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Abstract
Background and Objective: Heart attack or myocardial infarction (MI) is a serious global issue due to the high mortality rate than other
heart diseases. The current animal study was framed to examine whether hispidulin (HIS) exhibit cardioprotective activity in isoproterenol
(ISO) induced rat model. Materials and Methods: Totally forty Wistar male rats were segregated into four different groups. Control rats
were administered with saline, Hispidulin (HIS) group rats were intraperitoneally injected with HIS (50 mg kgG1 b.wt.) for 28 days, MI
induced group (ISO) rats were injected with 100 mg kgG1 of ISO for last 2 days. Whereas, HIS and ISO-induced rats (HIS+ISO) group rats
were injected with HIS (50 mg kgG1, i.p.) for 28 days and exposed to ISO (100 mg kgG1). Results: Rats injected with ISO significantly
increased the heart to body weight ratio, heart weight, cardiac diagnostic markers (LDH, cTnC, CPK), lipid peroxidation products, lipid
profile (TC, TG and LDL-c), inflammatory markers as compared with control rats. However, rats pre-treated with HIS for 28 days
considerably abolished those elevation caused by ISO induction and revert all the biochemical values to near normal. A marked
upregulation in the protein expression of NF-κB p65 subunits and TNF-" were noted in ISO-induced (MI) group. But on supplementation
with HIS the levels of protein expression of NF-κB p65 subunits and TNF-" were exponentially downregulated. Conclusion: The outcome
of this study implied that HIS possess potent cardioprotective activity against ISO-induced MI model by enhancing the oxidative status
and suppressing hyperlipidemia and inflammatory response.
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INTRODUCTION

For    several    years    natural    compounds
(herbs/phytocomponents) have been used in traditional or
folk medicine (Complementary or alternative medicine) for
treating various ailments as they are considered as safe than
most of the synthetic compounds1. Therefore, most of the
researchers  are  focusing  on  natural  materials  like
polyphenols  and  flavonoids  for  treating  various
dysfunctions   and   disorders   or   disease   conditions2.
Recently, flavonoids are gaining more attention for treating
ischemic/coronary   heart   disease   owing   to   its   potent
anti-inflammatory, anti-oxidant and anti-lipidemic properties3.
One    such    popular    flavonoid    (flavone)    is    Hispidulin
(HIS;  6-methoxy-5,7,4'-trihydroxyflavone). The HIS is a natural
flavonoid (active compound) extracted from the different
Traditional Chinese Medicinal (TCM) plants/herbs especially
Salvia species, Artemisia  species, Centaurea  species as well as
in Eupatorium litoralle, Grindelia argentina, Saussurea
involucrate4,5. The HIS display array of biological activities
including   anti-tumor,   anti-microbial,   anti-inflammatory,
anti-oxidant, anti-thrombosis as well as hepatoprotective and
osteoprotective properties4,6. Furthermore, hispidulin can
penetrate the blood-brain barrier (BBB) and act as allosteric
modulator at the benzodiazepine receptor and thereby
demonstrate its neuroprotective function7.

Heart attack or Myocardial infarction (MI) is the prime
most reason for the mortality and morbidity globally as
compared to other types of cardiovascular diseases (CVDs).
Therefore, MI is considered as a major health issue and need
great attention8. The MI comes under ischemic heart disease
and  caused  mainly  due  to  blockage  of  blood  flow
(atherosclerosis-narrowing of blood vessels) and results in
hypoxia  and  eventually  myocardial  tissue  damage
(cardiomyocytes death)9. The main pathophysiology of MI is
the excessive production of free radicals, which outplays the
numbers of antioxidants and results in oxidative stress,
followed by increased inflammatory response and myocardial
necrosis and apoptosis (cardiac damage) as well as trigger
mitochondrial dysfunction and ultimately end up in MI10.
Isoproterenol (ISO) is a $-adrenergic agonist and a synthetic
catecholamine which induced heart failure similar to MI at the
supramaximal dosage (100 mg kgG1 b.wt.). The ISO results in
cardiotoxicity via triggering increased free radical production
owing to catecholamine (auto-oxidation) which leads to
oxidative stress, followed by the elevated inflammatory
response, mitochondrial dysfunction and myocyte apoptosis
(Ca2+overload) and eventually results in cardiac damage alike
MI11.

Currently, many scientists have involved in developing a
potent novel natural cardioprotective agent against MI as the
present treatment regimen were not that effective and it’s too
expensive12. Therefore, the search for the less expensive and
effective natural cardioprotective agent with less or no
adverse  effect  is  highly  required  to  combat  the  mortality
and morbidity related to MI13. The HIS could be the better
choice   to   develop   into   a   potent   cardioprotective   agent
as   it   exhibits  numerous   beneficial   activities   including
anti-inflammatory, anti-oxidant and anti-hyperlipidemia. Till
date, no experimental studies have conducted to check the
cardioprotective activity of hispidulin. Therefore, the current
animal study was planned to examine whether hispidulin
exhibit  cardioprotective  activity  against  ISO-induced
cardiotoxicity (heart failure) in a rat model.

MATERIALS AND METHODS

Experimental  rats  and  ethical  approval:  Totally  forty
healthy albino Wistar male rats, weighing 240±10 g were
purchased and housed in polycarbonate cage at standard
laboratory condition (21±2EC with 60-65% humidity) under
12 dark/12 light condition. All rats have free access to food
(standard  rat  pellet)  and  water.  All  the  experimental
procedure or protocol used in this animal experiment were
approved by Ethical clearance board members of Fujian
Medical University (FMU-ECB-2018/13-12) and by sticking to
the guidelines indicated by NSAG (China) for the use and care
of experimental animals.

Experimental design: All the forty rats were segregated into
4  different  groups  after  a  week  of  assimilation  period.
Control rats were administered with only saline for 28 days
(Con, n = 10), Hispidulin (HIS, n = 10) group rats were
intraperitoneally  (i.p.)  injected  with  50  mg  kgG1  b.wt.,  of
HIS for 28 days. The MI induced group (ISO; n = 10) rats were
intraperitoneally injected with 100 mg kgG1 b.wt., of
isoproterenol-hydrochloride for last 2 days without any
treatment (29th and 30th day). While HIS and ISO-induced rats
(HIS+ISO, n = 10) treatment group rats were intraperitoneally
injected with HIS (50 mg kgG1, i.p.) for 28 days and exposed to
ISO (100 mg kgG1).

Sample collection: On the 31st day all the rats were weighed
using laboratory animal weighing scale (Beijing, China) and
then rats were euthanized under 2% ethyl ether and the blood
sample was immediately collected. The collected blood
sample was centrifuged at 3500×g for 15 min at 4EC to
separate serum sample and stored at -80EC until biochemical
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analysis was carried out. Heart (organ) was excised
immediately from all sacrificed rats and weighed using a
weighing  scale.  The  excised  heart  tissue  was  nicely
chopped and homogenized with tris-HCl buffer solution and
centrifuged at 15000×g for 15 min at 4EC and the resultant
supernatant was utilized for all the biochemical and molecular
analysis.

Biochemical  analysis
Lipid peroxidation products and antioxidants: Cardiac
homogenate (supernatant) was used to assess the levels of
lipid peroxidation product like malondialdehyde (MDA) and
the activity of antioxidants like superoxide dismutase (SOD)
and catalase (CAT) using commercial enzymatic assay kit
brought from Kangchen Biotechnology (Shanghai, China)
based on supplier protocol.

Cardiac diagnostic marker enzymes: Activities of serum
cardiac dysfunction diagnostic marker enzymes like cardiac
troponin T (cTn T), creatine kinase-MB (CK-MB isoform) and
lactate dehydrogenase (LDH) were measured to check the
grade of cardiac dysfunction or integrity. The CK-MB (ELISA kit)
and LDH (Colorimetric assay kit) were both assayed using
commercial assay kits bought from Abcam (Cambridge, UK).
While, the activity of cTn T were assayed using commercial
ELISA assay kit (Thermo Fisher Scientific; MA, USA).

Lipid   profile:   The   serum   lipid   profile   including
triacylglycerol  or  triglyceride  (TG),  total  cholesterol  (TC),
high-density lipoprotein cholesterol (HDL-c) and low-density
lipoprotein   cholesterol   (LDL-c),   were   analyzed   using
commercial assay kit from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China) by following supplier’s procedure.

Inflammatory markers: The Nuclear/Cytosolic fractionation
kit was bought from BioVision Inc., (CA, USA) and used to
extract the cytosolic and nuclear fraction from the heart tissue
homogenate (supernatant). Then the levels of various cardiac
inflammatory markers like Interleukin one beta (IL-1$), Tumor
necrosis factor alpha (TNF-") and Interleukin six (IL-6) were
measured in cytosolic fraction using commercial rat specific
Quantikine ELISA kit (R and D Systems, Inc., MN, USA).Thermo
Fisher Scientific, Inc., (MA, USA).  Whereas, the concentration
of Nuclear factor kappa b p65 subunit (NF-κB p65) an active
NF-κB subunit was measure in cerebral nuclear fraction using
from ELISA NF-κB p65 transcription factor assay kit from
Abcam (Cambridge, UK).

Molecular analysis
Western blot analysis: The western blot technique11 was
employed to quantify the protein expression of TNF-" from
cytosolic  fraction  and  NF-κB  p65  subunit  from  nuclear
fraction of heart homogenate. The protein levels were
estimated  using  BCA  protein  assay  kit  from  BioVision  Inc.,
(CA, USA) by treating cardiac tissue homogenate (supernatant)
with lytic RIPA buffered solution containing various
proteinase. Fifty micrograms of protein from each group
(sample) were uniformly separated using 12% SDS-PAGE
apparatus and electro-transferred onto PVDF membrane. Then
the membrane was blocked and probed with primary
antibodies for overnight at 4EC. Primary antibodies: Rabbit
polyclonal  anti-NF-κB  p65  (1:1000  dilution;  Abcam,
Cambridge, UK), rabbit monoclonal anti- TNF-" (1:800 dilution;
Abcam, Cambridge, UK) and rabbit monoclonal anti-$ actin
(1:1200 dilution; Abcam, Cambridge, UK) a standard/control.
Then followed by exposing to secondary antibody-rabbit
polyclonal  anti-horseradish  peroxidase  (HRP)  antibody
(1:12000 dilution from Abcam, Cambridge, UK) and incubated
for 1 h at 37EC. The protein bands in the PVDF membrane was
developed  using  Enhanced  Chemiluminescence  (ECL)
detection system (Bio Rad Laboratories, Inc., CA, USA) and
quantified using image analysing software (Image Plus
software; Ver 7) from the Media Cybernectics, Inc., (MD, USA).

Statistical  analysis:  Data  are  expressed  as  the
mean±standard error of mean (SEM) with ten rats in each
group (n = 10). The p-value (statistical difference) among the
groups (ISO vs Control and HIS+ISO vs ISO) was tested using
One-way analysis of variance (ANOVA) followed by Least
significance difference (post hoc  test) using GraphPad Prism
(ver:5; Graphpad Software Inc., CA, USA). A p value less than
0.05 is considered as the statistical difference.

RESULTS

Effect of HIS on the change in body weight, heart weight
and heart to body weight ratio: The data in Table 1
represents the effect of HIS change in body weight, heart
weight   and   heart   to   body   weight   ratio   in   control   and
ISO-induced   rats.   As   compared   with   control   rats,   the
ISO-induced rats showed a significant increase (p<0.01) in the
heart weight and heart to body weight ratio. Whereas, rats
pre-treated with HIS for 28 days and followed by ISO-induction
showed a remarkable decline (p<0.01) in the levels of heart
weight and heart to body weight ratio. Nevertheless, no
significant alteration was observed in the case of body weight
in any of the group.
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Table 1: Effect of HIS change in body weight, heart weight and heart to body weight ratio in control and ISO-induced rats
Control HIS ISO HIS+ISO

Heart weight (g) 0.580±0.05 0.585±0.04 0.825±0.05a# 0.655±0.04b#

Body weight (g) 256.500±6.50 258.250±5.00 254.400±5.50NS 255.800±7.00NS

Heart to body weight ratio (%) 0.226±0.01 0.226±0.01 0.324±0.02a# 0.256±0.01b#

Data are expressed as the mean±standard error of mean (SEM), p-value: #p<0.01,  ‘a’ shows the significant difference between ISO vs. control and ‘b’ shows the
significant difference between HIS+ISO vs. ISO. NS: Non-significant

Table 2: Effect of HIS on the heart lipid peroxidation products and antioxidant enzymes in control and ISO-induced rats
Parameters Control HIS ISO HIS+ISO
MDA (nmol mgG1 pro) 0.62±0.08 0.60±0.07 1.24±0.14a# 0.75±0.09b#

SOD (U mgG1 pro) 4.95±0.40 5.01±0.50 3.26±0.29a# 4.11±0.42b*
CAT (U mgG1 pro) 16.36±1.50 15.98±1.45 9.77±1.00a# 13.22±1.42b#

Data are expressed as the mean±standard error of mean (SEM), p-value: #p<0.01, *p<0.05, ‘a’ shows the significant difference between ISO vs. control and ‘b’ shows
the significant difference between HIS+ISO vs. ISO

Table 3: Effect of HIS on serum cardiac markers enzymes in control and ISO-induced rats
Parameters Control HIS ISO HIS+ISO
CK-MB (IU LG1) 67.70±8.00 69.78±9.50 145.20±13.00a# 83.80±9.00b#

LDH (IU LG1) 92.10±10.00 91.00±11.40 162.33±14.70a# 109.21±10.90b#

cTn T (ng mLG1) 0.58±0.06 0.59±0.05 1.43±0.15a# 0.81±0.09b#

Data are expressed as the mean±standard error of mean (SEM), p-value: #p<0.01, ‘a’ shows the significant difference between ISO vs. control and ‘b’ shows the
significant difference between HIS+ISO vs. ISO

Table 4: Effect of HIS on the serum lipid profile in control and ISO-induced rats
Parameters Control HIS ISO HIS+ISO
TC (mg dLG1) 66.81±5.20 67.10±6.00 102.20±10.00a# 78.80±8.40b#

TG (mg dLG1) 41.55±6.00 42.00±4.05 72.98±9.50a# 52.60±4.69b#

LDL-C (mg dLG1) 34.50±4.10 33.85±4.00 73.92±8.10a# 49.10±5.30b#

HDL-C (mg dLG1) 23.35±2.75 24.97±3.40 18.05±2.00a# 21.50±3.00b#

Data are expressed as the mean±standard error of mean (SEM), p-value: #p<0.01,  ‘a’ shows the significant difference between ISO vs. control and ‘b’ shows the
significant difference between HIS+ISO vs. ISO

Effect of HIS on the heart lipid peroxidation products and
antioxidant enzymes: Effect of HIS on the heart lipid
peroxidation products and antioxidant enzymes in control and
ISO-induced rats are shown in Table 2. The mean value of lipid
peroxidation product like MDA was greatly inclined (p<0.01)
in ISO-induced rat. Upon supplementation with HIS, the mean
value of MDA was concomitantly decreased (p<0.01) as
compare to the ISO-induced group. In the case of the heart,
endogenous antioxidant enzymes like SOD and CAT were
significantly attenuated (p<0.01) in ISO-induced rats as
compared with control rats. However, the activity of these
heart antioxidant enzymes was considerably ameliorated
(p<0.01) upon HIS intervention.

Effect of HIS on serum cardiac markers enzymes: The results
in Table 3 epitomized the activity of serum cardiac diagnostic
marker  enzymes  like  LDH,  CK-MB,  cTn  T  in  control  and
ISO-induced rats. An exponential elevation (p<0.01) in the
activity  of  serum  cardiac  diagnostic  marker  enzymes  like
LDH, CK-MB, cTn T were observed in ISO-induced rats as
compared  with  control  rats  which  are  only  treated  with
saline. While rats pre-treated with HIS for 28 days and exposed

to ISO injection showed a dramatic decline (p<0.01) in the
activity of those serum cardiac diagnostic marker enzymes
than ISO-induced rats.

Effect of HIS on the serum lipid profile:  Table  4  indicated
the  effect  of  HIS  on  the  serum  lipid  profile  in  control  and
ISO-induced rats. A pronounced increase (p<0.01) in the levels
of lipid profile like TC, TG and LDL-c with a significant decrease
(p<0.01) in HDL-c level in ISO-induced group. In contrary, the
levels of TC, TG and LDL-c were considerably decreased
(p<0.01) with significant improvement (p<0.01) in the levels
of HDL-c in rats injected with HIS for 28 days, before ISO
induction as equivalent with ISO-induced (MI model) rats.

Effect of HIS on heart inflammatory markers: As shown in
Fig.  1,  the  concentration  of  various  pro-inflammatory
cytokines like IL-1$, IL-6, TNF-" and NF-κB p65 in heart tissue
homogenate were significantly enhanced (p<0.01) in rats
injected with ISO. While rats injected with 50 mg kgG1 of HIS
for 28 days before ISO induction could significantly suppress
(p<0.01) the concentration of IL-1$, IL-6, TNF-" and NF-κB p65
on comparison with ISO-induced rats.
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Fig. 1: Effect of HIS heart inflammatory markers in control and ISO-induced rats
Data are expressed as the mean±standard error of mean (SEM), p-value: #p<0.01, ‘a’ shows the significant difference among ISO vs. control and ‘b’ shows the
significant difference between HIS+ISO vs. ISO

Fig. 2: Effect  of  HIS on the protein expression of TNF-" and
NF-6b p65 in heart tissue of control and ISO-induced
rats
Data   are   expressed   as  the  mean±standard  error  of  mean  (SEM),
p-value:   #p<0.01,   ‘a’   shows   the   significant   difference among ISO
vs.  control and ‘b’  shows  the  significant  difference  among  HIS+ISO
vs. ISO

Effect of HIS on the protein expression of TNF-" and NF-κB
p65:  To  confirm  the  anti-inflammatory  activity  of  HIS
(based on above biochemical results), the protein expression
of  TNF-"  and  NF-κB  p65  in  heart  tissue  of  control  and
ISO-induced rats were quantified using western blot
technique (Fig. 2). A marked upregulation (p<0.01) in the
protein expression of TNF-" (cytosolic fraction) and NF-κB p65
subunit (nuclear fraction) were observed in ISO exposed rats
(MI model rats) vs control rats. Meanwhile, the protein
expression of TNF-" (cytosolic fraction) and NF-κB p65 subunit
(nuclear  fraction)  were  notably  downregulated  (p<0.01)  in
rats  administered  with  HIS  as  a  pre-treatment  regimen  for
28 days before ISO-induction.

DISCUSSION

As mentioned previously HIS exhibit numerous biological
properties  including  anti-inflammatory,  antioxidant  and
hepatoprotective activities. Hence, the author hypothesizes
that   HIS   would   exert   cardioprotective   efficacy   against
ISO-induced MI in a rat model as oxidative stress and
inflammatory    response    are    the    main    contributor    for
ISO-induced  heart  failure.  The  elevated  heart  weight  in
ISO-induced group is due to increased water accumulation
(edematic condition-catecholamine auto-oxidation) by the
loss of myocyte integrity and altered permeability14. But rats
pre-treated  with  HIS  showed  decreased  heart  weight
because of anti-lipid peroxidation and antioxidant activity
which protect the myocyte integrity and maintain normal
permeability15. The level of MDA was increased with a
significant decrease in the activity of cardiac antioxidants like
SOD and CAT after ISO induction owing to increased free
radical generation (because of catecholamine auto-oxidation).
However, rats administered with HIS for 28 days would
improve the antioxidant activity of SOD and CAT and thereby
lower the MDA levels attributing to its free radical scavenging
and antioxidant activity16. In addition, Dabaghi-Barbosa et al.17

indicated that the three hydroxyl groups present in the
hispidulin could greatly contribute to free radical scavenging
and antioxidant activity.

Rats induced with ISO showed elevated levels of marker
enzymes like cTn T, CK-MB, LDH due to excessive free radical
generation (oxidative stress) which lead to increase lipid
peroxidation in cardiomyocytes and results in release
(leakage)  of  enzymes  from  cardiac  tissue  into  extracellular
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fluid-serum18. Rats pre-treated with HIS for 28 days followed by
ISO induction showed declined levels of marker enzymes like
cTn T, CK-MB, LDH due to anti-lipid peroxidation/membrane
protective property16,17. Copious amount of studies have
highlighted that ISO induction could modulate the lipid
metabolism   and   change   the   structural   property
(integrity, permeability) of myocytes and results in myocardial
arrhythmias and dysfunction19,20. The rats injected with ISO on
29th and 30th days also showed altered serum lipid profile
(increased -TC, TG and LDL-c/ decreased HDL-c). In case of rats
exposed to ISO and pre-treated with HIS showcase decreased
TC, TG and LDL-c with improved HDL-c and thus hinting its
anti-hyperlipidemic property. Similarly, Wu and Xu21

demonstrated that hispidulin can bind to PPAR-" and thus
alter lipid metabolizing enzymes as well as improve HDL-c and
lower LDL-c in a rat model.

During ISO induction (auto-oxidation of catecholamine)
the elevated free radicals trigger inflammatory cascade via
upregulating pro-inflammatory cytokines like IL-1$, IL-6 and
TNF-" via NF- 6B signaling pathway8. This animal experiment
also indicated that rats injected with ISO (100 mg kgG1)
displayed     the     increased     concentration     of     cardiac
pro-inflammatory cytokines like IL-6, IL-1$, TNF-" and NF-κB
p65 subunit. Whereas, rats pre-treated with HIS before ISO
induction  would  increase  oxidative  status  and  thus  lower
ISO-induced oxidative stress and inflammatory response and
hence the concentration of cardiac pro-inflammatory
cytokines like IL-6, IL-1$, TNF-" and NF-6B p65 subunit were
significantly decreased in HIS treated rats. To support the
above data, Qin et al.22 also reported that treatment with
hispidulin would significantly suppress the NF-κB activation
(signaling pathway) and eventually downregulate the
production  of  various  pro-inflammatory  cytokines  like  IL-6,
IL-1$ and thereby showcasing its potent anti-inflammatory
activity. To affirm the anti-inflammatory activity of HIS, the
protein expression of TNF-" and NF-κB p65 in heart tissue of
control and ISO-induced rats were quantified. The protein
expression of TNF-" and NF-κB p65 were greatly upregulated
in  ISO-induced  MI  model  group  but  on  supplementation,
with HIS the protein expression of TNF-" and NF-κB p65 were
considerably  downregulated.  The  above  results  endorsed
the biochemical results (ELISA test) and affirm that HIS could
exhibit anti-inflammatory activity by inactivating or
suppressing the movement of activated nuclear NF-κB p65
into the cytosol to exhibit inflammatory response. Likewise,
Nepal et al.23 highlighted that hispidulin treatment would
significantly reduce or suppress the activation of NF-κB and its
active subunit p65 in RAW 264.7 cell line. Few limitations of

this  study  included  the  omission  of  apoptotic  markers,
infarct size and edema. However, these limitations would be
minimized in upcoming experiments.

CONCLUSION

The    current    animal    experiment    concluded    that
pre-treatment  with  HIS  (50  mg  kgG1)  for  28  days  before
ISO-induction (MI model) can considerably lower the elevated
heart weight, lipid peroxidation, cardiac markers, lipid profile,
inflammatory markers with improved antioxidant status and
thus hispidulin showcase its strong cardioprotective activity in
MI  rat  model.  Nevertheless,  more  studies  are  needed  to
cross-check its molecular mechanism behind its
cardioprotective activity.

SIGNIFICANCE STATEMENT

Collectively, the results of the present study shows that
HIS    display    strong    cardioprotective    activity    against
ISO-induced  MI  model  by  enhancing  the  oxidative  status
and suppressing hyperlipidemia and inflammatory response.
The above results would help the scientist or researchers to
focus in detailed mechanism of cardioprotective activity of
hispidulin and in future it can be developed into the potent
cardioprotective agent and can be recommended against MI.
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