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ABSTRACT
Background: Cardiovascular diseases and its associated chronic disorders are was and tend 
to be a global threat for centuries. 80% of cardiovascular diseases were reported in the lower 
and middle income countries. Chronic atherosclerosis, a chronic circulatory disorder occurs due 
to the platelet aggregation, thrombosis formation and eventually rupture of atherosclerotic 
plaque causes excessive mortalities and morbidities worldwide. Previously elderly people were 
at risk of cardiovascular diseases whereas at present due to life style changes rise in premature 
chronic atherosclerosis mortality was observed. Since atherosclerosis is mostly asymptomatic 
diagnosis and treating the disease is a challenging task for the physicians. Lipids lowering drugs, 
anticoagulants, antiplatelet drugs, diuretics etc were prescribed to treat cardiovascular disease. 
This medication on long term usage causes enormous side effects which affects the quality 
of life of the patients. Natural drug are potential alternative for the allopathic drugs to various 
chronic diseases. Objectives: In our study we examined the potency of lichen metabolite usnic 
acid potency to treat atherosclerosis induction in rats. Atherosclerosis was induced in Wistar 
rats with high fat diet model. Materials and Methods: Food intake and body weight gain in 
experimental animals were monitored regularly. To confirm the induction of atherosclerosis 
in rats the complete lipid profile was assessed with commercially available kits. Atherogenic 
index, TC/HDLc and LDLc/HDLc were also calculated to further confirm the high fat diet induced 
hyperlipidemic condition. Cardiac profile was quantified to evaluate the ameliorative potency 
of usnic acid against high fat diet induced atherosclerosis. Inflammation the prime initiator of 
atherosclerosis hence pro-inflammatory cytokines and C-reactive protein were measured in 
the experimental rats. To assess the impact of usnic acid on high fat diet induced endothelial 
dysfunction the levels of NO, ET, 6-keto-PGF1α and TXB2 in serum of experimental rats. Finally, 
to confirm the anti-atherosclerotic property of usnic acid histological analysis of aorta was 
performed. Results: Usnic acid significantly prevented weight gain, dysregulation of lipid and 
cardiac profile in high fat diet induced rats. It also inhibited the inflammatory response via 
decreasing the levels of pro-inflammatory cytokines. Usnic acid potentially increased the NO, 
6-keto-PGF1α and decreased ET, TXB2 thereby prevented high fat diet induced endothelial 
dysfunction in experimental rats. Histopathological analysis endorses the ameliorative potency 
of usnic acid against high fat diet induced atherosclerosis in rats. Conclusion: Altogether our 
study reveals usnic acid can be a potent drug to treat high fat diet induced atherosclerosis and 
can be subjected to further research.
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INTRODUCTION

On the current era one of the most challenging diseases treated 
by the global physicians is Cardiovascular Disease (CVD). Even 
though a sustained reduction in the morbidity and mortality 
rate of cardiovascular disease was observed in past few decades 

the CVD tends to be the foremost causes of global pre mature 
mortality.1 Cardiovascular disease is an umbrella term which 
comprises group disorders related to blood vessels and heart such 
as stroke, coronary heart disease, rheumatic heart disease etc., Out 
of these disorders four out five mortality occurs in cardiovascular 
patients are due to stroke and coronary heart disease.2 Each year 
about 17.9 million deaths were reported globally out of which 
1.16 million deaths were reported in lower and middle income 
countries are due to hypertension.3 It has been estimated by 
the year 2030 about 23.6 million deaths per year be likely to be 
reported worldwide.4 Coronary atherosclerosis is fatal chronic 
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cardiovascular disease which is more prevalent among aged 
population.

Atherosclerosis is a multifactorial chronic inflammatory disease 
characterized by the deviant lipid metabolism, calcification and 
plaque deposition within the arteries, foaminess of macrophages.5 
Further aggregation of platelet, thrombosis formation and 
rupture of unstable atherosclerotic plaque results in acute 
cardiovascular disease.6 Numerous factors were involved in 
initiation of atherosclerosis such as age, gender and genetic which 
are unchangeable but some factors such as sedentary life style, 
hypercholesterolemia, hyperglycemia, hypertension, obesity are 
tends to be the prime causative factor at present.7 Due to these 
changeable risk factors premature atherosclerosis incidence have 
been increased and it accounts about 10% of the atherosclerosis 
patients.8,9

Oxidative stress, hyperlipidemia followed by initiation of 
inflammatory signaling cascades are the prime cause of 
atherosclerosis initiation.10 Activation of endothelium induces the 
fat deposition in arteries, fibrous matrix eventually leads to the 
formation of atheroma plaques causing narrowing of arteries.11 
Lipid lowering drugs such as statins, fibrates etc., were at present 
prescribed to treat atherosclerosis.12 Long term medications of 
these statin drugs in causes various side effects rhadomyolysis.13 
peripheral neuropathy, hepatotoxicity,14 mood disorders, 
increases the risk of diabetes mellitus,15 myalgia.16 It also causes 
withdrawal symptoms, allergic reaction and gastrointestinal 
disturbance.17 World Health Organization (WHO) had reported 
large quantity consumption of fruits, vegetables and sea foods had 
decreased the incidence of cardiovascular disease.18 These natural 
substance possess immense antioxidants and functional nutrients 
which combats the oxidative stress prime cause of cardiovascular 
diseases. These antioxidants present phytochemicals proven to 
reduce the risk of cardiovascular disease and also prescribed in 
treating these disorders.19,20

At present bioactive compounds from lichens are focused by 
researchers to be utilized in pharma industries since they possess 
immense medicinal values but often underestimated.21 One of the 
promising metabolite obtained from lichens is usnic acid. Usnic 
acid (2,6-diacetyl-7,9-dihydroxy-8,9b-dimethyl-1,3(2H,9bH)-
dibenzofurandione) is obtained from Usnea, Alectoria, Cladonia, 
Lecanora, Ramalina and Flavocetraria possess antioxidant, 
anti-inflammatory, antibacterial and antimycotic properties.22,23 
In this study we assessed the therapeutic potency of the usnic acid 
against the high fat diet-induced atherosclerosis in rats.

MATERIALS AND METHODS

Drug and Chemicals

Drugs such as usnic acid and simvastatin used to treat animals 
were procured from Sigma Aldrich, USA. Each and every 

chemical used in the study were of standard analytical research 
grade chemicals.

Animals

Healthy young 6-8 weeks old male Wistar albino rats weighing 
about 170±40 were used for the experiment. The procedures to 
be followed on the rats were clearly explained before the ethical 
committee members and proper approval for rat’s procurement 
was obtained. The rats were acclimatized in laboratory condition 
for a period of 7 days. The rats were housed in a hygienic 
polypropylene cages bedded with rice husk. Strict hygiene 
is maintained throughout the experiment period and cages, 
bedding were changed in regular intervals. 12 hr light/dark 
cycle standard temperature and relative humidity prescribed by 
IAEC for maintaining rats were followed. The rats were fed with 
standard laboratory pellet diet and water ad libitum.

Atherosclerosis induction

Atherosclerosis was induced in Wistar rats by feeding the rats with 
high fat diet consisting of cholesterol, cholic acid, propylthiouracil 
and salad oil along with the standard laboratory pellet diet for 
30 days. The induction of atherosclerosis was confirmed with 
biochemical and histopathological analysis.

Treatment regimen

Acclimatized animals were randomly divided into five groups 
each group consisting of 6 rats. Group I rats are control rats 
fed with standard pellet diets alone. Group II atherosclerosis 
induced rats were fed only with high fat diet alone. Group III, 
IV and V were induced atherosclerosis through high fat diet and 
treated with drugs. Group III and IV atherosclerosis induced 
rats were treated intragastrically with 25 and 50 mg/kg b.wt 
usnic acid respectively. Group V are standard control rats which 
were induced atherosclerosis and treated with 10 mg/kg b.wt 
simvastatin for 30 days.

After completion of treatment regimen blood samples were 
collected from the anesthetize rats in non-anticoagulated 
centrifuge tubes. The blood samples were kept undisturbed for 
60 min and centrifuged at 3000 rpm for 20 min at 4ºC for the 
separation of serum samples. Heart tissue was collected from the 
rats and stored at -80ºC for histopathological analysis.

Feed Consumption and Body weight

The rats were fed with 400 g of diet every day and on the next 
day the feed consumed by the rats were measured and noted. The 
body weights of the rats were monitored regularly and the values 
were recorded.

Quantification of Lipid profile

The mandatory lipid profile test such as total, low density, very low 
density and high-density cholesterol levels were quantified in the 
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serum of the experimental rats. Triglycerides and free fatty acid 
levels were also measured using commercially available research 
kits procured from Crystal Chem, USA. The assay was performed 
according the manufacturer’s protocol and it was performed in 
triplicates.

Assessment of atherogenic index

A key predictor of atherosclerosis is atherogenic index hence we 
calculated the atherogenic index in the experimental rats using 
the formula

AI=log [ Triglycerides/HDL-Cholestrol] (Niroumand et 
al.,2015).24

Assessment of Cardiac profile

Cardiac markers serum lactate dehydrogenase and creatinine 
phosphokinase were quantified in the high fat diet fed untreated 
and usnic acid treated rats. The levels were quantified using the 
research laboratory ELISA kits procured from My BioSource, 
USA. The final absorbances of the samples were measured at 450 
nm using microplate reader. Standard curve was plotted with OD 
of standard concentration. The concentrations of LDH and CPK 
in test samples were interpolated from the standard curve.

Quantification of Inflammatory cytokines

Proinflammatory cytokine markers C-reactive protein, IL-18, 
IL-8 and IL-1β were measured in the test samples using the 
commercially available ELISA kits (Abcam, USA). The ELISA 
kits were procured from Abcam and the test were performed 
as per the guidelines provided in the kit manual. The assay was 
performed in test and standard triplicates samples. Standard 
curve was plotted and the concentrations of test samples were 
interpolated with the standard curve plot.

Assessment of endothelial dysfunction

Endothelial dysfunction in high fat diet fed untreated and 
usnic acid treated animals were assessed by quantifying the 
levels of nitric oxide, endothelin, 6-keto-prostagladin F1α and 
thromboxane B2 in the serum. Commercially available ELISA kits 
purchased from ElabScience, USA were used for the estimation.

Histopathological Examination

Aorta was excised from the experimental animals and the tissue 
was fixed in 10% neutral buffered formalin. The fixed tissue was 
then dehydrated and processed with gradient mixture of ethyl 
alcohol, water and xylene. The processed tissue was embedded 
in paraffin wax and subjected to tissue sections of 5-micron 
thickness. The sectioned tissue was then stained with hematoxylin 
and eosin stains and subjected to histopathological examination 
in a blind folded method using light microscope.

Data Analysis

Obtained results were analyzed statistically with software 
GraphPad Prism and the final results were illustrated as 
mean±SEM. One Way ANOVA method was used to compare 
between groups and to compare among groups Student’s 
Newman Keul test was performed. The statistically significance 
was considered to be p<0.05.

RESULTS

Impact of usnic acid on feed in take and weight gain

Figure 1 depicts the results of feed intake and weight gain in 
rats fed with high fat diet untreated and usnic acid treated. 
Initially first ten days a significant decrease in the feed intake was 
observed in the high fat diet fed rats compared to the standard 
laboratory rat pellets fed rats. On mid of the treatment period 
the feed intake high fat diet fed untreated rats was significantly 
increased compared to the control and usnic acid treated rats. 
The feed intake was further gradually increased in high fat diet 
fed rats during the final 21-30th day of treatment (Figure 1A).

The weight gained by rats for every seven days was measured 
throughout the treatment period and the results were illustrated 
in Figure 1B. Initially during first week of treatment period a 
significant decrease weight was observed in the high fat diet fed 
rats. Both untreated and usnic acid treated rats shown significant 
decrease in body weight compared to the control. During 
subsequent weeks compared to usnic acid, simvastatin treated 
rats the untreated rats shown significant weight gain. High dose 
usnic acid, simvastatin treated rats shown significant decrease in 
the body weight compared to the low usnic acid and untreated 
rats.

Hypocholesterolemic effect of usnic acid

The hypocholesterolemic effect of usnic acid in high fat diet fed 
rats was assessed by measuring the lipid profile and the results were 
depicted in Figure 2. The levels of total cholesterol, triglycerides 
and free fatty acids were significantly increased in high fat diet 
fed untreated rats compared to the control and usnic, simvastatin 
treated rats. Both usnic and simvastatin treatment significantly 
lowered the levels of cholesterol, triglycerides and free fatty 
induced due to high fat diet. The decrease in the cholesterol levels 
observed in usnic acid treated rats were dose dependent.

Apart from total cholesterol levels, the levels of LDL, VLDL 
and HDL were observed separately in the serum of high fat diet 
fed untreated and drugs treated rats. The levels of both LDL 
and VLDL were significantly increased in the high fat diet fed 
untreated compared to the control rats. Both the doses of usnic 
acid significantly reduced the levels of LDL, VLDL and increased 
the level of HDL cholesterol. The levels of LDL, VLDL and 
HDL cholesterol observed in the high dose usnic treated rats 
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is comparatively similar to the levels observed in the standard 
hypocholesterolemic drug simvastatin treated group (Figure 3).

Influence of usnic acid on atherogenic index of high 
fat diet fed rats

Atherogenic index, basic indicator of atherosclerosis initiation 
was calculated with the obtained cholesterol values and the results 
represented in Figure 4. Atherogenic index was significantly 
increased to 2.8 in drugs untreated rats whereas it is only 0.5 

in control rats. Usnic acid treatment significantly decreased the 
atherogenic index in 1.6 in low dose treated rats and 1.2 in high 
dose treated rats. Simvastatin treated rats shown significantly 
lower level of 0.8 atherogenic index compared to the usnic acid 
treated rats.

Usnic acid treated rats shown significantly decreased Tc/HDLc 
and LDLc/HDLc ratio compared to drug untreated rats. Tc/
HDLc and LDLc/HDLc ratio were comparatively similar between 
simvastatin and high usnic acid treated rats.

Figure 1:  Impact of usnic acid on feed intake and weight gain. Change in body weight of control and experimental rats for every seven days (A).

Feed intake graph of control and experimental rats for every ten days (B). Results were analysed statistically with software GraphPad Prism and 
the final results were illustrated as mean±SEM. The statistically significance was considered to be p<0.05. # Control vs High fat diet fed untreated 
group, * High fat diet fed untreated group vs Usnic acid treated and simvastatin treated group. 
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Influence of usnic acid on cardiac markers of high fat 
diet fed rats

To assess the impact of usnic acid on the atherosclerosis induction 
in high fat diet fed rat’s cardiac markers were quantified and 
the levels were depicted in Figure 5. Lactate metabolism plays 
a prime role in atherosclerosis induction hence we assessed the 
lactate catalyzing enzyme lactate dehydrogenase in high fat diet 
fed rats. Usnic acid treatment significantly decreased the levels of 
lactate dehydrogenase in high fat diet fed rats in dose dependent 
manner compared to the untreated rats.

Increased level of serum creatinine phosphokinase was observed 
in the drug-untreated rats compared to the other groups 
confirming the occurrence of myocardial infraction. Usnic acid 
and simvastatin treatment significantly decreased the levels of 
serum creatinine phosphokinase in high-fat diet-fed rats. The 
decrease in serum creatinine phosphokinase in usnic acid treated 
were observed in dose-dependent manner (Figure 5).

Anti-inflammatory potency of usnic acid

To analyze the anti-inflammatory potency of usnic acid in rats fed 
with high-fat feed the levels of pro-inflammatory cytokines IL-18, 
IL-8 and IL-1β were quantified (Figure 6). Proinflammatory 
cytokines were significantly increased in the drug-untreated rats 
compared to the control and the drug-treated rats. IL-1β and 
IL-18 were significantly increased in the high fat diet-fed rats 
compared to the IL-8 cytokine. Usnic acid treatment significantly 
decreased the levels of all the three proinflammatory cytokines 
and the reduction was observed in a dose-dependent manner.

C-Reactive protein, a key regulator of inflammation was also 
quantified and the levels were depicted in Figure 6. The induction 
of myocardial inflammation in the high fat diet fed rats was 
confirmed with the marked increase C-RP levels. Both the drugs 
treated and untreated rats shown increase in the levels of C-RP 
compared to control. Whereas compared to drug untreated rats 
the usnic and simvastatin treated rats shown significant decrease 
in the levels of C-RP.

Figure 2:  Hypocholesterolemic effect of usnic acid. 

Lipid profile was quantified in control and experimental rats. A) Total Cholestrol B) Triglycerides C) Free fatty acid. Results were analysed statistically with 
software GraphPad Prism and the final results were illustrated as mean ±SEM. The statistically significance was considered to be p<0.05. # Control vs High fat 
diet fed untreated group, * High fat diet fed untreated group vs Usnic acid treated and simvastatin treated group.
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Figure 3:  Hypocholesterolemic effect of usnic acid. 

Lipid profile was quantified in control and experimental rats. A) Low density lipoprotein cholesterol B) Very low density lipoprotein cholesterol 
C) High density lipoprotein cholesterol. Results were analysed statistically with software GraphPad Prism and the final results were illustrated as 
mean±SEM. The statistically significance was considered to be p<0.05. # Control vs High fat diet fed untreated group, * High fat diet fed untreated 
group vs Usnic acid treated and simvastatin treated group.

Figure 4:  Influence of usnic acid on Atherogenic index of high fat diet fed rats. A) Atherogenic index B) Total cholesterol vs High density lipoprotein cholesterol 
C) Low density lipoprotein cholesterol vs High density lipoprotein cholesterol ratio of control and experimental rats.

Results were analysed statistically with software GraphPad Prism and the final results were illustrated as mean±SEM. The statistically significance was 
considered to be p<0.05. # Control vs High fat diet fed untreated group, * High fat diet fed untreated group vs Usnic acid treated and simvastatin treated 
group.
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Ameliorative role of usnic acid against endothelial 
dysfunction
High fat diet induced endothelial dysfunction in cardiac muscles 
were assessed by quantifying endothelial functional markers such 
as nitric oxide, 6-keto-prostaglandin F1α and thromboxane B 
(Figure 7). Decrease in nitric oxide and increase in endothelin 
considered to be the initiator event of atherosclerosis induction. 
Usnic acid treatment significantly increased the nitric oxide 
and decreased the endothelin levels in the high fat diet fed rats 
compared to the drugs untreated rats. Usnic acid also increased 
the levels of 6-keto- prostaglandin F1α and decreased the levels 
of thromboxane B which also observed in the standard lipid 
lowering drug simvastatin.

Cardioprotective effect of usnic acid
Atherosclerosis induction and the protective effect of usnic acid 
against the high fat diet in rats were assessed with histological 

analysis. The representative images of H and E stained cardiac 
tissue sections were represented in Figure 8.

Microscopic examination of H and E stained cardiac tissue 
sections of control, drug treated and untreated high fat diet fed 
rats. Control (Group I) and simvastatin (Group V) treated rats 
shown normal cardiac histological structure whereas the drug 
untreated rats shown degeneration of granules and vacuoles. 
Degenerated myofibril with necrotic cells and edema was 
observed in the high-fat diet-fed rats (Group II). Usnic acid 
treated rats shown comparatively decreased number of necrotic 
cells and the inter-muscular edema was reduced (Group III). 
Vacuolar and granular degeneration was reduced in usnic acid 
high dose treated group compared to the low-dose treated group 
(Group IV).

DISCUSSION

In spite of sustained decrease in the incidence of cardiovascular 
disease related mortalities it tends to be the foremost cause for 
global disease induced mortalities of last four decades.1 This may 
be due to the increase in population and geriatric medications but 
the increase in artherosclerotic mortalities in young population is 
distressing factor of present decade.25,26 Coronary atherosclerosis 
and stroke are the prime contributors for the increase in disability 
adjusted life years of the cardiovascular patients.1 Hypertension, 
diabetes mellitus, hyperlipidemia, cigarette smoking are the 
major causes for formation of atherosclerotic plaques apart 
from the ageing factor, among these hypertension ranks first.27 
The dysregulated lipid metabolism causes fat deposition in 
arteries eventually development of smooth muscle cells, platelet 
aggregation and finally atherosclerotic plaques.28 Inflammation 
induced local endothelial dysfunction induces rupture of 
atherosclerotic plaque causing instability in blood in the long 
run causing cardiovascular diseases.6,29,30 Hence we hypothesized 
our study to evaluate the role of usnic acid, lichen metabolite on 
lipids, proinflammatory cytokines and endothelial functional 
markers of high fat diet induced atherosclerosis rats.

One of the predominant conditions of cardiovascular disease is 
dyslipidemia. It is responsible for about 4 million related global 
cardiovascular disease mortality.31,32 18% of ischemic heart disease 
and 56% of stroke mortalities were reported by WHO and the 
hyperlipidemic patients were twice risky to develop cardiovascular 
disease.33 The other major global concern is premature mortality 
due to cardiovascular disease which also linked to dyslipidemia.34 
Therefore in our study we induced dyslipidemia condition in 
young rats with high fat diet and assessed the lipid lowering 
potency of usnic acid. Successfully dyslipidemia was induced in 
the rats with high fat diet which was evidenced with the results of 
our lipid profile examination in experimental rats.

Dyslipidemia is a condition which enhances the arterial fat 
deposition causing narrowing of the lumen leading to obstructed 
blood supply eventually stroke, ischemic heart attack, pulmonary 

Figure 5:  Influence of usnic acid on cardiac markers of high fat diet fed 
rats. A) Lactate Dehydrogenase B) Creatinine phosphokinase of control and 

experimental rats. 

Results were analysed statistically with software GraphPad Prism and the 
final results were illustrated as mean±SEM. The statistically significance was 
considered to be p<0.05. # Control vs High fat diet fed untreated group, 
* High fat diet fed untreated group vs Usnic acid treated and simvastatin 
treated group.
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embolism etc.,35 The occurrence of thrombo-embolic events 
are unpredictable since the formation of atherosclerotic plaque 
and the thickening of intima-media were silent process and 
asymptomatic.36,37 The high level of circulating triglycerides, 
total cholesterol, low-density lipoprotein particles and decrease 
in high-density lipoprotein particles were observed in the 
dyslipidemia condition.38 An indispensable tool to diagnose 
cardiovascular disease is the assessment of lipid profile. 
Quantifying total cholesterol, triglycerides, high-density 
lipoprotein cholesterol, low-density and very low-density 
lipoprotein cholesterol, free fatty acids.39 High fat diet in rats 
had increased the total cholesterol, triglycerides, free fatty acids, 
low-density lipoprotein cholesterol and decreased the levels of 
high-density lipoprotein cholesterol confirming the occurrence 
of dyslipidemia. Increased weight gain also observed in the high 
fat diet-fed rats which further supports the results of lipid profile.

Removal of triglycerides from VLDL and IDL cholesterol 
mediated by LPL/Apo C-II form LDL cholesterol, these LDL 
cholesterol transports cholesterol to the peripheral tissue and it is 

directly involved in the formation of atherosclerotic plaques.40,41 
Whereas the HDL are responsible for the uptake and delivery of 
peripheral cholesterol to the liver and other organs producing 
lipid derived hormones. It is also involved in anti-inflammatory 
and antioxidant action which inhibits the atherosclerotic plaque 
formation.42 Usnic acid treatment in high fat diet fed rats 
significantly decreased the levels of LDL and HDL this may be 
the reason for reduction to total cholesterol and triglycerides. 
Herbs which possess antioxidant property effectively reduces 
the circulating lipid levels thereby prevent atherosclerosis.43 This 
correlates with usnic acid it effectively decreased the levels of 
LDL, VLDL, triglycerides and total cholesterol thereby decreased 
the atherogenic index and prevented atherosclerosis induction in 
rats.

Lactate dehydrogenase is cytoplasmic enzyme ubiquitously 
present in varied tissues acts as checkpoint of anaerobic 
glycolysis and DNA metabolism.44,45 The levels of serum LDH 
is found to be increased upon cell injury hence it is suggested 
to be marker enzyme to detect myocardial infraction.46-48 

Figure 6:  Anti-inflammatory potency of usnic acid. A) C-reactive protein, B) Interleukin-18, C) Interleukin-8, D) Interleukin-1β of control and experimental rats. 

Results were analysed statistically with software GraphPad Prism and the final results were illustrated as mean±SEM. The statistically significance was 
considered to be p<0.05. # Control vs High fat diet fed untreated group, * High fat diet fed untreated group vs Usnic acid treated and simvastatin treated 
group.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 1, Jan-Mar, 2025272

Guo and Gao.: Anti-Atherosclerotic Activity of Usnic Acid

Usnic acid treatment significantly decreased the levels of LDH 
confirming the cardioprotective role against the high fat diet 
induced atherosclerosis. Prolonged intake of antidepressant, 
statins, antipsychotics, fibrates, antihistamine drugs leads 
to rhabdomyolysis in patients.49 Lipid lowering medications 
prescribed to treat cardiovascular patients also reported to induce 
rhabdomyolysis, myalgias.50,51 The induction of rhabdomyolysis, 
myalgias were detected via quantifying creatine phosphokinase 
in serum.52 Therefore we evaluated the impact of usnic acid on 
high fat diet fed rats, usnic acid treatment decreased the levels of 
creatinine phosphokinase which proves usnic acid doesn’t render 
any side effect in experimental rats.

Cholesterol crystals activate inflammasome present macrophage 
cytoplasm in the intima of artery. These infalmmasome protein 
complex on external stimuli cleaves pro-interleukin 1β and 18 
which are secreted as inflammatory cytokines.53,54 The secreted 
inflammatory cytokines interact with the cognate receptors in the 
extracellular space causing oxidative stress, activation of T-cells 

and stimulates further cytokine production. IL-1 signalling also 
triggers the synthesis of acute phase pentraxin protein often 
elevated during inflammatory diseases is C-reactive protein. 
It is also found to be increased in atherosclerosis patients and 
considered to potent biomarker for detecting cardiovascular 
disease.55,56 IL-1β mediated inflammatory signaling are the 
potent inducers of atherosclerosis and has been targeted to 
formulate anti-atherosclerotic drug.57 Usnic acid treatment 
significantly decreased the levels of proinflammatory cytokines 
IL-1β, IL-8, IL-18 and c-reactive protein in high fat diet fed rats 
proving the anti-inflammatory role against dyslipidemia induced 
inflammation.

Endothelium dysfunction is characterized by the imbalance 
in vasodilation to vasoconstriction ratio which is the primary 
function of endothelial cells. This impairment occurs due to 
the decreased levels of nitric oxide and increase in endothelin 
vasoconstrictor levels.58 In atherosclerosis patients decreased 
levels of nitric oxide was estimated which causes damage to 

Figure 7:  Ameliorative role of usnic acid against endothelial dysfunction. A) Nitric oxide B) 6-keto-prostagladin F1α C) endothelin D) thromboxane B2 in the 
serum of control and experimental rats. 

Results were analysed statistically with software GraphPad Prism and the final results were illustrated as mean±SEM. The statistically significance was 
considered to be p<0.05. # Control vs High fat diet fed untreated group, * High fat diet fed untreated group vs Usnic acid treated and simvastatin treated 
group.
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the endothelial junctions thereby led to the accumulation of 
cholesterol containing lipoproteins in the subendothelium.59 
Thromboxane a vasoconstrictor upon activation of TP receptors 
leads to endothelial dysfunction in cardiovascular disorders.60 
A stable metabolite of prostacyclin is 6-keto prostaglandin F1α 
(6-keto PGF1α) is a biomarker which is observed to be decreased in 
coagulation abnormal patients and aged individuals.61 Significant 
increase in the vasodilators nitric oxide, 6-keto prostaglandin 
F1α and decrease in vasoconstrictors endothelin, thromboxane 
B2 were observed in the usnic acid treated high fat diet fed rats 
which tends to be due to the antioxidant and anti-inflammatory 
property of usnic acid. Further the histopathological analysis of 
aorta H and E stained confirms the anti-atherosclerotic property 
of usnic acid.

CONCLUSION

To conclude, in the present study we evaluated the potency of 
lichen metabolite usnic acid potency to ameliorate high fat diet 
induced atherosclerosis in rat model. Usnic acid significantly 
prevented the excess weight gain and regulated the dyslipidemia 
induced by high fat diet. It decreased the lactate dehydrogenase and 
creatinine phosphokinase levels. The pro-inflammatory markers 
IL-1β, IL-8, IL-18 and C-reactive protein were also significantly 
decreased with usnic acid treatment in high fat diet fed rats. 
Usnic acid increased the levels of vasodilators and decreased 
the levels of vasoconstrictors thereby prevented endothelial 
dysfunction which was also evidenced with our histopathological 
analysis. Overall usnic acid is a potent anti-atherosclerotic agent 
which can be subjected to further research to be formulated 
as anti-atherosclerotic drug. However, the further studies still 
need to be performed in the future to clearly understand the 
therapeutic potentials of the usnic acid.
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SUMMARY

Atherosclerosis is a multifactorial chronic inflammatory disease 
characterized by the deviant lipid metabolism, calcification and 
plaque deposition within the arteries, foaminess of macrophages; 
Usnic acid significantly prevented weight gain, dysregulation 
of lipid and cardiac profile in high fat diet induced rats. It also 
inhibited the inflammatory response via decreasing the levels of 
pro-inflammatory cytokines. Usnic acid potentially increased the 
NO, 6-keto-PGF1α and decreased ET, TXB2 thereby prevented 
high-fat diet-induced endothelial dysfunction in experimental 
rats.
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Figure 8:  Cardioprotective effect of usnic acid. Representative images of H andE stained cardiac tissue sections of control and experimental rats. Group I) 
Control, Group II) High fat diet fed untreated rats Group III) High fat diet fed low dose usnic acid treated rats.Group IV) High fat diet fed high dose usnic acid 

treated rats Group V) High fat diet fed simvastatin treated rats.

Note: Yellow arrow: vacuoles and granules; black arrows: degenerated myofibrils with necrotic cells; green arrows: edema.
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