Cytoprotective effects of taxifolin against
cadmium-induced apoptosis in human keratinocytes. Hum Exp Toxicol.
https://doi.org/10.1177/0960327119846941

Nordberg GF, Nogawa K, Nordberg M (2015) Cadmium. In: Nordberg GF,
Fowler BA, Nordberg M (eds) Handbook on the toxicology of metals—
volume II: specific metals, 4th edn. Academic Press (Elsevier), London

Notarachille G, Arnesano F, Calo V, Meleleo D (2014) Heavy metals toxicity:
effect of cadmium ions on amyloid beta protein 1-42. Possible implica-
tions for Alzheimer’s disease. Biometals 27:371-388

Patrick L (2003) Toxic metals and antioxidants: part Il. The role of antioxidants
in arsenic and cadmium toxicity. Altern Med Rev 8:106-128

Porquet D, Casadesus G, Bayod S, Vicente A, Canudas AM, Vilaplana J et al
(2013) Dietary resveratrol prevents Alzheimer's markers and increases life
span in SAMP. Age 35:1851-1865

Pulido MD, Parrish AR (2003) Metal-induced apoptosis: mechanisms. Mutat Res
Fundam Mol Mech Mutagenesis 533(1-2):227-241

Raite V, Lallianrawna S (2013) In vitro antioxidant activity of Ageratina adenop-
hora (King & Rob) and Ipomoea cairica (L) Sweet. Sci vis 14(3):128-132

Page 10 of 10

Ramachandran J, Arul AD, Thilagar S (2019) Hepatoprotective and antioxidant
activity of lIpomoea staphylina Linn. Clin Phytosci 5(1):1-11

Rani A, Kumar A, Lal A, Pant M (2014) Cellular mechanisms of cadmium-
induced toxicity: a review. Int J Environ Health Res 24:378-399

Rena X, Wang X, Liua P, Li J (2019) Bioaccumulation and physiological
responses in juvenile Marsupenaeus japonicus exposed to cadmium.
Aquat Toxicol 214:105255

Ricchelli F, Drago D, Filippi B, Tognon G, Zatta P (2005) Aluminum-triggered
structural modifications and aggregation of beta-amyloids. Cell Mol Life
Sci62:1724-1733

Saturnino C, lacopetta D, Sinicropi MS, Rosano C, Caruso A, Caporale A, Marra
N, Marengo B, Pronzato MA, Parisi Ol et al (2014) N-Alkyl carbazole deriva-
tives as new Tools for Alzheimer’s disease: Preliminary Studies. Molecules
19:9307-9317

Shagirtha K, Bashir N, Prabu S (2017) Neuroprotective efficacy of hesperetin
against cadmium induced oxidative stress in the brain of rats. Toxicol Ind
Health 33:454-468

Singh JH, Alagarsamy V, Diwan PV, Kumar SS, Nisha J, Reddy YN (2011) Neuro-
protective effect of Alpinia galanga (L.) fractions on AR (25-35) induced
amnesia in mice. J Ethnopharmacol 138:85-91

Sirin FB, Dogug DK, Vural H et al (2015) Plasma 8-isoPGF2? and serum
melatonin levels in patients with minimal cognitive impairment and
Alzheimer disease. Turk J Med Sci 45(5):1073-1077

Slencu BG, Ciobanu C, Cuciureanu R, Anton A, Ciobanu S, Solcan G, Solcan
C (2018) Protective effects of selenium on hepatotoxicity caused by
subacute experimental combined exposure to cadmium and lead in rats.
Farmacia 66(5):866-876

Tamas MJ, Fauvet B, Christen P, Goloubino P (2018) Misfolding and aggrega-
tion of nascent proteins: a novel mode of toxic cadmium action in vivo.
Curr Genet 64:177-181

Varshney R, Kale RK (1990) Effects of calmodulin antagonists on radiation-
induced lipid peroxidation in microsomes. Int J Radiat Biol 58:733-743

Wallace DR, Spandidos DA, Tsatsakis A, Schweitzer A, Djordjevic V, Djordjevic
AB (2019) Potential interaction of cadmium chloride with pancre-
atic mitochondria: Implications for pancreatic cancer. Int J Mol Med
44(1):145-156. https://doi.org/10.3892/ijmm.2019.4204

Wang B, Du'Y (2013) Cadmium and its neurotoxic effects. Oxid Med Cell
Longev 2013:898034

Yanchon Z, Xue J, Firdous SM, Xue W (2021) Protective effect of Ipomoea
staphylina against cadmium-induced cardiotoxicity in wistar rats. Indian J
Pharm Sci 83(1):93-100

Yuan'Y, Bian JC, Liu XZ, Zhang Y, Sun'Y, Liu ZP (2012) Oxidative stress and
apoptotic changes of rat cerebral cortical neurons exposed to cadmium
in vitro. Biomed Environ Sci 25:172-181

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1515/jbcpp-2019-0014
https://doi.org/10.22038/ijbms.2019.36505.8694
https://doi.org/10.1007/s11356-018-4037-0
https://doi.org/10.1007/s11356-018-4037-0
https://doi.org/10.1177/0960327119846941
https://doi.org/10.3892/ijmm.2019.4204

	Neuroprotective activity of Ipomoea cairica leaf extract against cadmium chloride-induced biochemical changes in the brain of male Wistar rats
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Extraction of plant materials (Ilesanmi et al. 2016)
	Experimental design
	N.B the dosage administered was extrapolated from the report of Ferreira et al. (2006)
	Processing of the brain (Ilesanmi and Ikpesu 2021)

	Biochemical assay
	Estimation of oxidants

	Estimation of antioxidants in brain tissues
	GST assay
	p53
	Acetylcholineesterase, Na+ K+ATPase, glutamate dehydrogenase, and glutamate
	Beta-amyloid, caspase 3 and 9


	Statistical analysis
	Results
	Effect of Ipomoea cairica leaf extract (ICE) on AchE and β-amyloid following Cd toxicity.
	Effect of ICE on the activity of Na+K+ ATPase and Glutamate dehydrogenase (GD) and concentration of glutamate following Cd exposure (Figs. 3, 4 and 5).
	Antioxidant activity of ICE against CdCl2-induced oxidative stress
	Effect of CdCl2 and ICE on glutathione-S-transferase (GST) activity
	Antiapoptotic activity of ICE against Cd-induced apoptosis

	Discussion
	Conclusions
	Acknowledgements
	References


