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ABSTRACT: Cardiovascular and liver diseases are major contributors to global 

mortality and morbidity, sharing common underlying mechanisms such as oxidative 

stress, chronic inflammation, and endothelial dysfunction. The functional interplay 

between the heart and liver further underscores the importance of therapeutic 

strategies targeting these interconnected pathways. While conventional 

pharmacological interventions remain essential, their single-target focus and 

potential adverse effects have encouraged exploration of complementary approaches. 

This review examines the potential roles of Origanum majorana, Ocimum sanctum, 

and Piper nigrum in supporting cardiovascular and liver health, with particular 

emphasis on their phytochemical composition and reported antioxidant, anti-

inflammatory, and vascular modulating properties. Bioactive compounds present in 

these herbs including phenolic acids, flavonoids, terpenoids, and alkaloids have 

demonstrated the ability, primarily in experimental models, to scavenge reactive 

oxygen species (ROS), modulate endogeneous antioxidant systems such as Nrf2-

ARE pathway, maintain glutathione balance, and reduce lipid peroxidation. 

Additionally, certain phytochemicals have been reported to influence inflammatory 

mediators and signaling pathways associated with tissue damage. Emerging evidence 

suggests that these herbs may contribute to the modulation of oxidative and 

inflammatory processes relevant to cardiovascular and liver health. However, the 

majority of available data is derived from in-vitro and in-vivo studies, with limited 

clinical validation. Current experimental evidence supports the use of O. majorana, 

O. sanctum, and P. nigrum as multi-targeted agents offering cardio-hepatic 

protection. This review integrates traditional knowledge with current scientific 

evidence, providing a cautious appraisal of the potential role of these medicinal 

plants as complementary agents in the management of cardiovascular and liver 

disorders. 

INTRODUCTION: Heart and liver diseases are 

major chronic conditions that significantly 

contribute to global mortalities and morbidities. 

According to the World Health Organization 

(WHO) 2022 report, cardiovascular diseases 

(CVD) accounted for 19.8 million deaths, 

representing nearly 32% of total global mortality 
1
.  
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Notably, approximately 85% of these deaths were 

attributed to heart attack and stroke 
1
. 

Simultaneously, hepatic disorders according to 

epidemiological data from 2025 account for 2 

million deaths annually 
2
.  

Both cardiovascular and hepatic diseases are driven 

by shared molecular pathways: oxidative stress, 

chronic inflammation and vascular endothelial 

dysfunction 
3
. The liver is the primary organ 

responsible for regulating numerous biochemical 

and metabolic reactions 
4
, while the heart sustains 

continuous circulatory function through relentless 

contractile activity 
5
.  
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The high metabolic and physiological requirements 

increase reactive oxygen species (ROS) generation, 

thereby making both organs highly vulnerable to 

oxidative stress 
5, 6

.  Oxidative stress contributes to 

the progression of inflammatory responses and 

endothelial dysfunction. ROS leads to the 

modulation of nuclear factor kappa B (NF-KB) 

which is a crucial factor responsible for stimulating 

inflammatory responses 
7, 8

. The excessive 

generation of ROS not only leads to oxidative 

damage but also induces endothelial dysfunction 
9
. 

Thus, inflammatory responses, endothelial 

dysfunction along with oxidative stress leads to 

microvascular and macrovascular injury and 

ultimately tissue damage contributing to cardio-

hepato complications 
10

. 

These interconnected pathways causing 

complications associated with heart and liver are 

managed by frontline therapies. Pharmacological 

interventions such as β-blockers, anti-thrombotic 

agents, diuretics, calcium channel blockers (CCB) 

along with other interventions manage CVDs 
11

. 

Similarly, interventions like Sodium-glucose 

transporter 2 (SGLT2) inhibitors, peroxisome 

proliferator-activated receptors (PPARs) agonists, 

glucagon-like peptide 1 receptor agonists (GLP1-

RAs) are responsible for management of liver 

diseases 
12

. Although, these frontline therapies offer 

clinical benefits, they often exhibit single-target 

mechanism and indicate adverse drug reactions. 

Commonly used medications such as 

acetaminophen are one of the main causes of 

intrinsic drug induced liver injury along with 

dexamethasone induced hepatoxicity 
13, 14

. 

Likewise, Isoproterenol, a non-selective β-

sympathomimetic agent responsible for the 

management of bradycardia, induces myocardial 

infarction 
15, 16

. 

A complementary approach is required in order to 

overcome the limitations of such conventional 

pharmacotherapies, phytotherapy is suggested as an 

emerging and promising approach with multi-

targeting potential and minimal side effects 
17

. 

Phytotherapy finds its roots from Ayurveda, the 

traditional science as in phytoconstituents from 

medicinal plants are involved in the therapy 
18

. 

Ayurveda as defined by WHO is a traditional 

medicine system which supports research for the 

safety and efficacy of medicament 
19

. Ayurveda is a 

centuries-old Indian practice and still plays a 

crucial part in India’s healthcare system 
19

. The 

evidence from scientific research substantiates the 

efficacy of phytotherapy and herbal formulations. 

The clinical studies demonstrate the therapeutic 

efficacy of ayurvedic formulations, managing 

various conditions such as diabetes, arthritis, CVD, 

liver diseases and anxiety 
20

. 

The convergence of oxidative damage, 

inflammatory dysregulation, and endothelial 

compromise across both cardiac and hepatic 

pathologies presents a compelling basis for 

exploring botanical agents capable of acting on 

these mechanistically linked processes 

simultaneously 
21

. Phytotherapy, rooted in centuries 

of Ayurvedic and traditional medicinal practice, 

has gained measurable scientific traction in 

precisely this context offering the prospect of 

multi-targeted pharmacological activity through 

structurally diverse phytochemical profiles 
17, 18

. 

Ayurveda, formally recognized by the WHO as a 

traditional medicine system meriting systematic 

study for safety and efficacy, continues to inform 

therapeutic approaches across India and beyond 
19

. 

The translation of Ayurvedic knowledge into 

experimentally validated findings has yielded 

promising evidence in conditions including 

diabetes, arthritis, and cardiovascular and hepatic 

disorders 
20

. 

Within this landscape, the selection of Origanum 

majorana (Sweet Marjoram), Ocimum sanctum 

(Holy Basil or Tulsi), and Piper nigrum (Black 

Pepper) as the subject of the present review is 

grounded in three converging considerations. First, 

each of these plants possesses a well-characterized 

and pharmacologically diverse phytochemical 

composition encompassing phenolic acids, 

flavonoids, terpenoids, and alkaloids known to 

engage the molecular pathways most relevant to 

cardio-hepatic pathogenesis, particularly oxidative 

stress and inflammation. Second, each herb carries 

a documented history of use in traditional systems 

for conditions mechanistically related to the 

diseases under discussion, providing an 

ethnopharmacological foundation that precedes and 

contextualizes the experimental findings. Third, 

unlike many other botanicals that have been studied 

predominantly in a single organ context, these three 

herbs have accumulated to varying degrees 
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evidence touching on both hepatic and 

cardiovascular endpoints, making them particularly 

relevant candidates for a comparative review of 

shared cardio-hepatic protection. The rationale for 

prioritizing these herbs over other well-studied 

cardioprotective or hepatoprotective plants is 

discussed further in the methodology section. This 

review therefore proceeds to examine the 

mechanistic basis of these herbs' protective 

activities through the lens of antioxidant pathways, 

anti-inflammatory signaling, and vascular 

endothelial protection while maintaining a critical 

stance on the nature and translational limitations of 

the available evidence. 

Methodology: This review was conducted 

following the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines to ensure a systematic, transparent, and 

reproducible approach to literature selection and 

analysis. A comprehensive search of electronic 

databases, including PubMed, Scopus, Web of 

Science, and Google Scholar, was performed to 

identify relevant studies. The search strategy 

employed combinations of keywords and Boolean 

operators such as “Origanum majorana” OR 

“sweet marjoram,” “Ocimum sanctum” OR “Tulsi” 

OR “holy basil,” and “Piper nigrum” OR “black 

pepper,” along with “antioxidant,” “anti-

inflammatory,” “cardioprotective,” 

“hepatoprotective,” “oxidative stress,” and 

“endothelial dysfunction.” The search covered 

literature published between January 2000 and 

December 2025. 

A total of 342 records were initially identified 

through database searching, with an additional 28 

records obtained through manual searches of 

reference lists and other relevant sources. After 

removal of duplicates, 301 unique records 

remained and were screened based on titles and 

abstracts. Of these, 176 records were excluded due 

to lack of relevance to the study objectives. The 

remaining 125 full-text articles were assessed for 

eligibility and included in the qualitative synthesis, 

corresponding to the total number of references 

cited in this review. Studies were included if they 

were peer-reviewed articles published in English 

and investigated the phytochemical composition, 

antioxidant, anti-inflammatory, vascular, or cardio-

hepatic protective mechanisms of Origanum 

majorana, Ocimum sanctum, or Piper nigrum. Both 

experimental (in-vitro and in-vivo) and clinical 

studies were considered. Exclusion criteria 

included non-English publications, conference 

abstracts without full text, editorials, and studies 

lacking direct relevance to cardio-hepatic outcomes 

or the selected herbs. Data extraction was 

performed systematically, focusing on key 

parameters such as phytochemical constituents, 

study design, biological activities, molecular 

mechanisms (including pathways such as Nrf2-

ARE, NF-κB, and MAPK), and reported 

therapeutic outcomes. The selected studies were 

qualitatively synthesized to identify common 

mechanistic pathways and evaluate the collective 

evidence supporting the antioxidant, anti-

inflammatory, and vascular protective effects of the 

selected herbs. Particular emphasis was placed on 

their multi-targeted actions and potential 

synergistic effects in cardio-hepatic protection. 

Rationale for Herb Selection: The field of cardio-

hepatoprotective phytotherapy encompasses a wide 

range of botanicals including Curcuma longa 

(turmeric), Silybum marianum (milk thistle), Allium 

sativum (garlic), Berberis aristata (berberine-

containing species), and Withania somnifera 

(ashwagandha), among others. Several of these 

have attracted substantial research attention and are 

associated with well-documented cardioprotective 

or hepatoprotective activity. The decision to focus 

on Origanum majorana, Ocimum sanctum, and 

Piper nigrum in the present review was deliberate 

and rested on considerations that distinguish them 

from more exhaustively reviewed alternatives. 

Curcuma longa and Silybum marianum, for 

instance, are among the most extensively reviewed 

herbs in the cardio-hepatoprotection literature, with 

dedicated systematic reviews and even some 

clinical trial data already available. The scientific 

landscape surrounding these herbs is comparatively 

mature. By contrast, Origanum majorana remains 

considerably underrepresented in structured review 

literature despite a growing body of mechanistic 

studies supporting its antioxidant, anti-

inflammatory, and vasomodulatory properties a gap 

this review seeks to begin addressing. Ocimum 

sanctum was selected because it occupies a unique 

position at the intersection of Ayurvedic tradition 

and emerging mechanistic research. Its 

pharmacological profile encompasses eugenol, 
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ursolic acid, linalool, and oleanolic acid 

compounds with documented activities across both 

hepatic and cardiac pathways and yet a 

comprehensive comparative analysis within the 

cardio-hepatic protective framework has not been 

systematically offered in recent literature. Piper 

nigrum was included because piperine and related 

alkaloids present in the herb have been increasingly 

studied not merely as isolated compounds but as 

components of a broader phytochemical matrix. 

Furthermore, piperine's recognized capacity to 

enhance bioavailability of co-administered 

compounds suggests an additional dimension of 

relevance when considered in combination with 

other herbs a dimension that is mechanistically 

intriguing, even if direct combined-herb evidence 

remains limited. The complementarity of these 

three herbs' phytochemical profiles particularly 

their overlapping yet distinct coverage of phenolic 

antioxidants, terpenoid anti-inflammatories, and 

endothelial-modulating constituents offered a 

coherent rationale for examining them together 

within a single review, rather than in isolation. This 

is not to suggest their combined use has been 

experimentally validated; rather, the review 

explores the mechanistic plausibility of 

complementary activity that future experimental 

work should test. 

Phytochemical Arsenal: the Bioactive 

Compounds: 

Ocimum sanctum: The phytochemistry of O. 

sanctum consists of variety of bioactive compounds 

belonging to different chemical classes like 

monoterpenes, phenolic, sesquiterpenoids, 

triterpenoids, phenyl propanoids with flavonoids, 

fatty acids and others 
22

. Linalool a monoterpenoid 

being a vasorelaxant is responsible for management 

of endothelial dysfunction 
23, 24

. Vasorelaxation 

increases bioavailability of NO leading to 

inhibition of inflammation, platelet adhesion, 

coagulation thereby preventing oxidative damage 

as well 
25

. Similarly, eugenol a phenolic bioactive 

compound is a potent antioxidant and an anti-

inflammatory agent 
26

. Thereby linking role of 

eugenol in cardio-hepatoprotection, by reduction in 

oxidative damage and immunomodulatory action 
27

. Ursolic acid is also a promising bioactive 

constituent with anti-inflammatory activity 

belonging to triterpenoids chemical class 
28

. 

Collectively, phytochemical profile of Ocimum 

sanctum supports cardio-hepatoprotection. 

 
FIG. 1: MAJOR PHYTOCHEMICAL CONSTITUENTS OF OCIMUM SANCTUM. THE FIGURE PRESENTS THE 

PRINCIPAL CLASSES OF BIOACTIVE COMPOUNDS IDENTIFIED IN O. SANCTUM, ORGANIZED BY 

CHEMICAL CATEGORY. PHENOLIC ACIDS ARE REPRESENTED BY ROSMARINIC ACID, VANILLIC ACID, 

AND SINAPIC ACID; PHENYLPROPANOIDS INCLUDE EUGENOL, METHYLISOEUGENOL, AND 

ESTRAGOLE; TERPENOIDS ARE REPRESENTED BY LINALOOL AND SPATHULENOL; AND 

TRITERPENOIDS INCLUDE URSOLIC ACID AND OLEANOLIC ACID. THESE CONSTITUENTS 

COLLECTIVELY CONTRIBUTE TO THE ANTIOXIDANT, ANTI-INFLAMMATORY, AND VASCULAR 

PROTECTIVE PROPERTIES OF O. SANCTUM THAT ARE DISCUSSED IN THE MECHANISTIC SECTIONS OF 

THIS REVIEW. CHEMICAL STRUCTURES WERE COMPILED FROM PUBLISHED LITERATURE 
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Piper nigrum: The herb Piper nigrum is dominated 

by alkaloids, monoterpenes, sesquiterpenes, 

terpenoids and various volatile essential oils 
29

. 

Piperine a key bioactive compound, an alkaloid is a 

strong antioxidant agent 
30

. β-caryophyllene is a 

major sesquiterpene responsible for cardio-

hepatoprotection through its antioxidant and 

immunomodulatory action 
31

. α-pinene a 

monoterpene is a promising anti-inflammatory 

agent as it inhibits inflammatory mediators 
32

. This 

monoterpene is also a potent antioxidant due to its 

inhibitory action in ROS generation and lipid 

peroxidation 
33

. Thus, phytochemistry of Piper 

nigrum is a promising approach towards cardio-

hepatoprotection. 

 
FIG. 2: REPRESENTATIVE PHYTOCHEMICAL PROFILE OF PIPER NIGRUM. THE FIGURE ILLUSTRATES 

THE MAJOR CLASSES OF BIOACTIVE COMPOUNDS PRESENT IN P. NIGRUM, INCLUDING PIPERIDINE 

ALKALOIDS (PIPERINE, PIPERETTINE), SESQUITERPENES (Β-CARYOPHYLLENE), MONOTERPENES (Α-

PINENE), AND PHENOLIC FLAVONOIDS (QUERCETIN, CATECHIN, MYRICETIN). THESE CONSTITUENTS 

FORM THE PHARMACOLOGICAL BASIS OF THE ANTIOXIDANT, ANTI-INFLAMMATORY, AND VASCULAR 

MODULATORY ACTIVITIES ATTRIBUTED TO P. NIGRUM IN THE PRESENT REVIEW. CHEMICAL 

STRUCTURES WERE DERIVED FROM PUBLISHED PHYTOCHEMICAL CHARACTERIZATION STUDIES. 

Origanum majorana: The Origanum majorana has 

wide phytochemistry, including bioactive 

constituents like thymol, carvacrol, tannins, 

arbutin, sitosterol, limonene, camphene, leutolin 

belonging to various chemical classes 
34

. 

Rosmarinic acid, a phytoconstituent of the herb is 

potent at managing oxidative stress 
35

. Ethanolic 

extracts of O. majorana significantly reduce the 

nitric oxide levels which is an important 

inflammatory mediator 
36

. Thus, the 

phytochemistry of the herb provides insights into 

its cardio-hepatoprotective potential.   

A comparative summary of major bioactives across 

all three herbs is provided in Table 1. 

TABLE 1: MAJOR BIOACTIVE CONSTITUENTS AND PRIMARY PHARMACOLOGICAL CLASSES OF THE 

THREE REVIEWED HERBS 

Herb Major Bioactive Constituent Chemical Class Primary Pharmacological Activity Ref. 

Origanum 

majorana 

Rosmarinic acid Phenolic acid Antioxidant, anti-inflammatory, Nrf2 

activator 

37, 38
 

Carvacrol Phenolic monoterpene COX inhibitor, Nrf2 activator, GSH 

restoration 

39
 

 Thymol Phenolic monoterpene Antioxidant, antimicrobial 
40
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Terpinen-4-ol Monoterpenoid Free radical scavenging (DPPH) 
41
 

Luteolin Flavone Anti-inflammatory, antioxidant 
42
 

Ocimum 

sanctum 

Eugenol Phenylpropanoid Antioxidant, COX/LOX inhibitor, 

antiplatelet 

43, 44
 

Ursolic acid Triterpenoid NF-κB inhibitor, anti-inflammatory 
45
 

Linalool Monoterpenoid Vasorelaxant, NO modulator 
46
 

Oleanolic acid Triterpenoid Hepatoprotective, anti-inflammatory 
47
 

Orientin Flavone C-glycoside Nrf2 activator, antioxidant 
48
 

Piper 

nigrum 

Piperine Piperidine alkaloid Nrf2 activator, antioxidant, NF-κB 

inhibitor 

49
 

β-caryophyllene Sesquiterpene Immunomodulatory 
50
 

α-pinene Monoterpene Anti-inflammatory, antioxidant 
32
 

Gallic acid Phenolic acid GSH restoration, antioxidant 
51
 

Quercetin Flavonol Antioxidant, anti-inflammatory 
52
 

 

Antioxidant Mechanisms:  

Breaking the Oxidative Cycle: Oxidative stress 

defined as a sustained imbalance between the 

generation of reactive oxygen and nitrogen species 

(ROS/RNS) and the cellular capacity for their 

neutralization occupies a central role in the 

molecular pathogenesis of both cardiovascular and 

hepatic diseases 
53

. In the context of cardiac tissue, 

superoxide-mediated depletion of nitric oxide (NO) 

bioavailability initiates a cascade of endothelial 

dysfunction and vascular inflammation 
54, 55

. In 

hepatocytes, excessive ROS generation drives 

mitochondrial dysfunction, lipid peroxidation, and 

progression of conditions such as non-alcoholic 

fatty liver disease 
56, 57

. Malondialdehyde (MDA) 

serves as a clinically relevant biomarker of lipid 

peroxidative damage across both tissue contexts 
58

. 

Against this pathological backdrop, the antioxidant 

properties of O. majorana, O. sanctum, and P. 

nigrum are evaluated below through three 

mechanistic lenses: direct free radical scavenging, 

upregulation of endogenous antioxidant defenses 

via the Nrf2-ARE pathway, and restoration of 

glutathione homeostasis. 

Direct Radical Scavenging: In DPPH-based 

assays, phenolic extracts of O. majorana have 

demonstrated superior antioxidant capacity relative 

to its essential oil fractions, with terpinen-4-ol 

identified as a principal scavenging constituent 
59, 

60
. The methanolic flower extract of O. sanctum 

exhibits marked DPPH scavenging with an IC₅₀ of 

0.68±0.19 µg/mL, with phenolic content obtained 

through ethanolic Soxhlet extraction identified as 

the primary contributor to this activity 
59, 60

. For P. 

nigrum, strong DPPH scavenging activity has been 

documented in the ethyl acetate fraction, with 

flavonoid content correlating positively with the 

observed antioxidant activity in fruit extracts 
63, 64

. 

While these in-vitro findings are encouraging, they 

represent controlled assay conditions and do not 

necessarily predict bioavailable antioxidant 

capacity in-vivo. 

Nrf2-ARE Mediated Antioxidant Enzyme 

Upregulation: The Nrf2-Keap1 signaling axis is a 

pivotal intracellular antioxidant defense 

mechanism, governing the transcriptional induction 

of superoxide dismutase (SOD), catalase (CAT), 

and glutathione peroxidase (GPx) through binding 

to antioxidant response elements (ARE) in target 

gene promoters 
65, 66

. Several well-characterized 

constituents of the three herbs under review have 

demonstrated the capacity to activate this pathway. 

Rosmarinic acid and carvacrol from O. majorana 

promote Nrf2 dissociation from Keap1 and its 

subsequent nuclear translocation, resulting in 

upregulated antioxidant enzyme expression an 

effect supported by experimental evidence in 

preclinical models of oxidative organ injury 
67, 68

. 

In P. nigrum, both piperine and α-linolenic acid 

have been documented as Nrf2 pathway activators, 

associated with restoration of SOD, CAT, and GPx 

levels under oxidative challenge 
67, 68

. From O. 

sanctum, eugenol and orientin similarly engage the 

Nrf2-ARE axis to upregulate endogenous 

antioxidant defenses and protect against hepatic 

and cardiac oxidative damage in animal-based 

studies 
48, 71-73

. These findings collectively point to 

Nrf2-ARE activation as a shared mechanistic theme 

across all three herbs, though it warrants emphasis 

that the evidence is drawn from in vitro and animal 

studies, and no human clinical trials have 

specifically characterized Nrf2 induction by these 

herbs in cardiac or hepatic disease contexts. 
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Glutathione Homeostasis and Lipid 

Peroxidation Inhibition: Reduced glutathione 

(GSH) is a central non-enzymatic antioxidant 

whose depletion under conditions of oxidative 

stress predisposes both hepatic and cardiac tissues 

to membrane damage 
74

. Rosmarinic acid and 

carvacrol (from O. majorana), piperine and gallic 

acid (from P. nigrum), and eugenol (from O. 

sanctum) have each demonstrated, in preclinical 

models, a meaningful capacity to restore GSH 

levels that had been depleted by chemically 

induced oxidative insults 
75-78

. Additionally, all 

three herbs have shown the ability to significantly 

attenuate MDA levels in animal models an 

indicator of reduced lipid peroxidation 
79-81

. The 

impact of these herbs on 4-hydroxynonenal (4-

HNE), the second major aldehyde product of lipid 

peroxidation with particular relevance to 

hepatocellular apoptosis, has not yet been 

documented and represents a priority area for 

future investigation. Taken together, the 

antioxidant evidence base for these three herbs is 

reasonably well-developed at the preclinical level 

and mechanistically coherent. What remains to be 

established is whether these activities translate into 

meaningful, clinically measurable antioxidant 

benefits in humans with established cardiovascular 

or hepatic disease. 

Anti-inflammatory Pathways: Inflammation and 

oxidative stress are not independent processes but 

deeply interwoven mechanisms that amplify each 

other in the progression of both cardiac and hepatic 

diseases 
82

. Chronic, low-grade inflammation 

driven by sustained activation of innate immune 

signaling pathways is now recognized as a key 

contributor to conditions such as non-alcoholic 

steatohepatitis (NASH), ischemic heart disease, and 

cardiomyopathy 
83

.  

The inflammatory cascade involves a diverse range 

of molecular mediators, including vasoactive 

amines (histamine, serotonin), eicosanoids 

(prostaglandins, leukotrienes, thromboxanes), 

kinins (bradykinin), and cytokines, all of which 

converge on transcriptional regulators such as 

nuclear factor kappa B (NF-κB) and mitogen-

activated protein kinases (MAPKs) 84-89
. A 

comparative evaluation of how O. majorana, O. 

sanctum, and P. nigrum engage with these 

pathways is presented below. 

Origanum majorana: The anti-inflammatory 

potential of O. majorana is mechanistically 

grounded in the activity of several of its constituent 

phytochemicals, though direct evidence from 

cardio-hepatic inflammatory models remains less 

comprehensively characterized compared to the 

other two herbs reviewed here. Rosmarinic acid, a 

phenolic ester present in O. majorana, has been 

shown to inhibit NF-κB activation and attenuate the 

expression of pro-inflammatory cytokines 

including interleukin-6 (IL-6) and tumor necrosis 

factor-alpha (TNF-α) in experimental systems. This 

activity is particularly relevant because NF-κB-

driven inflammatory gene expression is among the 

primary molecular mechanisms underlying hepatic 

stellate cell activation in liver fibrosis and 

myocardial inflammation in ischemic injury 
90

.  

Ethanolic extracts of O. majorana have been 

reported to significantly reduce nitric oxide (NO) 

levels in inflammatory assays, suggesting 

suppression of inducible nitric oxide synthase 

(iNOS) activity an enzyme whose overactivation 

contributes substantially to nitrosative tissue injury 

in both cardiac and hepatic contexts. Carvacrol, a 

phenolic monoterpene abundant in marjoram 

essential oil, has demonstrated inhibitory effects on 

cyclooxygenase (COX) enzymes and prostaglandin 

biosynthesis in preclinical studies, an activity that 

functionally parallels that of non-steroidal anti-

inflammatory drugs but without the associated 

gastric and renal toxicity concerns. 

Ocimum sanctum: The anti-inflammatory 

pharmacology of O. sanctum is among its most 

well-documented properties and has been attributed 

to multiple constituents acting across different 

branches of the inflammatory cascade. Fixed oil 

and linolenic acid derived from the plant have been 

demonstrated in animal studies to meaningfully 

reduce the levels of both leukotrienes and 

prostaglandins, two eicosanoid classes central to 

inflammatory amplification and tissue injury 
91

. 

Separately, oils obtained from fresh leaves and 

seeds of holy basil have been shown to reduce 

elevated histamine and serotonin levels in 

experimental inflammatory models, attenuating the 

early vasodilatory and edematous phases of the 

inflammatory response 
91

. Eugenol, arguably the 

most pharmacologically characterized constituent 

of O. sanctum, contributes to anti-inflammatory 
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activity through dual suppression of 

cyclooxygenase and lipoxygenase pathways, 

thereby reducing both prostaglandin and 

leukotriene synthesis. Ursolic acid, a pentacyclic 

triterpenoid from the same herb, complements 

these effects through documented inhibition of NF-

κB nuclear translocation and suppression of 

downstream inflammatory gene transcription. The 

collective anti-inflammatory profile of O. sanctum 

is therefore relatively broad-spectrum in its 

mechanistic coverage, engaging both upstream 

mediator biosynthesis and transcriptional 

regulatory nodes. 

Piper nigrum: The anti-inflammatory contributions 

of P. nigrum are largely attributable to piperine and 

its structurally related amide alkaloids, as well as 

the sesquiterpene β-caryophyllene. Piperic acid, a 

structural analog of piperine, has demonstrated 

antinociceptive and anti-inflammatory activity in 

animal models, operating through reduction of pro-

inflammatory mediators including histamine, 

serotonin, eicosanoids, and bradykinin 
92

. Piperine 

itself has been shown in several experimental 

studies to suppress NF-κB pathway activation and 

reduce downstream pro-inflammatory cytokine 

production, including TNF-α and IL-1β, 

particularly in hepatic and macrophage cell models. 

β-caryophyllene, a sesquiterpene shared between P. 

nigrum and O. sanctum, selectively activates 

cannabinoid type-2 (CB2) receptors an 

endocannabinoid pathway with well-established 

immunomodulatory functions leading to reduced 

macrophage-mediated inflammatory signalling. 

Additionally, α-pinene, a monoterpene constituent 

of P. nigrum, has been reported to inhibit key 

inflammatory mediators and exhibits antioxidant 

properties that indirectly moderate the NF-κB-ROS 

amplification loop. 

Comparative Synthesis: When the three herbs are 

considered alongside each other, a pattern of 

mechanistically complementary but non-identical 

anti-inflammatory coverage emerges. O. sanctum 

offers the broadest experimentally documented 

evidence spanning mediator suppression, 

eicosanoid inhibition, and transcriptional 

regulation. P. nigrum contributes both receptor-

level immunomodulation (via CB2 agonism by β-

caryophyllene) and direct NF-κB suppression. O. 

majorana, while less characterized in direct cardio-

hepatic inflammatory models, contributes 

iNOS/NO pathway modulation and COX inhibitory 

activity through carvacrol and rosmarinic acid. 

Future comparative studies using standardized 

inflammatory models common to all three herbs 

particularly NF-κB reporter assays, cytokine 

profiling, and in-vivo models of hepatic 

inflammation. 

Vascular Protective Mechanisms: Vascular 

endothelial dysfunction defined operationally as 

impaired endothelium-dependent vasodilation, 

reduced nitric oxide (NO) bioavailability, 

heightened adhesion molecule expression, and 

activated inflammatory and coagulatory signaling 

at the vessel wall is not merely a feature of 

cardiovascular disease 
93

. It is also a documented 

phenomenon in advanced hepatic disorders, where 

portal hypertension and altered hepatic sinusoidal 

tone reflect microvascular endothelial compromise 
94

. Thus, botanical agents capable of restoring or 

preserving endothelial function are of dual cardio-

hepatic relevance. 

Nitric Oxide Bioavailability and Endothelial 

Function: Nitric oxide, synthesized by endothelial 

nitric oxide synthase (eNOS), governs vasodilation, 

inhibits platelet adhesion, suppresses vascular 

smooth muscle proliferation, and maintains an anti-

inflammatory phenotype at the endothelial surface. 

Its depletion primarily through superoxide-

mediated conversion to peroxynitrite is a central 

mechanism underlying endothelial dysfunction in 

both cardiac and hepatic vascular beds 
95

. Linalool, 

a monoterpenoid constituent of O. sanctum, has 

been identified as a vasorelaxant capable of 

restoring NO-mediated vasodilation in 

experimental settings. By supporting eNOS activity 

and promoting NO bioavailability, linalool 

indirectly reduces platelet aggregation, opposes 

coagulation cascades, and limits endothelial 

inflammatory activation. Similarly, rosmarinic acid 

from O. majorana has demonstrated capacity to 

reduce iNOS-derived NO while the simultaneous 

upregulation of eNOS-derived NO through its 

antioxidant actions may help preserve the 

protective vasoregulatory role of this molecule. 

Piperine from P. nigrum has been shown in select 

experimental settings to modulate vascular smooth 

muscle contractility and calcium handling, 

contributing to vasodilatory outcomes relevant to 
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blood pressure regulation and endothelial shear 

stress normalization. 

Vascular Inflammation and Adhesion Molecule 

Expression: Under conditions of endothelial 

activation triggered by oxidized LDL, pro-

inflammatory cytokines, or excessive ROS, 

endothelial cells upregulate the surface expression 

of vascular cell adhesion molecule-1 (VCAM-1), 

intercellular adhesion molecule-1 (ICAM-1), and 

E-selectin proteins that facilitate the recruitment 

and trans-endothelial migration of inflammatory 

leukocytes, a process fundamental to atherogenesis 

and hepatic inflammatory infiltration 
96

. Eugenol 

from O. sanctum has been reported to reduce 

VCAM-1 and ICAM-1 expression in endothelial 

cell models, a finding consistent with its known 

NF-κB suppressive properties. β-caryophyllene, 

present in both P. nigrum and O. sanctum, 

attenuates macrophage-mediated vascular 

inflammatory signaling through CB2 receptor 

engagement, reducing the chemotactic activity that 

drives inflammatory cell recruitment to the 

endothelium. While direct evidence for O. 

majorana in this context is less well established, 

carvacrol has demonstrated NF-κB inhibitory 

activity in inflammatory models that logically 

extends to endothelial inflammatory suppression, 

though this connection requires dedicated vascular 

model validation 
97

. 

Platelet Interactions and Microvascular 

Consequences: Platelet hyperactivity a 

consequence of endothelial NO depletion and 

systemic oxidative stress contributes to thrombotic 

events in coronary and portal microcirculation 
98

. 

Eugenol has been documented to exhibit 

antiplatelet activity through inhibition of platelet 

aggregation and thromboxane A₂ synthesis, 

potentially reducing thrombotic risk in both cardiac 

and hepatic vascular beds. The antiplatelet 

properties of rosmarinic acid have similarly been 

reported, though primarily in in-vitro contexts. 

Piperine's influence on platelet function is 

mechanistically plausible through its anti-

inflammatory actions but warrants more direct 

experimental characterization 
99

. At the 

microvascular level, protection of sinusoidal 

endothelial cells in the liver from ROS-mediated 

injury via the antioxidant activities which 

contributes to preservation of hepatic 

microvascular architecture and prevention of portal 

hypertension, a clinically important consequence of 

sinusoidal dysfunction. Collectively, the available 

evidence supports a biologically plausible vascular 

protective role for all three herbs, most strongly for 

O. sanctum and, to a lesser extent, for O. majorana 

and P. nigrum.  

Conclusion and Future Outcomes: The bioactive 

compounds found in Origanum majorana, Ocimum 

sanctum and Piper nigrum play a crucial role in 

safeguarding liver and heart health through diverse 

protective mechanisms. These herbs exhibit strong 

antioxidant properties by neutralizing harmful free 

radicals, boosting body’s own antioxidant enzymes 

via the Nrf2-ARE signaling pathway, maintaining 

glutathione balance and preventing lipid 

peroxidation. Their anti-inflammatory effects, 

particularly through lowering key inflammatory 

mediators, further help in reducing chronic 

inflammation that contributes to cardio-hepatic 

disorders. By bridging traditional Ayurvedic 

wisdom with contemporary scientific research, 

these herbal agents emerge as promising 

complementary or alternative options to 

conventional drugs, which often target single 

pathways and may cause adverse effects. Human 

studies evaluating the cardio-hepatic benefits of 

these herbs are relatively scarce, and available data 

often lack standardization in terms of dosage and 

formulation. Additionally, factors such as 

bioavailability, pharmacokinetics, and potential 

herb–drug interactions particularly with commonly 

prescribed cardiovascular and hepatic medications 

require careful consideration. Establishing 

standardized extracts and conducting well-designed 

clinical trials will be essential to validate their 

therapeutic relevance. 

The future studies should aim to clarify the precise 

molecular interactions behind the synergistic 

actions combined herbal formulations containing 

bioactive compounds. Rigorous clinical trials are 

essential to confirm their safety profiles, 

therapeutic effectiveness, optimal dosing and long-

term impacts in patients with CVD and liver 

diseases. Standardizing extracts and formulations 

will be key to facilitating their adoption within 

mainstream healthcare as safe, multi-targeted 

therapies with minimal toxicity. Ultimately, 

advancing research will support the development of 
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evidence-based herbal strategies that 

comprehensively address the complex processes 

underlying cardio-hepatic diseases. 
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