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Wang et al.: Capillarisin Exerts Cardioprotective Effect

Capillarisin is a primary bioactive compound derived from Artemisia capillaris is known to possess anti-
oxidative and anti-inflammatory responses. Although, studies on the protecting effect of capillarisin against 
heart attack are still not clear. Therefore, in the current investigation, the experimental model of myocardial 
infarction was induced using isoproterenol in rats. Male Wistar rats were separated into 4 clusters as control, 
isoproterenol-induced myocardial infarction, capillarisin pretreated (10 mg/kg/d) before isoproterenol 
induction, capillarisin drug control for 4 w. Finally, infarct size, cardiac markers, such as creatinine kinase, 
lactate dehydrogenase, matrix proteins and microRNA signatures were revealed by reverse transcription 
polymerase chain reaction and enzyme-linked immunosorbent assay. Rats induced with myocardial 
infarction demonstrated the abnormality in echocardiographic measurements with increased biomarkers, 
for example, heart type fatty acid binding protein, creatinine kinase and troponin-I compared to control. 
While capillarisin pre-treated rats banned myocardial infarction considerably (p<0.001) with restored 
cardiac functions. Besides, capillarisin pre-treatment repealed the fibrosis onset with restored matrix 
proteins. In addition, cardiac biomarkers, for example, atrial natriuretic peptide, erythroid transcription 
factor, nuclear factor of activated T cells were found increased with reduced sarco(endo)plasmic reticulum 
calcium-ATPase 2 in rats suffering from myocardial infarction. Additionally, the messenger ribonucleic 
acid of matrix signaling pathways were also found reduced obviously in capillarisin treatment which was 
disturbed in myocardial infarction induced rats. Capillarisin protected the hearts from failing induced 
by isoproterenol in rats and provides cardioprotective effect, through restoring the matrix signaling, 
antiinflammatory, antioxidant effect suggested possible drug candidate for the therapy of heart attack.
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Cardiovascular Disease (CVD) is a major cause of 
global deaths worldwide and it affects all classes of 
society irrespective of their economic background[1,2]. 
When there is an occlusion in the coronary arteries, a 
Myocardial Infarction (MI) occurs, to cause cardiac 
cell death if left untreated and may get complicated into 
heart failure that leads to heart transplantation at the 
end-stage. Although heart transplantation is the most 
effective therapy available today for end-stage cardiac 
infarction, the availability of heart donors that are 
compatible with the patients is a severe shortcoming in 
the treatment of this disease.

When MI is treated with normal blood circulation or 
reperfusion may cause injury known as ischemia-
reperfusion injury[3,4]. It may also lead to improved 
infarct size and myocardial cell death and treatments 
aimed at MI must also preserve heart tissues that 

are injured during the process and must protect the 
alterations in the cell structure referred as cardiac 
remodeling and preserving heart function in patients[5].

Excessive cardiac remodeling includes over-
accumulation of Extracellular Matrix (ECM)[6,7] in the 
heart that obstructs the mechanical and electrical signal 
transduction between the cellular and noncellular 
constituents prominent to heart dysfunction[8]. Various 
stimuli aid the transformation of cardiac fibroblasts 
into myofibroblasts in the diseased heart that leads 
to collagen accumulation and progressive heart 
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fibrosis[9,10].

Transforming Growth Factor-Beta (TGF-β) has been 
known to be an essential mediator in the progression 
of tissue remodeling and fibrosis of the heart. Animal 
models have revealed that excessive TGF-β binds 
to its receptor TGF-β RI[11,12] and promotes the 
cardiac fibrosis through the activation of Suppressor 
of Mothers Against Decapentaplegic (SMAD)-2/3 
pathway[13,14]. Even though various treatments are 
available for the deterrence or reversal of cardiac 
fibrosis, problems related to side effects leaving them 
unattractive. Hence, there is always a need for drug 
molecules that is compatible and effective in treating 
the disease condition. Because of these specifications, 
the traditional use of plant-based molecules fulfils 
the demand, which is more attractive in the present 
scientific elucidation. Amongst, the importance of using 
Capillarisin (CAP) from Artemisia capillaris has been 
reported earlier with potential beneficial effects such 
as anti-inflammatory, analgesic, antibiotic activities. In 
addition, its pharmacological properties of inhibiting 
liver fibrosis by inhibition of TGF-β is known[15]. 
Hence, in the current investigation, we have tested the 
anti-fibrotic property of CAP via TGF-β inhibition and 
thereby fibrosis prevention in the heart by inducing 
heart failure in rats using Isoproterenol (ISO) induced 
MI and subsequently treated with CAP to observe for 
the cardiac markers, matrix components of the heart 
and cardiac remodeling.

MATERIALS AND METHODS

Chemicals:

ISO was obtained from Sigma Aldrich, United States 
of America (USA). CAP was purchased from Wako 
(Osaka, Japan), Ribonucleic Acid (RNA) isolation 
kits, complementary Deoxyribonucleic Acid (cDNA) 
synthesis and SYBR® master mix were from Qiagen, 
USA. Primer sequences for Polymerase Chain Reaction 
(PCR) were attained from Eurofins MWG (Operon). 
Assay kits for cardiac troponin-I, heart-type Fatty Acid-
Binding Protein (h-FABP), Creatinine Kinase (CK), 
Lactate Dehydrogenase (LDH) were from Abcam Inc, 
USA. All other chemical reagents used were analytical 
grade.

Experimental model of heart attack:

Male Wistar rats (110±15) g were maintained in cages 
photoperiod at 12 h light-dark cycle and 65 %±5 %, 

respectively at 25°±2°. Rats have been provided free 
access to daily standard rat chow and reverse osmosis 
water. The experimental animal procedure was followed 
after getting prior permission from the Institutional 
Animal Ethical Committee and the experiments were 
approved strictly following the institutional guidelines 
and suggestions by the ethical committee, China. For 
the experimentation, six rats per clusters were divided 
randomly and allocated to four sets as vehicle-control set; 
ISO-induced group (100 mg/kg. b.wt, intraperitoneally); 
CAP (dissolved in olive oil, 10 mg/kg, orally) started a 
week before ISO and CAP alone as drug control. All 
the experimental animals were maintained for 8 w. 
During the testing period, the animals were evaluated 
for echocardiographic indices as defined formerly. The 
animals were then killed, cardiac tissue was separated 
out, heart mass to body mass ratio was calculated. For 
the histopathological analysis, a portion of heart tissue 
cut-off and stained with Hematoxylin and Eosin (H&E) 
for histopathological study and Masson’s trichrome 
staining for fibrosis analysis. 

Assessment of cardiac marker enzymes:

The colourimetric assay kits were used for the 
estimation of CK, LDH (units/l), troponin-I (ng/ml), 
h-FABP (ng/ml) using the marketable assay kits as per 
the company’s instruction.

Assessment of gelatinase and fibrotic markers:

The levels of serum Matrix Metalloproteinase (MMP)-
1, MMP-2, Tissue Inhibitor of MMPs (TIMP)-1, TIMP-
2, TGF-β and Plasminogen Activator Inhibitor type 1 
(PAI‐1) in the heart tissue homogenate were elucidated 
using commercial assay kits obtained from Abcam 
Scientific Inc, USA, as per the company’s procedure.

Reverse Transcription-PCR (RT-PCR):

To explain the mRNA expression of fibrotic markers, 
a known amount of RNA was transcribed to cDNA, 
and the real-time PCR was achieved for exact genes 
using SYBR® Green/ROX master mix (Thermo Fisher 
Scientific, Waltham, MA) using Glyceraldehyde 
3-Phosphate Dehydrogenase (GADPH) as the house-
keeping gene for the gene expression fold increase 
calculation. To assess the expression of messenger 
RNA (mRNA) in the current investigation, quantitative 
RT-PCR was achieved with micro RNA (miR)-specific 
primers. RNA was extracted from the heart tissues 
using Trizol reagent and quantified. For quantitative 
detection of miR-21, miR-34a, miR-328, miR-30a 
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and miR-26a, TaqMan miR reverse transcription kit, 
TaqMan miR specific assays and small nucleolar RNA 
(snoRNA) assays were used according to the company’s 
instructions. SnoRNA was used as a housekeeping 
control for normalization. The gene-specific primers 
used in the Table 1. The obtained Ct values were used for 
the calculation of gene expressions by the comparative 
Ct method (ΔΔCT).

Statistical examination:

Statistical significance was assessed with student t-test 
method. Statistics were identified as the mean±Standard 
Error (SE) of the mean and Graph Pad Prism version 
7.0 was used. Differences with p<0.05, were considered 
statistically significant.

RESULTS AND DISCUSSION

The current investigation aimed at assessing the 
cardioprotective mechanism of CAP in the experimental 
MI model and the results presented as follows. Fig. 1 
represents the histopathological and fibrosis analysis 
in the heart tissue sections of experimental animals. 
Animals induced with MI exhibited increased fibrosis 
(3.2-fold) with evidenced damaged in the tissue 
myocytes fibrils in animals suffering from MI. In 
addition, the echocardiographic analysis revealed 
a disarrangement in the chamber functions in MI 
induced rats. Whereas rats received CAP treatment 
resulted in a marked drop of collagen deposition and 
normal architecture in the heart tissues with restored 
echocardiographic indices (fig. 1). 

Fig. 2 shows the levels of CK, LDH, troponin I and 
h-FABP levels in the serum of rats. As obvious, rats 
with ISO attested a significant increase in the cells 
stress markers of heart tissue compared to control. On 
the other hand, rats pre-treated with CAP displayed 
restored cardiac markers such as CK, LDH, troponin I 
and h-FABP compared to ISO induced rats (fig. 2). 

Furthermore, the fibrotic markers level analysis proved 
that the improved levels of MMP-2 (p<0.01), MMP-
1 (p<0.05), TIMP-1 (p<0.05), TIMP-2 (p<0.05), 
(p<0.05) TGF-β (p<0.01) and PAI-1 (p<0.01) in MI 
induced rats than control. While these fibrotic markers 
were diminished in the CAP pre-treatment with reduced 
collagen accumulation as stated in staining analysis 
mentioned above (p<0.01) point out that the protective 
role of CAP is through abstaining the pestilent fibrotic 
signaling from being serious in the heart tissues (fig. 3). 

To validate the role of CAP on the modulation of 
cardiac and fibrotic markers, RT-PCR was achieved 
and the results are displayed in fig. 4. Rats induced 
with MI proved a substantial upsurge in fibrotic 
markers such as SMAD-2 (3.5-fold), SMAD-3 (3-fold), 
Atrial Natriuretic Peptide (ANP) (2.7-fold) erythroid 
transcription factor (GATA) (3.2-fold), Nuclear Factor 
of Activated T cells (NFAT) (2.7-fold), cardiac Myosin-
binding protein C (c-Myc) (4.2-fold), Activating 
Transcription Factor 3 (ATF3) (2.3-fold) with reduced 
Sarcoplasmic/Endoplasmic Reticulum Calcium 
ATPase 2 (SERCA2) mRNA than control. Though, the 
improved levels of these genes were found normalized 
in CAP administered rats suggest that the drug uses an 
anti-fibrotic effect in the rat hearts (fig. 4). 

Gene Primer Sequence Annealing

c-Myc
F CTATCCAGCTGCCAAGAGGG

58
R AAGCTACGCTTCAGCTCGTT

NFAT
F AGACCTAGCAGACGTTAGGAAA

57
R CAACGAACAGAAGCCACCAC

GATA4
F CCCCAATCTCGATATGTTTGATGA

57
R GGGCCGGTTGATACCATTCA

ANP
F CCTGGACTGGGGAAGTCAAC

58
R GTCAATCCTACCCCCGAAGC

Smad-2
F GCCGCCCGAAGGGTAGAT

59
R TTCTGTTCTCCACCACCTGC

Smad-3
F AGTTAAAAGCGAAGTTCGGGC

57
R CAAGCTCTTGACCGCCTTCT

SERCA2
F TCACACCGCTGAATCTGACC

59
R GCACAAAGGGCCAGGAAATG

ATF3
F CCAGAACAAGCACCTTTGCC

58
R CGGCATTCACACTCTCCAGT

GAPDH
F AGTGCCAGCCTCGTCTCATA

57
R TTCTCAGCCTTGACTGTGCC

TABLE 1: LIST OF PRIMERS USED IN OUR STUDY
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Fig. 1: (A-E): Represents the histopathological analysis, fibrosis analysis and echocardiographic parameters in the control and 
experimental group of rats. The amount of collagen deposition was compared between groups and expressed in percentage
Note: Values are expressed as mean±SE (n=6). Statistical significance expressed as *p<0.05; **p<0.01 ISO compared to  
vehicle-treated controls and $p<0.05 ISO+CAP compared to ISO-induced rats (magnification: 20x)

Fig. 2: (A-D): Represents the levels of CK, LDH, troponin and h-FABP in the control and experimental group of rats. CK  
activity is expressed as μmol of phosphorus liberated/mg of protein/h. LDH activity is expressed as μmol of pyruvate liberated/
mg of protein/h 
Note: Values are expressed as mean±SE (n=6). Statistical significance expressed as *p<0.05; **p<0.01 ISO compared to  
vehicle-treated controls and $p<0.05 ISO+CAP compared to ISO-induced rats
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Fig. 3: (A-F): Represents the fibrotic marker levels in the control and experimental group of rats. The detail of the experiment 
is given in the methodology section 
Note: Values are expressed as mean±SE (n=6). Statistical significance expressed as *p<0.05; **p<0.01 ISO compared to  
vehicle-treated controls and $p<0.05 ISO+CAP compared to ISO-induced rats 

Fig. 4: (A-H): Represents qRT-PCR mRNA expression analysis of marker genes in the control and experimental group of rats. 
The fold increase of gene expression is compared with the housekeeping gene GAPDH. The detail of the experiment is given 
in the methodology section
Note: Values are expressed as mean±SE (n=6). Statistical significance expressed as *p<0.05; **p<0.01 and ***p<0.001 ISO 
compared to vehicle-treated controls, and $p<0.05 ISO+CAP compared to ISO-induced rats
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The role of CAP in the cardioprotective mechanism was 
assessed through the expression of miRs by PCR. Fig. 
5 shows the expression level of mRNA, and the results 
established an augmented level of miR-21 (2.2-fold), 
miR-34a (3.1-fold), miR-328 (2.8-fold), with reduced 
miR-30a in ISO induced rats. Whereas levels of these 
miRs were found reinstated (p<0.01) in CAP pre-
treatment proposes that the interaction of microRNAs 
is one of the major signaling regulators in the activation 
of heart arrest mechanism (fig. 5). 

The current investigation was aimed at exploring 
the potential curative effects of CAP in using the 
cardioprotective activities in ISO-induced MI and the 
subsequent cardiac hypertrophy and fibrosis in rats. MI 
induced by administering ISO is a known method to study 
cardiac failure in animals[16] and we have examined 
various cardiac, biochemical and histopathological 
parameters in establishing the protective effect of CAP. 
Administration of ISO at low doses regularly for 4 w 
has induced cardiac hypertrophy[17] and the observed 
myocardial changes were taken at the elevated levels 
of ISO in circulation[18]. The administration of ISO has 
induced extensive necrosis in the endocardium[19] and 
myocardial lesions[20] that indicates the cardiomyocytes 
loss are the initial triggers of heart failure[21]. The 
Left Ventricular (LV) function and the myocardial 

contractility are affected by hypertrophy[22]. The altered 
electrical activity of the heart does reflect the heart 
abnormalities and can be effectively measured using 
Electrocardiogram (ECG) parameters, and it was found 
that the modulated ECG parameters in the present ISO-
induced rats confirm the onset of cardiac failure[23]. 
Interestingly, with the treatment of CAP there was a 
significant restoration in the ECG parameters of the 
heart functions which was evident from the histological 
analysis suggesting the protective effects of CAP.

ISO overdose has induced LV dilation and 
hypertrophy[22] with the decreasing ventricular 
power to efficiently empty the ventricle and thus 
increasing the diastolic pressure. The ventricle dilates 
due to the stretching of the myocytes, thus thinning 
the myocardium. The integrity of the myocardial 
membrane of normal control rats was examined in the 
histological staining results and found that it is intact 
without any infiltration of the immune cells or necrosis 
and the same when compared in the ISO-treated rats 
have shown a marked increase in the infiltration of 
macrophages and lymphocytes into the myocardium 
and edema with necrosis was also observed[24]. 
While, CAP treatment has reduced the edema and the 
infiltration of inflammatory cells[25] indicating a cardio 
protective effect of CAP in ISO-treated rats.

Fig. 5: (A-D): Represents the expression analysis of microRNA in the control and experimental group of rats. The detail of the 
experiment is given in the methodology section 
Note: Values are expressed as mean±SE (n=6). Statistical significance expressed as *p<0.05; **p<0.01 ISO compared to  
vehicle-treated controls and $p<0.05 ISO+CAP compared to ISO-induced rats
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Classic biomarkers that are expressed during heart 
failure were evaluated. The ideal biomarker that is 
having its presence in the blood during myocardial 
necrosis is cardiac troponin[26]. It indicates the apoptosis 
of myocytes, myocyte cell turnover and necrosis[27,28]. 
C-Myc has recently been used as a biomarker for cardiac 
myopathy as well as a marker for myocardial injury[29,30]. 
The serum concentration of c-Myc has been correlated 
with the cardiac structure of the patients and it is an 
indication of the transition from cardiac hypertrophy 
to myocardial fibrosis. CK although has been use as a 
reliable marker for cardiac myopathy for confirmation 
of the diagnosis, monitor the progress of the disease 
and to gauge the infarct size[31]. In order to establish 
the veracity of acute chest pain[32,33] in the ISO treated 
animals, we have evaluated h-FABP as a biomarker for 
the injured myocardium and is high in these animals. 
These results confirm that the increase in the cardiac 
stress markers evidenced in ISO induced rats. While 
rats administered with CAP elicited the abrogation in 
these markers projecting the cardioprotective role of 
CAP. 

ECM is the main component of myocardial tissue and 
since collagens are found to be the major components 
of the ECM, there has been an increased deposition 
of collagen and collagen turnover is noted to be an 
essential marker in the diagnosis of myocardial fibrosis. 
The regulation of ECM and its turnover is regulated 
by MMPs, and they can degrade much protein of 
ECM[34,35]. An increase in MMP2 and MMP9 are found 
to be correlated to increase in the expression of periostin 
and connective tissue growth factor[36] and osteopontin 
increased its expression in the myocardial injured heart 
participating in the wound healing. Another important 
marker that is known to be highly expressed in the 
myocardial fibrosis is TGF-β which in its active form 
binds to the TGF-β receptor in the canonical pathway, 
recruits and phosphorylates the downstream signaling 
molecules of SMAD2 or SMAD3[37] and are then 
released to form an intracellular complex with mediator 
SMAD4. 

The intracellular complexes of SMAD bind to the 
promoter regions of genes[38] that encode alpha-Smooth 
Muscle Actin (alpha-SMA), PAI‐1[39], collagens and 
fibronectin[37] that are significantly upregulated in the 
ISO induced cardiac myotropic animals that are in 
the end stage of the disease with these pro-fibrogenic 
genes playing a significant role in the differentiation 
of cardiac fibroblasts to myofibroblasts and ECM 
deposition in the myocardial tissue[37]. CAP treatment 

has in-turn inhibited the TGF-β[15] and thereby the 
downstream effector genes that are pro-fibrogenic in 
the ISO-treated animals get reduced to normal levels 
and prevents cardiac fibrosis in the final group.

In the development of heart failure, LV remodeling 
plays an important role and also LV hypertrophy. Hence 
many of the transcriptional factors are activated in the 
cardiomyocytes and they are dependent on the calcium 
homeostasis[40]. Among them NFAT1, GATA4 is highly 
expressed[41] in the ISO treated cardiac failure animals 
and their transcriptional pathways are dependent on 
Calcium (Ca2+) homeostasis in the cardiac remodeling 
in a heart attack[42]. The upregulation of nucleostemin in 
the injured myocardium that is in sync with the cardiac 
remodeling is dependent on the high expression of the 
pro-proliferative transcription factor, c-Myc that is 
increased in the injured hearts of ISO treated animals[43]. 
The reduced contractile properties in heart failure is 
due to the reduction in the expression of SERCA2a that 
mediates the uptake of Ca2+ from the sarcoplasm into the 
sarcoplasmic reticulum in cardiomyocytes[44]. Hence, 
there was a reduction of SERCA2a in ISO-treated 
animals. Under the condition of heart pressure, the salt-
water balance and blood pressure are maintained by an 
increase in the expression of ANP[45] and a decreased 
level of expression of ATF3[46] that deteriorates into 
cardiac hypertrophy. The trends in the cardiac infarction 
markers have been seen as a reversal with the CAP 
treatment indicating a protective effect after MI.

miRs known to be highly expressed in cardiac fibrosis 
have been evaluated. miR-21 is highly expressed in all 
the ISO-treated animals as they are playing a critical 
role in the cardiac fibrosis after MI through the TGF-β/
SMAD signaling[47]. We have observed that miR-
34a expression was highly expressed in the cardiac 
fibroblasts and it would activate the TGF-β1 fibrogenic 
activity and by targeting SMAD4, miR-34a is known 
to be directly involved in the progression of cardiac 
fibrosis[48]. miR-328 that is upregulated in the infarcted 
myocardium is known to activate TGF-β1 and increase 
the collagen production in fibroblasts. It is observed 
to be elevated its expression in the diseased heart[49] 
of ISO-treated animals. The expression of miR-30a in 
the cardiac fibrosis animals decreases with the increase 
in the periostin whereas the CAP treated animals have 
reversed its trend suggesting protective effects offered 
by miR-30a in the prevention of cardiac fibrosis[50]. 
Similarly, miR-15 is upregulated in the cardiac 
hypertrophy and fibrosis[51] with other molecules like 
miR-133a and miR-29b also contributing to the cardiac 
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fibrosis by modulating the collagen, type I and alpha 
1 expression. These miRs decreased their expression 
on CAP treatment with an upsurge in the expression of 
miR-26a, indicating a therapeutic intervention with this 
molecule in cardiac fibrosis[52].

We have provided extensive evidence for establishing 
the role played by TGF-β in heart attack and cardiac 
remodeling, and the protective effect of our candidate 
molecule CAP in inhibiting the TGF-β and prevention 
of adverse cardiac remodeling. These studies performed 
on young animals may not give an elaborate picture 
of the consequences of TGF-β inhibition and hence 
may be repeated with studies involving the senescent 
mice with diabetes to understand the TGF-β inhibition 
and the effectiveness of using CAP in MI and cardiac 
remodeling.
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