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Intestinal ischemia-reperfusion injury (IIRI) is a serious pathological condition that not only causes local damage
to the intestine but also contributes to injury in distant organs such as the heart. Basella alba, a commonly
consumed leafy vegetable with known antimicrobial, anti-inflammatory, and antioxidant properties in tradi-
tional medicine, is believed to have protective effects against such injuries. This study aimed to investigate the

Antioxidant
Inr;l:;;l-n:;on cardioprotective potential of methanol extract of Basella alba leaves in male Wistar rats subjected to IIRI. Thirty
Wistar rat male Wistar rats (200-250g) were divided into five groups. Group A (sham operated) received normal saline (10

mg/kg) for two weeks. Group B was subjected to IIRI and also received normal saline. Groups C and D were
pretreated with Basella alba extract at 100 mg/kg and 200 mg/kg, respectively, before IIRI. Group E received
vitamin C (200 mg/kg) prior to IIRI induction as a standard control. The study assessed cardiac oxidative stress
parameters, inflammatory and cardiac injury markers, alongside histological evaluation. Results revealed that
Basella alba-pretreated groups and the vitamin C group had increased levels of antioxidant enzymes—superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx)—and reduced malondialdehyde (MDA), a
lipid peroxidation marker. Inflammatory markers including myeloperoxidase (MPO), interleukin-1, interleukin-
6, and tumor necrosis factor-a were significantly reduced, while interleukin-4 levels were elevated. Cardiac
injury markers such as troponin C and creatine kinase-MB were also significantly decreased. Histological
assessment confirmed the biochemical findings, showing improved heart tissue architecture in treated groups. In
conclusion, methanol extract of Basella alba demonstrated significant cardioprotective effects against IIRI,
comparable to vitamin C at high dose. These findings support its traditional use and suggest its dietary inclusion
could benefit individuals at risk of heart injury due to IIRI.

necrotizing enterocolitis, trauma, atherosclerotic thrombus, embolism,

1. Introduction

The intestine is one of the organs most vulnerable to ischemia
because it contains labile cells that are prone to damage [1]. Intestinal
ischemia is a condition which is caused by a disruption in blood flow
within the superior mesenteric artery or vein, leading to changes in the
structure and function of the intestine. These changes are typified by
noticeable dysfunctions related to absorption and secretion as well as
motor issues [2]. Conditions such as intestinal obstruction, acute
mesenteric ischemia, incarcerated hernia, cardiac insufficiency,

and surgical complications can lead to intestinal ischemia [3]. Preven-
tion of blood supply to the intestine causes alterations in the intestine by
restricting oxygen supply and hindering aerobic energy metabolism
thereby resulting to tissue injury [4]. Moreover, restoration of blood
flow to the intestine is vital to prevent permanent damage. Paradoxi-
cally, process of reperfusion aggravates tissue injury through the gen-
eration of a significant amount of reactive oxygen species (ROS) and
releasing inflammatory mediators. This is known to lead to an impair-
ment of cellular energy balance and homeostasis, which can subse-
quently result in the destruction of vascular integrity, mucosal barrier

* Corresponding author. Physiology Department, Faculty of Basic Medical and Health Sciences, College of Health Sciences, P.M.B. 284, Bowen University, Iwo,

Osun State, Nigeria.
E-mail address: Olubayode.bamidele@bowen.edu.ng (O. Bamidele).

https://doi.org/10.1016/j.pscia.2025.100083

Received 16 December 2024; Received in revised form 17 July 2025; Accepted 18 July 2025
2773-2169/© 2025 The Authors. Published by Elsevier B.V. on behalf of Shandong University. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Olubayode.bamidele@bowen.edu.ng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pscia.2025.100083&domain=pdf
www.sciencedirect.com/science/journal/27732169
www.journals.elsevier.com/pharmaceutical-science-advances
https://doi.org/10.1016/j.pscia.2025.100083
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

O. Bamidele et al.

Pharmaceutical Science Advances 3 (2025) 100083

Abbreviation list:

IIRI Intestinal Ischemia Reperfusion Injury

SOD Superoxide Dismutase

CAT Catalase

GPx Glutathione Peroxidase

MDA Malondialdehyde

mg milligram

kg kilogram

h hour

ROS Reactive Oxygen Species

SIRS Systemic Inflammatory Response Syndrome

MODS  Multiple Organ Dysfunction Syndrome
BAE Basella alba Extract

HE Hematoxylin-Eosin

ELISA  Enzyme-linked immunosorbent assay
MPO Myeloperoxidase

IL-18 Interleukin-1f

IL-4 Interleukin-4
IL-6 Interleukin-6
TNF-a:  Tumor Necrosis Factor-a

CK-MB Creatine kinase and its Myocardial Band
ANOVA Analysis of variance

and tissue oedema [5]. The destruction of the mucosa barriers results to
an increase in intestinal permeability which in turn causes translocation
of bacteria and endotoxins that potentially resulted to systemic in-
flammatory response syndrome (SIRS) and multiple organ dysfunction
syndrome (MODS) and eventually causes death [6].

This condition not only causes significant damage to the intestine but
can also affect distant organs like the liver, lungs, heart, and kidneys [7,
8]. Due to the anatomical connection between the heart and intestine,
such as linked vasculature, the heart is particularly susceptible to in-
testinal ischemia-reperfusion injury (IIRI) [9]. The release of toxic
substances from the reperfused intestine causes the heart to be one of the
most significantly affected organs by IIRI. IIRI is known to result in heart
dysfunction and cardiovascular collapse [9]. It is reported that heart
damage due to small intestine ischemia-reperfusion is greatly influenced
by oxidative stress and inflammatory response [10,11]. Various treat-
ment strategies have been developed to mitigate the functional and
structural damage caused by IIRI [12]. Therefore, therapies aimed at
reducing oxidative stress and inflammatory mediators induced by IR
injury are being considered. Medicinal plants have historically been
used to treat physical ailments and are integral to traditional medical
practices. Recently, there has been growing interest in the use of natu-
rally occurring biologically active compounds with therapeutic value
due to their affordability and availability to the majority of the world's
population [13]. This has led to an increase in the use of herbal treat-
ments worldwide, many of which are now incorporated into mainstream
medical practices.

Basella alba, a perennial vine from the Basellaceae family [14], is
commonly consumed as a leaf vegetable in Africa and Asia. It grows
rapidly and is highly heat-tolerant [15]. Known by various names such
as Malabar spinach, Indian spinach, Ceylon spinach, vine spinach, Chi-
nese spinach [16], and cyclone spinach [17], it is a wild leafy vegetable
that, although rare in its natural habitat, has become an important leafy
vegetable cultivated for its nutritional value in temperate regions as an
annual crop and in tropical regions as a perennial crop [16]. According
to research, B. alba L. leaves are traditionally used in the Ayurvedic
medical system to promote restful, rejuvenating sleep when applied to
the head about 30 min before bathing [18]. Additionally, studies have
shown that the B. alba L. plant possesses anti-inflammatory [19], anti-
oxidant [17], anti-diabetic [20] and wound-healing properties [13]. In
the current study, we found that BAE demonstrated significant car-
dioprotective effects against intestinal ischemia-reperfusion injury by
increasing antioxidant enzymes and reducing lipid peroxidation, in-
flammatory and cardiac injury markers. In view of these biological po-
tentials of the plant, we believe that it could be a therapeutic candidate
protecting  against  cardiac injury  following  intestinal
ischemia-reperfusion injury in Wistar rats.

2. Materials and methods
2.1. Materials and agents

Ketamine was purchased from Excel Charis Pharm Chem Ltd, Lagos,
Nigeria but was manufactured by Ciron Drugs and Pharmaceuticals Pvt.
Ltd, India. Xylazine was procured from Bioveta, Czech Republic. Kits for
assessing biochemical parameters were purchased from Elabscience
Biotechnology Inc., USA and Fortress diagnostics Limited, United
Kingdom. Procaine penicillin was obtained from Kunle Ara Pharmacy,
Ibadan, Nigeria.

Basella alba L. plant was obtained from different humid locations in
Iwo, Osun state, Nigeria. The leaves were washed in tap water and air
dried under shade preventing direct sunlight for 8 weeks after which
they were ground into fine powder. The plant materials were identified
and authenticated by Mr. Donatus Esimekhuai in the Department of
Botany, University of Ibadan with voucher number UIH-22391.

2.2. Crude methanol extraction

The methanol extract was prepared by soaking the plant powder in
70% methanol for 72 h. The mixture was sieved using a cheese cloth
after which it was filtered with filter paper. The filtrate was then
concentrated by evaporation using a rotary evaporator at a temperature
of 40 °C and pressure of 600 mm Hg for 48 h to obtain a solid mass. The
percentage yield of the resulting mass of the dark green paste-like
extract was calculated to be 14.98%. The extract was then re-
dissolved in normal saline and stored in capped bottles in a refriger-
ator at 4 °C until it was required.

2.3. Animals

Thirty (30) Wistar rats (150-250 g) obtained from the Experimental
Animal Unit of the College of Health Science, Bowen University, Iwo,
Osun state, was used in this study. They were housed in a well-ventilated
rat house and provided with rat pellets and water ad libitum under
controlled temperature, light and humidity. Animal handling was done
according to “Guide for the care and Use of Laboratory animals” pre-
pared by the National Academy of Science and published by the National
Institute of Health. The ethic regulations were followed in accordance
with national and institutional guidelines for the protection of animal
welfare during experiments. The rats were allowed to acclimatize to
Animal House conditions for a period of 2 weeks before pre-treatment
with the Basella alba extract, normal saline and vitamin C.
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2.4. Ischemia-reperfusion injury model and experimental design

Rats were anesthetized with Ketamine (50 mg/kg, intramuscularly)
and Xylazine (10 mg/kg, intramuscularly). Following shaving and local
cleansing of the ventral abdomen with antiseptic solution, a ventral
midline laparotomy was performed to access the small intestine and
superior mesenteric artery. The length of the small intestine was
measured (5 cm from the ileocecal junction), and it was then twisted
twice in a clockwise direction (720°) to occlude both the intestine and
the mesenteric artery, thereby inducing ischemia. The intestine was
lifted to expose the superior mesenteric artery, and the vascular region
was punctured using 2.0 chromic suture to secure the twisted segment.
Immediately after occlusion, the abdominal cavity was closed using 2.0
chromic suture. Ischemia was maintained for 45 min; loss of palpitation
was observed to confirm that ischemia had been successfully induced.
The animals were opened up and the intestines were untwisted and
allowed for a 24-h reperfusion in-vivo [24] During this reperfusion
period, the animals were closely monitored for signs of recovery and any
potential complications arising from the procedure. After reperfusion,
the animals were euthanized and their hearts were extracted and
weighted after clearing the adhered structures. The samples were rinsed
in normal saline, then homogenized in 50 mM Tris-HCl buffer (pH 7.4)
with 1.15% potassium chloride. The homogenates were centrifuged at
10,000g for 15 min at 4°C. The supernatant was collected to estimate the
heart's biochemical parameters. The remaining samples in each group
were fixed with 4% formalin and embedded in paraffin for sectioning.
Tissue sections were stained with hematoxylin-eosin (HE) for further
histological examination under a light microscope by an independent
assessor who was blind to the treatments.

The animals were randomly assigned to five groups of six animals
each. Group A: Sham Control rats; group B: Rats undergoing IR injury
only; group C: Rats pre-treated with 100 mg/kg Basella alba Extract
(BAE) followed by IR injury; group D: Rats pre-treated with 200 mg/kg
Basella alba Extract followed by IR injury and group E: Rats pre-treated
with 200 mg/kg vitamin C followed by IR injury. All pre-treatment was
done for 14 days, and the doses of BAE [21,22] and vitamin C [23] were
chosen based on previously published experiments.

2.5. Biochemical assays

2.5.1. Oxidative stress markers

Malondialdehyde (MDA) (which is an indicator of lipid peroxida-
tion), Superoxide dismutase (SOD), Catalase (CAT) and Glutathione
peroxidase (GPx) activities in the cardiac tissues were assayed by
spectrophotometry as previously described [24].

The procedure for measuring malondialdehyde (MDA) is dependent
on the reaction occurring between 2-thiobarbituric acid (TBA) and MDA
that is an end product of lipid peroxide during peroxidation at 25°C.
Heating the mixture of TBA with the tissue homogenates, in acidic pH, a
pink complex product which absorbs maximally at 532 nm is formed.
The MDA level of the sample was determined from the absorbance using
an extinction coefficient of 1.5105 M~ L.cm™! [4].

Superoxide dismutase (SOD): A fortress diagnostic kit was employed
to estimate the concentration of SOD in blood. The significance of this
enzyme is to promote the dismutation of toxic superoxide radicals
formed during oxidative energy processes to hydrogen peroxide and
molecular oxygen. Fortress protocol uses xanthine and xanthine oxidase
(XOD) to generate superoxide radicals that combine with 2-(4-iodo-
phenyl O-3-(4-nitrophenol) -5-phenyltetrazolium chloride (I.N.T) to
produce a red formazan dye. The SOD activity was then assessed by the
degree of inhibition of this reaction.

Catalase (CAT): Method of its estimation is based on the fact that
dichromate in acetic acid is reduced to chromic acetate when heated in
the presence of HyOo, with the production of perchromic acid as an
unstable intermediate. The chromic acetate then synthesized is
measured spectrophotometrically at 570-610 nm. The reaction mixture

Pharmaceutical Science Advances 3 (2025) 100083

containing CAT is permitted to split HyO,, for different periods of time.
The reaction was abated at intervals of 1 min by the introduction of
dichromate/acetic acid mixture, and the remaining H,O5, is determined
by measuring chromic acetate spec trophotometrically at 570 nm after
heating the reaction mixture [4].

Glutathione peroxidase (GPx): Fortress kit product code: BXC0551
was used to quantitively determine total glutathione peroxidase. GPx
catalyzes the oxidation of glutathione (GSH) by cumene hydroperoxide.
The oxidized glutathione was converted to the reduced form in the
presence of glutathione reductase and NADPH. In this reaction, the
NADPH was oxidized to NADP' simultaneously. The decrease in
absorbance at 340 nm was then measured.

2.5.2. Inflammatory markers

ELISA kits manufactured by Elabscience Biotechnology Inc., USA
which use the Sandwich-ELISA principle were employed to measure
interleukin-1p (Catalog No.: E-EL-R0012), interleukin-4 (Catalog No.: E-
EL-R0014), interleukin-6 (Catalog No.: E-EL-R0151), and tumor necrosis
factor-a (Catalog No.: E-EL-R0019) concentration. The micro-ELISA
plate provided in these kits have been pre-coated with an antibody
specific to the cytokines. Standards or samples were added to the micro-
ELISA plate wells and combined with the specific antibody. Then a
biotinylated detection antibody specific for the cytokine and Avidin-
Horseradish Peroxidase (HRP) conjugate are added successively to
each micro plate well and incubated. Free components were washed
away. The substrate solution was added to each well. Only those wells
that contain cytokine to be measured, biotinylated detection antibody
and Avidin-HRP conjugate appeared blue in color. The enzyme-
substrate reaction was terminated by the addition of stop solution and
the color turned yellow. The optical density (OD) was measured spec-
trophotometrically at a wavelength of 450 nm + 2 nm. The OD value is
proportional to the concentration of the cytokine. The concentration of
the cytokine was calculated in the samples by comparing the OD of the
samples to the standard curve.

Concentration of Myeloperoxidase was estimated using ELISA Kkits
manufactured by Elabscience Biotechnology Inc., USA which has a
Catalog No: E-BC-K074-S. The principle of detection is based on the fact
that myeloperoxidase reduces hydrogen peroxide to a complex. The
complex reacted with o-dianisidine (as hydrogen donor) to produce a
yellow product which has a maximum absorption peak at 460 nm. The
activity of MPO was calculated indirectly by measuring the OD value at
460 nm.

2.5.3. Cardiac function biomarkers

Cardiac function biomarkers: Troponin T, Creatine kinase and its MB
isoenzyme (CK-MB) were determined using appropriate kits [25]. Car-
diac Troponin T was evaluated by Enzyme-linked immunosorbent assay
(ELISA) using reagents and instructions from the Elabscience Rat ELISA
kit of catalog number: R0151. The micro-ELISA plate provided in this kit
was pre-coated with an antibody specific to Rat cTnT/TNNT2. Samples
(or Standards) were added to the micro-ELISA plate wells and combined
with the specific antibody. Then a biotinylated detection antibody spe-
cific for Rat ¢cTnT/TNNT2 and Avidin-Horseradish Peroxidase (HRP)
conjugate were added successively to each micro plate well and incu-
bated. Free components were washed away. The substrate solution was
added to each well. Only those wells that contain Rat ¢cTnT/TNNT2,
biotinylated detection antibody and Avidin-HRP conjugate appeared
blue in color. The enzyme substrate reaction was terminated by the
addition of stop solution and the color turned yellow. The optical density
(OD) was measured spectrophotometrically at a wavelength of 450 + 2
nm. The OD value is proportional to the concentration of Rat
¢TnT/TNNT2. Then, the concentration of Rat ¢TnT/TNNT2 in the
samples was calculated by comparing the OD of the samples to the
standard curve.

Creatine kinase and its MB isoenzyme (CK-MB) was assayed using
Fortress kit with Product Code: BXC0452. The sample was incubated in
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the CK-MB reagent which includes the antiCK-M antibody. The activity
of the noninhibited CK-B was then determined. CK-B catalyzed the
reversible phosphorylation of ADP, in the presence of creatine phos-
phate, to form ATP and creatine. The auxiliary enzyme hexokinase (HK)
catalyzed the phosphorylation of glucose by the ATP format, to produce
ADP and glucose-6-phosphate (G-6-P) was oxidized to 6-phosphogluco-
nate with the concomitant production of NADH. The rate of NADH
formation, measured at 340 nm, is directly proportional to serum CK-B
activity.

2.6. Statistical analysis

Numerical data obtained from study were expressed as the Mean +
standard deviation (M+SD). Analysis of variance (ANOVA) followed by
Tukey's comparison post hoc test was used for data assessment and the
differences between the control groups and the pretreated groups were
considered statistically significant at p < 0.05, using Graphpad prism
(9.0).

3. Results
3.1. Result of oxidative stress markers in cardiac tissue

Table 1 represent the effects of methanol leaf extract of Basella alba
on oxidative stress in the heart following induction of intestinal ischemia
reperfusion injury (IIRI) in male Wistar rats. The goal of measuring the
markers of oxidative stress was to evaluate the impact of BAE on cardiac
antioxidant enzymes. MDA level was increased significantly in group B
compared to group A (p < 0.05). However, there were statistical decline
in cardiac MDA levels in the rats that were pretreated with Basella alba
low dose (100 mg/kg), Basella alba high dose (200 mg/kg) and vitamin C
(200 mg/kg) compared to group B (IIRI group) (p < 0.05). The decline
was highest in the group E pretreated with 200 mg/kg vitamin C. The
activities of SOD, CAT and GPx were reduced in the heart of group B
when compared to group A (sham operated) (p < 0.05). Pretreatment of
the rats with Basella alba low dose (100 mg/kg), Basella alba high dose
(200 mg/kg) and vitamin C (200 mg/kg) significantly elevated the ac-
tivities of SOD, CAT and GPx in the heart when compared to group B.
The effects of high dose of Basella alba on these antioxidant markers
were nearly the same with that of vitamin C.

3.2. Results of inflammatory markers in cardiac tissue

The fact that intestinal ischemia reperfusion injury results into
inflammation that affects distant organs due to translocation of toxins
and bacteria prompted us to investigate the potentials of BAE in miti-
gating the effect. In Fig. 1A, IL-6 levels showed significant increase in
group B (p < 0.05) as compared to group A. On the other hand, group C
and D pretreated with Basella alba low dose and high dose (100 mg/kg,
200 mg/kg) respectively as well as group E pretreated with Vitamin C
(200 mg/kg) showed significant decrease in IL-6 levels (p < 0.05) as
compared to group B (IIRI only). The reduction caused by Vitamin C was
significantly greater than that of low doses of Basella alba Extract. But
when compared with the high dose of Basella alba extract, there was no
significant difference.
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As shown in Fig. 1B, IL-4 levels were not significantly altered in
group B (IIRI only) (p < 0.05) compared to group A (sham operated),
however, there was a significant increase of IL-4 levels (p < 0.05) in
group C and D pretreated with Basella alba low dose (100 mg/kg),
Basella alba high dose (200 mg/kg) and group E pretreated with Vitamin
C (200 mg/kg) compared to IL-4 levels in group B. There was significant
decrease in IL-4 level in Basella alba low dose (100 mg/kg) when
compared to Vitamin C pretreated group. Comparison Basella alba high
dose (200 mg/kg) with Vitamin C showed no statistical difference.

In Fig. 1C, Tumor Necrosis Factor-a (TNF- «) levels showed signifi-
cant increase in group B (IIRI only) (p < 0.05) compared to group A
(sham operated). On the contrary, Basella alba low dose (100 mg/kg),
Basella alba high dose (200 mg/kg) and Vitamin C showed a significant
decrease in TNF-« levels (p < 0.05) compared to group B (IIRI only).
Although Vitamin C (200 mg/kg) showed more significant decrease
compared to Basella alba low dose (100 mg/kg) and Basella alba high
dose (200 mg/kg). But there was no significant difference between
Basella alba high dose and Vitamin C pretreated rats.

Fig. 1D indicates that the IIRI group's interleukin-1p levels were
significantly higher than those of the sham operated (group A).
Conversely treatment with Basella alba low dose (100 mg/kg), Basella
alba high dose (200 mg/kg) and Vitamin C caused a significant decline
in TNF-a levels (p < 0.05) as compared to group B (IIRI only). Vitamin C
(200 mg/kg) shown a more notable reduction in comparison to both the
low and high doses of Basella alba (100 and 200 mg/kg) but not
significant.

Fig. 1E shows that MPO levels increased significantly in the group B
(IIRI only) (p < 0.05) compared to the group A (sham operated). Basella
alba low dose (100 mg/kg) (group C), Basella alba high dose (200 mg/
kg) (group D), and Vitamin C (200 mg/kg) (group E) all reduced in
relation to IIRI group, with Vitamin C decreasing MPO level more
dramatically than Basella alba low and high dose.

3.3. Results of cardiac injury markers in cardiac tissues

The aim of evaluating cardiac injury was to assess the damage done
to the cardiac tissues and the impact of BAE and vitamin C on the injury.
In Fig. 2A, comparing the group B to the group A, there was a modest but
statistically insignificant increase in troponin T levels. In comparison to
the group B, the groups pretreated with a high dose of Basella alba (200
mg/kg) and vitamin C (200 mg/kg) only exhibited a substantial decrease
(p < 0.05) in Troponin T levels.

CK-MB level showed significant increase in IIRI only (group B) (p <
0.05) as compared to sham operated (group A) (Fig. 2B). Although,
groups pretreated with Basella alba high dose and Vitamin C (200 mg/
kg) (100 mg/kg) showed significant decrease in CK-MB levels (p < 0.05)
as compared to IIRI only but the group that was pretreated with Basella
alba high dose(200 mg/kg) before induction of intestinal ischemia
reperfusion injury showed a more significant decrease than Vitamin C.

The following photomicrographs (Fig. 3A-E) and (Table 2) were the
results histological screening of the heart tissues of rats pretreated with
normal saline (10 mg/kg), low dose (100 mg/kg) of methanol extract of
Basella alba, high dose (200 mg/kg) of methanol extract of Basella alba
and vitamin C (200 mg/kg). The heart section of rats in the group A (sham
operated) shows that the cardiac tissue is well preserved, the myocardium

Table 1

Effect of methanol leaf extract of Basella alba on oxidative stress in the heart following induction of intestinal ischemia reperfusion injury in male Wistar rats.
Oxidative stress Marker Group A Group B Group C Group D Group E
MDA (mM) 0.73 £ 0.03 1.32 + 0.03* 0.79 + 0.04% 0.86 + 0.05* 0.64 + 0.01*
SOD (U/g) 1.10 + 0.02 0.70 £+ 0.01* 0.89 + 0.02*# 1.30 + 0.01** 1.07 + 0.02%*
CAT (mU/mg) 14.51 £ 0.14 7.87 + 0.23* 13.61 + 0.66" 15.62 + 1.25% 13.90 + 0.25%
GPx (nm/min/mg) 56.76 = 1.71 40.24 + 1.73* 41.16 + 3.03* 51.38 + 3.18% 60.65 + 1.92%*

The values are expressed as Mean + SD (n = 6) * Indicates significant difference (p < 0.05) as compared to group A (sham operated), # indicates significant difference
(p < 0.05) as compared to group B (IIRI only) and « indicates significant difference (p < 0.05) as compared to group E (pretreated with 200 mg/kg vitamin C).
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Fig. 1. Effect of methanol leaf extract of Basella alba on (A) Interleukin-6 and (B) Interleukin-4 (C)Tumour necrosis factor «, (D) Interleukin-1p and on Myelo-
peroxidase (MPO) concentrations in the heart following induction of intestinal ischemia reperfusion injury in male Wistar rats. * Indicates significant difference (p <
0.05) as compared to group A (normal control), # indicates significant difference (p < 0.05) as compared to group B (IIRI only).
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Fig. 2. Effect of methanol leaf extract of Basella alba on (A)Troponin T and (B) Creatinine kinase-MB concentration in the heart following induction of intestinal
ischemia reperfusion injury in male Wistar rats. * Indicates significant difference (p < 0.05) as compared to group A (normal control), * indicates significant dif-

ference (p < 0.05) as compared to group B (IIRI only).

is composed of the cardiac muscle (CM) consisting of myofibrils and well-
outlined nucleus and the interstitium is not congested. (Fig. 3A). The
heart section of the intestinal ischemia reperfusion group shows distorted
cardiac tissue, poorly-outlined nucleus, inflammation in cardiac cells
within cardiac muscle and vascular congestion in the interstitium
(Fig. 3B). The heart section of the rat pretreated with low dose of BAE
shows cardiac muscle consisting of myofibrils and well-outlined nucleus
as well as focal area of vascular congestion in the interstitium (Fig. 3C).
The heart section of the rat pretreated with BAE high dose shows cardiac
muscle with well-outlined nucleus. Cardiomyocytes appear to be normal,

but there are focal areas of vascular congestion in the interstitium
(Fig. 3D). The cardiac tissue is preservered, the myocardium is composed
of the cardiac muscle consisting of myofibrils and well-outlined nucleus.
The cardiac muscles are separated by the interstitium that is free from
collection and congestion (Fig. 3E).

4. Discussion

The results of this study demonstrate the protective potential of
methanol extract of Basella alba L. leaves on cardiac injury markers
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Fig. 3. Histological architecure of cardiac tissue (H&E, Mag: x 400) in (A) sham operated rats (group A), (B) rats undergone IIRI (group B), (C) rats pretreated with
low dose (group C), (D) high dose (group D) of MLEBA. and the rats pretreated with vitamin C. Slide (A) shows a well preserved cardiac tissue, cardiac muscle (CM)
having myofibrils and well-outlined nucleus, and the interstitium (INT) is not congested. Slide (B)shows distorted cardiac tissue, poorly outlined nucleus (N), in-
flammatory cells within cardiac muscle (CM) and vascular congestion in the interstitium (INT). Slide(C and D) show cardiac muscle (CM) consisting of myofibrils and
well-outlined nucleus with focal area of vascular congestion in the interstitium (INT). In (E), cardiac tissue is preservered, cardiac muscle (CM) consisting of
myofibrils and well-outlined nucleus (N) and interstitium (INT) is free from collection and congestion.

Table 2

Histological findings in the cardiac tissues of rats undergone induction of in-
testinal ischemia reperfusion injury and pretreatment with BAE and vitamin C in
male Wistar rats.

Group  Vascular Inflammatory Cell Cardiac Tissue

Congestion Filtration Structure
A Absent Absent Preserved
B Present Present Poorly outlined
C Present Present Distorted
D Present Present Well-Outlined
E Absent Absent Well-Outlined

following intestinal ischemia-reperfusion injury (IIRI) in Wistar rats.
The findings indicate that pretreatment with Basella alba extract
significantly ameliorated oxidative stress, reduced inflammatory
markers, and lowered cardiac injury markers compared to the IIRI
group, suggesting the cardioprotective effects of Basella alba.

Intestinal ischemia-reperfusion (IIR) not only poses a significant
threat to intestinal health but also induces dysfunction in distant organs,
with the heart being particularly susceptible due to its vascular
connection with the intestine [26]. Research has consistently demon-
strated that post-ischemic heart injury results from the release of
harmful substances into the portal circulation during IIRI [9,26]. The
model used proved to be effective for evaluating the protective effects of
a methanol extract from Basella alba against IIR-induced heart damage
following reperfusion.

The mechanisms underlying IIRI-mediated heart damage are com-
plex, with oxidative stress identified as a primary contributor [10,11].
Reactive oxygen species (ROS) act as secondary messengers, amplifying
inflammatory responses, and compromised intestinal barrier function by

facilitating the production and transfer of ROS and bacteriotoxins to the
heart. Effective scavenging of excess ROS through antioxidant therapy
could potentially prevent the decline in catalase (CAT), superoxide
dismutase (SOD), glutathione peroxidase (GPx) and an increase in
malondialdehyde (MDA) activities observed after IIRL

The increase in malondialdehyde (MDA) levels observed in the IIRI
group, a marker of lipid peroxidation, confirms the presence of oxidative
stress. However, the significant reduction in MDA levels in groups pre-
treated with Basella alba extract suggests that the extract exerts a pro-
tective effect by reducing lipid peroxidation. This is almost similar to the
protective effect of vitamin C (a standard antioxidant) observed in this
study. In the present study, following IIRI, superoxide dismutase (SOD)
activity was significantly reduced due to prolonged oxidative stress that
led to enzyme damage and depletion. Pretreatment with Basella alba
attenuated lipid peroxidation, thereby explaining the substantial in-
crease in SOD activity observed compared to the IIRI group. Previous
studies have highlighted the anti-inflammatory and antioxidant prop-
erties of various components of Basella alba [22,27], supporting its po-
tential in mitigating IIRI-induced heart damage. The therapeutic role in
mitigating IIRI-induced heart damage is further supported by the
observed increase in other antioxidant enzyme activities (CAT, and GPx)
in the Basella alba-pretreated groups, indicating enhanced antioxidant
defense mechanisms in the heart tissue. The antioxidant effect of Basella
alba to protect the heart tissue from damage was dose dependent. It was
more in high dose than the low dose. The antioxidant potentials of high
dose of the extract were similar to that of Vitamin C. These findings align
with previous studies that highlight the antioxidant properties of Basella
alba [17,22]. Therefore, Basella alba's capacity to increase endogenous
antioxidant enzyme activity shows that it has the potential to reduce
oxidative cardiac damage caused by IIRI.
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The pathophysiology of IIRI is significantly influenced by inflam-
mation, which is frequently marked by increased myeloperoxidase
(MPO) activity and pro-inflammatory cytokine levels such IL-6, TNF-q,
and IL-1p [28]. The present study demonstrated that Basella alba extract
significantly reduced pro-inflammatory markers (TNF-a, IL-1p, IL-6) and
interestingly, IL-4 (an anti-inflammatory cytokine) did not significantly
change by IIRI alone, but was dramatically raised in the groups treated
with Basella alba and vitamin C. This shows that Basella alba not only
reduces pro-inflammatory cytokines but may also produce an
anti-inflammatory milieu, further supporting its preventive role in
ischemia-reperfusion injury. Thus, the extract has a potent
anti-inflammatory effect, which may contribute to its cardioprotective
action. The reduction in myeloperoxidase (MPO) levels, a marker of
neutrophil infiltration, further supports the anti-inflammatory proper-
ties of Basella alba. These effects were also dose dependent and the re-
sults obtained in high dose were similar to those obtained from the
standard drug (Vitamin C). These results are consistent with the reported
anti-inflammatory activity of Basella alba in previous studies [19,27].

Cardiac-specific injury markers, notably creatine kinase-MB (CK-
MB) and troponin T, are sensitive indicators of myocardial damage. CK-
MB is released into the bloodstream when myocardial cell membranes
are disrupted, whereas Troponin T is more cardiac-specific and rises
quickly following cardiomyocyte injury [29]. In this study, CK-MB levels
were considerably higher in the IIRI group, whereas troponin T levels
increased little but not significant. This indicates myocardial damage by
IIRI. Other research employing IIRI or myocardial ischemia-reperfusion
(IR) have revealed similar results. For instance, Matboli et al. [30] found
that after myocardial IR in rats, there were notable elevations in both
CK-MB and Troponin T, which were associated with histological evi-
dence of cardiac injury. Given that Troponin T is known to be extremely
sensitive to the timing and degree of damage, the little increase in
Troponin T seen in this study may be a reflection of the length or in-
tensity of the IIRI procedure [29].

When compared to the IIRI group, pretreatment with large doses of
vitamin C and Basella alba dramatically decreased both markers. The
reduction in the levels of cardiac injury markers by vitamin C in this
study is in consonance with its well-established antioxidant and cyto-
protective roles in IR injury [31]. Through its ability to scavenge reac-
tive oxygen species and stabilize cell membranes, vitamin C has been
demonstrated to reduce the increases of CK-MB and Troponin T in a
variety of models of cardiac IR damage [32].

The novel finding in this work is that Basella alba extract, especially
when taken in large doses, was just as effective in lowering Troponin T
levels as vitamin C and significantly more effective in lowering CK-MB
levels. This confirms previous findings that Basella alba contains
strong phytochemicals that have anti-inflammatory and antioxidant
properties [33,34]. Hence, the plant extract helps in maintaining cardiac
integrity and function, thereby potentially reducing the risk of
myocardial injury. However, until this investigation, there was no direct
evidence of Basella alba’s impact on cardiac injury markers in IIRI
models.

The histological findings further corroborate these results, showing
preserved cardiac tissue structure in the Basella alba-pretreated groups
compared to the distorted and inflamed cardiac tissues in the IIRI group.
The observed cardioprotective effects of Basella alba may be attributed
to its rich phytochemical composition, including flavonoids, phenolic
compounds, and saponins, which have been reported to possess anti-
oxidant, anti-inflammatory, and cardioprotective properties [13].

5. Limitation of the study

The use of animal models, which might not accurately mimic the
intricate pathophysiological reactions of human beings, is a weakness of
this research. Furthermore, the long-term implications of using Basella
alba were not discussed, and the specific mechanism underlying its
cardioprotective properties are still unclear.
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6. Conclusion

In conclusion, this study provides compelling evidence that meth-
anol extract of Basella alba L. leaves has significant protective effects
against cardiac injury induced by intestinal ischemia reperfusion. The
extract's ability to enhance antioxidant defenses, reduce inflammation,
and maintain cardiac function underscores its potential as a therapeutic
agent in managing cardiovascular complications associated with IIRI.
Additionally, the methanol extract of Basella alba modestly repairs heart
histoarchitecture after intestinal IR injury. Incorporating Basella alba L.
into the human daily diet should be actively encouraged and promoted.
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