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Introduction

Abstract
The main cause of cardiovascular disorders is atherosclerosis, an inflammatory pathology of the vasculature. To reduce the mor-

bidity and mortality of this illness, a wide range of therapeutic and preventative measures are being investigated. However, a few 
of the treatments were quite expensive and caused a number of negative side effects. The aim of the present study was to assess 
the anti-atherosclerotic properties of the herbal formulation I-PULSE+ in order to ascertain the modulatory potency of the anti-
atherosclerotic effects on the PCSK9 gene expression levels in the HepG2 cell line. The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphe-
nyl tetrazolium bromide) assay was used to evaluate the cytotoxicity of I-PULSE+ in the Human Hepatocellular Carcinoma Cell Line 
(HepG2) at different concentrations (1000 to 62.5µg/ml). The impact of the I-PULSE+ anti-atherosclerotic effect on the PCSK9 gene 
was determined using a semi-quantitative gene expression method. This method indicated the transcript level of PCSK9 in the hu-
man hepatocellular carcinoma cell line (HepG2) in comparison to untreated HepG2 cells. I-PULSE+ exhibits a CTC50 value of >1000 
μg/mL on the HepG2 cell line. The results of the gene expression analysis indicate that PCSK9 gene expression was significantly re-
duced by I-PULSE+ at lower concentrations (62.5 and 125 µg/mL) as compared to the control. The results of this study indicate that 
I-PULSE+, a herbal formulation, may function as a potential nutraceutical agent to manage atherosclerosis.
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In developed countries such as the USA, Europe, and Asia, ath-
erosclerosis is one of the cardiovascular diseases that has been the 
leading cause of death [1]. The characteristic of atherosclerosis is a 
progressive hardening and thickening of the arteries, which leads 
to plaque accumulation in the end [2]. Calcium, fat, cholesterol, and 
other chemicals found in the blood make up plaque. Dyslipidemia 
is a major contributing factor to the advancement of atheroscle-
rosis, among other well-known risk factors. Hyperlipidemia, or 
hypercholesterolemia, is a kind of dyslipidemia that was thought 
to be the cause of atherosclerosis. One of the major risk factors 
for coronary artery disease is atherosclerosis. The development of 
lesions brought on by fat buildup in the artery walls characterizes 

this complex, multifactorial inflammatory disease. The develop-
ment and progression of the atherosclerotic plaque are influenced 
by several genetic, metabolic, and environmental factors. Hyper-
cholesterolemia, or high total cholesterol (TC) and low-density 
lipoprotein cholesterol (LDLc), is a well-known risk factor in hu-
mans [3]. Inflammation, oxidative stress, and insulin resistance are 
other significant factors that contribute to this condition [4,5].

 The most important pathophysiological mechanism behind 
cardiovascular diseases (CVD), gangrene, and stroke is atheroscle-
rosis. A complicated illness involving multiple metabolic, immuno-
logical, and circulatory system components, atherosclerosis pro-
gresses through different stages [6]. Atherosclerosis develops in 
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areas where blood flow is disrupted in the subendothelial space of 
the medium and large arteries. The development of lipid-enriched 
plaque and thickening of the artery wall are two features of ath-
erosclerosis, a chronic inflammatory disease [7,8]. Diabetes affects 
clinical results and speeds up the course of atherosclerosis. Ath-
erosclerosis is independently associated with a higher incidence of 
diabetes mellitus [9], and patients with diabetes have a higher risk 
of atherothrombotic coronary artery disease [10]. Diabetes causes 
a substantial acceleration of the evolution of atherosclerosis, in-
filtration of inflammatory cells into the arterial wall, and plaque 
necrosis [11].

Many ailments, including dermatitis, asthma, menstrual dis-
orders, rheumatoid arthritis pain, headaches, menopausal symp-
toms, chronic fatigue, contentious internal disorders, and growth, 
are treated with herbal medication [12]. Many times, scientists 
are unsure of the exact component in a given herb that is meant 
to treat a disease or condition. Whole herbs are made up of many 
different components that work together to produce a beneficial 
outcome. Herbs are frequently used in combination because the 
combination is thought to be more potent and to have fewer side 
effects [13]. The current study aims to determine the thrombolytic 
action of the herbal anti-atherosclerosis formulation. Consequent-
ly, the formulation could be an effective therapeutic source.

The people of India have greatly benefited from alternative 
medical systems, including Ayurveda, Siddha, Unani, and various 
tribal folklore medicines based on herbal remedies. These days, 
these systems compete with one another in addition to being com-
plementary in the treatment of different diseases. The wide range 
of pharmacological activities of herbs and herb-based compounds 
have drawn a lot of attention in recent years, and they have long 
been a valuable source of medications for a variety of ailments.

There are currently no medications that can be used to treat 
or prevent atherosclerosis over the long term without running the 
risk of experiencing severe adverse effects. Consequently, research 
on and application of medicinal plants are highly relevant for long-
term anti-atherosclerotic therapy. Actually, people have known 
about the therapeutic benefits of a variety of herbs since antiquity. 
Certain herbal medicines have the ability to prevent harmful im-
munological reactions, and some of these have long been used to 
control the progression of atherosclerosis. Their comparative safe-

ty, lack of adverse effects, and apparent increased efficacy provide 
a justification.

 To prevent atherosclerotic diseases, it is crucial to find new tar-
gets for nutraceutical drugs. Thus, the objective of this study was 
to examine the effect of the herbal formulation I-PULSE+ on PCSK9 
gene expression levels in the HepG2 cell line, as well as its poten-
tial to promote atherosclerosis. Consequently, I-PULSE+ would be 
a more effective formulation for treating atherosclerosis. These 
results highlight the significance of medication selection in the 
management of atherosclerosis. For managing atherosclerosis, I-
PULSE+ can acts as the best nutraceutical formulation. 

Materials and Methods
Preparation of I-PULSE+

 I-PULSE+ is manufactured and registered by Indusviva Health 
Sciences Pvt. Ltd., Jayamahal Extension, Bangalore, Karnataka, In-
dia.

Preparation of the test solution
To prepare a stock solution with a concentration of 10 mg/mL 

for cytotoxicity investigations, 10 mg (w/v) of the I-PULSE+ was 
individually dissolved, and the volume was made up with DMEM 
supplemented with 2% inactivated FBS. The stock solution was 
then sterilized by 0.22µ syringe filtration. Serial two-fold dilutions 
were prepared from this for carrying out cytotoxic studies.

Cell line and culture medium
The National Center for Cell Sciences, Pune (NCCS) provided the 

human hepatocellular carcinoma cell line HepG2. Stock cells were 
cultured in DMEM supplemented with 10% inactivated Fetal Bo-
vine Serum (FBS), 100 IU/ml penicillin, 100 μg streptomycin, and 5 
µg/ml amphotericin B until confluent. The culture was conducted 
at 37ᴏC in a humidified atmosphere with 5% CO2. TPVG solution 
(0.2% trypsin, 0.02% EDTA, 0.05% glucose in PBS) was used to 
separate the cells. Every experiment was conducted in 96 microti-
tre plates, and the stock cultures were grown in 25 cm2 culture 
flasks (Tarsons India Pvt. Ltd., Kolkata, India).

Cytotoxicity studies
A medium containing 10% FBS was used to trypsinized the 

monolayer cell culture and adjust the cell count to 100,000 cells/
mL. 0.1 mL of the diluted cell suspension was added to each well of 
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the 96-well microtitre plate. Following the formation of a partial 
monolayer in microtitre plates, a partial monolayer was left for 24 
hours. The supernatant was then discarded, the monolayer washed 
once with medium, and 100 µl of various test concentrations of 
the I-PULSE+ were added. After that, the plates were incubated for 
3 days at 37°C in a 5% CO2 atmosphere. During this time, micro-
scopic analysis was done, and observations were recorded every 
24 hours. Each well received 50 µl of MTT in PBS after the drug 
solutions in the wells were discarded after 72 hours. The plates 
were incubated for three hours at 37°C in a 5% CO2 environment 
after being gently shaken. After removing the supernatant and 
adding 100 µl of DMSO, the plates were gently shaken to dissolve 
the formazan that had formed. A microplate reader operating at 
570 nm was used to measure the absorbance. Based on the dose-
response curves for each cell line, the percentage growth inhibi-
tion was determined and the concentration of I-PULSE+ required to 
inhibit cell growth by 50% (CTC50) values were calculated.

RNA isolation and cDNA synthesis

 A Trizol-extract reagent was used to lyse the HepG2 (Hu-
man Liver Carcinoma Cell Line) cells that had been treated with 
I-PULSE+. To extract the whole RNA from the sample, chloroform 
was added, and centrifugation was then performed. The top layer, 
out of the three separate layers, was removed and placed in a new 
tube. An equal volume of isopropanol was then added, and the 
mixture was incubated for 10 minutes at a temperature of -20oC. 
An appropriate volume of ethanol was used to resuspend the pel-
let, followed by centrifugation and incubation. The pellet was air-
dried, and the proper volume of TAE buffer was added, followed by 
incubation and centrifugation. Further cDNA synthesis was done 
using the extracted total RNA. Reverse transcriptase enzyme treat-
ment was performed in accordance with the manufacturer’s proto-
col (Biorad) after oligo dT primer amplification was completed to 
create cDNA. The resulting cDNA was used for PCR to amplify the 
PCSK9 gene and GAPDH (internal control).

RT-PCR procedure
 A semi-quantitative reverse transcriptase-polymerase chain 

reaction (RT-PCR) was used to measure the levels of PCSK9 mRNA 
expression. A PCR was performed on 50 μl of the reaction mixture 
to amplify the PCSK9 genes. GAPDH, called the housekeeping gene, 
was co-amplified with each reaction as an internal control when 
cDNAs were amplified using specially created primers that were 
purchased from Eurofins, India.

Amplification conditions for the PCSK9 gene

 The 35 cycles of denaturation (at 95°C for 30 seconds), an-
nealing Tm (30 seconds), and extension (at 72°C for 45 seconds) 
were performed after 5 minutes at 95°C. The last extension was 
performed for 10 minutes at 72°C.

Primers used:  
For Ist strand synthesis:
Oligo dT primer.

For IInd strand synthesis

•	 Forward: 5’- GGGTGAGTGTGAAAGGTGCT -3’
•	 Reverse: 5’- AGGTGGCTCAGGAAACCAAG -3’

Observation/parameters for evaluation

Figure 1

Results 
Cytotoxicity

I-PULSE+ was tested for in vitro cytotoxicity studies against 
HepG2 (a human liver carcinoma cell line) by MTT assay, expos-
ing the cells to different concentrations. The CTC50 value of the I-
PULSE+ on the HepG2 cell line was >1000 μg/mL.

In vitro atherosclerotic effect
The human hepatocellular carcinoma (HepG2) cell line was used 

to determine the in vitro potency of I-PULSE+ to promote gene ex-
pression. Gene expression studies were carried out using non-toxic 
concentrations. The semi-quantitative RT-PCR analysis showed a 
significant reduction in PCSK9 gene expression when I-PULSE+ at 
lower concentrations (62.5 and 125 µg/mL) was compared to the 
control in the gene expression analysis.
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Sl. No. Name of Test Substance Test Conc. (µg/ml) % of Cytotoxicity CTC50 (µg/ml)
1 I-PULSE+ 1000 46.38 ± 7.27 >1000

500 38.48 ± 5.54
250 35.84 ± 9.94
125 34.63 ± 6.01
62.5 24.52 ± 0.44

Table 2: The Quantitative gene expression level of PCSK9 normalized to GAPDH in I-PULSE+.

Test Sample PCSK9- Regulation in Terms of Folds Against Cell control
Cell Control 1.00

I-PULSE+ (62.5 μg/mL) 1.02
I-PULSE+ (125 μg/mL) 0.92

 Table 1: Cytotoxicity of I-PULSE+ against HepG2 cell line.

Figure 2

Discussion
 The causes of coronary artery disease have been strongly as-

sociated with hypercholesterolemia and atherogenic dyslipidemia. 
Body weight fluctuations are used to track the progression of an 
illness, monitor a patient’s reaction to treatment, and reveal side 
effects from medication. High serum concentrations of TC (to-
tal cholesterol), TG (triglyceride), LDLc (low-density lipoprotein 
cholesterol), and HDLc (high-density lipoprotein cholesterol) are 
related to atherosclerosis. Since HDLc and total body cholesterol 
are inversely correlated, a decrease in HDLc concentration in the 
plasma can accelerate the onset of atherosclerosis, the precursor 
to ischemic heart disease, by reducing the arterial wall’s ability 
to remove cholesterol [14]. The mechanism by which extra tissue 
cholesterol is absorbed and then processed by HDLc particles for 

potential transportation to the liver for metabolism is primarily 
responsible for HDLc. As a result, a higher HDLc level reduces the 
chance of atherosclerosis [15]. Numerous research studies high-
light the fact that developing cardiovascular problems is mostly de-
pendent on the interplay between multiple risk factors, including 
hypertension and dyslipidemia. The development of cardiovascu-
lar disease as a whole is ultimately caused by the same factors that 
contribute to the initiation of atherosclerosis [16].

Inflammation and its mediators significantly decrease the stabil-
ity and development of a plaque that has already developed [17]. 
Extensive research has demonstrated that infection and inflamma-
tion both significantly enhance PCSK9 expression. It has been dem-
onstrated that pro-inflammatory gene expression is reduced by 
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PCSK9 inhibition [18,19]. However, it is unclear from clinical trials 
how PCSK9 inhibition affects inflammatory alterations.

Cardiovascular disease is associated with elevated LDLc [20]. 
Lipid metabolism is now being studied in relation to novel meth-
ods of inhibiting PCSK9 action. PCSK9 was identified as a novel 
therapeutic target for lowering LDLc levels recently. PCSK9 mono-
clonal antibodies that inhibit PCSK9 interaction with LDLR have 
already been approved on the market and demonstrated to reduce 
circulating LDLc levels with good efficacy and tolerance. There are 
a number of non-antibody treatments being developed at various 
phases of preclinical or clinical research, such as antisense oligo-
nucleotides, small interfering RNAs (siRNAs), mimetic peptides, 
adnectins, and vaccination. However, there is currently insufficient 
data to determine an effective treatment for atherosclerosis.

Thus, the anti-atherosclerosis efficacy of the herbal formulation 
I-PULSE+ was the main focus of our in vitro research. Here, the cells 
were exposed to various combinations of I-PULSE+ in vitro cytotox-
icity tests against HepG2 (a human liver cancer cell line) using the 
MTT assay. The results showed that the expression of PCSK9 mRNA 
was lower than the control value when the Semi-Quantitative RT-
PCR experiment was carried out using PCSK9 specific primers. To 
prevent different atherosclerotic diseases, it is crucial to find new 
targets for nutraceutical agents.

Conclusion
The mechanisms of action and potential methods for prepar-

ing and utilizing therapeutic preparations from various sources of 
medicinal plants are hidden from view by both traditional herbal 
medicine and contemporary methods of researching the effects of 
medicinal plants. Numerous medicinal plants offer potential for 
the prevention or treatment of atherosclerosis. Medicinal plants 
aid in the treatment of atherosclerosis through diverse pathways 
and mechanisms of action. One important factor in the develop-
ment of atherosclerosis is oxidative stress. Consequently, it is im-
perative to create drugs or dietary supplements that target ath-
erosclerosis by improving the induction of antioxidant enzymes, 
preventing the production of reactive oxygen species (ROS), or ob-
structing further reactions, like the inhibition of the inflammatory 
process; all of these contribute to the vicious cycles of oxidative 
stress. Reliable evidence for the use of this medication will come 
from further investigation into the therapeutic effect of the herbal 
formulation I-PULSE+ on atherosclerosis from the perspective of 

oxidative stress and clarification of the mechanisms and targets. 
These findings suggest that I-PULSE+ is a promising nutraceutical 
agent for the treatment of different forms of atherosclerosis.

Acknowledgements
The authors are grateful to the experts at Dr. Ashok Godavarthi 

Radiant Research Services Pvt. Ltd., Bangalore, who supported us 
in vitro pharmacological research. 

Conflicts of Interest 
The authors have no conflict of interest regarding the publica-

tion of this paper.

Bibliography

1. Fishbein G A and Fishbein M C. “Arteriosclerosis: rethinking 
the current classification”. Archives of Pathology and Labora-
tory Medicine 133. 8 (2009): 1309-1316.

2. Xu Y., et al. “Identification of dehydroxy trichostatin A as a 
novel up-regulator of the ATP-binding cassette transporter A1 
(ABCA1)”. Molecules 16.9 (2011): 7183-7198. 

3. Pearson TA., et al. “AHA guidelines for primary prevention of 
cardiovascular disease and stroke: 2002 update: consensus 
panel guide to comprehensive risk reduction for adult patients 
without coronary or other atherosclerotic vascular diseases”. 
Circulation 106.3 (2002): 388-391.

4. Libby P., et al. “Inflammation and atherosclerosis”. Circulation 
105 (2002): 1135-1143.

5. Van Gaal LF., et al. “Mechanisms linking obesity with cardio-
vascular disease”. Nature 444 (2006): 875-880.

6. Galkina and Ley K. “Immune and inflammatory mechanisms 
of atherosclerosis”. Annual Review of immunology 27 (2009): 
165-197.

7. Du S., et al. “TRPC5 in cardiovascular diseases”. Reviews in Car-
diovascular Medicine 22. 1 (2021): 127-135.

8. Robinson JG and Davidson MH. “Can We Cure Atherosclero-
sis?”. Reviews in Cardiovascular Medicine 19 (2018): S20–S24. 

9. Hanna-Moussa A., et al. “Dysglycemia/prediabetes and cardio-
vascular risk factors”. Reviews in Cardiovascular Medicine 10. 4 
(2009): 202-208. 

Citation: Vadiraj GB., et al. “Evaluation of Anti-Atherosclerotic Potential of Herbal Formulation iPulse+ through modulation of PCSK9 Gene Expression in 
the HepG2 Cell Line: An In vitro Study". Acta Scientific Pharmaceutical Sciences 8.5 (2024): 71-76.

http://dx.doi.org/10.1590/1677-5449.200211
http://dx.doi.org/10.1590/1677-5449.200211
http://dx.doi.org/10.1590/1677-5449.200211
https://doi.org/10.3390/molecules16097183
https://doi.org/10.3390/molecules16097183
https://doi.org/10.3390/molecules16097183
https://doi.org/10.1161/01.cir.0000020190.45892.75
https://doi.org/10.1161/01.cir.0000020190.45892.75
https://doi.org/10.1161/01.cir.0000020190.45892.75
https://doi.org/10.1161/01.cir.0000020190.45892.75
https://doi.org/10.1161/01.cir.0000020190.45892.75
https://doi.org/10.1161/hc0902.104353
https://doi.org/10.1161/hc0902.104353
https://doi.org/10.1038/nature05487
https://doi.org/10.1038/nature05487
https://doi.org/10.1146%2Fannurev.immunol.021908.132620
https://doi.org/10.1146%2Fannurev.immunol.021908.132620
https://doi.org/10.1146%2Fannurev.immunol.021908.132620
https://doi.org/10.31083/j.rcm.2021.01.212
https://doi.org/10.31083/j.rcm.2021.01.212
https://pubmed.ncbi.nlm.nih.gov/30207554/
https://pubmed.ncbi.nlm.nih.gov/30207554/
https://doi.org/10.3909/ricm0474
https://doi.org/10.3909/ricm0474
https://doi.org/10.3909/ricm0474


76

Evaluation of Anti-Atherosclerotic Potential of Herbal Formulation iPulse+ through modulation of PCSK9 Gene Expression in the HepG2 Cell 
Line: An In vitro Study

10. “The Emerging Risk Factors Collaboration. Diabetes mellitus, 
fasting blood glucose concentration, and risk of vascular dis-
ease: a collaborative meta-analysis of 102 prospective stud-
ies”. The Lancet 375 (2010): 2215-2222.

11. Ross S., et al. “The Genetic Link between Diabetes and Ath-
erosclerosis”. The Canadian Journal of Cardiology 34.5 (2018): 
565-574.

12. Andrew V. Memorial-Sloan Kettering Cancer Center, New York, 
NY, Catherine Zollman, Clinical lecturer in general practice, 
Bristol University, Bristol, UK, Roberta Lee, Beth Israel Health 
and Healing Center, Boston, MA: Herbal medicine, (ISBN 0 
727912372) London: BMJ Books; 2000, edited by Dr Zollman 
and Dr Vickers.

13. Sameer Al A., et al. “Supercritical fluid extraction of useful 
compounds from sage”. Natural Science 4. 8 (2012): 8. 

14. Kanungo SK., et al. “Comparative evaluation of hyperlipid-
emic activity of some marketed herbal formulations in triton 
induced hyperlipidemic rats”. Pharmacologyonline 3 (2007): 
211-221. 

15. Barter P. “The role of HDL-cholesterol in preventing athero-
sclerotic disease”. European Heart Journal Supplements 7 
(2005): F4-F8.

16. Palombo C and Kozakova M. “Arterial stiffness, atheroscle-
rosis and cardiovascular risk: pathophysiologic mechanisms 
and emerging clinical indications”. Vascular Pharmacology 77 
(2016): 1-7. 

17. Nicholls SJ., et al. “Effect of evolocumab on progression of cor-
onary disease in statin-treated patients: the GLAGOV random-
ized clinical trial”. JAMA. 316. 22 (2016): 2373-2384.

18. Tang ZH., et al. “New role of PCSK9 in atherosclerotic inflam-
mation promotion involving the TLR4/NF-κB pathway”. Ath-
erosclerosis 262. 1 (2017): 113-122.

19. Feingold KR., et al. “Inflammation stimulates the expression 
of PCSK9”. Biochemical and Biophysical Research Communica-
tions 19. 374 (2008): 341-344.

20. Bulbulia R and Armitage J. “LDL cholesterol targets how low 
to go?”. Current Opinion in Lipidology 23. 4 (2012): 265-270.

Citation: Vadiraj GB., et al. “Evaluation of Anti-Atherosclerotic Potential of Herbal Formulation iPulse+ through modulation of PCSK9 Gene Expression in 
the HepG2 Cell Line: An In vitro Study". Acta Scientific Pharmaceutical Sciences 8.5 (2024): 71-76.

https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/j.cjca.2018.01.016
https://doi.org/10.1016/j.cjca.2018.01.016
https://doi.org/10.1016/j.cjca.2018.01.016
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=21991
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=21991
https://www.researchgate.net/publication/288776825_Comparative_evaluation_of_hypolipidemic_activity_of_some_marketed_herbal_formulations_in_triton_induced_hyperlipidemic_rats
https://www.researchgate.net/publication/288776825_Comparative_evaluation_of_hypolipidemic_activity_of_some_marketed_herbal_formulations_in_triton_induced_hyperlipidemic_rats
https://www.researchgate.net/publication/288776825_Comparative_evaluation_of_hypolipidemic_activity_of_some_marketed_herbal_formulations_in_triton_induced_hyperlipidemic_rats
https://www.researchgate.net/publication/288776825_Comparative_evaluation_of_hypolipidemic_activity_of_some_marketed_herbal_formulations_in_triton_induced_hyperlipidemic_rats
https://doi.org/10.1093/eurheartj/sui036
https://doi.org/10.1093/eurheartj/sui036
https://doi.org/10.1093/eurheartj/sui036
https://pubmed.ncbi.nlm.nih.gov/26643779/
https://pubmed.ncbi.nlm.nih.gov/26643779/
https://pubmed.ncbi.nlm.nih.gov/26643779/
https://pubmed.ncbi.nlm.nih.gov/26643779/
https://pubmed.ncbi.nlm.nih.gov/27846344/
https://pubmed.ncbi.nlm.nih.gov/27846344/
https://pubmed.ncbi.nlm.nih.gov/27846344/
https://pubmed.ncbi.nlm.nih.gov/28535426/
https://pubmed.ncbi.nlm.nih.gov/28535426/
https://pubmed.ncbi.nlm.nih.gov/28535426/
https://pubmed.ncbi.nlm.nih.gov/18638454/
https://pubmed.ncbi.nlm.nih.gov/18638454/
https://pubmed.ncbi.nlm.nih.gov/18638454/

