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Abstract:

Background: Cardiotoxicity, defined as damage to cardiac muscle resulting from
exposure to toxic substances, is a growing concern in both environmental and medical
contexts. Monosodium glutamate (MSG), a widely used food additive, has been
implicated in cardiac toxicity through mechanisms involving inflammation, oxidative
stress, and apoptosis. Beetroot (Beta vulgaris), rich in nitrates, betalains, and flavonoids,
possesses strong antioxidant and anti-inflammatory properties that may counteract MSG-
induced cardiac damage.

Objective: This study investigated the cardioprotective potential of beetroot fruit powder
(BFP) against MSG-induced cardiotoxicity in male Wistar rats by evaluating its effects on
inflammatory, oxidative, apoptotic, cardiac functional markers, and DNA fragmentation
index.

Methods: Fifty male Wistar rats (185-205 g) were randomly divided into five groups:
control, MSG-only, MSG + low-dose BFP (0.18 g/kg), MSG + high-dose BFP (0.36 g/kg),
and MSG recovery group. MSG was administered orally (6 g/kg) for 21 days. BFP
treatments were co-administered with MSG. On day 22, cardiac tissues were harvested
and analyzed for inflammatory markers (MPO, NO, CRP, TNF-q, IL-1f3, NF-kB), oxidative
stress markers (MDA, SOD, CAT, GSH, GPx, GST), cardiac enzymes (LDH, SDH, CK,
GGT), caspase-3 activity, and DNA fragmentation (TUNEL assay). Histological
examination was also performed.

Results: MSG exposure significantly elevated pro-inflammatory cytokines, oxidative
stress, caspase-3 activity, and cardiac dysfunction markers, alongside pronounced DNA
fragmentation and histological alterations. BFP co-treatment, particularly at the high dose,
significantly attenuated these changes by reducing pro-inflammatory markers, restoring
antioxidant enzyme levels, normalizing cardiac enzyme activities, and lowering DNA
fragmentation index. Histology confirmed structural recovery of cardiac tissue in BFP-
treated groups. These results underscore the potential of BFP as a dietary intervention to
mitigate chemically induced myocardial injury. While the MSG dose used exceeds typical
human exposure, this model provides valuable mechanistic insights. Future studies
should explore chronic, lower-dose MSG exposure, gene-level regulatory mechanisms,
and translational trials in humans.

Conclusion: Beetroot fruit powder demonstrates a potent cardioprotective effect against
MSG-induced toxicity by modulating oxidative, inflammatory, apoptotic, and functional
biomarkers. These findings highlight its potential as a natural therapeutic agent for
mitigating chemically-induced cardiac injury.

Keywords: Beetroot Fruit Powder; Monosodium Glutamate; Cardiotoxicity; Oxidative
Stress; Inflamation
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Introduction

Cardiotoxicity, defined as damage to the heart
muscle caused by exposure to hazardous substances, is
a growing concern in both environmental and medical
contexts. It frequently manifests as inflammation,
oxidative stress, and apoptotic damage, resulting in
structural remodeling and impaired cardiac function.1
Among the various chemicals implicated, dietary
additives such as monosodium glutamate (MSG) have
received increased scientific interest due to their
potential participation in organ-specific and systemic
toxicity, including adverse effects on the cardiovascular
system.

MSG, although extensively used as a flavor
enhancer and usually viewed as safe, has been
documented to disturb redox equilibrium, raise pro-
inflammatory  cytokine levels, and  impair
mitochondrial function in various organs, including the
heart2 High-dose MSG exposure has been
experimentally associated with increased production of
nuclear factor kappa B (NF-«kB), myeloperoxidase
(MPO), nitric oxide (NO), tumor necrosis factor-alpha
(INF-a), interleukin-1 beta (IL-1B), and C-reactive
protein (CRP), all of which contribute to inflammation-
induced cardiac damage. Furthermore, endogenous
antioxidants, including glutathione peroxidase (GPx),
catalase (CAT), and superoxide dismutase (SOD), are
usually decreased, whereas oxidative indicators like
malondialdehyde (MDA) are usually increased.3 These
abnormalities can cause DNA fragmentation, a sign of
permanent cell damage, and trigger apoptotic
pathways via caspase-3. Moreover, the release of

enzymes like succinate dehydrogenase (SDH) and
lactate dehydrogenase (LDH) is a sign of compromised
heart function and integrity.4

Given the accumulating evidence of MSG-
induced cardiotoxicity, it is critical to find effective,
natural treatments that might prevent or mitigate these
detrimental consequences. The broad-spectrum
bioactivity of beetroot (Beta vulgaris), a functional food
rich in phytochemicals such as betalains, dietary
nitrates, flavonoids, and polyphenols, has drawn
researchers' curiosity. According to Clifford et al,5
beetroot has been shown to reduce pro-inflammatory
pathways, oxidative damage, and enhance nitric oxide
bioavailability. It has been demonstrated to benefit
cardiovascular health in models of metabolic
syndrome,  ischemia-reperfusion  injury, and
hypertension. Despite these positive properties, little is
known regarding its potential protective role against
chemically induced cardiotoxicity, particularly when
MSG exposure is present. The purpose of this study is
to assess the cardioprotective benefits of beetroot fruit
powder in male Wistar rats who have been exposed to
MSG. It specifically explores the extent to which
beetroot reduces cardiac inflammation, oxidative stress,
apoptosis, DNA fragmentation, and dysfunction using
biochemical, molecular, and histopathological
techniques. This study fills a vacuum in the present
knowledge while also contributing to the growing field
of natural therapies in toxicology and cardiovascular
health management.
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Materials

Chemicals and Drugs

All chemicals and drugs utilized in this study
were of high-quality analytical grade. Beetroot Fruit
Powder was purchased from Simply Precious
Enterprise, Badagry, Lagos, Nigeria. Monosodium
Glutamate (MSG) was purchased from Mich
Mikedenson Nigeria Enterprises Limited, Ilorin,
Nigeria. Ethanol, distilled water, and phosphate buffer
were acquired from the Laboratory at the Physiology
department at Ekiti State University (EKSU), Ado-Ekiti,
Nigeria.

Animals

The study was carried out at the Central
Animal house at EKSU. A total of fifty male Wistar rats
weighing between 185 - 205kg were obtained from the
same Central Animal House. The animals were kept
under standard laboratory conditions and housed in
well-aerated plastic cages with aluminium cover
bedded with saw dust. They were fed with tap water
and quality rat pellets (Tripods feed limited, Nigeria)
on ad libitum. The research protocol approval was
obtained from the Department of Physiology’s
Research Ethical Committee at Ekiti State University
with the ethical number, EKSU/P100/2024/01/002.

Stock Solution Preparation

Throughout the study, MSG was administered
at a dosage of 6 grams per kilogram (6 g/kg) (The stock
solution was prepared by dissolving 0.6 grams of MSG

Table I: Experimental Grouping

in one milliliter (1 ml) of distilled water, with a
concentration of 600 mg/ml.6 BFP was administered
orally at two dosage levels: a low dose (0.18 g/kg body
weight) and a high dose (0.36 g/kg body weight). The
stock solutions were prepared by dissolving 0.18 g and
0.36 g of BFP in 1 mL of distilled water, resulting in
concentrations of 180mg/mL and 360 mg/mL,
respectively. These doses were selected based on
preliminary pilot testing and modified from dose
ranges reported in previous studies investigating the
physiological and therapeutic effects of beetroot
powder in animal models. While literature reports vary
widely in dosing, from 200 to 1000 mg/kg depending on
the route, duration, and experimental model, the doses
in this study were chosen to allow the evaluation of
both sub-therapeutic and moderately therapeutic
effects over a short-term exposure window. BFP was
freshly prepared daily and administered via oral
gavage for 21 consecutive days.7-8

Experimental Protocol

After acclimating the animals to the laboratory
environment for fourteen days, the 50 male Wistar rats
were randomly grouped into five groups of ten animals
each (A, B, C, D, and E). Administration was done daily
through oral routes for twenty-one days, and the
animals were treated accordingly using oral cannulas as
shown in Table L.

Groups Treatments Dosage

Group 1 Negative control (distilled water) 1 ml/100 Okg body weight

Group 2 Positive control (MSG only) 0.6 g/100 g body weight

Group 3 MSG + BFP Low dose 0.18g/100g body weight

Group 4 MSG + BFP High dose 0.36g/100g bodyweight

Group 5 Recovery group (MSG only and left for another 21 days
after administration)

Sacrifice and Specimen/Tissue Collection

On day 22, 24 hours after the last dosage, the
rats were weighed and culled with an intraperitoneal
injection of ketamine-xyline (40mg/kg - 4mg/kg), as
previously reported by Ajayi and Akhigbe,9 the hearts
were collected, weighed, and recorded as previously
documented. Blood samples were collected from the
heart and centrifuged at 3000/RMP for 15 minutes to
separate the serum from the clot. A portion of the heart
was homogenized with a laboratory mortar and pestle
in freshly produced phosphate buffer solution (pH 7.4),
and the homogenate was kept at 800°C for biochemical
analysis. The remaining piece of the heart was
preserved in a vial with 10% neutral buffer formalin for
histological examination.10

Biochemical Evaluation

Myeloperoxidase (MPO) Activity

Cardiac MPO activity was assessed according
to the modified protocol of Goiffon et al.ll
Approximately 50 mg of heart tissue was homogenized
in 50mM potassium phosphate buffer (pH 6.0)
containing  0.5%  hexadecyltrimethylammonium
bromide (HTAB). After sonication and freeze—thaw
cycles, the homogenate was centrifuged at 15,000 x g for
15 minutes at 4°C. The supernatant was incubated with
o-dianisidine  dihydrochloride and H,O, and
absorbance was measured at 460 nm. MPO activity was
expressed as units per milligram of protein.

https://www.aubiomed.org
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Estimation of Nitric Oxide (NO)

Nitric oxide production was determined by
measuring its stable metabolite, nitrite, using the Griess
reaction as described by Vargas-Maya et al.12 Tissue
homogenates were deproteinized and incubated with
equal volumes of 1% sulfanilamide and 0.1% N-(1-
naphthyl)ethylenediamine in 2.5% phosphoric acid.
The absorbance of the pink azo dye was read at 540 nm.
Nitrite concentrations were calculated using a sodium
nitrite standard curve.

C-Reactive Protein (CRP) Analysis

CRP levels in cardiac tissue homogenates were
quantified using a high-sensitivity ELISA kit (Rat CRP
ELISA Kit, e.g, Elabscience), following the
manufacturer’s instructions. Homogenates were added
to ELISA plate wells pre-coated with anti-rat CRP
antibodies. After incubation, substrate solution was
added, and absorbance was measured at 450 nm.
Concentrations were derived from the standard curve.

Determination of Tumor Necrosis Factor-
alpha (TNF-«)

The electrochemical bioassay using Affibody®,
a non-immunoglobulin protein, effectively detects
TNFEF- levels in serum samples, with a detection limit of
38 pg/mL and a quantification range of 76-5000
pg/mL.13

Determination of Interleukin-1 Beta (IL-1B)

IL-18 concentration in cardiac tissue was
quantified using a rat IL-13 ELISA kit as per the
manufacturer’s instructions. Standards and samples
were incubated in antibody-coated wells, followed by
detection antibodies and substrate development.
Absorbance was measured at 450 nm.

Nuclear Factor kappa B (NF-kB) Activity

NF-«xB p65 levels were evaluated using a rat-
specific NF-kB ELISA kit. Cardiac tissue homogenates
were prepared according to the kit protocol. After
sequential incubation with detection antibodies and
HRP conjugates, absorbance was recorded at 450 nm.

Malondialdehyde (MDA) Analysis

MDA, a marker of lipid peroxidation, was
measured using the thiobarbituric acid reactive
substances (TBARS) method, as adapted from Tsikas.14
Briefly, cardiac homogenates were mixed with
thiobarbituric acid (TBA) and acetic acid, heated at 95°C
for 60 minutes, and then cooled. The pink chromogen
formed was extracted in butanol and measured at
532 nm. MDA concentration was expressed as nmol/mg
protein using a standard curve of 1,1,3,3-
tetramethoxypropane.

Superoxide Dismutase (SOD) Activity

SOD activity was measured based on its ability
to inhibit the auto-oxidation of pyrogallol, following the
method as modified by Islam et all5 Tissue

homogenates were incubated with Tris-HCI buffer (pH
8.2) and pyrogallol. The rate of auto-oxidation was
monitored at 420 nm, and one unit of SOD activity was
defined as the amount causing 50% inhibition.

Catalase (CAT) Activity

Catalase activity was determined using the
method of Afsar et al.16 In brief, cardiac homogenates
were added to a solution containing 30 mM hydrogen
peroxide in phosphate buffer (pH 7.0). The
decomposition of HO, was monitored at 240 nm for 60
seconds. Results were expressed as umol of H,O;
decomposed/min/mg protein.

Estimation of Glutathione (GSH)

GSH was estimated using Ellman’s reagent
(5,5"-dithiobis-(2-nitrobenzoic acid), DTNB). Cardiac
tissue was homogenized in 5% sulfosalicylic acid and
centrifuged. Supernatants were reacted with DTNB,
and the absorbance of the yellow chromophore was
measured at 412nm. GSH levels were expressed as
pmol/g tissue.17

Estimation of Glutathione Peroxidase (GPx)

GPx activity was evaluated using the NADPH-
coupled method as described by Schwarz et al.18
Cardiac homogenates were incubated with hydrogen
peroxide, glutathione, glutathione reductase, and
NADPH. The decrease in absorbance at 340 nm due to
NADPH oxidation was monitored. Activity was
expressed as U/mg protein.

Glutathione-S-Transferase (GST) Activity

GST activity was determined
spectrophotometrically using 1-chloro-2,4-
dinitrobenzene (CDNB) as the substrate. Cardiac
homogenates were incubated with CDNB and reduced
GSH, and the conjugation reaction was monitored at
340nm. The procedure was based on the method
adapted by Robin et al.19

Determination of Lactate Dehydrogenase
(LDH)

LDH activity in cardiac tissue was measured
using the method of Klein et al,20 based on the
oxidation of NADH to NAD* during the conversion of
pyruvate to lactate. Cardiac homogenates were
incubated with a reaction mixture containing 100 mM
sodium phosphate buffer (pH 7.4), 0.15mM NADH,
and 1.5 mM pyruvate. The decrease in absorbance was
recorded at 340 nm for 3 minutes. LDH activity was
expressed as units per milligram of protein.

Determination of Succinate Dehydrogenase
(SDH)

SDH activity was determined by monitoring
the reduction of 2,6-dichlorophenolindophenol
(DCPIP) as described by Moreno et al.21 Heart tissue
homogenates were incubated with a reaction mixture
containing sodium succinate (20 mM), potassium
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phosphate buffer (pH 7.4), and DCPIP (40 uM). The
decrease in absorbance at 600 nm was recorded. SDH
activity was expressed in pmol/min/mg protein.

Creatine Kinase (CK) Analysis

CK activity was evaluated using a commercial
CK assay kit or buffer containing creatine phosphate
and ADP. CK catalyzes the conversion of creatine
phosphate and ADP to creatine and ATP, coupled with
a colorimetric detection of NADH consumption via
hexokinase and glucose-6-phosphate dehydrogenase
reactions. Absorbance was measured at 340 nm, and
results were expressed as U/L.

Gamma-glutamyl Transferase (GGT) Activity

As Jiang et al22 described, GGT activity was
measured spectrophotometrically using y-glutamyl-p-
nitroanilide as a substrate and glycylglycine as an
acceptor. The formation of p-nitroaniline was measured
at 405nm. Results were expressed as units per liter
(U/L) of tissue homogenate.

Caspase-3 Activity Assay

Caspase-3 activity in cardiac tissue was
measured using a colorimetric assay based on the
cleavage of the chromogenic substrate Ac-DEVD-pNA,
following the method of Wynne and Elmes.23 Briefly,
cardiac homogenates were prepared in lysis buffer and
incubated with the substrate at 37 °C for 2 hours. The
release of p-nitroaniline (pNA) was quantified by
measuring absorbance at 405nm. Caspase-3 activity
was expressed as units per mg of protein.

DNA Fragmentation Index (TUNEL Assay)

Results

Effect of BFP on body weight and heart
weight in MSG exposed rats

Table II depicted the results of the effect of BFP
on IBW, FBW, BWC, and HW in MSG exposed rats. The
IBW and FBW showed no significant (p>0.05) difference
across all the groups. The BWC revealed a significant
(p<0.05) decrease in group 2 rats and an increase in
group 4 rats when compared with control rats, a
significant (p<0.05) increase in BWC of rats in groups 3,

Cardiac DNA fragmentation was assessed
using the TUNEL (Terminal deoxynucleotidyl
transferase dUTP Nick-End Labeling) assay according
to the protocol adapted by Sharma et al.24 Paraffin-
embedded cardiac sections were deparaffinized,
rehydrated, and treated with proteinase K. DNA strand
breaks were labeled with fluorescein-conjugated dUTP
in the presence of terminal deoxynucleotidyl
transferase (TdT). TUNEL-positive nuclei were
visualized using fluorescence microscopy, and DNA
fragmentation index (DFI) was expressed as the
percentage of TUNEL-positive cells per field.

Histopathological Analysis

The collected hearts were fixed in Bouin's
solution, dehydrated using an increasing ethanol series,
and finally cleaned with toluene. The heart was
imbedded at ambient temperature, then blocked in
paraffin wax and kept in a 60°C incubator overnight.
Hematoxylin and eosin (H&E) staining was performed
on 5 um thick paraffin slices of the heart. The stained
slides were inspected using a light microscope, and
photomicrographs were obtained at 100x and 400x
magnifications.25

Statistical Analysis

The data was analyzed using the GraphPad
Prism software (version 9.0, GraphPad Software, Inc.).
Data are presented as mean + SD. For multiple group
comparisons, one-way ANOVA was used, followed by
the Tukey post hoc test. P-values <.05 were considered
statistically significant.

4, and 5 when compared with group 2 rats were also
observed, a significant (p<0.05) increase in group 4 rats,
and a decrease in group 5 rats BWC when compared
with groups 3 and 4 rats, respectively. Meanwhile, the
HW showed a significant (p<0.05) decrease in groups 2,
3, and 5 rats when compared with group 1 rats. Besides,
the HW also expressed a significant (p<0.05) increase in
groups 4 and 5 rats when compared with group 2 rats.

Table II: Effect of BFP on Body weight and heart weight in rats exposed to MSG

Groups
Group 1 Group 2 Group 3 Group 4 Group 5
(Control) (MSG- (MSG- (MSG- (MSG-exposed-
exposed) exposed+LD exposed+HD R)
BFP) BFP)
IBW (g) 199.7 +7.57 194.7 +5.13 188.7 £3.51 193.00 +3.61
193.00 + 10.58
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FBW (g) 21030+7.64 | 217.30 +6.43 217.00 £2.00 215.00 +4.583
216.70 £ 11.93

BWC (g) 23.67 +1.53 10.67 +£1.53* | 22.67 +1.53 28.33 £ 1.53abc 22.00 = 1.00vd

HW (g) 1.27 +0.12 0.83 = 0.062 0.97 = 0.062 1.23 +0.060c 1.07 £ 0.0620

Values are mean + SD of 3 replicates, where a P
< 0.05 vs control, b P < 0.05 vs MSG-exposed, c P <0.05
vs MSG-exposed+LD BFP, and d P < 0.05 vs MSG-

Effect of BFP on Cardiac MPO, NO, and CRP
in MSG exposed rats

The results of cardiac MPO, NO, and CRP were
as expressed in Figure 1. The result of cardiac MPO
(Figure 1A) showed a significant (p<0.05) increase in
groups 2, 3, and 5 rats when compared with the control
rats, a significant (p<0.05) decrease in groups 3, 4, and 5
rats when compared with the group 2 rats, and a
significant (p<0.05) decrease in groups 4 and 5 rats
when compared with group 3 rats. The result of cardiac
NO (Figure 1B) revealed a significant (p<0.05) increase

exposed+HD BFP, and IBW, FBW, BWC, and HW were
initial body weight, final body weight, body weight
change, and heart weight, respectively.

in groups 2 and 3 rats when compared with the control
rats, a significant (p<0.05) decrease in groups 3, 4, and 5
rats when compared with the group 2 rats, a significant
(p<0.05) decrease in group 4 rats when compared with
group 3 rats, and a significant (p<0.05) increase in group
5 rats when compared with group 4 rats, while the
result of cardiac CRP (Figure 1C) depicted a significant
(p<0.05) increase in group 2 rats when compared with
the control rats and a significant (p<0.05) decrease in
groups 3, 4, and 5 rats when compared with the group
2 rats.
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Fig I Effect of BFP on Cardiac MPO, NO, and
CRP in MSG exposed rats. Values are mean + SD of 3
replicates, where a P < 0.05 vs control, b P < 0.05 vs

Effect of BFP on Cardiac IL-1p, TNF-a, and
NF-kf in MSG exposed rats

The results of cardiac IL-13, TNF-a, and NF-k{3
were as expressed in Figure 2. The result of cardiac IL-
1B and TNF-a (Figure 2A and B) showed a significant
(p<0.05) increase in groups 2, 3, 4, and 5 rats when

MSG-exposed, ¢ P <0.05 vs MSG-exposed+LD BFP, and
d P <0.05 vs MSG-exposed+HD BFP.

compared with the control rats, a significant (p<0.05)
decrease in groups 3, 4, and 5 rats when compared with
the group 2 rats, a significant (p<0.05) decrease in
groups 4 and 5 rats when compared with the group 3
rats, and a significant (p<0.05) decrease in group 5 rats
when compared with the group 4 rats. The result of
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cardiac NF-kp (Figure 2C) revealed a significant
(p<0.05) increase in group 2, 3, 4, and 5 rats when
compared with the control rats, a significant (p<0.05)
decrease in groups 3, 4, and 5 rats when compared with
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Figure 2: Effect of BFP on Cardiac IL-1p, TNF-
a, and NF-kp in MSG exposed rats.

Values are mean + SD of 3 replicates, where a P
< 0.05 vs control, b P < 0.05 vs MSG-exposed, c P < 0.05

Effect of BFP on Cardiac MDA, CAT, and
SOD in MSG exposed rats

The results of cardiac MDA, CAT, and SOD
were as expressed in Figure 3. The result of cardiac
MDA (Figure 3A) showed a significant (p<0.05) increase
in groups 2, 3, 4, and 5 rats when compared with the
control rats, a significant (p<0.05) decrease in groups 3,
4, and 5 rats when compared with group 2 rats, and a
significant (p<0.05) decrease in groups 4 and 5 rats
when compared with group 3 rats. The result of cardiac
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group 2 rats, and a significant (p<0.05) decrease in
groups 4 and 5 rats when compared with the group 3
rats.
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vs MSG-exposed+LD BFP, and d P < 0.05 vs MSG-
exposed+HD BFP.

CAT (Figure 3B) revealed a significant (p<0.05) decrease
in groups 2, 3, 4, and 5 rats when compared with the
control rats, a significant (p<0.05) increase in groups 3,
4, and 5 rats when compared with group 2 rats, and a
significant (p<0.05) increase in groups 4 and 5 rats when
compared with group 3 rats, while SOD (Figure 3C)
result depicted a significant (p<0.05) decrease in groups
2, 3, 4, and 5 rats when compared with the control rats
and a significant (p<0.05) increase in groups 4 and 5 rats
when compared with groups 2 and 3 rats.

Cardiac SOD (Wmg)
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Figure 3: Effect of BFP on Cardiac MDA, CAT,
and SOD in MSG exposed rats.

Values are mean + SD of 3 replicates, where a P
< 0.05 vs control, b P < 0.05 vs MSG-exposed, c P <0.05

Effect of BFP on Cardiac GSH, GST, and GPx
in MSG exposed rats

The results of cardiac GSH, GST, and GPx were
as expressed in Figure 4. The result of cardiac GSH
(Figure 4A) showed a significant (p<0.05) decrease in
groups 2, 3, 4, and 5 rats when compared with the
control rats, a significant (p<0.05) increase in groups 4
and 5 rats when compared with the group 2 rats, a
significant (p<0.05) increase in group 4 rats when
compared with the group 3 rats, and a significant
(p<0.05) decrease in group 5 rats when compared with
the group 4 rats. The result of cardiac GST (Figure 4B)

0.8 A 3

0.6

Cardiac GSH (u/mg)
Cardiac GST (u/mg)

vs MSG-exposed+LD BFP, and d P < 0.05 vs MSG-
exposed+HD BFP.

revealed a significant (p<0.05) decrease in group 2, 3, 4,
and 5 rats when compared with the control rats, and a
significant (p<0.05) increase in groups 3, 4, and 5 rats
when compared with the group 2 rats, while the result
of cardiac GPx (Figure 4C) showed a significant (p<0.05)
decrease in group 2, 3, 4, and 5 rats when compared
with the control rats, a significant (p<0.05) increase in
groups 3, 4, and 5 rats when compared with the group
2 rats, a significant (p<0.05) increase in groups 4 and 5
rats when compared with group 3 rats, and a significant
(p<0.05) increase in group 5 rats when compared with
the group 4 rats.

Cardiac GPX (u/mg)

0.0

Figure 4: Effect of BFP on Cardiac GSH, GST,
and GPx in MSG exposed rats.

Values are mean # SD of 3 replicates, where a P
< 0.05 vs control, b P <0.05 vs MSG-exposed, c P < 0.05

Effect of BFP on Heart Functional markers in
MSG exposed rats

The results of heart functions were as expressed
in Figure 5. The result of SDH (Figure 5A) showed a
significant (p<0.05) increase in groups 2, 3, 4, and 5 rats
when compared with the control rats, a significant
(p<0.05) decrease in groups 3, 4, and 5 rats when
compared with group 2 rats, and a significant (p<0.05)
increase in group 4 rats when compared with group 3
rats. The results of LDH and creatinine kinase (Figure
5B and D) showed a significant (p<0.05) increase in
groups 2, 3, 4, and 5 rats when compared with the

vs MSG-exposed+LD BFP, and d P < 0.05 vs MSG-
exposed+HD BFP.

control rats, a significant (p<0.05) decrease in groups 3,
4, and 5 rats when compared with group 2 rats, and a
significant (p<0.05) decrease in groups 4 and 5 rats
when compared with group 3 rats. The result of GGT
(Figure 5C) showed a significant (p<0.05) increase in
groups 2, 3, 4, and 5 rats when compared with the
control rats, a significant (p<0.05) decrease in groups 3,
4, and 5 rats when compared with group 2 rats, a
significant (p<0.05) decrease in group 4 rats when
compared with group 3 rats, and a significant (p<0.05)
increase in group 5 rats when compared with group 4
rats.
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Figure 5: Effect of BFP on Heart Functional
Markers in MSG exposed rats.
Values are mean + SD of 3 replicates, where a P
< 0.05 vs control, b P < 0.05 vs MSG-exposed, c P <0.05

Effect of BFP on Heart Caspase-3 in MSG
exposed rats

The results of heart caspase-3 was as expressed
in Figure 6. The result of caspase-3 showed a significant
(p<0.05) increase in groups 2, 3, and 5 rats when
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Figure 6: Effect of BFP on Heart caspase-3 in
MSG exposed rats. Values are mean + SD of 3
replicates, where a P < 0.05 vs control, b P < 0.05 vs

Effect of BFP on Cardiac DFI in MSG Exposed
Rats

The results of cardiac DFI was as expressed in
Figure 7. The result of DFI revealed a significant
(p<0.05) increase in groups 2, 3, and 5 rats when

vs MSG-exposed+LD BFP, and d P < 0.05 vs MSG-
exposed+HD BFP.

compared with the control rats, a significant (p<0.05)
decrease in groups 3, 4, and 5 rats when compared with
group 2 rats, and a significant (p<0.05) decrease in
groups 4 and 5 rats when compared with group 3 rats.

MSG-exposed, ¢ P <0.05 vs MSG-exposed+LD BFP, and
d P <0.05 vs MSG-exposed+HD BFP.

compared with the control rats, a significant (p<0.05)
decrease in groups 3, 4, and 5 rats when compared with
group 2 rats, a significant (p<0.05) decrease in groups 4
and 5 rats when compared with group 3 rats, and a
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significant (p<0.05) increase in group 5 rats when
compared with group 4 rats.
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Figure 7: Effect of BFP on Cardiac DFI in MSG
exposed rats.

Values are mean + SD of 3 replicates, where a P
< 0.05 vs control, b P < 0.05 vs MSG-exposed, c P <0.05

Effect of BFP on Cardiac Histology in MSG
exposed rats

Photomicrograph (Figure 8A) shows the heart
tissue composed predominantly of the cardiac
parenchyma and portal regions. The cardiac cells (C)
appear polygonal and are disposed in sheet with a well
outlined nucleus (N) the cardiac cells are separated by
the sinusoids (S) with thin endothelial lining. The portal
region (circle), composed of branches of the Cardiac
portal vessels appear normal implying normal
histomorphology of the heart tissue.

Photomicrograph (Figure 8B) shows the heart
tissue composed predominantly of the cardiac
parenchymal and portal regions. The cardiac cells (C)
appear polygonal and are disposed in sheet with a well
outlined nucleus (N). The cardiac cells are separated by
the sinusoids (S) with thin endothelial). The portal
region (circle), composed of branches of the Cardiac
portal vessels (CPV), and showed vascular congestion
(Star) and mild inflammatory cell infiltration (arrow
head) implying inflammation of the heart tissue

Photomicrograph (Figure 8C) shows the heart
tissue composed predominantly of the cardiac
parenchymal and portal regions. The cardiac cells (C)
appear polygonal and are disposed in sheet with a well

vs MSG-exposed+LD BFP, and d P < 0.05 vs MSG-
exposed+HD BFP.

outlined nucleus (N). The cardiac cells are separated by
the sinusoids (S) with thin endothelial lining. The portal
region (circle), composed of branches of the Cardiac
portal vessels (CPV), and showed moderate
inflammatory cell infiltration implying periportal
inflammation of the heart tissue.

Photomicrograph (Figure 8D) shows the heart
tissue composed predominantly of the cardiac
parenchyma and portal regions. The cardiac cells (C)
appear polygonal and are disposed in sheet with a well
outlined nucleus (N) the cardiac cells are separated by
the sinusoids (S) with thin endothelial lining. The portal
region (circle), composed of branches of the cardiac
portal vessels appear normal implying normal
histomorphology of the heart tissue.

Photomicrograph (Figure 8E) shows the heart
tissue composed predominantly of the cardiac
parenchymal and portal regions. The cardiac cells (C)
appear polygonal and are disposed in sheet with a well
outlined nucleus (N). The cardiac cells are separated by
the sinusoids (S) with thin endothelial lining. The portal
region (circle), composed of branches of the cardiac
portal vessels (CPV), and showed mild inflammatory
cell infiltration (arrow head) implying cardiac cellular
reaction to injury.
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A- Control * B-MSG-exposed

C - MSG-exposed+LD D - MSG-exposed+HD

BFP BFP

Discussion

BFP, a functional food rich in phytochemicals
such betalains, flavonoids, and dietary nitrates, has
received a lot of interest for its cardioprotective
properties. In this work, BFP significantly reduced the
biochemical, molecular, and histological changes
caused by monosodium glutamate (MSG), a food
toxicant that causes systemic oxidative and
inflammatory stress. The observed effects indicate that
BFP exerts its cardioprotective impact by influencing
critical cellular pathways involved in oxidative stress,
inflammation, apoptosis, and DNA damage, protecting
cardiac structure and function.

The cardiotoxic effects of MSG were confirmed
through the significant elevation of pro-inflammatory
markers including MPO, NO, CRP, IL-1f, TNF-a, and
NF-«B in MSG-exposed rats compared with controls.
These cytokines and signaling mediators are key
orchestrators of inflammatory responses that initiate
and sustain myocardial injury.26 Persistent activation
of NF-kB promotes the transcription of several pro-
inflammatory genes, amplifying cardiac damage. The
significant reduction of these markers following BFP
administration, especially at higher doses, indicates
that BFP mitigates inflammation by inhibiting NF-1xB-
dependent transcription and scavenging reactive free
radicals through its polyphenolic and betalain content.
These findings align with previous studies that
demonstrated the anti-inflammatory potential of Beta
vulgaris through suppression of NF-kB signaling and
cytokine release.5,27

;- MSG-exposed-R

Figure 8: Photomicrograph of cardiac
sections stained by H & E (Mg x400).
Where CM = cardiac muscles; L = Lateral
branch; N = Nucleus; INT = Interstitiun

Oxidative stress also played a central role in
MSG-induced cardiotoxicity, as evidenced by elevated
malondialdehyde (MDA) levels and decreased
antioxidant enzyme activities (SOD, CAT, GSH, GPx,
and GST). This pattern indicates excessive reactive
oxygen species (ROS) generation, lipid peroxidation,
and impaired antioxidant defense systems, consistent
with earlier findings on MSG-mediated cardiac injury.2
The substantial reduction in MDA levels and
restoration of antioxidant enzyme activities in BFP-
treated rats suggest potent redox regulatory effects of
beetroot bioactives. These effects are likely mediated
through activation of the Nrf2 signaling pathway,
which upregulates endogenous antioxidant enzymes
and enhances cellular resilience to oxidative
damage.15,27

Similarly, assessment of cardiac function
markers (LDH, SDH, CK, and GGT) revealed
pronounced elevations in MSG-treated animals,
confirming myocardial cell membrane disruption and
enzymatic leakage. Treatment with BFP significantly
reduced these enzyme levels, particularly at higher
doses, suggesting stabilization of cardiomyocyte
membranes and improved mitochondrial integrity.
This protective response corroborates previous
evidence that natural antioxidants can prevent enzyme
leakage and limit necrotic cell death in cardiotoxicity
models.28

Apoptosis, a key downstream effect of
oxidative and inflammatory stress, was evident in the
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elevated caspase-3 activity observed in MSG-exposed
rats. The marked reduction of caspase-3 activity
following BFP administration demonstrates the
compound’s anti-apoptotic potential, possibly achieved
through inhibition of mitochondrial cytochrome-c
release and suppression of pro-apoptotic signaling
cascades. This anti-apoptotic mechanism aligns with
beetroot’s known ability to modulate intrinsic cell death
pathways via its high nitrate and flavonoid content.5,29
In rats exposed to MSG, the DNA
fragmentation index (DFI), a measure of genotoxic
damage, also increased noticeably. Treatment with BFP
decreased DNA fragmentation, which may indicate
improved genomic stability and less oxidative DNA
damage. The capacity of beetroot phytochemicals to
assist DNA repair processes and neutralize reactive
species that cause strand breaks may be the cause of this
action.30
Histopathological examination further
validated the biochemical results. Myocardial sections

Conclusion

These findings highlight the potential of
beetroot fruit powder as a cardioprotective agent
capable of averting chemically induced myocardial
damage by suppressing inflammatory and apoptotic
signaling, reducing oxidative stress, and stabilizing
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