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Background: Myocardial infarction (MI) is a fatal coronary heart disease that
develops due to prolonged hypoxia. During MI progression, uncontrolled
inflammation and apoptosis mediated by NF-κB and BAX/BCL-2 signaling
pathways potentiate cardiac injury. Phenolic and flavonoid-rich medicinal
plants have shown efficacy in suppressing the inflammatory pathways, thus
reducing the adverse cardiac remodeling. In this study, we evaluated the
cardioprotective and anti-inflammatory potential of Bassia indica (Wight)
A.J. Scott, a plant traditionally used for treating cardiac disorders.
Methods: B. indica extract (BiE) was prepared and characterized by UHPLC-MS/MS.
Its anti-inflammatory activity was determined by in vitro inhibition of COX-2 and 5-
LOX enzymes, followed by in vivo suppression of acute inflammation induced by
carrageenan, histamine, and serotonin. The role of the anti-inflammatory activity in
the amelioration of myocardial injury was assessed by isoproterenol (ISO)-induced
MI, and qPCR studies were performed to explore underlying mechanisms.
Results: UHPLC/MS/MS analysis of BiE tentatively identified several plant
metabolites, including kaempferol 3-glucoside-7-sophoroside, kaempferol 3-
rutinoside-7-sophoroside, and kaempferol 3-(2G-glucosylrutinoside), and
phenolic derivatives. It inhibited COX-2 (IC50 = 0.6 μg/mL) and 5-LOX (IC50 =
8.3 μg/mL) enzymes. BiE-treated animals exhibited reduced inflammation in
response to carrageenan, histamine, and serotonin. Pretreatment with BiE
significantly reduced the infarct size; preserved cardiac tissue architecture;
lowered cardiac biomarkers (cTnI, CK-MB, LDH, and AST); downregulated NF-
κB, COX-2, TNF-α, and IL-1β; and upregulated IL-10 and BCL-2.
Conclusion: These findings suggest that BiE has cardioprotective effects that are
mediated by the suppression of inflammation and apoptosis.
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GRAPHICAL ABSTRACT

1 Introduction

Cardiovascular diseases (CVDs) are increasing globally due to
sedentary lifestyles and account for nearly one-third of all reported
deaths. Despite extensive research on CVDs, ischemic heart
disorders remain a challenge and pose a serious threat to healthy
life. Myocardial infarction (MI) develops from persistent ischemia
caused by an imbalance between the oxygen demand and supply
(Kaier et al., 2021). Ischemia is not the sole factor in MI
development; secondary pathological processes such as oxidative
stress and inflammation are also interconnected and form a complex
signaling network that ultimately leads to cardiac cell injury and
apoptosis (Duan et al., 2023). Many patients diagnosed with acute
myocardial infarction (AMI) show signs of increased inflammation,
which appear in two (pro-inflammatory and anti-inflammatory)
phases. The first phase of inflammation that starts after AMI
involves the activation of transcription factor NF-κB, which
subsequently activates several processes such as the complement
cascade, generation of reactive oxygen species (ROS), and the
expression of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6,
and IL-18), COX-2, and antiapoptotic gene BCL2 (Olsen et al.,
2022). Controlled inflammation is necessary to clear dead cells and
heal myocytes; however, if this inflammatory response becomes
uncontrolled and expands excessively, it can lead to adverse
myocardial remodeling. The second anti-inflammatory reparative
phase suppresses and resolves the pro-inflammatory phase by
modifying the functions of infiltrating leukocytes, thereby
subduing the inflammation (Zhang and Dhalla, 2024). The
transformation between these two stages is managed by a highly
modulated and composite interaction between different cells in the

heart (including cardiomyocytes, fibroblasts, interstitium, and
endothelial cells) and components of the immune system
(including lymphocytes, macrophages, neutrophils, monocytes,
and dendritic cells). Any change in balance or transformation
between these two phases can enhance the myocardial trauma
and post-MI adverse left ventricular remodeling (Ong et al., 2018).

Recognizing inflammation as a key factor in the development of
AMI and the involvement of NF-κB in augmenting inflammation,
anti-inflammatory interventions that target NF-κB are gaining
attention as a therapeutic strategy to manage MI. Recent clinical
trials have confirmed that anti-inflammatory therapies such as
canakinumab (IL-1β inhibitor) and granulocyte colony-
stimulating factor prevent left ventricular remodeling after MI
and improve cardiac functions (Viola et al., 2021). Commercially
available steroidal and nonsteroidal anti-inflammatory drugs have
also been applied clinically to treat MI. However, they failed to arrest
the cardiac damage effectively due to their inability to counter the
multiple etiologies involved in the progression of cardiac injury (Liu
et al., 2024). Furthermore, increased incidences of cardiac rupture
were observed with corticosteroid treatment, which overcame its
beneficial anti-inflammatory effects in MI. NSAIDs are also not
advised in MI as a higher risk of bleeding and thrombotic events
were observed (Dewenter et al., 2016). Considering the limitations of
the available treatments, there is a need to explore new agents with
alternative and novel approaches for cardiac protection. The
isoproterenol (ISO)-induced MI model is a frequently used
experimental model to investigate new drugs for the treatment of
myocardial injury. ISO is a β-receptor agonist that, at supramaximal
doses in experimental animals, causes myocardial stress and induces
infarction that is similar to human acute MI. Auto-oxidation of ISO
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produces free radicals, ROS, lipid peroxidation, and Ca2+ overload
during cardiac injury, which leads to inflammation, cell necrosis,
and apoptosis (Zhang et al., 2023). Amid the pursuit of alternative
therapeutic strategies, interventions targeting the downregulation of
the NF-κB signaling pathway have been observed to be beneficial in
ameliorating myocardial damage. The identification of this new
target paved the way for further research, and numerous studies
have reported that phenolic compounds present in medicinal plants
can mitigate cardiac injury by suppressing NF-κB and COX-2
(Anajirih et al., 2024; Verma et al., 2019).

Bassia indica (Wight) A.J. Scott (synonyms: Kochia indica) is a
well-known, locally used medicinal plant that is used as a
cardiotonic and diuretic agent to treat cardiac ailments by local
communities in countries such as Pakistan (Niaz et al., 2013; Umair
et al., 2017), India (Tripathi et al., 1996), Saudi Arabia (Youssef,
2013), and Tunisia (Bouaziz et al., 2009). Other plants of the genus
Bassia, such as Bassia scoparia, known as Di-Fu-Zi, are valued in
traditional Chinese medicine and used as a cardiotonic (Grabowska
et al., 2023). B. indica has been documented to have therapeutically
active phytochemicals and anti-inflammatory activities, but its role
in cardiac protection has not been elucidated (Othman et al., 2022).
In this context, the current study was designed to investigate the
anti-inflammatory and cardioprotective potential of B. indica and to
explore the mechanisms underlying its effects.

2 Materials and methods

2.1 Plant collection, extraction, and
fractionation

Before the flowering stage, the B. indica plant (10 kg) was
harvested by a field expert from Muzaffargarh, a southern district
of Punjab, Pakistan [31°10′5″N 70°50′25″E]. A botanist identified the
plant, and a voucher number (324/Botany) was obtained after the
specimen was submitted. The powdered plant material was extracted
with 70%methanol by maceration for 7 days. Then, it was filtered and
concentrated using a rotary evaporator to obtain a semi-solid B. indica
crude extract (BiE) (Iqbal et al., 2016). A portion of the extract was
used for fractionation, and n-hexane, dichloromethane, ethyl acetate,
n-butanol, and aqueous fractions were prepared as described in our
previous work (Anjum et al., 2024).

2.2 UHPLC-MS/MS

For UHPLC-MS/MS analysis of BiE, two solvents, that is, 0.1%
CH2O2 in acetonitrile (solvent A) and 0.1% CH2O2 in deionized
water (solvent B), were prepared. A gradient (5%–100%) was eluted
for 30 min at the flow rate of 0.5 mL/min, and 1 μL of the BiE sample
was used. The conditions of MS operations are provided in the
supplementary data. The Metlin AM PCDL-N-170502 search
database was used for identifying the metabolites (Aslam
et al., 2024).

2.3 In vitro anti-inflammatory assays

2.3.1 Cyclooxygenase inhibitory assay
A 10 µL of activated COX-2 enzyme solution was mixed with

50 µL cofactor solution. Then, 20 μL of BiE or celecoxib
concentrations (7.81 μg/mL–1,000 μg/mL) was added and
incubated for 5–10 min. After incubation, 20 μL of 30 mM
arachidonic acid solution was added to the mixture to initiate the
reaction, and the mixture was incubated at 37 °C for 15 min. At the
end, the reaction was stopped by adding HCl, and the absorbance
was measured at 570 nm (Aslam et al., 2024).

2.3.2 Lipoxygenase inhibitory assay
LOX inhibition potential was measured by using human

recombinant 5-lipoxygenase. A 250-µL enzyme solution
(10,000 U/mL) and 250 μL of different concentrations of BiE
(7.81 μg/mL–1,000 μg/mL) or montelukast sodium were mixed
and incubated for 10 min. Then, 1 mL of 0.6 mM linoleic acid
was added to the mixture, and the absorbance was measured at
234 nm (Aslam et al., 2024).

2.3.3 Protein denaturation inhibition
Fresh egg albumin was mixed with phosphate buffer (pH 6.4)

and Tween 80 (1% of toal voulme was added). Reaction mixtures
were prepared by adding 3 mL of freshly prepared egg albumin
and 2 mL of different BiE/diclofenac sodium solutions
(10–1,000 μg/mL). After 15 min of incubation at 37 ± 2 °C, the
solutions were kept at 70 °C for 5 min. Absorbance was measured
at 660 nm after the mixtures were cooled to room temperature,
using distilled water as the control. The following equation was
used to calculate the % protein denaturation inhibition (Nawaz
et al., 2023).

% inhibition � Abs. of control − Abs. of sample
Abs. of control

( ) × 100.

2.3.4 Membrane stabilizing test
Equal volumes of blood and sterile Alsever’s solution were

mixed and centrifuged at 3,000 rpm for 10 min to obtain packed
red blood cells (RBCs). RBCs were separated and washed three times
with the same volume of isotonic buffered saline (pH 7.4) and
centrifuged at 1,000 rpm. A 10% (v/v) RBC suspension was prepared
in isotonic phosphate buffer saline and stored at 4 °C. In a test tube,
0.5 mL of BiE/diclofenac sodium solutions (10–1,000 μg/mL) was
added along with 2 mL of hypotonic saline (0.45%NaCl). Afterward,
a 0.5 mL RBC suspension was added. The control reaction contained
only hypotonic saline and a RBC suspension. The reaction mixtures
were kept at 37 °C for 30 min and then centrifuged at 3,000 rpm for
10 min to obtain supernatants. The absorbance of the supernatants
was measured at 560 nm to calculate the percent inhibition (Nawaz
et al., 2023).

% inhibition � Abs. of control − Abs. of sample
Abs. of control

( ) × 100.
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2.4 In vivo studies

2.4.1 Experimental animals
Animals were housed under standard laboratory conditions, as

described previously (Masood et al., 2023). Before experimentation,
the animals were acclimatized for 2 weeks, and the study was
approved by the Pharmacy Animal Ethics Committee (PAEC file
no PAEC/23/101).

2.4.2 Carrageenan/histamine/serotonin-induced
acute inflammation

Normal Wistar rats (150–200 g) were randomly divided into six
groups and fasted for 18 h before the study. After weighing, the left hind
paw size (0 h) of all the animals wasmeasured. The normal and diseased
groups received normal saline (5mL/kg), whereas the treatment groups
were given 30, 100, and 300 mg/kg BiE orally. The standard group was
given piroxicam/loratadine 10mg/kg or cyproheptadine 5mg/kg orally.
After 1 h of pretreatment, 100 µL of 1% carrageenan/histamine/
serotonin was administered into the subplantar region of the left
hind paw of each rat, except the normal group. Rats were kept
separately, and the paw size was measured every hour up to 6 h.
The percentage of inflammation inhibition was determined using the
following formula (Nawaz et al., 2023):

% inhibition of inflammation

� Increase in paw size diseased( ) − Increase in paw size sample( )
Increase in paw size diseased( )( ) × 100.

2.4.3 Isoproterenol-induced myocardial infarction
Healthy male Wistar rats (180–250 g) were weighed and divided

into six groups. Normal and ISO (diseased) groups received NS
(4 mL/kg), whereas 30, 100, and 300 mg/kg of BiE was administered
to the respective treatment groups. Carvedilol (10 mg/kg) was
administered to the standard group. All treatments were given
orally for 26 days. On the 25th and 26th days, ISO (150 mg/kg)
was administered subcutaneously to all groups, except the normal
group. After 12 h of the second ISO dose, animals were anesthetized
with xylazine and ketamine (1:10 ratio), blood samples were
obtained, and sera were separated. Dissected hearts were washed
with ice-chilled NS, weighed, and divided into three parts. One part
was used for triphenyl tetrazolium chloride (TTC) staining, whereas
the second part was stored at −20 °C and used for assessing the
mRNA levels of TNF-α, IL-1β, IL-10, COX-2, NF-κB, BAX, and
BCL-2 genes. The third portion was kept in 10% buffered formalin
solution for histopathological studies. Collected sera were stored
at −20 °C and used for the measurement of cardiac markers (cTnI,
CKMB, LDH, and AST) (Gupta et al., 2024; Ibrar et al., 2019).

2.4.3.1 Myocardial infarct size measurement
Infarct size was measured with 2,3,5 triphenyl tetrazolium

chloride (TTC) staining according to the described method, with
some modifications (Liu et al., 2021). After dissection, heart tissue
was washed with PBS, wrapped in a clean plastic sheet, and frozen
at −20 °C for 1 h to harden the tissue. The frozen heart tissue was
then sliced transversely into 2–3 mm sections with a sharp surgical
blade from the middle of the heart for better exposure of the left
ventricle. The sections were then stained with a TTC solution (1% in

PBS) for 20 min at 37 °C with occasional shaking, followed by
fixation with 10% formalin-buffered saline for 30 min. Non-
infarcted heart tissue was stained brick-red, whereas the infarcted
area appeared pale white. After staining, sections were
photographed, the pictures were analyzed using ImageJ software,
and the infarct size was calculated.

2.4.3.2 Assessment of cardiac markers
Cardiac marker cTnI was assessed in the serum with an ELISA

kit according to the manufacturer’s (Nanjing Pars Biochemical)
protocol, whereas CKMB, LDH, and AST were measured in the
serumwith commercially available colorimetric kits according to the
manufacturer’s (Bio-Science Medical, Spain) protocol withMicrolab
300 (Merck, Germany).

2.4.3.3 Total protein content and inflammatory markers
assessment

The total protein content in the heart tissue homogenate was
measured using the Bradford method. Inflammatory markers TNF-
α, IL-1β, and IL-10 were assessed in the serum with ELISA kits
according to the manufacturer’s (Nanjing Pars Biochemical)
protocol. Absorbance was measured at 450 nm with a BioTek
Synergy HT microplate reader.

2.4.3.4 qPCR studies
The expression of TNF-α, IL-1β, IL-10, COX-2, NF-κB, BCL-2,

and BAX genes was quantified using real-time PCR following a
previously used method (Fiaz et al., 2024). Briefly, total RNA was
isolated from cardiac tissue with the HiPure Total RNA kit, and
complementary DNA (cDNA) was synthesized using the Thermo
Fisher cDNA synthesis kit. qPCR was performed on a SLAN-96P
real-time PCR system, whereas Ct values were analyzed using
SLAN-96P software. Relative expression levels were normalized
against the housekeeping gene (GAPDH). The primer sequences
used in this study are listed in Supplementary Table S1.

2.4.3.5 Histological analysis of heart tissues
The heart tissues of the animals in each group were excised and

stored in 10% formalin for fixation. The tissues were washed in running
water for 8–12 h to remove the fixative agent and then dehydrated with
different concentrations, that is, 70% (3 h), 80% (1 h), 95% (2 h), and
100% (3 h) ethanol. After that, ethanol was removed by placing the tissues
in absolute xylene for 3 h, and then they were embedded in paraffin wax
and cooled at 4 °C overnight. Then, tissue sections (5–10 µm thick) were
cut using a microtome and stained with hematoxylin and eosin (H&E).
Stained tissues were observed under a camera-fitted microscope at 40X,
and pictures were obtained with PixelPro software, followed by
characterization for inflamed cardiac tissues, neutrophil infiltration,
edema, and any other injury (Aslam et al., 2024).

2.5 Statistical analysis

GraphPad Prism (version 10) was used for analysis. The results
were expressed as the mean ± SEM, and depending upon suitability,
one-way or two-way ANOVA was applied, followed by Tukey’s
multiple comparison test for significance calculation; p-value <
0.05 was considered statistically significant.
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3 Results

3.1 BiE preparation and fractionation

An amount of 264 g of BiE was obtained after extraction with a
percentage yield of 8.8%. Fractionation results showed that an
aqueous fraction had the highest yield (10.5%), followed by
n-butanol (3%), ethyl acetate (2%), dichloromethane (1.5%), and
n-hexane fractions (1%).

3.2 UHPLC-MS/MS analysis of BiE

UHPLC-MS/MS analysis of BiE tentatively identified several
plant-derived metabolites in the negative and positive modes. These
metabolites include flavonoid glycosides such as kaempferol 3-
glucoside-7-sophoroside, kaempferol 3-rutinoside-7-sophoroside,
and kaempferol 3-(2G-glucosylrutinoside), along with phenolic
acids. Tentative identifications were based on spectral matching
with the METLIN database. The identified metabolites found in BiE
are listed in Table 1, whereas speculative metabolites are listed in
Supplementary Table S2. The mass spectra of all the identified
compounds, total ion chromatogram (TIC), and total compound
chromatogram (TTC) are shown in Supplementary Figures S1, S2.

3.3 Anti-inflammatory activity of BiE

3.3.1 COX-2 inhibitory assay
The COX-2 inhibition potential of BiE and its fractions was

determined and compared with those of celecoxib. The results
showed that BiE has the maximum COX-2 inhibitory potential,
with a calculated IC50 of 0.6 μg/mL, which is comparable to that of
celecoxib (0.2 μg/mL). The IC50 values of other fractions were as

follows: ethyl acetate (3.2 μg/mL), n-hexane (3.4 μg/mL),
dichloromethane (11.5 μg/mL), aqueous (18.5 μg/mL), and
n-butanol (40.2 μg/mL).

3.3.2 5-LOX inhibitory assay
The results showed that the ethyl acetate fraction has the

maximum 5-LOX inhibitory effect with an IC50 of 5.1 μg/mL.
Similarly, BiE also showed good 5-LOX enzyme inhibition with
an IC50 value of 8.3 μg/mL. The highest IC50 was observed in the
n-butanol fraction (31.0 μg/mL), followed by dichloromethane
(17.8 μg/mL), aqueous (9.1 μg/mL), and n-hexane (8.1 μg/mL)
fractions. The LOX IC50 value for montelukast was 1.2 μg/mL.

3.3.3 Protein denaturation and membrane
stabilization activity

The in vitro anti-inflammatory effects of BiE were assessed using
albumin denaturation and RBC membrane stabilization assays.
Percent albumin protein denaturation and RBC hemolysis
inhibition by BiE were observed in a dose-dependent manner,
with the maximum inhibition of 71.9% ± 3.4% and 80.7% ±
2.0%, respectively, at a dose of 1 mg/kg. The IC50 value for BiE
protein denaturation inhibition was 273 μg/mL, and for diclofenac,
it was 227 μg/mL. The IC50 of BiE for RBC membrane stabilization
was 99.84 μg/mL, and for diclofenac, it was 66.34 μg/mL. All the
results were comparable to those of the standard drug, diclofenac
sodium, and no significant difference was observed.

3.3.4 Carrageenan-induced paw edema
The effect of BiE on the percent inflammation inhibition of

carrageenan-induced paw edema was dose-dependent, with the
maximum percent inflammation inhibition of 72.4% ± 4.1%
observed at 300 mg/kg at 6 h. The effect of BiE 300 mg/kg was
comparable to that of piroxicam. BiE 100 mg/kg showed 66.2% ±
4.3% inhibition of inflammation at 6 h. Inflammation inhibition in

TABLE 1 Tentatively identified BiE metabolites through UHPLC-MS/MS in the negative and positive modes.

Sr. no RT
(min)

Metabolites MF MW
(g/mol)

Base peak
(m/z)

Previous
occurrence

1 7.62 7-Epi-12-hydroxyjasmonic acid glucoside C18H28O9 388.4 387.1 Dussarrat et al. (2022)

2 8.13 Kaempferol 3-glucoside-7-sophoroside C33H40O21 772.7 771.2 Malik et al. (2023)

3 8.37 Kaempferol 3-rutinoside-7-sophoroside C39H50O25 918.8 917.2 Pillanjinayya et al. (2025)

4 8.39 Isorhamnetin 3-glucosyl-(1->2)-[rhamnosyl-(1->6)-
galactoside]

C34H42O21 786.7 785.2 Chauhan et al. (2024)

5 8.39 Kaempferol 3-(2G-glucosylrutinoside) C33H40O20 756.7 755.2 Arshad et al. (2021)

6 8.79 Robinetin 3-rutinoside C27H30O16 610.5 609.1 Pervaiz et al. (2022)

7 9.11 (3S,7S)-Jasmonic acid C12H18O3 210.2 245.0 Vick and Zimmerman
(1984)

8 9.12 Luteolin 7-rhamnosyl (1->6) galactoside C27H30O15 594.5 593.1 Pervaiz et al. (2022)

9 9.18 Tricetin 7-methyl ether 3′-glucoside-5′-rhamnoside C28H32O16 624.5 623.1 Arshad et al. (2021)

10 10.00 Ferulic acid C10H10O4 194.1 193.0 Kumar and Pruthi (2014)

11 11.11 Pyropheophorbide a C33H34N4O3 534.6 533.2 Saide et al. (2020)

12 11.62 6-Feruloylglucose 2,3,4-trihydroxy-3-
methylbutylglycoside

C21H30O12 474.5 473.1 Mopai et al. (2023)
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BiE 30 mg/kg-treated animals decreased over time, with values of
40.87% ± 7.20% at the first hr and 11.22% ± 3.01% at the sixth
hr (Figure 1a).

3.3.5 Histamine-induced paw edema
BiE inhibited the histamine-induced inflammation, and its anti-

inflammatory effect increased with time. The maximum effect was

observed in the 300 mg/kg-treated group at 6 h, with 49.7% ± 2.2%
inflammation inhibition, which was 48.3% ± 5.8% and 26.5% ± 5.2%
in the 100 and 30 mg/kg-treated groups at the same time,
respectively. Loratadine (5 mg/kg) showed superior response
until 5 h, but at 6 h, the maximum inhibition was 63.9% ± 4.5%,
which was comparable to that of BiE 100 and 300 mg/kg (Figure 1B).

3.3.6 Serotonin-induced paw edema
BiE treatment also relieved serotonin-induced inflammation,

but cyproheptadine (10 mg/kg) showed a superior response at all
time-points. The maximum percent inflammation inhibition
observed was 18.9 ± 4.5, 43.9 ± 6.1, and 46.4 ± 3.3% at the doses
of 30, 100, and 300 mg/kg, respectively, whereas cyproheptadine
inhibited 63.8 ± 4.5% inflammation (Figure 1c).

3.4 Cardioprotective activity of BiE

MI was successfully induced by subcutaneous administration of
two successive doses of ISO (150 mg/kg). The ISO dose was selected
through a pilot study, and two animals died during the study.

3.4.1 Effect on the infarct size
TTC stained the viable myocardium a brick-red color, whereas

the infarcted areas remained white, pale tan, or unstained, as shown
in Figure 2. White patches or unstained areas are directly
proportional to cardiac injury, and large infarcted areas (stained
tissue) were observed in the ISO group (Figure 2b). Pretreatment
with different doses of BiE decreased the infarct size dose-
dependently, as clearly seen in Figures 2c–f. The infarct size was
quantified by ImageJ software; the percentage of the infarcted area
was seen to be the highest in the ISO group (37 ± 2.3%), and it was
significantly (p < 0.001) higher than that in the normal group. A
significant decrease in the percent infarct area, 23 ± 0.97, 16 ± 1.5,
and 9.4 ± 3.6%, was observed as the dose of BiE increased to 30, 100,
and 300 mg/kg, respectively. The lowest infarct area (3.9 ± 1.3%) was
observed in the carvedilol 10 mg/kg-treated group (Figure 2g).

3.4.2 Cardiac biomarkers
We observed elevated cTnI in the ISO group (461 ± 35 ng/L) as

compared to the normal control group (93 ± 11 ng/L), indicating
cardiac tissue damage. cTnI levels were decreased in treatment
groups, with the maximum effect observed in BiE 300 mg/kg
(60 ± 22 ng/L, Figure 3a). BiE also decreased (p < 0.001) CKMB,
LDH, and AST levels, with the maximum reduction (18 ± 2.4 IU/L,
116 ± 13 IU/L, and 83 ± 25 U/L, respectively) at 300 mg/kg in
comparison to the ISO group, and the results were comparable to
that of carvedilol (Figures 3b–d). The decrease in the levels of these
cardiac markers with BiE treatment at 30 and 100 mg/kg was also
significant (p < 0.01), except for the AST levels.

3.4.3 Effect on interleukins
The ISO group showed increased pro-inflammatory markers,

TNF-α (345 ± 26 ng/L) and IL-1β (45 ± 4.9 ng/L), whereas a decrease
in the anti-inflammatory marker IL-10 (30 ± 2.2 pg/L) was observed
in the ISO group compared to the normal control group. BiE
treatment improved the inflammatory markers, with the
maximum response observed at 300 mg/kg, as TNF-α and IL-1β

FIGURE 1
Anti-inflammatory effect of BiE on (a) carrageenan-, (b)
histamine-, and (c) serotonin-induced inflammation. Data are
presented as the mean ± SEM. Two-way ANOVA followed by Tukey’s
test was applied to determine significance among the groups,
and BiE effects were compared with those of (a) piroxicam, (b)
loratadine, and (c) cyproheptadine. Significance is denoted as α = p <
0.05, β = p < 0.01, and γ = p < 0.001.
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levels were reduced (p < 0.01) compared to those in the ISO
group. BiE 300 mg/kg also increased the anti-inflammatory
marker IL-10 (70 ± 8.0 pg/L) compared to that in the ISO

group. The results of the carvedilol (10 mg/kg)
group were comparable to those of the BiE 300 mg/kg group
(Figures 3d–f).

FIGURE 2
Effect of BiE and carvedilol (10mg/kg) alongwith the normal and ISO groups on heart tissue observedwith TTC staining in ISO-inducedMI (n = 3). (a)
Normal, (b) ISO, (c) carvedilol, (d) BiE 30, (e) BiE 100, (f) BiE 300 mg/kg, and (g) infarct quantification. Brick-red-stained areas show viable myocardium,
whereas white or unstained areas (indicated by the white arrow) represent infarcted areas. The ISO group was compared with the control group, and
significance is indicated as follows: ### = p < 0.001. In contrast, BiE and carvedilol were compared with the ISO group, and significance is denoted
as follows: * = p < 0.05, ** = p < 0.01, and *** = p < 0.001.

FIGURE 3
Effect of BiE and carvedilol on serum levels of (a) cTnI, (b) CKMB, (c) LDH, (d) AST, (e) TNF-α, (f) IL-1β, and (g) IL-10 in ISO-induced MI. Data is
presented as the mean ± SEM (n = 3). One-way ANOVA followed by Tukey’s test was used to analyze the results. The ISO group was compared with the
control group, and significance is indicated as follows: # = p < 0.05, ## = p < 0.01, and ### = p < 0.001. In contrast, BiE and carvedilol were compared
with the ISO group, and significance is denoted as follows: * = p < 0.05, ** = p < 0.01, and *** = p < 0.001.
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3.4.4 Effect on mRNA levels of
inflammatory markers

BiE effects on the mRNA expression of inflammatory
interleukins, including TNF-α, IL-1β, and IL-10, are presented in
Figures 4a–c. BiE decreased (p < 0.01) the mRNA levels of pro-
inflammatory markers, that is, TNF-α and IL-1β, while increased the
mRNA levels of anti-inflammatory interleukin IL-10 at all three
doses (30, 100, and 300 mg/kg) compared to that in the ISO
group. Carvedilol 10 mg/kg also decreased (p < 0.05) the
expression of TNF-α and IL-1β while increased the expression of
IL-10. The results of BiE were comparable to those of carvedilol.

3.4.5 Effect on COX-2 and NF-κB mRNA
The ISO group showed a significant increase in NF-κB (2.5 ±

0.34-fold change, Figure 4d) and COX-2 (0.31 ± 0.03-fold change,
Figure 4e) compared to the normal control group. Groups treated
with BiE showed significant decrease in NF-κB and COX-2 levels,
and the maximum response was observed with BiE 300 mg/kg
(0.21 ± 0.08 and 0.060 ± 0.005-fold change, respectively) followed by
BiE 100 mg/kg (0.35 ± 0.29 and 0.061 ± 0.02, respectively) and BiE
30 mg/kg (0.57 ± 0.20 and 0.11 ± 0.02, respectively) compared to the
ISO group. Similarly, carvedilol significantly decreased the levels of
NF-κB (2.5 ± 0.37) and COX-2 (0.31 ± 0.03).

3.4.6 Effect on BAX and BCL-2 mRNA
ISO increased the BAX protein expression in the ISO group

(0.79 ± 0.16-fold change) and decreased the levels of BCL-2 (0.41 ±
0.06-fold change) compared to the normal group (0.035 ± 0.022 and
3.5 ± 0.3-fold change, respectively). BiE treatment ameliorated the
ISO effects on the BAX protein and decreased its levels (p < 0.001).
The observed levels for BAX were 0.14 ± 0.02, 0.099 ± 0.02, and
0.063 ± 0.017-fold change at the doses of 30, 100, and 300mg/kg BiE,

respectively. The BiE results were comparable to those of carvedilol
10 mg/kg (0.11 ± 0.018-fold change, Figure 4f). BiE increased BCL-2
mRNA levels by 2.4 ± 0.5, 3.2 ± 0.43, and 4.0 ± 0.59-fold at 30, 100,
and 300 mg/kg, respectively, in contrast to that in the ISO group. An
increase in the BCL-2 gene expression at BiE 300 mg/kg was
significant, whereas no significant increase was observed at lower
doses (30 and 100 mg/kg). Carvedilol also increased (3.9 ± 0.26-fold
change) compared to the ISO group (Figure 4g).

3.4.7 Effect on cardiac tissue architecture
Marked histopathological alterations, including neutrophil

infiltration, inflamed myocytes, and broken muscles, were
observed in the ISO group (Figure 5b), along with a decreased
muscular content compared to the normal group. The number of
nuclei was lower, and multiple cells were found without a nucleus.
Edema was also observed at several positions in the ISO group
tissues. At all doses (30, 100, and 300 mg/kg), BiE and carvedilol
(10 mg/kg) resisted ISO-induced tissue injury, and reduced tissue
alterations were observed (Figures 5c–f).

4 Discussion

B. indica is traditionally used for cardiac ailments and has shown
good anti-inflammatory activity in both in vitro and in vivo assays. It
mitigated stress-induced cardiac injury by restoring cardiac tissue
architecture, improving cardiac injury markers, and reducing the
levels of inflammatory mediators. Inflammation is a complex,
normal defensive response to cellular injury caused by physical
or chemical stimuli. Controlled inflammatory response is a key to
removing injurious stimuli and restoring normal physiological
conditions. However, if hemostatic control of inflammation is

FIGURE 4
Effects of BiE and carvedilol on mRNA levels of (a) TNF-α, (b) IL-1β, (c) IL-10, (d) COX-2, (e) NF-κB, (f) BAX, and (g) BCL-2 in isoproterenol-induced
MI. Data is presented as themean ± SEM (n = 3). One-way ANOVA followed by Tukey’s test was used to analyze the results. The ISO group was compared
with the control group, and significance is indicated as ## = p < 0.01 and ### = p < 0.001. In contrast, BiE and carvedilol were compared with the ISO
group, and significance is denoted as follows: * = p < 0.05, ** = p < 0.01, and *** = p < 0.001.
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lost, this reparative physiological response can worsen many
diseases, including MI. Numerous studies have demonstrated that
medicinal plants can help arrest uncontrolled inflammation and
prevent inflammation-related complications (Fayez et al., 2023).
Previously, we identified several vital phytochemicals, including 2-
methoxy-4-vinylphenol, gitoxigenin, azafrin, and betulin, through
GC–MS analysis of BiE (Anjum et al., 2024), which have been
reported to have anti-inflammatory effects (Asami et al., 2023). In
the same study, we also reported no observable adverse effects after
oral administration of BiE at 2 g/kg in mice (Anjum et al., 2024). In
the present study, BiE inhibited albumin denaturation and RBC
hemolysis in a dose-dependent manner, with effects that are
comparable to those of diclofenac sodium. Inflammation
promotes protein denaturation and cell membrane rupture,
whereas phytochemicals that prevent both processes indicate
anti-inflammatory activity. COX-2 is an inducible form of the
cyclooxygenase enzyme, which is expressed in response to
inflammatory and related pathological stimuli. COX-2 and 5-
LOX enzymes synthesize inflammatory mediators, prostaglandins,
and leukotrienes. The inhibition of these enzymes is a key target for
controlling inflammation (Chaaban et al., 2024). In addition to
inflammation, it has been reported that COX-2 products also
contribute to cardiac remodeling after MI (LaPointe et al., 2004).
BiE potently blocked the COX-2 enzyme compared to the 5-LOX
enzyme. The COX-2 inhibitory activity of saponins isolated from B.
indica was previously described; however, our study observed
greater potency (Othman et al., 2022). The anti-inflammatory
potential of BiE was further established through various in vivo

experiments, including those induced by carrageenan, histamine,
and serotonin. Histamine and serotonin administration caused
vasodilation and increased vascular permeability, resulting in the
leakage of cellular components, which leads to edema and acute
inflammation. The administration of carrageenan into an animal’s
paw induces the biphasic inflammatory response by increasing the
formation of prostaglandins, serotonin, kinins, histamine,
leukotrienes, and cytokines such as TNF-α, IL-1β, and IL-6
(Lopes et al., 2020). We observed that pretreatment with BiE
inhibited carrageenan-, histamine-, and serotonin-induced
inflammation (Figure 1). The percentage of inflammation
inhibition increased with time in all the treated groups, up to
6 h, except in the group treated with BiE 30 mg/kg in
carrageenan- and serotonin-induced inflammation. BiE at
300 mg/kg showed comparable effects to standard drugs
(piroxicam, loratadine, and cyproheptadine), supporting its anti-
inflammatory potential. Other plants of the same genus, Bassia
scoparia and Bassia eriophora, have also demonstrated anti-
inflammatory effects (Abtulov et al., 2020; Musa et al., 2016). In
previous studies, reduced tissue levels of TNF-α and IL-6 were
observed in carrageenan-induced inflammation inhibition. These
cytokines are also involved in acute MI; such acute anti-
inflammatory effects can help to reduce myocyte injury (Xiang
et al., 2023).

Recent studies have demonstrated that plants with anti-
inflammatory properties can help mitigate post-MI injury;
therefore, they are being investigated for their cardioprotective
potential. ISO, a β-receptor agonist, increases stress in the

FIGURE 5
Effect of BiE and carvedilol along with the normal and ISO groups on heart histopathological alterations at 40X (scale bar: 50 µm) in ISO-induced MI
(n = 3). (a) Normal, (b) ISO, (c) carvedilol 10 mg/kg, (d) 30 mg/kg, (e) 100 mg/kg, and (f) 300 mg/kg. Signs indicate the following: arrow: normal cardiac
fibers, arrowhead: myocardial nuclei, square: broken cardiac fibers, star: neutrophil infiltrate, rectangle: inflamed cardiac myocytes, circle: tissue edema,
dashed arrow: collagen deposition, bent-up arrow: hyperchromatic nuclei, and 7-point star: intracellular vacuolation of cardiomyocytes.
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myocardium at supramaximal doses, which mimics the effects of
acute cardiac infarction in humans. Auto-oxidation of ISO
produces free radicals, ROS, lipid peroxidation, and Ca2+

overload during cardiac injury, which leads to inflammation,
cell necrosis, and apoptosis (Zhang et al., 2023). Heart tissues
were stained with TTC, and a large unstained, whitish infarcted
area was observed in the ISO group, indicating myocardial injury
(Figure 2). Signs of injury such as neutrophil infiltration,
vacuolation of cardiomyocytes, broken cardiac fibers, and
hyperchromatic nuclei were also observed in H&E-stained
cardiac tissue histology (Figure 5). These injuries elevated
cardiac biomarkers, including cTnI, CKMB, LDH, and AST,
with a significant (p < 0.01) increase in serum levels observed
in the ISO group compared to that in the normal group (Figure 3).
Pretreatment of animals with different doses of BiE (30, 100, and
300 mg/kg) attenuated the cardiac injury caused by ISO and
reduced the infarction size and serum levels of these cardiac
biomarkers. BiE treatment decreased cTnI levels, which is a
highly sensitive and specific cardiac marker, at all doses,
indicating its cardioprotective effect. Furthermore, a reduced
number of hyperchromatic nuclei, cardiomyocyte vacuolation,
neutrophil infiltration, and densely arranged myofibrils in the
BiE-treated groups also showed that B. indica hindered ISO-
induced cardiac injury (Figure 5). These results were similar to
previously reported cardioprotective effects of azafrin, gitoxigenin,
and betulin phytochemicals isolated from different plants
(Hashimoto et al., 1986; Shah and Gandhi, 2024; Yang et al.,
2018). These phytochemicals have also been identified in BiE, as
reported in our previous study (Anjum et al., 2024).

During the development of MI, an inflammatory response is
triggered by pro-inflammatory cytokines, including TNF-α and IL-
1β, which are produced in response to NF-κB activation. These
interleukins further exacerbate inflammation by producing IL-6 and
are involved in the formation of free radicals (ROS), which
subsequently intensify cardiac injury (Mehmet et al., 2022). We
also observed a significant increase (p < 0.001) in the expression of
pro-inflammatory cytokines (TNF-α and IL-1β) in the ISO group
compared to that in the normal group. In contrast, the level of the
anti-inflammatory cytokine IL-10 was decreased (p < 0.05). Elevated
pro-inflammatory cytokines indicated that ISO-induced cardiac
injury also involved inflammation (Figure 4). Similar results were
observed in the mRNA expression of pro-inflammatory and anti-
inflammatory cytokines. A dose-dependent and significant (p <
0.01) decrease in gene and protein expression of TNF-α and IL-
1β was observed in BiE-treated groups. However, the effect of BiE
treatment on anti-inflammatory mediators was not as prominent as
that on pro-inflammatory cytokines, as no significant difference was
observed in the IL-10 levels at 30 and 100 mg/kg. These changes in
inflammatory cytokines suggest that the cardioprotective effect of
BiE is at least partly mediated through the modulation of
inflammatory pathways. These results are in line with the
findings of previous studies and may be attributed to BiE COX-2
and 5-LOX enzyme inhibition activity (Anajirih et al., 2024; Wu
et al., 2024).

An uncontrolled inflammatory response in MI intensifies tissue
damage by activating necrotic and apoptotic mechanisms in
cardiomyocytes. BCL-2 protein family members, including BAX
and BCL-2, modulate the intrinsic apoptotic process (Ali et al., 2023;

Shah nd Gandhi, 2024). Increased expression of the BCL-2 protein
promotes myocyte survival by enhancing its resistance to apoptosis,
a phenomenon that is being widely studied. Cardioprotective agents
such as rosuvastatin and quercetin have been reported to decrease
apoptosis during cardiac protection by decreasing BAX and
increasing BCL-2 protein expression (Sultan et al., 2022). BiE
treatment also modulated apoptotic signaling, as reflected by
reduced BAX and increased BCL-2 expression, suggesting a shift
toward cell survival. This aligns with reports on cardioprotective
phytochemicals, such as flavonoids, that reduce apoptosis in
myocardial injury models (Figure 4).

The decrease in inflammatory cytokines and apoptosis
corresponds to the gene expression of the COX-2 enzyme and
NF-κB in cardiac tissue samples. BiE treatment decreased the
expression of COX-2 and NF-κB compared to that in the ISO
group (Figure 4). It has been observed in several studies that the
inhibition of COX-2 and NF-κB decreases the production of pro-
inflammatory mediators (IL-1β and TNF-α), which results in the
reduction of inflammation and, consequently, cardiac injury
(Hassanen et al., 2024). In addition to inflammation, several
studies suggested that COX-2 increased the interstitial collagen
content and fibroblast proliferation in cardiac cells after MI. The
inhibition of COX-2 decreases the collagen content by suppressing
inflammation and fibroblast proliferation, ultimately improving
cardiac contractility. Previous studies have reported that
phytochemicals such as flavonoids and phenolic acids decreased
inflammation by attenuating COX-2 and NF-κB, which prevent the
adverse cardiac remodeling in MI (LaPointe, et al., 2004). UHPLC-
MS/MS analysis of BiE tentatively identified several plant-derived
metabolites, including kaempferol 3-glucoside-7-sophoroside,
kaempferol 3-rutinoside-7-sophoroside, kaempferol 3-(2G-
glucosylrutinoside), ferulic acid, robinetin 3-rutinoside, (3S,7S)-
jasmonic acid, and luteolin 7-rhamnosyl-(1->6)-galactoside.
These metabolites were previously separated from different plants
and shown to have anti-inflammatory activity (Adeyi et al., 2023;
Fang et al., 2022; Kim et al., 2013; Kim et al., 2012) and mitigate
cardiac injury (Abdulaal et al., 2024; Bekheit et al., 2025; Hua et al.,
2022; Lee et al., 2018) through multiple pathways, including the
COX-2, NF-κB, Nf2, JAK-STAT, NLRP3 and caspase-1 pathways.
For instance, ferulic acid, a polyphenol found in many plants, offers
cardiac protection by reducing inflammation, activating
Nrf2 signaling, and improving cardiac mechanical function
(Pandi et al., 2022). Similarly, luteolin is a commonly found
plant flavone, which offers cardio protection by suppressing
apoptosis through the upregulation of the AKT pathway,
reducing oxidative stress by upregulating HO-1, and
downregulating the MAPK pathway (Luo et al., 2017). In the
context of these reported studies, the findings of this study
suggest that B. indica exerts anti-inflammatory effects that
attenuate ISO-induced cardiac injury by modulating NF-κB,
COX-2, and BAX/BCL-2 pathways.

4.1 Limitations of the study

In the present study, we did not assess the functional parameters
of the heart (i.e., BP, ECG, and HR) due to the unavailability of an
in-house facility. Additionally, we did not assess the downstream
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levels of caspase-3 in our study, which is considered a limitation of
the study.

4.2 Prospects of the study

We described that B. indica can mitigate acute MI by its anti-
inflammatory effects, which corroborate the traditional use of this
medicinal plant. However, further detailed studies are required to
describe the long-term efficacy, other possible mechanisms, and
therapeutic effects of the isolated phytochemicals.

5 Conclusion

B. indica contains several cardioprotective phytochemicals with
reported anti-inflammatory and cardioprotective effects. It suppresses
inflammation and apoptosis through the NF-κB and BAX/BCL-
2 pathways. This anti-inflammatory and antiapoptotic activity of
B. indica attenuates ISO-induced cardiomyocyte injury, describing
its potential for use in inflammatory and cardiac disorders.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

The animal study was approved by the Pharmacy Animal Ethics
Committee, The Islamia University of Bahawalpur. The study was
conducted in accordance with the local legislation and institutional
requirements.

Author contributions

FA: Investigation, Formal analysis, Writing – original draft. ST:
Writing – review and editing, Software, Data curation, Resources.
QJ: Supervision, Writing – review and editing, Writing – original
draft, Conceptualization. AR: Writing – review and editing, Data
curation, Investigation. EH: Methodology, Data curation, Resources,
Writing – review and editing. SA: Writing – review and editing,
Software, Data curation, Validation. AlA: Validation,
Writing – review and editing, Software, Data curation. HA:
Writing – review and editing, Validation, Software, Methodology.
AsA: Resources, Validation, Writing – review and editing, Data

curation, Software. SI: Supervision, Conceptualization,
Writing – original draft, Writing – review and editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors are grateful to the Deanship of the Faculty of
Pharmacy, the Islamia University of Bahawalpur, Pakistan, for
facilitating our research work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1628715/
full#supplementary-material

References

Abdulaal, W. H., Omar, U. M., Zeyadi, M., El-Agamy, D. S., Alhakamy, N. A.,
N, A. R. A., et al. (2024). Protective effect of kaempferol
glucoside against lipopolysaccharide-caused acute lung injury via
targeting Nrf2/NF-κB/NLRP3/GSDMD: integrating experimental and
computational studies. Saudi Pharm. J. 32 (6), 102073. doi:10.1016/j.jsps.
2024.102073

Abtulov, M., Zhelyazkova-Savova, M., Gancheva, S., Kuzmanov, K., Pavlov, D.,
Kuzmanova, V., et al. (2020). Effect of kochia scoparia on carrageenan-induced paw
edema in an experimentalmodel ofmetabolic syndrome. Bulg. Chem. Commun. 52, 75–77.

Adeyi, O. E., Somade, O. T., Ajayi, B. O., James, A. S., Adeboye, T. R., Olufemi, D. A.,
et al. (2023). The anti-inflammatory effect of ferulic acid is via the modulation of NFκB-

Frontiers in Pharmacology frontiersin.org11

Anjum et al. 10.3389/fphar.2025.1628715

https://www.frontiersin.org/articles/10.3389/fphar.2025.1628715/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1628715/full#supplementary-material
https://doi.org/10.1016/j.jsps.2024.102073
https://doi.org/10.1016/j.jsps.2024.102073
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1628715


TNF-α-IL-6 and STAT1-PIAS1 signaling pathways in 2-methoxyethanol-induced
testicular inflammation in rats. Phytomedicine Plus 3 (3), 100464. doi:10.1016/j.
phyplu.2023.100464

Ali, F. E. M., Hassanein, E. H. M., Abd El-Ghafar, O. A. M., Rashwan, E. K., Saleh, F.
M., and Atwa, A. M. (2023). Exploring the cardioprotective effects of canagliflozin
against cisplatin-induced cardiotoxicity: role of iNOS/NF-kappaB, Nrf2, and Bax/
cytochrome C/Bcl-2 signals. J. Biochem. Mol. Toxicol. 37 (4), e23309. doi:10.1002/
jbt.23309

Anajirih, N., Abdeen, A., Taher, E. S., Abdelkader, A., Abd-Ellatieff, H. A., Gewaily,
M. S., et al. (2024). Alchemilla vulgaris modulates isoproterenol-induced cardiotoxicity:
interplay of oxidative stress, inflammation, autophagy, and apoptosis. Front. Pharmacol.
15, 1394557. doi:10.3389/fphar.2024.1394557

Anjum, F., Touqeer, S., Khan, M. Y., Jamil, Q., Rida, A., Shirazi, J. H., et al. (2024).
Pharmacognostic evaluation, chemical characterization, and antibacterial activity of
Bassia indica (Wight) A. J. Scott. Plants 13 (13), 1753. doi:10.3390/plants13131753

Arshad, A., Rehman, T., Saleem, H., Khan, S., Saleem,M., Tousif, M. I., et al. (2021). In
vitro enzyme inhibition, antibacterial, UHPLC-MS chemical profiling and in silico
studies of Indigofera argentea Burm. f. for potential biopharmaceutical application. S
Afr. J. Bot. 143, 322–329. doi:10.1016/j.sajb.2020.12.001

Asami, E., Kitami, M., Ida, T., Kobayashi, T., and Saeki, M. (2023). Anti-inflammatory
activity of 2-methoxy-4-vinylphenol involves inhibition of lipopolysaccharide-induced
inducible nitric oxidase synthase by heme oxygenase-1. Immunopharmacol.
Immunotoxicol. 45 (5), 589–596. doi:10.1080/08923973.2023.2197141

Aslam, M. I., Touqeer, S., Jamil, Q., Masood, M. I., Sarfraz, A., Khan, S. Y., et al.
(2024). Cenchrus ciliaris L. ameliorates cigarette-smoke induced acute lung injury by
reducing inflammation and oxidative stress. S Afr. J. Bot. 171, 216–227. doi:10.1016/j.
sajb.2024.05.057

Bekheit, S. O., Kolieb, E., El-Awady, E. E., Alwaili, M. A., Alharthi, A., and Khodeer,
D. M. (2025). Cardioprotective effects of ferulic acid through inhibition of advanced
glycation end products in diabetic rats with isoproterenol-induced myocardial
infarction. Pharm. (Basel) 18 (3), 319. doi:10.3390/ph18030319

Bouaziz, M., Dhouib, A., Loukil, S., Boukhris, M., and Sayadi, S. (2009). Polyphenols
content, antioxidant and antimicrobial activities of extracts of some wild plants
collected from the south of Tunisia. Afr. J. Biotechnol. 8 (24), 7017–7027.

Chaaban, I., Hafez, H., Hazzaa, A., Domiati, S., Abd El Galil, K. H., Hdeib, F., et al.
(2024). Experimental investigation and molecular simulations of quinone related
compounds as COX/LOX inhibitors. Inflammopharmacology 32 (4), 2395–2411.
doi:10.1007/s10787-024-01501-3

Chauhan, K., Bhalla, P., Bhadoriya, K., and Varshney, V. K. (2024). Untargeted
metabolomic profiling of Prinsepia utilis Royle leaves by ultra-performance liquid
chromatography-quadrupole-time of flight-mass spectrometry. J. Mass Spectrom. 59
(8), e5075. doi:10.1002/jms.5075

Dewenter, M., Wagner, M., and El-Armouche, A. (2016). LATITUDE-TIMI: is there
still hope for anti-inflammatory therapy in acute myocardial infaction? J. Thorac. Dis. 8
(9), E1047–E1049. doi:10.21037/jtd.2016.08.66

Duan, D., Fan, T., Zhang, L., Li, L., Wang, H., Guo, M., et al. (2023). The correlation
between cardiac oxidative stress and inflammatory cytokine response following
myocardial infarction. Clin. Appl. Thromb. Hemost. 29, 10760296231211907. doi:10.
1177/10760296231211907

Dussarrat, T., Prigent, S., Latorre, C., Bernillon, S., Flandin, A., Diaz, F. P., et al.
(2022). Predictive metabolomics of multiple Atacama plant species unveils a core set of
generic metabolites for extreme climate resilience. New Phytol. 234 (5), 1614–1628.
doi:10.1111/nph.18095

Fang, Y., Wang, H., Xia, X., Yang, L., and He, J. (2022). Kaempferol 3-O-(2(G)-
glucosylrutinoside)-7-O-glucoside isolated from the flowers ofHosta plantaginea exerts
anti-inflammatory activity via suppression of NF-kappaB, MAPKs and Akt pathways in
RAW 264.7 cells. Biomed. Pharmacother. 153, 113295. doi:10.1016/j.biopha.2022.
113295

Fayez, N., Khalil, W., Abdel-Sattar, E., and Abdel-Fattah, A. M. (2023). In vitro and in
vivo assessment of the anti-inflammatory activity of olive leaf extract in rats.
Inflammopharmacology 31 (3), 1529–1538. doi:10.1007/s10787-023-01208-x

Fiaz, M., Asif, M., and Khan, K. U. R. (2024). Launaea fragilis extract attenuated
arthritis in rats throughmodulation of IL-1β, TNF-α, IL-6, NF-κB, COX-2, IL-4, and IL-
10. Inflammopharmacology 32 (4), 2427–2443. doi:10.1007/s10787-024-01471-6

Grabowska, K., Buzdygan,W., Galanty, A., Wróbel-Biedrawa, D., Sobolewska, D., and
Podolak, I. (2023). Current knowledge on genus Bassia All.: a comprehensive review on
traditional use, phytochemistry, pharmacological activity, and nonmedical applications.
Phytochem. Rev. 22 (5), 1197–1246. doi:10.1007/s11101-023-09864-1

Gupta, K., Bagang, N., Singh, G., and Laddi, L. (2024). Rat model of isoproterenol-
induced myocardial injury.Methods Mol. Biol. 2803, 123–136. doi:10.1007/978-1-0716-
3846-0_9

Hashimoto, T., Rathore, H., Satoh, D., Hong, G., Griffin, J. F., From, A. H., et al.
(1986). Cardiac glycosides. 6. Gitoxigenin C16 acetates, formates, methoxycarbonates,
and digitoxosides. Synthesis and Na+,K+-ATPase inhibitory activities. J. Med. Chem. 29
(6), 997–1003. doi:10.1021/jm00156a017

Hassanen, E. I., Kamel, S., Issa, M. Y., Mohamed, W. A., Mansour, H. A., and
Mahmoud, M. A. (2024). Phenolic-rich fraction of green tea attenuates histamine-
mediated cardiopulmonary toxicity by inhibiting Cox-2/NF-κB signaling pathway and
regulating oxidant/antioxidant balance. Beni Suef Univ. J. Basic Appl. Sci. 13 (1), 6.
doi:10.1186/s43088-024-00464-2

Hua, F., Li, J. Y., Zhang, M., Zhou, P., Wang, L., Ling, T. J., et al. (2022). Kaempferol-3-
O-rutinoside exerts cardioprotective effects through NF-κB/NLRP3/Caspase-1 pathway
in ventricular remodeling after acute myocardial infarction. J. Food Biochem. 46 (10),
e14305. doi:10.1111/jfbc.14305

Ibrar, M., Khan, M. A., Nisar, M., and Khan, M. (2019). Evaluation of Paeonia emodi
for its cardioprotective potentials: an investigative study towards possible mechanism.
J. Ethnopharmacol. 231, 57–65. doi:10.1016/j.jep.2018.10.041

Iqbal, S. M., Jamil, Q., Jamil, N., Kashif, M., Mustafa, R., and Jabeen, Q. (2016).
Antioxidant, antibacterial and gut modulating activities of Kalanchoe laciniata. Acta
Pol. Pharm. 73 (5), 1221–1227.

Kaier, T. E., Alaour, B., and Marber, M. (2021). Cardiac troponin and defining
myocardial infarction. Cardiovasc Res. 117 (10), 2203–2215. doi:10.1093/cvr/cvaa331

Kim, T. H., Ku, S. K., Lee, I. C., and Bae, J. S. (2012). Anti-inflammatory effects of
kaempferol-3-O-sophoroside in human endothelial cells. Inflamm. Res. 61 (3), 217–224.
doi:10.1007/s00011-011-0403-9

Kim, T. H., Ku, S. K., and Bae, J. S. (2013). Anti-inflammatory activities of
isorhamnetin-3-O-galactoside against HMGB1-induced inflammatory responses in
both HUVECs and CLP-induced septic mice. J. Cell Biochem. 114 (2), 336–345.
doi:10.1002/jcb.24361

Kumar, N., and Pruthi, V. (2014). Potential applications of ferulic acid from natural
sources. Biotechnol. Rep. (Amst) 4, 86–93. doi:10.1016/j.btre.2014.09.002

LaPointe, M. C., Mendez, M., Leung, A., Tao, Z., and Yang, X. P. (2004). Inhibition of
cyclooxygenase-2 improves cardiac function after myocardial infarction in the mouse.
Am. J. Physiol. Heart Circ. Physiol. 286 (4), H1416–H1424. doi:10.1152/ajpheart.00136.
2003

Lee, S. B., Shin, J. S., Han, H. S., Lee, H. H., Park, J. C., and Lee, K. T. (2018).
Kaempferol 7-O-β-D-glucoside isolated from the leaves of Cudrania tricuspidata
inhibits LPS-induced expression of pro-inflammatory mediators through
inactivation of NF-κB, AP-1, and JAK-STAT in RAW 264.7 macrophages. Chem.
Biol. Interact. 284, 101–111. doi:10.1016/j.cbi.2018.02.022

Liu, C., Li, B., Yan, Q., Niu, S., Zhao, Y., Xiong, C., et al. (2021). Protective effects and
mechanisms of recombinant human glutathione peroxidase 4 on isoproterenol-induced
myocardial ischemia injury. Oxid. Med. Cell Longev. 2021, 6632813. doi:10.1155/2021/
6632813

Liu, X., Chen, B., Chen, J., Wang, X., Dai, X., Li, Y., et al. (2024). A cardiac-targeted
nanozyme interrupts the inflammation-free radical cycle in myocardial infarction. Adv.
Mater 36 (2), e2308477. doi:10.1002/adma.202308477

Lopes, A. H., Silva, R. L., Fonseca, M. D., Gomes, F. I., Maganin, A. G., Ribeiro, L. S.,
et al. (2020). Molecular basis of carrageenan-induced cytokines production in
macrophages. Cell Commun. Signal 18 (1), 141. doi:10.1186/s12964-020-00621-x

Luo, Y., Shang, P., and Li, D. (2017). Luteolin: a flavonoid that has multiple cardio-
protective effects and its molecular mechanisms. Front. Pharmacol. 8, 692. doi:10.3389/
fphar.2017.00692

Malik, A., Sharif, A., Zubair, H. M., Akhtar, B., and Mobashar, A. (2023). In vitro, in
silico, and in vivo studies of Cardamine hirsuta Linn as a potential antidiabetic agent in a
rat model. ACS Omega 8 (25), 22623–22636. doi:10.1021/acsomega.3c01034

Masood, N., Jamil, Q., Aslam, M. I., Masood, M. I., Shirazi, J. H., Jamil, Q. A., et al.
(2023). Antioxidant, carbonic anhydrase inhibition and diuretic activity of Leptadenia
pyrotechnica Forssk. Decne. Heliyon 9 (12), e22485. doi:10.1016/j.heliyon.2023.e22485

Mehmet, E., Güngör, H., Karayığıt, M. Ö., Turgut, N. H., Koҫkaya, M., Karataş, Ö.,
et al. (2022). Cardioprotective effect of empagliflozin in rats with isoproterenol-induced
myocardial infarction: evaluation of lipid profile, oxidative stress, inflammation, DNA
damage, and apoptosis. Biol. Bull. 49 (S1), S159–S172. doi:10.1134/s1062359022130039

Mopai, M. G., Mpai, S., and Ndhlala, A. R. (2023). Practices of organic medium
enclosed trough and Amaranth species variation enhanced growth, nutritional
composition and bioactive compounds. Appl. Sci-Basel 13 (23), 12574. doi:10.3390/
app132312574

Musa, A., Al-muaikel, N. S., and Abdel-Bakky, M. (2016). Phytochemical and
pharmacological evaluations of ethanolic extract of Bassia eriophora. Der Pharma
Chem. 8 (12), 169–178.

Nawaz, I., Tahir, A., Iqbal, S. M., Anjum, F., Naseem, M., Aslam, M. I., et al. (2023).
Anti-Inflammatory, anti-nociceptive and anti-pyretic activities of Cenchrus ciliaris L.
J. Ethnopharmacol. 309, 116332. doi:10.1016/j.jep.2023.116332

Niaz, S., Bokhari, T. Z., Sherwani, S. K., Younis, U., and Dasti, A. A. (2013).
Ethnobotanical study of some medicinal plants of Thal Desert Punjab Pakistan. Int.
J. Pharm. Res. Bio-Sci 2, 31–41.

Olsen, M. B., Gregersen, I., Sandanger, O., Yang, K., Sokolova, M., Halvorsen, B. E.,
et al. (2022). Targeting the inflammasome in cardiovascular disease. JACC Basic Transl.
Sci. 7 (1), 84–98. doi:10.1016/j.jacbts.2021.08.006

Frontiers in Pharmacology frontiersin.org12

Anjum et al. 10.3389/fphar.2025.1628715

https://doi.org/10.1016/j.phyplu.2023.100464
https://doi.org/10.1016/j.phyplu.2023.100464
https://doi.org/10.1002/jbt.23309
https://doi.org/10.1002/jbt.23309
https://doi.org/10.3389/fphar.2024.1394557
https://doi.org/10.3390/plants13131753
https://doi.org/10.1016/j.sajb.2020.12.001
https://doi.org/10.1080/08923973.2023.2197141
https://doi.org/10.1016/j.sajb.2024.05.057
https://doi.org/10.1016/j.sajb.2024.05.057
https://doi.org/10.3390/ph18030319
https://doi.org/10.1007/s10787-024-01501-3
https://doi.org/10.1002/jms.5075
https://doi.org/10.21037/jtd.2016.08.66
https://doi.org/10.1177/10760296231211907
https://doi.org/10.1177/10760296231211907
https://doi.org/10.1111/nph.18095
https://doi.org/10.1016/j.biopha.2022.113295
https://doi.org/10.1016/j.biopha.2022.113295
https://doi.org/10.1007/s10787-023-01208-x
https://doi.org/10.1007/s10787-024-01471-6
https://doi.org/10.1007/s11101-023-09864-1
https://doi.org/10.1007/978-1-0716-3846-0_9
https://doi.org/10.1007/978-1-0716-3846-0_9
https://doi.org/10.1021/jm00156a017
https://doi.org/10.1186/s43088-024-00464-2
https://doi.org/10.1111/jfbc.14305
https://doi.org/10.1016/j.jep.2018.10.041
https://doi.org/10.1093/cvr/cvaa331
https://doi.org/10.1007/s00011-011-0403-9
https://doi.org/10.1002/jcb.24361
https://doi.org/10.1016/j.btre.2014.09.002
https://doi.org/10.1152/ajpheart.00136.2003
https://doi.org/10.1152/ajpheart.00136.2003
https://doi.org/10.1016/j.cbi.2018.02.022
https://doi.org/10.1155/2021/6632813
https://doi.org/10.1155/2021/6632813
https://doi.org/10.1002/adma.202308477
https://doi.org/10.1186/s12964-020-00621-x
https://doi.org/10.3389/fphar.2017.00692
https://doi.org/10.3389/fphar.2017.00692
https://doi.org/10.1021/acsomega.3c01034
https://doi.org/10.1016/j.heliyon.2023.e22485
https://doi.org/10.1134/s1062359022130039
https://doi.org/10.3390/app132312574
https://doi.org/10.3390/app132312574
https://doi.org/10.1016/j.jep.2023.116332
https://doi.org/10.1016/j.jacbts.2021.08.006
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1628715


Ong, S. B., Hernandez-Resendiz, S., Crespo-Avilan, G. E., Mukhametshina, R. T.,
Kwek, X. Y., Cabrera-Fuentes, H. A., et al. (2018). Inflammation following acute
myocardial infarction: multiple players, dynamic roles, and novel therapeutic
opportunities. Pharmacol. Ther. 186, 73–87. doi:10.1016/j.pharmthera.2018.01.001

Othman, A., Amen, Y., Inoue, Y., and Shimizu, K. (2022). Phytochemical
analysis, anti-inflammatory, and anticancer activities of the halophyte herb
Bassia indica. Nat. Prod. Commun. 17 (11), 1934578X221137412. doi:10.1177/
1934578x221137412

Pandi, A., Raghu, M. H., Chandrashekar, N., and Kalappan, V. M. (2022).
Cardioprotective effects of Ferulic acid against various drugs and toxic agents. Beni
Suef Univ. J. Basic Appl. Sci. 11 (1), 92. doi:10.1186/s43088-022-00273-5

Pervaiz, I., Hasnat, M., Ahmad, S., Khurshid, U., Saleem, H., Alshammari, F., et al.
(2022). Phytochemical composition, biological propensities, and in-silico studies of
Crateva adansonii DC.: a natural source of bioactive compounds. Food Biosci. 49,
101890. doi:10.1016/j.fbio.2022.101890

Pillanjinayya, S., Nagaraja, B., Subbaraya, V. M., and Sabat, S. (2025). Molecular
dynamics simulation studies for the antibacterial activity of bioactive compound from
Syzygium cumini against AMR Staphylococcus aureus. Curr. Bioact. Compd. 21 (4),
e270624231370. doi:10.2174/0115734072309616240613071448

Saide, A., Lauritano, C., and Ianora, A. (2020). Pheophorbide a: state of the art. Mar.
Drugs 18 (5), 257. doi:10.3390/md18050257

Shah, H., and Gandhi, T. (2024). Betulin protects against isoproterenol-induced
myocardial injury by inhibiting NF-κB signaling and attenuating cardiac inflammation
and oxidative stress in rats. Asian Pac J. Trop. Bio 14 (6), 236–244. doi:10.4103/apjtb.
apjtb_201_24

Sultan, F., Kaur, R., Tarfain, N. U., Mir, A. H., Dumka, V. K., Sharma, S. K., et al.
(2022). Protective effect of rosuvastatin pretreatment against acute myocardial injury by
regulating Nrf2, Bcl-2/Bax, iNOS, and TNF-alpha expressions affecting oxidative/
nitrosative stress and inflammation. Hum. Exp. Toxicol. 41, 9603271211066065.
doi:10.1177/09603271211066065

Tripathi, Y. C., Prabhu, V. V., Pal, R. S., and Mishra, R. N. (1996). Medicinal plants of
Rajasthan in Indian system of medicine. Anc. Sci. Life 15 (3), 190–212.

Umair, M., Altaf, M., and Abbasi, A. M. (2017). An ethnobotanical survey of
indigenous medicinal plants in Hafizabad district, Punjab-Pakistan. PLoS One 12
(6), e0177912. doi:10.1371/journal.pone.0177912

Verma, V. K., Malik, S., Narayanan, S. P., Mutneja, E., Sahu, A. K., Bhatia, J., et al.
(2019). Role of MAPK/NF-κB pathway in cardioprotective effect of Morin in
isoproterenol induced myocardial injury in rats. Mol. Biol. Rep. 46 (1), 1139–1148.
doi:10.1007/s11033-018-04575-9

Vick, B. A., and Zimmerman, D. C. (1984). Biosynthesis of jasmonic Acid by several
plant species. Plant Physiol. 75 (2), 458–461. doi:10.1104/pp.75.2.458

Viola, M., de Jager, S. C. A., and Sluijter, J. P. G. (2021). Targeting inflammation after
myocardial infarction: a therapeutic opportunity for extracellular vesicles? Int. J. Mol.
Sci. 22 (15), 7831. doi:10.3390/ijms22157831

Wu, B., Zheng, R., Ouyang, M., Zhu, Y., Lu, H., Liao, K., et al. (2024). The water
extract of Amydrium sinense (Engl.) H. Li ameliorates isoproterenol-induced cardiac
hypertrophy through inhibiting the NF-kappaB signaling pathway. Biomed.
Pharmacother. 172, 116241. doi:10.1016/j.biopha.2024.116241

Xiang, L., Huang, Q., Chen, T., He, Q., Yao, H., and Gao, Y. (2023). Ethanol extract of
Paridis rhizoma attenuates carrageenan-induced paw swelling in rats by inhibiting the
production of inflammatory factors. BMC Complement. Med. Ther. 23 (1), 437. doi:10.
1186/s12906-023-04264-6

Yang, S., Chou, G., and Li, Q. (2018). Cardioprotective role of azafrin in against
myocardial injury in rats via activation of the Nrf2-ARE pathway. Phytomedicine 47,
12–22. doi:10.1016/j.phymed.2018.04.042

Youssef, S. (2013). Medicinal and non-medicinal uses of some plants found in the middle
region of Saudi Arabia. J. Med. Plant Res. 7 (34), 2501–2517. doi:10.5897/JMPR12.798

Zhang, H., and Dhalla, N. S. (2024). The role of pro-inflammatory cytokines in the
pathogenesis of cardiovascular disease. Int. J. Mol. Sci. 25 (2), 1082. doi:10.3390/
ijms25021082

Zhang, X., Zhao, Y., Zhao, X., Zhang, J., Diao, J., Jia, S., et al. (2023). Anti-
inflammatory, cardioprotective effect of gypenoside against isoproterenol-induced
cardiac remodeling in rats via alteration of inflammation and gut microbiota.
Inflammopharmacology 31 (5), 2731–2750. doi:10.1007/s10787-023-01307-9

Frontiers in Pharmacology frontiersin.org13

Anjum et al. 10.3389/fphar.2025.1628715

https://doi.org/10.1016/j.pharmthera.2018.01.001
https://doi.org/10.1177/1934578x221137412
https://doi.org/10.1177/1934578x221137412
https://doi.org/10.1186/s43088-022-00273-5
https://doi.org/10.1016/j.fbio.2022.101890
https://doi.org/10.2174/0115734072309616240613071448
https://doi.org/10.3390/md18050257
https://doi.org/10.4103/apjtb.apjtb_201_24
https://doi.org/10.4103/apjtb.apjtb_201_24
https://doi.org/10.1177/09603271211066065
https://doi.org/10.1371/journal.pone.0177912
https://doi.org/10.1007/s11033-018-04575-9
https://doi.org/10.1104/pp.75.2.458
https://doi.org/10.3390/ijms22157831
https://doi.org/10.1016/j.biopha.2024.116241
https://doi.org/10.1186/s12906-023-04264-6
https://doi.org/10.1186/s12906-023-04264-6
https://doi.org/10.1016/j.phymed.2018.04.042
https://doi.org/10.5897/JMPR12.798
https://doi.org/10.3390/ijms25021082
https://doi.org/10.3390/ijms25021082
https://doi.org/10.1007/s10787-023-01307-9
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1628715

	Cardioprotective effects of Bassia indica via NF-κB and BCL-2/BAX modulation in isoproterenol-induced myocardial injury
	1 Introduction
	2 Materials and methods
	2.1 Plant collection, extraction, and fractionation
	2.2 UHPLC-MS/MS
	2.3 In vitro anti-inflammatory assays
	2.3.1 Cyclooxygenase inhibitory assay
	2.3.2 Lipoxygenase inhibitory assay
	2.3.3 Protein denaturation inhibition
	2.3.4 Membrane stabilizing test

	2.4 In vivo studies
	2.4.2 Carrageenan/histamine/serotonin-induced acute inflammation
	2.4.3 Isoproterenol-induced myocardial infarction
	2.4.3.1 Myocardial infarct size measurement
	2.4.3.2 Assessment of cardiac markers
	2.4.3.3 Total protein content and inflammatory markers assessment
	2.4.3.4 qPCR studies
	2.4.3.5 Histological analysis of heart tissues

	2.5 Statistical analysis

	3 Results
	3.1 BiE preparation and fractionation
	3.2 UHPLC-MS/MS analysis of BiE
	3.3 Anti-inflammatory activity of BiE
	3.3.1 COX-2 inhibitory assay
	3.3.2 5-LOX inhibitory assay
	3.3.3 Protein denaturation and membrane stabilization activity
	3.3.4 Carrageenan-induced paw edema
	3.3.5 Histamine-induced paw edema
	3.3.6 Serotonin-induced paw edema

	3.4 Cardioprotective activity of BiE
	3.4.1 Effect on the infarct size
	3.4.2 Cardiac biomarkers
	3.4.3 Effect on interleukins
	3.4.4 Effect on mRNA levels of inflammatory markers
	3.4.5 Effect on COX-2 and NF-κB mRNA
	3.4.6 Effect on BAX and BCL-2 mRNA
	3.4.7 Effect on cardiac tissue architecture


	4 Discussion
	4.1 Limitations of the study
	4.2 Prospects of the study

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


