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Abstract
Inflammation is a multifaceted biological reaction to a wide range of stimuli, and it has been linked to the onset and progres-
sion of chronic diseases such as heart disease, cancer, and diabetes. Inflammatory markers found in the blood, including 
C-reactive protein, serum amyloid A, fibrinogen, plasma viscosity, erythrocyte sedimentation rate, interleukin-6, and solu-
ble adhesion molecules (like intercellular adhesion molecule-1 and vascular cell adhesion molecule-1), are risk factors for 
cardiovascular diseases such as coronary heart disease, stroke, and peripheral arterial disease. These markers play a crucial 
role in understanding and assessing cardiovascular health. Due to this complicated relationship between inflammation and 
cardiovascular disease, anti-inflammatory agents of natural origin have been the subject of many preclinical and clinical 
studies in recent years. Eugenol is a natural phenolic compound found in clove oil, nutmeg oil, cinnamon oil, and bay leaf oil, 
as well as other essential oils. Eugenol has been shown to have anti-inflammatory properties in many forms of experimental 
inflammation. It may scavenge free radicals, which contribute to inflammation and tissue damage. Various studies also suggest 
that eugenol can limit the production of inflammatory mediators such as prostaglandins, cytokines, and chemokines. Animal 
models of arthritis, colitis, and lung damage, as well as human clinical studies, have shown that eugenol has phenomenal 
anti-inflammatory properties. These properties suggest that eugenol may be able to reduce the risk of cardiovascular diseases.
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Introduction

Natural medicinal products have made significant contribu-
tions to the development of new drugs for the treatment of a 
wide variety of conditions, including cardiovascular disease, 
cancer, multiple sclerosis, and infectious disorders, among 
others. These products are valued for their high efficacy and 
safety profile. In fact, more than 250,000 natural substances 
have been documented in the course of drug discovery 
(Cragg and Newman 2013).

The therapeutic effects of natural products can be attrib-
uted to a rich array of compounds such as alkaloids, ter-
penoids, sesquiterpenoids, lactones, glycosides, steroids, 
peptides, amino acids, flavonoids, essential oils, carot-
enoids, and more. Traditional medicines, primarily plant-
based, have played a vital role in global healthcare, with 
the World Health Organization (WHO) reporting that 80% 
of people rely on these remedies for primary healthcare 
needs. Remarkably, 80% of the 122 plant-derived drugs 
are still used for their original ethno-pharmacological pur-
poses. Medicinal plants offer a unique combination of safety, 
affordability, potency, and accessibility, making them a 
cornerstone of traditional medicine practice (Hosseinzadeh 
et al. 2015).

The concept of mild chronic vascular inflammation as 
part of the pathophysiology of cardiovascular disease, indeed 
there are links between vascular inflammation, endothelial 
dysfunction and oxidative stress.

Recent years have witnessed a surge in research dedicated 
to exploring the therapeutic potential of non-nutritional 
compounds found in the diet, particularly in the prevention 
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and treatment of degenerative diseases such as cardiovas-
cular diseases and infectious diseases (Tedeschi et al. 2021; 
Kumar et al. 2021; Singh and Singh 2022). Phytochemicals, 
a diverse group of bioactive elements, encompass vitamins, 
carotenoids, food polyphenols (including flavonoids), phy-
toalexins, phenolic chemicals, indoles, sulphur-rich sub-
stances, and more. Among these, flavonoids are commonly 
found in fruits, vegetables, and beverages like tea, wine, and 
beer. They are also prevalent in various dietary supplements 
and herbal remedies due to their potential cardioprotective 
effects (Das and Das 2007; Patel et al. 2018).

Medicinal plants are a rich source of essential oils and 
secondary metabolites. These essential oils are volatile 
liquids that readily dissolve in lipids and organic solvents 
(Jirovetz et al. 2006; Hosseinzadeh et al. 2015). Over the 
past few decades, Indian scientists and researchers have con-
ducted numerous studies highlighting the involvement of 
eugenol and essential oils in the medicinal properties of vari-
ous plants (Hosseinzadeh et al. 2015). Aromatic plants such 
as Eugenia caryophyllus, Syzygium aromaticum, Dicipelium 
cariophyllatum, Pimenta dioica, Croton zehntneri, and Oci-
mum gratissimum contain substantial amounts of eugenol 
as one of their chemical constituents (Jirovetz et al. 2006). 
Additionally, fragrant plants like basil, bay, marjoram, mace, 
and nutmeg also contain significant levels of eugenol. These 
plants have gained recognition for their antioxidant, anti-
inflammatory, and antimicrobial properties, making them 
popular choices for treating chronic inflammation and vari-
ous serious health conditions (Jirovetz et al. 2006; Hossein-
zadeh et al. 2015).

Eugenol was first identified as an aromatic component 
extracted from Eugenia caryophyllus, is derived from clove 
oil, and serves as a phenolic aromatic ingredient (Marchese 
et al. 2017). It is a transparent or pale-yellow oil that exhibits 
mild solubility in both water and organic solvents (Nisar 
et al. 2021). Eugenol has found applications as a topical 
analgesic, and it is commonly used in dental plasters, fill-
ings, and cements, as well as in local anaesthetics and anti-
septics. The fragrance and flavouring industries also utilize 
clove and eugenol (Pramod et al. 2010; Isaksson et al. 2020). 
Pharmacological research has explored the effects of euge-
nol on various systems, including the immunological, repro-
ductive, cardiovascular, gastric, central nervous, and urinary 
systems, as well as its impact on blood biochemistry. Clove 
essential oil has demonstrated anti-inflammatory, antinocic-
eptive, cytotoxic, anti-carcinogenic, hepatoprotective, anal-
gesic, antibacterial, antioxidant, antifungal, and antiviral 
properties (Kouidhi et al. 2010; Hussain et al. 2017; Han 
and Parker 2017; Ugbogu et al. 2021). Eugenol, a common 
phenylpropanoid, plays essential roles in the food and cos-
metic industries (Mohammadi Nejad et al. 2017).

Eugenol exhibits antioxidative, anti-inflammatory, and 
cardiovascular characteristics, along with analgesic and 

localised anaesthetic effects. Research on the pharmacoki-
netics and pharmacodynamics of eugenol in human sub-
jects has provided valuable insights. Eugenol has even been 
investigated as a substance that enhances penetration. Its 
multifaceted applications make it a promising candidate for 
the development of novel pharmaceuticals targeting diverse 
cardiovascular disease risk factors through distinct path-
ways. In this review, we will delve into the effectiveness of 
eugenol in mitigating various risk factors associated with 
cardiovascular disease (Fig. 1).

Role of Eugenol in different pharmacological 
pathways

Angiotensin converting enzyme inhibitory action

Persistent hypertension is a significant risk factor for vari-
ous diseases such as cardiovascular diseases, chronic renal 
failure, and diabetes (Sarnak and Levey 2000; Kumar et al. 
2021; Corb Aron et al. 2021). In hypertension, the renin-
angiotensin system regulates blood pressure as well as salt 
and water balance. Inhibiting the angiotensin converting 
enzyme (ACE) has become a new therapeutic technique 
for treating high blood pressure in both diabetic and non-
diabetic patients (Sankhyan and Pawar 2013; Mnafgui 
et al. 2013; Gheorghe et al. 2020). In a study using alloxan-
induced diabetic rats, eugenol was found to inhibit ACE. 
Additionally, an in-vitro study showed that eugenol can 
inhibit pancreatic α-amylase (IC50 = 62.53 µg/mL), lipase 
(IC50 = 130.67 µg/mL), and ACE activity (Rathod and Yadav 
2021). Furthermore, an in-vivo study revealed that eugenol 
decreased the activity of amylase in diabetic rats (Hamdin 
et al. 2019).

Hypotensive effect of eugenol

Eugenol has been found to have a hypotensive effect in 
various studies. In an animal study, eugenol was found to 
decrease the blood pressure in hypertensive rats. Another 
study reported that eugenol could lower blood pressure in 
normotensive and hypertensive animals by inhibiting the 
activity of certain enzymes involved in blood pressure regu-
lation. In human studies, eugenol has been found to have a 
relaxant effect on blood vessels, leading to a reduction in 
blood pressure. However, more research is needed to estab-
lish the hypotensive effects of eugenol in humans and deter-
mine the optimal dose and duration of treatment. The admin-
istration of Eugenol intravenously leads to hypotension and 
bradycardia, which are dose dependent. This indicates the 
presence of a functional parasympathetic nerve drive to the 
heart. The hypotension is a result of active vascular relaxa-
tion rather than the withdrawal of sympathetic tone (Elsebai 
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and Albalawi 2022). It has been observed that the release 
of nitric oxide (NO) from vascular endothelial cells does 
not play a role in mediating Eugenol-induced hypoten-
sion. When Eugenol is administered intravenously in rats, 
it reduces the Mean Arterial pressure even in the absence of 
central sympathetic nerve drive, which normally contrib-
utes to maintaining blood pressure. This effect persists even 
when ganglionic blockade is induced by hexamethonium (de 
Fátima Leal Interaminense de Andrade 2007). It was also 
noted that the essential oil derived from the leaves of Oci-
mum gratissimum, along with its primary component, euge-
nol, exhibited amplified hypotensive effects in conscious rats 
with DOCA-salt-induced hypertension. Hypotensive effects 
were observed in hypertensive rats when administered euge-
nol at concentrations ranging from 0.006 to 6 mM. These 
effects can be attributed to the relaxation of blood vessels (de 
Fátima Leal Interaminense de Andrade 2007; Savsani 2020).

Vasorelaxant action of eugenol

Vasorelaxation refers to the relaxation of smooth muscles 
in blood vessels, resulting in the dilation of blood vessels 
and a decrease in blood pressure. The ability of eugenol 
to induce vasorelaxation has been demonstrated in various 
studies (Touyz et al. 2018). In an animal study, eugenol 
was found to reduce blood pressure in hypertensive rats 
by inducing vasorelaxation (Damiani et al. 2003). Another 
study reported that eugenol could lower blood pressure 
in normotensive and hypertensive animals by inhibiting 

the activity of certain enzymes involved in blood pressure 
regulation (Rathod and Yadav 2021).

The vasorelaxant action of eugenol is believed to be 
mediated by various mechanisms. One of the mechanisms 
is the activation of endothelial nitric oxide synthase 
(eNOS), leading to the production of NO. NO is a potent 
vasodilator that relaxes smooth muscles in blood vessels, 
resulting in vasorelaxation. Eugenol has been found to 
increase the production of NO in endothelial cells, lead-
ing to vasorelaxation (Damiani et al. 2003; Rameshrad 
et al. 2016).

Eugenol has demonstrated the ability to stimulate potas-
sium channels within smooth muscle cells, thereby pro-
moting the outward movement of potassium ions. This 
phenomenon, in turn, induces hyperpolarization of the 
smooth muscle cells, ultimately leading to vasorelaxation. 
The activation of potassium channels by eugenol has been 
observed in multiple studies, emphasizing its potential as a 
therapeutic agent for addressing vascular dysfunctions in 
humans, including conditions such as preeclampsia (Dantas 
et al. 2022). These findings open up new possibilities for 
the utilization of eugenol in the treatment of such disorders.

Furthermore, eugenol has been found to induce signifi-
cant vasorelaxation specifically in uterine arteries of preg-
nant goats. Notably, its vasorelaxant effect is amplified 
approximately three-fold during pregnancy, indicating its 
potential as both a nutraceutical agent and a therapeutic can-
didate for managing hypertensive disorders associated with 
pregnancy (Parija et al. 2020).

Fig. 1   Pathological modulation occurs in cardiovascular and related Risk Factors
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In addition to its vasorelaxant action, eugenol has also 
been found to have antioxidant and anti-inflammatory prop-
erties, which may contribute to its potential therapeutic 
applications in the treatment of hypertension and cardiovas-
cular diseases. Oxidative stress and inflammation are known 
to play a crucial role in the development of hypertension and 
cardiovascular diseases. Eugenol has been found to reduce 
oxidative stress and inflammation, leading to a decrease in 
blood pressure and improvement in cardiovascular function.

Calcium channel blocker action

There is evidence that certain types of High Voltage ion 
channels are involved in inflammation. High Voltage cal-
cium channels are abundantly expressed in smooth muscle 
cells. Yamamoto et al. demonstrated that Ca++ influx is con-
trolled by the transient receptor potential melastin 2 (TRPM 
2) that further controls ROS induced chemokine production 
in monocytes. These ROS are responsible for inflammatory 
reactions (Yamamoto et al. 2008). Increased Ca++ leak from 
the sarcoplasmic reticulum (SR) via RYR2. This, in turn, 
causes diastolic SR Ca2+ release events, which activate the 
Na+/Ca2+ exchanger (NCX), producing a transient-inward 
current that causes membrane depolarization. Numerous 
studies have implicated hyperphosphorylation of RYR2 
via calmodulin-dependent protein kinase II (CaMKII) in 
arrhythmogenic SR Ca2+ leak in ventricular and atrial myo-
cytes of diseased hearts. CAMKII, which typically requires 
the binding of Ca2+ to calmodulin for its activation, is also 
triggered by oxidation. However, eugenol induces vasore-
laxation is by inhibiting the influx of calcium ions into 
smooth muscle cells. By inhibiting the influx of calcium 
ions, eugenol prevents smooth muscle contraction, leading 
to vasorelaxation that can lead to lower the blood pressure, 
and in the case of angina, this vasorelaxation can also reduce 
the frequency and severity of spasms in coronary arteries, 
improving blood flow to the heart (Dantas et al. 2022). 
Eugenol has been found to inhibit the influx of calcium ions 
in smooth muscle cells, leading to cardioprotective (Chen 
et al. 1997). Eugenol exhibits dose-dependent and reversible 
vasodilator effects, with its potency varying within the range 
of 0.2–20 µmol. These vasodilator responses are partially 
reliant on the presence of the endothelium (Damiani et al. 
2003). Notably, a study conducted by Sensch and colleagues 
revealed that eugenol, at concentrations ranging from 60 to 
600 µmol/L, demonstrated negative inotropic effects on 
Guinea pig heart muscle. The magnitude of this effect was 
comparable to that of nifedipine, a calcium channel blocker 
(Sensch et al. 2000). The smooth muscle relaxant proper-
ties of eugenol are attributed to its ability to block voltage-
sensitive and receptor-operated channels. Additionally, 
Endothelia cells Ca2+ influx then causes the inflammatory 
process. Eugenol blocks these actions mediated through the 

NO generated in the endothelial cells (Earley and Brayden 
2015; Hu et al. 2016).

Eugenol has been found to inhibit high-voltage-activated 
calcium channel currents in both capsaicin-sensitive and 
capsaicin-insensitive dental primary afferent neurons (Earley 
and Brayden 2015). Interestingly, this inhibitory action of 
eugenol remains unaffected by capsazepine, suggesting that 
it does not involve the activation of transient receptor poten-
tial vanilloid 1. Furthermore, eugenol has demonstrated the 
ability to inhibit N-type calcium currents in the C2D7 cell 
line (Hwang et al. 2020). This inhibition of high-voltage-
activated calcium channel currents in dental primary affer-
ent neurons is responsible for the dental analgesic action of 
eugenol. In terms of anaesthetic action, eugenol has been 
shown to inhibit sodium channel currents in rat dental pri-
mary afferent neurons through the whole-cell patch-clamp 
method (Comunanza et al. 2011). Both capsaicin-sensitive 
and capsaicin-insensitive neurons are inhibited by euge-
nol, and its excitatory effect is potentially due to the inhi-
bition of voltage-gated potassium channels. Additionally, 
Yang and colleagues have indicated that eugenol exerts its 
effects on sensory nerve endings in teeth, at least partially, 
through vanilloid receptor 1 (Yang et al. 2003; Pramod et al. 
2010). The combination of eugenol and QX-314 irrevers-
ibly and selectively blocked voltage-gated sodium channels 
in trigeminal ganglion neurons expressing TRPV1 (Hwang 
et al. 2020).

The analgesic effect of eugenol is likely attributed to its 
inhibition of voltage-gated calcium channels. Importantly, 
the mechanism of eugenol’s inhibition of voltage-gated cal-
cium channels is distinct from that of capsaicin and does 
not involve transient receptor potential vanilloid 1 (Chung 
et al. 2008). It appears that both capsaicin receptor-mediated 
and capsaicin receptor-independent pathways are involved 
in the activation of calcium channels by eugenol (Ohkubo 
and Kitamura 1997).

Anti‑inflammatory action

Inflammation is the complicated process that causes the 
three primary symptoms of inflammation-pain, oedema, 
and heat. Local blood flow, vasodilation, fluid extravasation, 
and mediators that promote inflammation were all induced 
by inflammation (Foudah et al. 2022). Both oxidative stress 
and inflammation are related processes that are present in a 
variety of clinical disorders, including cancer, renal, liver, 
and cardiovascular disease. Increased ROS generation in 
the inflamed inflammatory tissue during inflammation sig-
nificantly contributes to the synthesis of pro-inflammatory 
mediators such cytokines, chemokines, etc. that are involved 
in the migration of inflammatory cells (Tan et al. 2022).

Various studies have investigated the anti-inflammatory 
effects of eugenol, focusing on leukocyte migration and 
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employing different stimuli such as N-formyl-methionyl-
leucyl-phenylalanine, leukotriene B4, and carrageenan. The 
recruitment of polymorphonuclear leukocytes to the site of 
inflammation involves a complex response that relies on 
interactions between the endothelium and leukocytes, lead-
ing to their extravasation at the inflamed site (Kummer et al. 
2015). Research indicates that eugenol significantly reduces 
leukocyte migration both in vitro and in vivo by modulat-
ing the rolling and adherence of leukocytes to perivascular 
tissue. This effect has been observed in studies examining 
leukocyte migration in response to various stimuli (Estevão-
Silva et al. 2014). Furthermore, Pan and Dong demonstrated 
that eugenol administration inhibits eosinophilia induced 
by ovalbumin (OVA) in lung tissue, preventing the increase 
of Interleukin-4 &-5 (IL-4 & IL-5) levels. It also reduces 
the activation of Nuclear factor kappa B (NF-κB) signal-
ing pathways in an experimental model of allergic asthma 
induced by OVA (Pan and Dong 2015). The anti-inflamma-
tory response of eugenol plays a significant role in its anti-
asthmatic effect, leading to a decrease in airway resistance.

Moreover, eugenol has shown beneficial effects in 
lipopolysaccharide (LPS)-induced acute lung injury. Its 
administration inhibits inflammation and the recruitment of 
leukocytes into lung tissue by downregulating the expression 
of proinflammatory cytokines [IL-6 and Tumour necrosis 
factor-α (TNF-α)], as well as suppressing NF-κB signal-
ing and neutrophil infiltration. These findings suggest that 
eugenol has anti-inflammatory properties that contribute to 
its therapeutic potential in various inflammatory conditions 
(Magalhães et al. 2010; Barboza et al. 2018).

Eugenol exhibits protective effects against hepatic 
ischemia/reperfusion (I/R) injury by reducing liver damage 
and suppressing inflammatory mediators. This is achieved 
by reducing myeloperoxidase activity, TNF-α levels, and 
NF-κB expression. Additionally, eugenol modulates the 
redox status by increasing glutathione (GSH) levels and 
altering oxidative markers while reducing malondialdehyde 
levels. These actions collectively contribute to the ameliora-
tion of hepatic I/R injury (Wong et al. 2017; Barboza et al. 
2018). In the context of cardiac remodelling following myo-
cardial infarction, eugenol has been evaluated as a preven-
tive agent. It effectively reduces cardiac injury biomarkers, 
including troponin-T, creatine kinase-muscle/brain, and 
lactate dehydrogenase (LDH). This leads to improvements 
in electrocardiographic and hemodynamic parameters, high-
lighting its potential as an antithrombotic, anti-inflamma-
tory, and anti-ischemic agent (Wong et al. 2017).

Furthermore, eugenol inhibits the expression of induc-
ible nitric oxide synthase (iNOS) in macrophages upon 
exposure to LPS, resulting in a reduction in NO levels (Yeh 
et al. 2011). Additionally, eugenol promotes the downregu-
lation of TNF-α in LPS-activated macrophages, which is 
associated with antigenotoxic activity when DNA damage 

is induced with doxorubicin. These findings highlight the 
molecular mechanisms through which eugenol exerts its 
anti-inflammatory effects, particularly in regulating the pro-
duction of inflammatory mediators by macrophages (Feng 
et al. 2018).

According to another study, eugenol exerts cardiopro-
tective effects on the transplanted heart in rat heterotopic 
heart transplantation through alleviating myocardial oedema, 
downregulating the myocardial inflammatory response and 
inhibiting myocardial apoptosis (Feng et al. 2018). In a 
study conducted by Rodrigues and colleagues, the impact 
of a hydroalcoholic extract of clove on the production of 
pro-inflammatory cytokines by macrophages in mice was 
investigated. It was observed that clove oil, at a dosage 
of 200 mg/kg, exhibited cytokine inhibition, which could 
be attributed to the presence of eugenol (Rodrigues et al. 
2009). Eugenol, as a constituent of clove oil, possesses anti-
inflammatory properties, contributing to this activity. Fur-
thermore, the anti-inflammatory activity of eugenol in the 
context of LPS-induced lung injury has been demonstrated 
in an in vivo study. Administration of eugenol at a dose of 
160 mg/kg, intraperitoneally (ip), exhibited significant anti-
inflammatory effects (Magalhães et al. 2010; Bittencourt-
Mernak et al. 2021).

Antioxidative action

Via antioxidant elements and scavenging free radicals

Eugenol plays a significant role as a potent antioxidant and 
exhibits radical-scavenging activity. The compound aspirin 
eugenol ester mitigates H2O2-induced oxidative stress in 
human umbilical vein endothelial cells by acting through the 
Mitochondria-Lysosome Axis. Additionally, aspirin euge-
nol ester ameliorates paraquat-induced oxidative damage by 
modulating the ROS/p38-MAPK-mediated mitochondrial 
apoptosis pathway (Huang et al. 2019).

At a concentration of 15 μg/mL, eugenol inhibits lipid 
peroxidation in a linoleic acid emulsion. Its inhibitory 
activity is approximately five times higher than that of 
α-tocopherol and about ten times lower than that of BHT 
(Xiao-Rong et  al. 2021). Eugenol completely inhibits 
both iron and Fenton reagent-mediated lipid peroxida-
tion induced in mitochondria by (Fe(II)-ascorbate) or 
(Fe(II) + H2O2). The measurement of thiobarbituric acid 
reactive substances (TBARS) formation is used to assess 
lipid peroxidation (Nagababu et al. 2010). In an in vivo 
study, eugenol provides significant hepatic protection 
against lipid peroxidation-mediated liver damage induced 
by CCl4 administration in rats. Furthermore, eugenol 
inhibits the increase in SGOT activity and cell necrosis 
but does not prevent endoplasmic reticulum (ER) dam-
age, as indicated by the decrease in cytochrome P450 and 



312	 S. Devi et al.

1 3

G-6-phosphatase activity (Nagababu et al. 1995). The pro-
tective action of eugenol is attributed to its interception 
of secondary radicals derived from ER lipids rather than 
its interference with primary radicals of CCl4 (Nagababu 
et al. 1995; Halliwell 2001). Eugenol undergoes enzymatic 
or non-enzymatic oxidation via the one-electron pathway, 
resulting in the formation of a phenoxyl radical and poten-
tially leading to eugenol quinonemethide. The cytotoxic-
ity of eugenol-related compounds is significantly associ-
ated with the production activity of phenoxyl radicals, the 
stability of subsequent quinonemethide (QM), and their 
hydrophobicity (Fujisawa et al. 2002).

Via nuclear factor erythroid 2–related factor 2 (Nrf2) 
pathway

Nrf2 is primarily known for its role in maintaining cellular 
redox balance and protecting cells from oxidative stress, 
which is a significant contributor to heart diseases and 
cardiac damage. It regulates the production of antioxidant 
genes, which ultimately provide anti-inflammatory actions. 
Nrf2 and its primary negative regulator, the E3 ligase 
adaptor Kelch-like ECH-associated protein 1 (Keap1), 
play critical roles in intracellular redox homeostasis and 
inflammatory regulation. It has been reported that animal 
and cell models of cardiotoxicity show a downregulation 
of the expression of Nrf2 in these models (Hu et al. 2023; 
Adeyemi et al. 2023; Jiao et al. 2023). Thus, regulating the 
Nrf2 signalling pathway through pharmacological inter-
ventions can mitigate the negative consequences of cardio-
toxicity and be employed as a therapeutic candidate in the 
prevention and treatment of cardiovascular illnesses. Fur-
thermore, Eugenol has been shown to modulate the Nrf2 
signalling pathway in several in vitro and in vivo studies of 
various diseases. For instance, in IR-induced acute kidney 
injury mice model, methyl eugenol modulates the AMPK/
GSK3β axis to regulate the cytoplasmic–nuclear translo-
cation of Nrf2, resulting in Nrf2 nuclear retention and 
thereby enhancing antioxidant target gene transcription 
that protects the kidney from oxidative damage (Kuang 
et al. 2023). Similarly, eugenols potential in cardioprotec-
tion also been explored in animal as well as cell models. 
In a hamster model of atherosclerosis induced by a high-
fat diet (HFD), Aspirin eugenol ester (AEE) significantly 
reduced HFD-induced malondialdehyde levels, restored 
SOD activity and GSH/GSSG ratio, and decreased the 
overexpression of inducible NOS (iNOS) in the aorta and 
in an in vitro model of oxidative stress (H2O2-induced 
apoptosis of HUVECs). Moreover, in vitro studies showed 
that AEE protected vascular endothelial cells from oxi-
dative damage by reducing NO production via NOS and 
increasing Nrf2 expression (Huang et al. 2019).

Analgesic action

Analgesic action denotes the capacity of a substance or med-
icine to alleviate pain without inducing unconsciousness. 
These pain-relieving agents, often referred to as painkillers, 
function by specifically affecting the pain pathways within 
the nervous system (Thakur et al. 2016). Their primary goal 
is to decrease or obstruct the transmission of pain signals 
from the location of injury or inflammation to the brain, 
thereby easing the feeling of pain and providing relief to the 
person experiencing it. Eugenol exerts its analgesic effect 
by inhibiting cyclooxygenase and prostaglandin H syn-
thase, suggesting its involvement in the modulation of these 
pain-related pathways. This inhibition may occur through 
eugenol’s competition with arachidonic acid (Markowitz 
et al. 1992). Moreover, eugenol demonstrates the ability to 
suppress the release of proinflammatory mediators such as 
interleukin-1β, tumour necrosis factor-α, and prostaglandin 
E2 from macrophages (das Chagas Pereira de Andrade and 
Mendes 2020). Additionally, eugenol has been revealed 
to possess analgesic action via reduction of inflammatory 
response in few studies (Daniel et al. 2009). As well as, 
eugenol holds promise as an anti-inflammatory agent for 
managing acute inflamed dental pulps, apical periodontitis 
and cardiomyopathy in diabetic rats (Qar et al. 2022). For 
instance, in an arthritis-induced male SD rat model, euge-
nol ameliorated both paw and joint swelling by inhibiting 
inflammatory response (Sharma et al. 1994). Even, Eugenol 
not only shows analgesic effect in rabbits but also showed 
greater fever reducing potential than paracetamol (Nisar 
et al. 2021). Therefore, eugenol can be considered a potential 
therapeutic agent for managing pain in various cardiovascu-
lar disorders caused by inflammatory mediators.

Anti‑atherosclerosis activity

Hyperlipidemia and hypercholesterolemia are major 
contributors to the development of systemic atheroscle-
rosis, which leads to a variety of cardiovascular disorders 
(Gheorghe et al. 2020; Behl et al. 2020). Eugenol has 
been found to reduce expressions of CRP, iNOS, TNF-α, 
IL-1β, and NF-κB in atherogenic diet fed rat’s hepatic 
tissues (Karuppasamy et al. 2022). This shows the car-
dioprotective activity of eugenol through the inhibition 
of inflammatory mediators. Furthermore, eugenol reduces 
steatosis and hepatic inflammation in liver sections, as 
well as lowering hepatomegaly, and decreases the activ-
ity of hepatic marker enzymes alanine aminotransferase 
(ALT) and alkaline phosphatase (ALP) in hypercholester-
olemic rats (Venkadeswaran et al. 2016). While eugenol 
does not inhibit hepatic 3-hydroxy-3-methyl-glutaryl-
CoA (HMG-CoA) reductase, it downregulates transient 
receptor potential vanilloid (TRPV1) channels in the liver 
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(Harb et al. 2019). Eugenol pretreatment prevented liver 
injury by decreasing CYP2E1 activity, lipid peroxidation 
indices, protein oxidation and inflammatory markers and 
by improving the antioxidant status. Eugenol decreased 
the expression of COX-2 gene induced by thioacetamide 
(Yogalakshmi et al. 2010). Similarly in cardiovascular 
issues, eugenol prevents the lipid peroxidation indices, 
protein oxidation and inflammatory markers.

Aspirin eugenol ester, a novel drug compound combin-
ing aspirin and eugenol, exhibits anti-thrombotic, anti-
atherosclerotic, and anti-oxidative effects. It potentially 
protects vascular endothelial cells from oxidative injury 
by modulating NOS and Nrf2 signaling pathways (Huang 
et al. 2019). The anti-atherosclerotic effects of aspirin 
eugenol ester on vascular endothelial dysfunction involve 
the inhibition of oxidative stress and reduction in the 
expression of adhesion molecules. Furthermore, eugenol 
increases the levels of superoxide dismutase, catalase, 
glutathione peroxidase, and glutathione-S-transferase, 
which are crucial antioxidative enzymes (Srivastava and 
Mustafa 1989).

In a study conducted by Choudhary et al., eugenol was 
observed to counteract isoproterenol-induced cardiac 
hypertrophy in male Wister rats, using a dose of 1 mg/
kg twice daily (Choudhary et al. 2006). The researchers 
demonstrated that eugenol suppressed serum calcineurin 
activity in vitro and reduced oxidative stress and apopto-
sis induced by isoproterenol. Moreover, eugenol restored 
cardiac calcineurin and protein kinase C activity in ven-
tricular tissue to normal levels (Choudhary et al. 2006; 
Pramod et al. 2010; Nisar et al. 2021).

Pharmacokinetics and pharmacodynamics 
of eugenol

Eugenol possesses the capacity to inhibit proinflammatory 
mediators, including NOS, lipoxygenase, and cyclooxyge-
nase. Its analgesic effects are exerted through the inhibi-
tion of Na+ channels and cyclooxygenase. Damiani et al. 
investigated the inotropic effects of eugenol in rat left ven-
tricular papillary muscles, revealing a decrease in con-
traction force without impacting the contractile machinery 
(Ohkubo and Kitamura 1997). A concentration of 0.5 mM 
of eugenol completely blocked inward Ca2+ channels. 
Eugenol has also been found to express transient receptor 
potential vanilloid 3, a warm-sensitive Ca2+-permeable 
cation channel present in the skin, tongue, and nose, as 
explained by (Xu et al. 2007). Moreover, eugenol has been 
reported to enhance the response of GABAA receptors, 
which can modulate neural transmission in the brain simi-
lar to benzodiazepines and barbiturates (Johnston 2005; 
Pramod et al. 2010). Salah et al. demonstrated that eugenol 
induces relaxation of the rat ileal strip, reduces intesti-
nal transit in rats, and enhances the diarrhoea-inducing 
effect of castor oil (Cho et al. 2008). They proposed that 
these effects are mediated through the modulation of Ca2+ 
channels. In isolated canine and human ventricular cardio-
myocytes, eugenol accelerates the inactivation of the Ca2+ 
current (Xu et al. 2007).

Fischer et al. conducted an investigation on the metab-
olism of eugenol in male and female healthy volunteers, 
revealing its rapid absorption and metabolism following oral 
administration. Within 24 h, almost all of the administered 
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dose is excreted in the urine, with less than 0.1% being 
excreted unchanged. Eugenol was detected in the urine as 
conjugates and metabolites, with eugenol glucuronide and 
sulphate accounting for 55% of the conjugate metabolites 
(Fischer et al. 1990). The metabolism of eugenol in humans 
was also found to involve pathways such as the epoxide-diol 
pathway, allylic oxidation, synthesis of a thiophenol and a 
substituted propionic acid, and migration of the double bond 
(Mohammadi Nejad et al. 2017). Guénette et al. conducted 
a study using non-compartmental analysis to explore the 
pharmacokinetic parameters of eugenol after oral adminis-
tration in male Sprague–Dawley rats at a dose of 40 mg/kg 
(Guenette et al. 2006; Guénette et al. 2007).

Marketed preparations of eugenol

Eugenol is already incorporated into various marketed 
preparations for different purposes. These are some for-
mulations which are available in the market (Table 1).

Conclusion

Inflammation has been identified as a critical factor in 
nearly every chronic disease aetiology, including cardio-
vascular disease. Multiple pro-inflammatory mediators 
and regulatory systems are involved in the physiology of 

inflammation. The transition from fatty streak to complex 
plaque is facilitated by inflammation. T cells excite mac-
rophages through cyto-signaling or CD40 ligation, result-
ing in the generation of cytokines and MMPs that contrib-
ute to the formation of the fibrous cap, which protects the 
plaque. However, as time passes, the fibrous cap thins and 
becomes more prone to fragmentation, allowing a throm-
bus to form and cause a myocardial infarction or other car-
diovascular issues. This series of events deviates dramati-
cally from the traditional understanding of cardiovascular 
disease as a lipid storage problem. As our understanding 
of the pathophysiological causes grows, it is critical that 
risk assessment and treatment for cardiovascular disease 
progress in tandem. C-reactive protein, serum amyloid 
A, fibrinogen, plasma viscosity, erythrocyte sedimenta-
tion rate, and cytokines such as interleukin-6, as well as 
soluble adhesion molecules (e.g., intercellular adhesion 
molecule-1, vascular cell adhesion molecule-1) must all be 
carefully considered before being included in risk assess-
ment algorithms. Lifestyle changes and complementary 
and alternative therapy may be critical in avoiding coro-
nary bypass surgery and other cardiovascular problems.

Eugenol has proven anti-inflammatory effects in pre-
clinical and clinical studies. It has already been proven to 
have a vasorelaxant effect via activating eNOS, inhibiting 
calcium influx, and activating potassium channels. Eugen-
ol’s vasorelaxant effect, as well as its antioxidant and anti-
inflammatory properties, could have therapeutic signifi-
cance in the treatment of hypertension and cardiovascular 

Table 1   Marketed formulations

Name Strength/composition Formulation Manufacturer

Anadent Childrens Kanka Gel 12 mg/1 g Gel Belmora LLC
Dentek Eugenol 850 mg/1 mL Liquid DenTek Oral Care, Inc
Dyna-tds – Solution Dynapharm (m) sdn bhd
Eugenol toothache medication 850 mg/1 mL Liquid DenTek Oral Care, Inc
Ammeltz yoko yoko Eugenol (1.36 g/100 g) + Levomen-

thol (5.44 g/100 g) + Methyl salicy-
late (10.2 g/100 g)

Massage cream Kobayashi healthcare (malaysia) sdn. Bhd

Bio-musclax Eugenol (1.2 g/100 g) + Levomen-
thol (5.5 g/100 g) + Methyl salicy-
late (11 g/100 g)

Cream Top Biopharma Sdn Bhd

Counterpain Eugenol (1.36%) + Levomen-
thol (5.44%) + Methyl salicylate (10.2%)

Analgesic balm Hoe pharmaceuticals sdn. Bhd

Dry socket paste Eugenol (4.16%) + Acetylsalicylic 
acid (8.33%) + Chlorobutanol (1.5%)

Paste Sultan Healthcare

Flanil Eugenol (1.36% w/w) + Levomenthol (5.44% 
w/w) + Methyl salicylate (10.2% w/w)

Cream Medispec (m) sdn.bhd

Jiffy toothache drops Eugenol (9%) + Benzocaine (5%) Liquid Block Drug Company (Canada) Ltd
Masabalm Eugenol (1.36% w/w) + Levomenthol (5.44% 

w/w) + Methyl salicylate (10.2% w/w)
Cream Health Pharm Marketing Sdn Bhd

Painonil Eugenol (20 mg/1 g) + Cam-
phor (80 mg/1 g) + Eucalyptus oil (50 mg/1 g)

Ointment PhytoBiologic Pharmaceutics LLC [76–78]
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disease. However, more detailed preclinical and clinical 
evidence is required to define the appropriate therapy dose, 
formulation, and duration. It should be highlighted that 
eugenol should not be used as a replacement for approved 
hypertension medications without first consulting a health-
care professional, since additional research is needed to 
fully understand the molecular mechanisms underlying its 
efficacy.
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