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Objectives: The adverse deleterious influences of Ipomoea carnea on brain tissue and Taurine’s relative
ability to prevent this neurotoxicity have been examined.
Methods: We utilized sixty Wistar male rats weighing 1752 g. The rats were allotted into 4 groups of fif-
teen each: The control group got saline i.p. daily for eight weeks; the Ipomoea carnea extract (ICE) group
received ICE (15 mg/kg b.w./day) orally for eight weeks. Taurine-treated rats, in which rats were admin-
istered Taurine (200 mg�kg�1, i.p./Day) for 2 months. Taurine + ICE group in which rats were supple-
mented with (200 mg�kg�1, i.p. Taurine + ICE 15 mg/kg b.w./day orally) for 2 months.
Result: The findings indicated that Ipomoea persuaded an increase in lipid peroxidation markers as well
as a disruption in antioxidant homeostasis, along with brain and serum cholinesterase (AChE) elevated
levels, tumor necrosis factor (TNF), total creatine phosphokinase (CPK), creatine phosphokinase isoen-
zymes BB (CPK-BB), and lactate dehydrogenase (LDH). A considerable drop (P < 0.05) in the brain super-
oxide dismutase (SOD), catalase (CAT), and GSH in Ipomoea carnea. SOD, CAT, and GSH levels were
enhanced in the Taurine co-treated group but did not achieve control levels. Ipomoea Furthermore,
Induced apoptosis in brain tissue by Ipomoea carnea reflected in pro-apoptotic Bax, P53, and caspase 3
overexpression., while taurine upregulated the anti-apoptotic Bcl2 in addition to Histopathologic, elec-
tron microscope, and immunohistological brain examination finding support our finding concerning
the protective role of taurine.
Conclusion: Our study proved the protective role of taurine as a supplement could recover Ipomoea carnea
-induced oxidative changes and brain damage.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Exposure to natural or synthetic hazardous compounds known
as neurotoxins, for instance aluminum, mercury, copper, arsenic,
lead, and manganese, marked by their capacity to change the nor-
mal nervous system function, which causes neural damages and
neurotoxicity (Pohl et al., 2011). Neurotoxicity signs may involve
brain injury, amnesia, anxiety, depression, weakness in limbs,
and boring vision (Asada et al., 2010). Many neurodegenerative
have implicated oxidative injury-induced degradation to neurons
connected with neuronal cell deaths. The notable aspect of neu-
rodegenerative illnesses is oxidative stress caused by neuronal
death. However, it is not fully understood how oxidative injury
causes neuronal death (Chen et al., 2009). Oxidative stress is a
major role in neurodegenerative process modification. The hip-
pocampus is the most sensitive brain components to oxidative
injury (Araque et al., 2001). Taurine is a protective antioxidantox-
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idative injury that induced neuronal damage (Rivas-arancibia et al.,
2001); during excitotoxicity, it serves as an antioxidant, shielding
neurons against glutamate injuriousness. This defensive system
is vital for the brain physiologically. Taurine syntheses at high
quantities are stimulated after cell injury (Rivas-arancibia et al.,
2001). The benefits of taurine, including cytoprotective properties,
membrane stability, antioxidants, anti-inflammatory impacts, con-
trol of intracellular calcium and neurotransmitters, have been
widely characterized (Lötsch et al., 2014). It protects body organs
from toxicity; supplementing with taurine increases the pursuit
of superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPX) (GSH-Px) (Zhang et al., 2014). Ipomoea carnea
(Convolvulaceae) is commonly referred to as Bush Morning Glory.
It has been observed worldwide in tropical areas in goats, sheep,
and cattle. Ipomoea carnea is a strong neurotoxic agent, has enor-
mous usability as a plant pesticide, and affects animals C.N.S
(Cholich et al., 2013). The purpose of this study is to explore at tau-
rine’s protective effect against oxidative injury caused by Ipomoea
carnea leaves extract, as well as Taurine’s intracellular protective
mechanism. To achieve the objectives, measurements of acetyl-
cholinesterase (AChE), MDA levels as a sign of lipid peroxidation;
glutathione (GSH) levels, indicating cell thiol status; catalase
(CAT) activity as an important component of cell antioxidant
defense system, SOD and brain injury markers., (TNFa) Tumor
necrosis factor, Alpha), Nuclear factor 2 (Nrf2, erythroid - derived
2) is a key transcription component regulating the transcription
of antioxidant enzymes. in addition to Histopathologic , electron
microscope and immunobiological brain examination.
2. Material and methods

2.1. Chemicals

Taurine has been got from Sigma-Aldrich (St. Louis, MO, USA)
and primed before treatment in physiological saline. SOD Lipid
Peroxidation (LPO), reduced glutathione (GSH) was derived from
(Biodiagnostic, Giza, Egypt). Reagent TRIzol (Invitrogen, Life Tech-
nologies, Carlsbad, CA, USA). A cDNA kit has been purchased (Fer-
mentas, Waltham, MA, USA). Unless otherwise noted, all chemicals
were acquired from Sigma-Aldrich (St Louis, MO, USA),.
2.2. Ipomoea carnea extract preparation

The Ipomoea carnea extract was prepared according to (Schwarz
et al., 2007) with some modification. Fresh leaves were mixed in a
Table 1
Primers for gene expression by RT-PCR.

Gene Direction Pr

CAT Sense TA
Antisense CA

CASP3 Sense CT
Antisense CC

Bax Sense G
Antisense AT

Bcl-2 Sense G
Antisense AT

SOD Sense AG
Antisense TC

Nrf2 Sense TG
Antisense AT

GAPDH Sense TC
Antisense AG

Bax, Bcl-2-associated X protein. Bcl-2, B-cell lymphoma 2. CASP3, caspase 3. CAT, cata
releasing hormone receptor. GSH-Px, glutathione peroxidase. HSP70, heat shock prote
adhesion molecule 2. SOD, superoxide dismutase. (Nrf2) Nuclear factor (erythroid-deriv
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blender with ethyl alcohol 97%, homogenized in 97 % ethyl alcohol
for 72 h before filtering through a Büchner funnel. Under reduced
pressure, the filtrate was evaporated. Returned ethyl alcohol to leaf
residue 24 h after filtration and evaporation. The 4 products were
collected, and the definitive dark green extract was created. The
resulting extract was diluted and filtered with filtered paper. Buta-
nol was applied to the filtered part, separated by the decantation
drums. The extract was kept at �20 �C.

2.3. Ethical declaration

The Committee accepted the experimental procedure authoriz-
ing the current investigation at the Faculty of Veterinary Medicine,
University of Kafrelsheikh (KVM030/2020; May 2020).

2.4. Experimental plan

Sixty Wistar male rats, 175 ± 2 g, two months age, have been
held to be adapted for 14 days. The animals were housed in regular
circumstances (23 ± 2 �C and moisture between 50 and 60%) with
water and food ad libitum. The rats were assigned in four groups
(n = 15 each group) as follows: The rats were allotted into 4 groups
of fifteen each: The control group got saline i.p. daily for eight
weeks; Ipomoea carnea extract (ICE) group in which rats were
treated with ICE orally for eight weeks (15 mg/kg b.w./day)
(Hosomi et al., 2008). Taurine-treated rats, in which rats were
administered Taurine (200 mg�kg � 1, i.p./daily) for two months
(Alhumaidha et al., 2016). Taurine + ICE group (Taurine,
200 mg�kg � 1, i.p. + ICE 15 mg/kg b.w. per day orally) for two
months. In all groups, rats are fed a standardized regular meal
(20% protein) made in a laboratory according to (Atta et al., 2017).

2.5. Sampling

Before the treatments and before the rats were slain, the initial
weight of the rats was measured, and the weight gain was
reported. The rats injected intravenous sodium pentobarbital
(30 mg/kg) (Atta et al., 2017) and sacrificed for a appropriate sam-
ple and analysis procedures. Blood samples were taken from the
tail vein using the Vacutainer PST II tube, coagulated, then cen-
trifuged at 3000 g for 15 min. Serum samples maintained at
�20 �C before further analysis. The brain sample was removed ,
rinced in ice-cold 1.15 % KCl before being dried and weighed on fil-
ter paper. Brain samples were homogenized in PBS. Centrifuge the
homogenate at 1,800 g for 15 min at 4 �C, and The supernatant was
utilized in the subsequent investigation of all brain tissue. The
imer sequence Accession number

AGACTGACCAGGGCA NM_012520.2
AACCTTGGTGAGATCGAA
GGACTGCGGTATTGAGAC NM_012922.2
GGGTGCGGTAGAGTAAGC

GCGAATTGGCGATGAACTG NM_017059.2
GGTTCTGATCAGCTCGGG

ATTGTGGCCTTCTTTGAGT NM_016993.1
AGTTCCACAAAGGCATCC
GATTAACTGAAGGCGAGCAT NM_017050.1
TACAGTTAGCAGGCCAGCAG
TCAGCTACTCCCAGGTTG NM_031789.2
CAGGGGTGGTGAAGACTG
AAGAAGGTGGTGAAGCAG NM_017008.4
GTGGAAGAATGGGAGTTG

lase. GAPDH, glyceraldehyde-3-phosphate dehydrogenase. GnRH1, gonadotropin-
in 70. KISS1, kisspeptin. LHR, luteinizing hormone receptor. NECTIN2, nectin cell
ed 2)-like 2.
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sample was evaluated for antioxidant status three times. Part of
the hypothalamus and hippocampus was kept for histological
and immunohistochemical investigation in 10% neutral formalin
buffer. Another hypothalamus section was cut kept at �80 �C for
molecular analysis.

2.6. Biochemical analysis

Following the manufacturer’s instructions (Biodiagnostic co.,
Egypt), the serum cholinesterase and the spectrophotometric eval-
uation of creatine phosphokinase and lactate dehydrogenase activ-
ity have

2.7. Brain oxidative stress markers

Brain samples were primed for oxidative injury assessment
after homogenization in PBS, and supernatants were evaluated
Table 2
Effect of Taurine and/ or Ipomoea carnea on weight gain and brain weight.

Control Ipomo

Initial body weight (g) 175.77 ± 3.1 176.21
Final body weight (g) 252.71 ± 3.6a 221.82
Body weight differences (g) 76.96 ± 2.4a 45.61
Absolute brain weight (g) 2.15 ± 0.02a 1.18 ±
Relative brain weight (%) 0.850 ± 0.05a 0.531

Data expressed as mean ± S.E.M. Values with different letters at the same raw significan

Fig. 1. Effects of Ipomoea carnea and co-treatment with Taurine on serum acetylcholines
mean ± S.E.M. Values column with different letters significantly differ P < 0.05. n = 15.
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for GSH levels (Beutler, 1963) Using a trade kit (Biodiagnostic, Giza,
Egypt). Superoxide dismutase activity was analyzed following
(Marklund and Marklund, 1974) according to the extent to which
free radicals interact with pyrogallol’s auto-oxidation. Catalase
activity was determined using the standard substrate 0.2 M
H2O2. It was finished by adding potassium dichromate-acetic acid
in 15-second intervals for a maximum of one minute Extinction
was read at 240 nm (Sinha, 1972). Malondialdehyde, an intermedi-
ate consequence of lipid peroxidation, was determined utilizing
thiobarbituric acid to determine lipid peroxidation (Ohkawa
et al., 1979). Brain acetylcholinesterase (AChE) was assessed colori-
metrically using Sigma-Aldrich (St Louis, MO, USA). Tumour necro-
sis factor-alpha (TNF-a) levels were analyzed in the brain tissue
homogenate utilizing a rat TNF-a ELISA kit supplied by R&D Sys-
tems (Minneapolis, MN, USA). ROS levels in the brain tissue homo-
genate were assessed following (Socci et al., 1999). In brief,
hydrogen peroxide converts 2,7-dichlorofluorescein diacetate to
ea carnea (ICE) Taurine Taurine + ICE

± 3.5 175.61 ± 2.7 174.71 ± 3.2
± 4.2c 259.2 ± 3.5a 239.6 ± 4.2b

± 2.1c 83.6 ± 3.1a 64.89 ± 3.1b
0.01bc 2.21 ± 0.02a 1.48 ± 0.01b
± 0.02bc 0.852 ± 0.02a 0.617 ± 0.01b

tly differed. P < 0.05. n = 15.

terase activity (A), serum CPK(B), CPK-BB (C), and LDH(D) of rats. Data expressed as
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fluorescent 2,7-dichlorofluorescein established 525-nm emission
of wavelengths using a fluorescence plate reader 488-nm excita-
tion. The Bradford assay was used to determine the protein content
in homogenates (Bio-Rad Laboratories, Watford, UK)(Bradford,
1976)

2.8. Real-time polymerase chain reaction

RT-PCR assessed the mRNA expression of brain genes. Total RNA
was isolated from about 100 mg of brain tissue measured using
TRIzol (Invitrogen, Life Technologies, Carlsbad, CA, USA). A cDNA
package (Fermentas, Waltham, MA, USA) was used to synthesize
RNA samples with A260/A280 1.8 or above. Using
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a con-
trol(house keeping) gene, we employed the SYBR Green master
mix and primers indicated in Table 1. Analyzed amplification data
using two techniques. (Livak and Schmittgen, 2001).

2.9. Histological and immunohistopathological assessment of the brain

Brain samples were immersed in a 24-hour, 10% neutral
formaldehyde buffer solution (Sigma-Aldrich). Fixing tissues,
including ethanol dehydration (Sigma-Aldrich), have been treated
by a paraffin integration device following (Bancroft and Layton,
2012). Immunohistological examination of the brain (Malkiewicz
et al., 2006). Brain samples were dried at 10% and embedded in
paraffin wax. Six thick pieces were cut, mounted on glass slides,
and overnight incubated. Dewaxed sections were treated with pro-
tein block for 30 min, then treated with the polyclonal anti-GFAP
Fig. 2. Effects of Ipomoea carnea and co-treatment with Taurine on Brain acetylcholineste
rats. Data expressed as mean ± S.E.M. Values column with different letters significantly
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antibody at 4.C overnight (1:1000). Sections were then treated
with biotinylated anti-rabbit IgG antibody (1:100) and avidin–
biotin-peroxidase reagent at room temperature for 30 min. DAB
visualized the peroxidase reaction. Samples were countered with
haematoxylin. to visualize neurons, Nissl-stained slices.
2.10. Transmission Electron microscopy examination

Brain specimen was rapidly cut into small pieces about
(1 mm3); then fixed into 2,5% glutaraldehyde, buffered into 0.1 M
sodium cacodylate at four �C and post-fixed in 1d Osmium tetrox-
ide then dehydrated in ascending grades of ethyl alcohol, treated
with propylene oxide then embedded in EPON and sectioned by
ultra-microtome. For the study of light microscopy, thick sections
(1 lm thick) were mounted on glass slides and dyed with blue
toluidine. Ultrathin (60–70 nm thick) has been put on copper grids
and colored with uranyl acetate and citrate lead (Reynolds, 1963).
Sections were inspected and photographed using the Joel electron
transmission microscope (TEM)1010 (Glauret and Lewis, 1998) at
the electron microscope unit, science faculty, Alexandria
university.
2.11. Statistical assessment

Statistical data analysis utilizing ANOVA, Duncan multiple com-
parison procedures with SPSS Software version 20.0 (SPSS Inc., Chi-
cago, IL, USA). RT-PCR data evaluated using one-way ANOVA,
GraphPad Prism 5 (San Diego, CA, USA), and Tukey’s multi-
rase activity (A), Brain ROS, (B), Brain lipid peroxidation (C), and Brain TNF- a (D) of
differ P < 0.05. n = 15.
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purpose post-hoc testing. P < 0.05 was established as statistical
difference.
3. Results

3.1. Effect of Taurine and/ or Ipomoea carnea on weight gain and brain
weight

No mortalities were noticed during the experiment in all trea-
ted groups. Rats treated with Ipomoea carnea indicated a substan-
tial drop in body weight (p < 0.05) in relation to control and taurine
treated groups. In Taurine + Ipomoea carnea, the body weight gain
was substantially greater (p < 0.05) contrasted with Ipomoea, and
the bodyweight gain substantially lower (p < 0.05) related to con-
trol and taurine groups (Table 2). Taurine co-treatment with Ipo-
moea carnea displayed a nonsignificant boost in the absolute,
and relative brain weight of the Ipomoea carnea treated group
alone.

3.2. Impact of Taurine and/or Ipomoea carnea on biochemical
parameters and acetylcholinesterase activity

Our data illustrated in Fig. 1 showed that Ipomoea carnea
induced a significant increase (P < 0.05) in CPK, CPK-BB, and LDH
concerning other treated groups as well as, there was a consider-
able upsurge in both serum and brain acetylcholinesterase activity
(Figs. 1 and 2). The administration of Taurine stored these param-
eters toward the control one.
Fig. 3. Effects of Ipomoea carnea and co-treatment with Taurine on Brain SOD (A), Brai
column with different letters significantly differ P < 0.05. n = 15.
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3.3. Impact of Taurine and/or Ipomoea carnea on the antioxidant
markers

Our result revealed that there was a noteworthy rise (P < 0.05)
in brain ROS, lipid peroxidation levels, as well as TNFa in Ipomoea
carnea, challenged group concerning other treated groups, in the
same way, taurine co-treatment with Ipomoea carnea revealed a
considerable decrease (P < 0.05) in ROS, lipid peroxidation levels
concerning the Ipomoea carnea but did not reach to the control
one levels as shown in Fig. 2. Fig. 3 showed a sizeable decline
(P < 0.05) in the brain SOD, CAT, and GSH in Ipomoea carnea.
SOD, CAT, and GSH were improved (P < 0.05) in the Taurine co-
treated group but did not reach the control level.
3.4. Impact of Taurine and/ or Ipomoea carnea on genes transcription
levels of the antioxidants and apoptotic biomarkers

Brain tissue content of SOD and CAT were assessed using qRT-
PCR, in which figure showed the effect of Ipomoea carnea on the
mRNA transcription of brain SOD, CAT, and NrF2; the CAT, SOD,
and NrF2 downregulation of Ipomoea carnea treated rats was quite
substantial (P < 0.05) concerning other treated groups. However,
these gene transcription levels significantly increased (P < 0.05)
in Taurine cotreated groups related to Ipomoea carnea treated rats
but did not reach the control levels as demonstrated in Fig. 4A.

The apoptotic gene markers Bax, Caspase 3, and P53 offered a
substantial increase(P < 0.05) in Ipomoea carnea treated group with
a noteworthy lessening in Bcl2 associated to other treated rats. Our
n Catalase, (B), and Brain GSH (C) of rats. Data expressed as mean ± S.E.M. Values



Fig. 4. Effects of Ipomoea carnea and co-treatment with Taurine on the mRNA transcription of CAT, SOD, and NrF2 in the brain tissue of rats (A) and The apoptotic gene
markers Bax, Bcl-2, Caspase 3, and P53 (B). Data expressed as mean ± S.E.M. Values column with different letters significantly differ P < 0.05. n = 15.
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data in Fig. 4B showed that the Taurine co-treated group showed
significant down-regulation of the apoptotic genes Bax, Caspase
3, and P53 with significant upregulation of Bcl2 gene transcription
3.5. Impact of Taurine and/ or Ipomoea carnea on Histopathologic
changes of brain

Figure 5 showed that the Parafiffen section photomicrograph of
rat brain showed control rat brain group in hippocampus region
with normal neuroglial cells with rounded nuclei and prominent
nucleolus, and area of proliferating hyperchromatic pyramidal
cells. Ipomoea carnea treated rat showing proliferating lympho-
cytes with plasma cells and necrotic neuropile cells and hyperchro-
matic Purkinje cells, edema, and thick fibrotic sheaths area of the
demyelinated sheath, as well as pyknotic neuropile cells and
absence of pyramidal and neuroglia cells. Taurine-treated rats
show hippocampus with its characteristic three layers polymor-
phic, pyramidal, and molecular, polymorphic layer appeared with
normal neuroglial cells that rounded nuclei and prominent nucle-
olus and many myelinated sheaths. Taurine co-treated Ipomoea
carnea treated showing regenerative of the hippocampus with
polymorphic layer appeared with normal neuroglial cells.

Figure 6 showed the electron micrograph of the control group of
rat hippocampal and hypothalamus tissue showing control rat hip-
pocampal nerve cells (light cells) arranged neatly and coated com-
plete, containing euchromatic nuclei, lysosomes, and myelin
sheath with hypothalamus showing normal myelin sheath and
normal mitochondria with obvious cristae the hippocampus of
6

treated rat with Ipomoea carnea Abnormal astrocytes with highly
vacuolated cytoplasm with abnormal axons and myelin sheath,
Grades of myelin sheath filled with abnormal mitochondria and
nerve cell nucleus with heterochromatic nuclei surrounded by
large extensive edema. Electron micrograph in Taurine treated
group demonstrating normal hypothalamus nerve cell with
Euchromatic nuclei, myelin sheath, axons and mitochondria Elec-
tron micrograph of rat hippocampus treated with Ipomoea
carnea + Taurine revealing hippocampus granular layers with nerve
cells two dark cells and astrocytes with cytoplasmic dendrites.
They are normally arranged with normal mitochondria and myelin
sheath.

Immunohistological examination Fig. 7 revealed that control
and taurine treated groups showing faint brown color rays of
immunostaining GFAP protein in microglial cells in rat brain and
absent in the area of the proliferating neuropile cells, the blue color
of the negative immunostaining of nuclei. The number of astro-
cytes of GFAP increased significantly from the control group shows
chronic tissue injury, seen at the Parafiffen section photomicro-
graph of rat brain treated by Ipomoea carnea. Mild astrocytes of
GFAP proteins in a myelinated sheath around the proliferating neg-
ative staining neuropile cell at hippocampus area of rat treated
with taurine + Ipomoea carnea
4. Discussion

Due to excessive expenditure of oxygen, lipid content, and low
levels of mitotic and antioxidant, the brain is particularly suscepti-



Fig. 5. A. Paraffin section photomicrograph of control rat brain, showing hippocampus region (H) with normal neuroglia cells (NG) with rounded nuclei and prominent
nucleolus and area of proliferating hyperchromatic pyramidal cells (PY). Miled dilation of blood vessels (BV) was seen, (H&E X400). B. Photomicrograph of hypothalamus
region of rat histological sections treated with Ipomea carnea showing an area of the demyelinated sheath (SH) and edema (E) as well as pyknotic neuropile cells (NP) and
absent of pyramidal and neuroglia cells (H&E X200). C. Paraffin section photomicrograph of rat brain treated with Taurine, show hippocampus(H) with its characteristic three
layers) polymorphic (PO), pyramidal (PY) and molecular (M), polymorphic layer appeared with normal neuroglia cells (NG) which rounded nuclei and prominent nucleolus as
well as many myelinated sheaths (*),(H&E X200). D. Paraffin section photomicrograph of rat brain treated with Taurine + Ipomea Carnea, showing regenerative of the
hippocampus with polymorphic layer appeared with normal neuroglia cells (NG) which rounded nuclei and prominent nucleolus and normal pyramidal nuclei and few
vacuolated cytoplasms of pyramidal cells (PY) spread of few pyknotic pyramidal cells (P), and mildly dilated blood vessels (BV)was seen. (H&E X200).
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ble to oxidative injury, more than any other tissue (Said and Abd
Rabo, 2017). Our data showed that the challenge to Ipomoea carnea
has severely altered both the weight of the body and brain weight,
showing potential harm to the body and brain relative to other
treated groups. The reduction of brain weight after Ipomoea carnea
may result from spongiosis in the neurons, leading to delayed ani-
mal growth (Julka et al., 1996). In the same line, (Hueza et al.,
2007) reported a decrease in body-weight of Pups of mothers trea-
ted with Ipomoea Carnea due to this to the swainsonine (the toxic
principles of Ipomoea carnea). The deleterious effect of Ipomoea car-
nea in rats body weight was ameliorated by taurine co-
administration; our obtained result was inconsistent with
(Hwang and Wang, 2001) in which they showed that Taurine
administration recovered the body weight decreased induced by
cadmium owing this effect to the trophic effect of taurine.

Our data revealed significant increases in LDH, CPK, and CPK-BB
in the Ipomoea carnea treated group. In Ipomoea carnea treated rat,
increased serum activity by LDH, CPK-BB and CPK correlated with
brain damage. This rise could be coupled to the interaction of free
radicals with the cell, leading to cell damage. Our research showed
that the brain is more prone to the dangerous effect of Ipomoea
carnea as reported by (Hueza and Górniak, 2011). They reported
that Ipomoea carnea has a toxic component: an indolizidine alka-
loid swainsonine. In the same way, our result revealed that there
was a substantial upsurge in both serum and brain acetyl-
cholinesterase activity together with a noteworthy rise in lipid per-
oxidation levels that may be the cause of increasing the activity of
7

serum and brain acetylcholinesterase due to disruption of cell
membrane increased lipid peroxidation (Kaizer et al., 2005). Fur-
thermore, calystegines inhibit glucosidase, which influences
oligosaccharides’ metabolism. Possibly this can enter the brain at
large levels and build up in cellular organelles with a low pH
(Asano et al., 2000); these supported our finding in which the Ipo-
moea carnea go across the blood–brain barrier and trigger oxidative
damage. Our result revealed a considerable rise in brain ROS along
with TNFa in Ipomoea carnea treated rats; these findings were
inconsistence with (Hu et al., 2015). They confirmed that Swain-
sonine exposure significantly stimulates pro-inflammatory cytoki-
nes TNF-a secretion.

Taurine is an important amino acid most commonly found in
the brain and heart of mammalian species (Beyranvand et al.,
2011). It has various cytoprotective properties such as neurotrans-
mitter and neuromodulator, neuroprotective, antioxidant, and
anti-inflammatory (El Idrissi, 2008). Our result revealed that Tau-
rine co-treatment with Ipomoea carnea could make a recovery to
the CPK, CPK-BB, and LDH parameters but not reach the control
levels , our results were coherent with (Alhumaidha et al., 2016)
they stated that taurine administration leads to decreases in CPK,
CPK-BB, and LDH markers, Taurine, by its membrane-stabilizing
effect, is responsible for limiting the leakage of biochemical indica-
tors (Timbrell et al., 1995). Taurine co-treatment with Ipomoea car-
nea prevents the augmentation of acetylcholinesterase activity.
This result was in line with (Rosemberg et al., 2010). They reported
that taurine inhibits acetylcholinesterase induced by ethanol chal-



Fig. 6. Electron micrograph of control group of rat hippocampal and hypothalamus tissue showing control rat hippocampal nerve cells (light cells) arranged neatly and coated
complete, containing euchromatic nuclei, lysosomes, and myelin sheath,(A). And control hypothalamus showing normal myelin sheath and normal mitochondria with
obvious cristae (B). Electron micrograph of the hippocampus of treated rat with Ipomea carnea Abnormal astrocytes with highly vacuolated cytoplasm (V) with abnormal
axons (AX) and myelin sheath (MY), Scale bar 2.0 mm, X3000 (C). Electron micrograph of treated rat hypothalamus with Ipomea carnea showed grades of the myelin sheath
(MY) filled with abnormal mitochondria (M) and nerve cell nucleus (N) with heterochromatic nuclei (HN) surrounded by large area (extensive edema). Scale bar 5.0 nm,
X1500) (D). Ultrastructural image of neurofibrils (NF) of the hippocampus in Taurine group revealing part of the nucleus and cytoplasm of hippocampal nerve cell contain
mitochondria (M), rough endoplasmic reticulum (rER) and lysosomes (LY), Golgi apparatus (G). Scale bar 2.0 mm, X4000. Electron micrograph of rat hippocampus treated with
Ipomea carnea + Taurine revealing hippocampus granular layers with nerve cells two dark cells (DNC), and two light cells (LNC) (astrocytes) with cytoplasmic dendrites
(extensions) (CEX). They arranged neatly and coated completely, one of the dark cells its nucleus with nuclear pocket (NP) with cytoplasmic inclusion (CI) and synaptic
alteration (SA). (Scale bar 5.0 nm, X1000) (G). Transmission electron micrograph in the hypothalamus of rat Taurine + Ipomea carnea group illustrating blood capillary (BC)
lined by endothelial cell (EN) surrounded by a capillary basement membrane (CBM), myelin sheath and axon (MY) multivesicular bodies (MB), lysosomes (LY), and normal
mitochondria (M), scale bar 5.0 mm, X4000) (H).
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lenge, and (Niu et al., 2018) reported that taurine administration
significantly decreased acetylcholinesterase and tumor necrosis
factor–a.

Additionally, our findings revealed that a major decline
occurred (P < 0.05) in the brain SOD, CAT, and GSH in Ipomoea car-
nea, while other treated groups were a major rise (P < 0.05) in the
Taurine co-administered group but not reach to the control level.
These were accompanied by a significant improvement of the gene
transcription levels of SOD and CAT; our result was under (Niu
et al., 2018) they revealed that Taurine raises antioxidant levels
by increasing Electron transmission chain activity (Shimada et al.,
2015).

The current study attributes the neurotoxicity of Ipomoea to the
oxidative injury caused by free radical creation. The taurine’s pro-
tecting action may be due to antioxidant enzymes and lipid perox-
idation inhibition (Oliveira et al., 2010). Taurine osmoregulatory
function and its antioxidant activity are due to scavenging ROS,
alleviating lipid peroxidation (Schaffer et al., 2000). Taurine
reduces lipid peroxidation through radical scavenging or by bind-
ing Fe2 + like chelator (Erdem et al., 2000).

Nuclear Factor 2 (Nrf2) is a crucial transcription factor for
antioxidant regulations (de Vries et al., 2008). In the present work,
the consequences of our result recorded that Ipomoea carnea treat-
ment diminishes Nrf2 expressions. However, Taurine strengthens
Nrf2 that controls the antioxidative system (de Vries et al., 2008).
Therefore, Nrf2 is projected to protect the neurodegeneration
caused by Ipomoea carnea as it essential tissue repair (ADTG
Wagener et al., 2010). We assume that taurine upregulation -
instigated Nrf2 is essential to improved neurodegeneration
8

Apoptosis cell death was triggered by oxidative stress. Our work
showed that, increase the apoptotic gene markers Bax, Caspase 3,
and P53 and decreased the Bcl2 expression. The taurine co-
treated group showed a substantial down-regulation of the apop-
totic genes Bax, Caspase 3, and P53 with significant upregulation
of Bcl2 gene transcription; these results were inconsistence with
(Niu et al., 2018) they found that Taurine administration decreased
the p53, caspase-3, and Bax expression as well as, TNF-a, IL-6, IL-
1a, and IL-1b in the neuronal grievance. Our obtained result
revealed the promoting effect of taurine administration against
oxidative injury, inflammation, and apoptosis.

Our result concerning the histopathological analysis showed
that the control hippocampus region with normal neuroglial cells
with rounded nuclei and proliferating hyperchromatic pyramidal
cells is and Taurine treated rats show normal hippocampus with
its characteristic three layers. However, Ipomoea carnea adminis-
tration area of proliferating lymphocytes with plasma cells and
hyperchromatic Purkinje cells, edema , was similar to several pre-
viously reported publications (Salinas et al., 2019),. This also sup-
ported the significant toxicity of Ipomoea carnea for Wistar male
rats (Amna et al., 2011). Taurine is needed to keep cellular and sub-
cellular membranes stable and organized by preventing detrimen-
tal or oxidative reactions and directly affecting the expansion of
brain cells (Pasantes-Morales and Hernández-Benítez, 2010). Tau-
rine and Ipomoea carnea treated rats showed regenerative hip-
pocampus with polymorphic layer appeared with normal
neuroglial cells. These data are supported by (Pasantes-Morales
and Hernández-Benítez, 2010) they recorded the cellular protec-
tion effect of Taurine. The results of the transmission electron



Fig. 7. (A) Paraffin section photomicrographs of rat brain section in control group showing faint brown color rays of immunostaining GFAP protein astrocytes in microglia
cells rat brain and absent in the area of the proliferating neuropile cells, the blue color of the negative immunostaining of nuclei (cytoplasmic reaction), (x 200). (B) Paraffin
section photomicrograph of rat brain treated by Ipomea carnea of GFAP protein stained by DAB revealed a significant increase in several GFAP astrocytes, dark brown color of
immunostaining antibody in neuroglial cells (NG) and pyramidal one(PY) as a cytoplasmic reaction in hippocampus layers (H), blood vessels (BV) with a negative blue color of
the cell nuclei (x 400). (C) Paraffin section photomicrographs of rat brain section in Taurine treated group showing faint brown color rays of immunostaining GFAP protein
astrocytes in microglia cells rat brain and absent in the area of the proliferating neuropile cells, the blue color of the negative immunostaining of nuclei (cytoplasmic reaction),
(x 200). (D) Paraffin section photomicrographs are depicting the Mild brown color of immunostaining GFAP astrocytes in the myelinated sheath (*) around the proliferating
negative staining neuropile (N) cell at hippocampus area of rat treated with taurine + ipomea carnea ( � 200).

A. R. Abou El-khair, N. Ghanem, S. bakr et al. Journal of King Saud University – Science 33 (2021) 101639
microscope support our histological findings; control and taurine
groups showed hippocampal nerve cells arranged normally and
the hypothalamus showing normal myelin sheath and normal
mitochondria with obvious cristae.

In contrast, an Electron micrograph of hippocampus treated rat
with Ipomoea carnea demonstrating damaged astrocyte cell and
nucleus, damaged lysosomes and abnormal myelin sheath. Elec-
tron micrograph of hypothalamus treated rat with Ipomoea carnea
revealing grades of myelin alternations, indicate local disarrange-
ment of myelin sheath. These alterations were recovered by tau-
rine co-treatment.

Immunohistological examination revealed that the hippocam-
pus area of Ipomoea carnea significantly increased GFAP astrocytes
than other treated groups; this was in harmony with (Cholich et al.,
2013) neuropathological variations in guinea pigs treated with Ipo-
mea carnea. Our findings revealed that taurine co-treatment
declined the GFAP upregulation. This result was confirmed by
demonstrated by (ZHANG et al., 2007); they found that Taurine
decreased GFAP control in cells resulting from high glucose. It indi-
cated that a decrease in injury response might be a protective
effect of Taurine, indirectly inhibiting colloid cell activity. Or its
protective action was accomplished through the transmembrane
active transferring of the TauT cell membrane to preserve intracel-
lular high taurine concentration (Huxtable, 1992).

5. Conclusion

This is the first study to show Ipomoea carnea is a potent oxida-
tive damage agent and brain damage in adult rats through reduced
neuronal apoptotic gene expressions. Interestingly, the co-treated
taurine with Ipomoea carnea poisoned rats seems effective for
reducing Ipomoea carnea’s hazardous effects via inhibiting oxida-
9

tive stress indicators and changes in the activity of acetyl-
cholinesterase as well as inhibiting the apoptosis, inflammatory
cytokines, decreasing ROS boosting with significant activation of
brain SOD, CAT, and GSH and modification of Nrf2 that controls
the transcription of antioxidant responsive genes in addition, our
histopathological and immunohistochemical investigation in the
extant study The biochemical and molecular studies revealed that
taurine had protective effect from Ipomoea carnea caused brain
toxicity.
6. Ethical animal research

All experimental procedures were performed according to the
rules of the Animal Care and Ethics Committee of the Faculty of
Science, Kafrelsheik University, Egypt.
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