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A B S T R A C T 

  

   

 Inflammatory bowel disease (IBD) is a chronic, idiopathic, and irreversible disorder affecting the intestines, 

commonly presenting as Crohn’s disease (CD) and ulcerative colitis (UC). Although the precise cause remains 

unknown, substantial evidence points to genetic predisposition, environmental factors, nutritional influences, and 

immune system dysfunction as significant contributors to disease development and progression. Furthermore, 

research highlights the impact of oxidative stress, along with viral, microbial, and parasitic infections, in 

aggravating IBD symptoms. While no definitive cure exists, various therapeutic approaches ranging from 

traditional medications to innovative biologic treatments are employed to manage and reduce symptoms. Over 

recent decades, standard options such as aminosalicylates, corticosteroids, and immunomodulators have been 

widely used, with biologic agents like infliximab offering additional benefits for some patients. Nonetheless, the 

limitations of these therapies emphasize the pressing need for more effective and alternative strategies. In this 

regard, ethnomedicinal studies have increasingly investigated plant-based remedies for inflammatory conditions, 

with notable attention given to the Lamiaceae family due to its strong anti-inflammatory properties. This review 

explores the therapeutic potential of approximately 37 Lamiaceae species, assessing their role in IBD management 

and their viability as complementary or alternative options to existing treatments. 
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1. Introduction 

Crohn's disease (CD) and ulcerative colitis (UC) are the two 

main clinical forms of chronic, relapsing inflammatory bowel 

disease (IBD) (Hu et al., 2022). CD can affect any part of the 

gastrointestinal tract, from the mouth to the anus, and is 

characterized by transmural inflammation, which leads to 

thickening of the intestinal wall. In contrast, UC is confined to the 

rectum and the mucosal layers of the colon, presenting as a non-

transmural inflammatory condition (Baumgart & Sandborn, 2007). 

Both diseases cause chronic, recurrent symptoms such as 

abdominal pain and diarrhea, and affect males and females equally 

(Ananthakrishnan, 2015; Hu et al., 2022). While IBD can develop 

at any age, it is more common in younger and older individuals 

compared to those in middle age (Stange, 2006). The progression 

of CD is discontinuous, appearing in a patchy pattern, whereas UC 

spreads in a continuous manner. During the disease process, 

disruptions in blood flow, increased vascular permeability, 

oxidative stress, and leukocyte migration contribute to 

inflammation (Kumar-Nayak & Kumar, 2017).  The inflammatory 

response begins with the conversion of membrane phospholipids 
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into arachidonic acid (AA) by the enzyme phospholipase A2 

(PLA2). AA is then metabolized into leukotrienes (LTB, LTC, 

LTD) and prostaglandins (PGE, PGF) through two distinct 

pathways, one involving cyclooxygenases (COX-1, COX-2) and 

the other lipoxygenases (LOXs). Non-steroidal anti-inflammatory 

drugs (NSAIDs), which act as COX inhibitors, are commonly used 

to alleviate inflammation and associated symptoms such as pain 

and fever (Cao et al., 2020; Qureshi & Dua, 2025). The diagnosis 

of IBD is typically based on clinical evaluation, supplemented by 

endoscopic, histological, laboratory, and radiological assessments. 

Historically, IBD was most prevalent in industrialized regions such 

as North America, Europe, and Oceania (Kaplan & Windsor, 

2021).  However, its incidence has risen globally, with an estimated 

1–2 million cases in Europe and the United States, along with 

increasing rates in developing regions of Asia, Africa, and South 

America. In many areas, UC is reported to be more common than 

CD. Given the rising global burden of IBD, it is now recognized as 

a significant public health challenge, necessitating urgent efforts to 

enhance its diagnosis, management, and treatment (Ng et al., 2013; 

Kaplan, 2018; Sykora et al., 2018). 

Although the exact cause of IBD remains unknown, substantial 

evidence suggests that its development is driven by a complex 

interplay of genetic predisposition, dietary factors, environmental 

influences, and immune system dysregulation (Baumgart & 

Sandborn, 2007). This paper reviews existing treatments for IBD-

related inflammation, with a particular focus on plant-based 

therapies proposed in the literature. Currently, standard treatments 

for IBD include corticosteroids, non-steroidal anti-inflammatory 

drugs (NSAIDs), antibiotics, immunosuppressants, and biologic 

agents targeting tumor necrosis factor-alpha (TNF-α) 

(Triantafillidis & Stanciu, 2012; Brune & Patrignani, 2015). 

Additionally, an in vivo study has shown that lupeol and its 

derivatives exhibit stronger anti-inflammatory activity than 

indomethacin, a commonly used anti-inflammatory drug (Zhu et 

al., 2016). The medical treatment of IBD primarily involves several 

major drug classes, including aminosalicylates (5-ASA), 

corticosteroids (e.g., prednisolone and hydrocortisone), 

sulfasalazine, mesalazine, methotrexate, immunomodulators (e.g., 

azathioprine), and biologic agents (e.g., infliximab and 

adalimumab) (Hanauer, 2008). Antibiotics such as ciprofloxacin 

and metronidazole are typically used for initial treatment; however, 

prolonged or repeated use can worsen the disease and lead to 

adverse side effects. Additionally, hormonal therapies, oral 

contraceptives, and nonsteroidal anti-inflammatory drugs 

(NSAIDs) have been identified as potential risk factors for IBD 

(Cornish et al., 2008; Shaw et al., 2010; Chan et al., 2011; 

Ananthakrishnan et al., 2012). Given the limitations and side 

effects associated with these treatments, there is a growing interest 

in exploring alternative therapeutic approaches (Vohra et al., 2021). 

This study aims to investigate the medicinal potential of the 

Lamiaceae family as a valuable resource for creating innovative, 

effective, and more straightforward adjunct therapies to support the 

treatment of IBD. 

 

2. Role of lifestyle and environmental factors in IBD 

Several studies have highlighted the role of environmental 

factors, such as stress, anxiety, depression, physical inactivity, 

disrupted sleep patterns, breastfeeding during childbirth, and 

decreased quality of life, in the development of IBD (Bernstein et 

al., 2010; Ananthakrishnan et al., 2013; Bager et al., 2013; 

Ananthakrishnan, 2015). Analysis of IBD in monozygotic twins 

strongly supports the contribution of both genetic and 

environmental factors, particularly in CD (Xu et al., 2025). 

Additionally, published evidence suggests that environmental 

factors like smoking and tobacco exposure play a significant role in 

the pathogenesis of IBD (Lamb et al., 2019; Mi et al., 2025). 

Animal models of IBD indicate a complex interplay between 

genetic, bacterial, and immunological factors in intestinal 

inflammation. For instance, disruption of the cytosolic receptor of 

the innate immune system, NOD2 / CARD15, which responds to 

intestinal microbial products, can lead to the compensatory 

activation of various proinflammatory cytokines (Crane et al., 

2002). A decrease in immunological tolerance due to overexposure 

to bacterial substances may contribute to the development of IBD. 

The most common pathogens involved in bowel inflammation and 

IBD include Helicobacter pylori (Reshetnyak et al., 

2021), Clostridium difficile (Bai et al.,2023), Escherichia coli 

(Petersen et al., 2015), Listeria monocytogenes (Miranda-Bautista 

et al.,2014), Campylobacter concisus (Nielsen et al., 2012), and 

possibly Mycobacterium avium subspecies paratuberculosis (MAP) 

(Rath et al., 2011).   

 

3. Genetic background of IBD  

Genetic factors play a prominent role in the development of 

IBD and can be studied alongside environmental factors to gain a 

deeper understanding of the disease. Genome-wide association 

studies (GWAS) identified genetic variations associated with 

specific diseases by analyzing molecular markers across the entire 

genome in large populations. These studies often focus on the 

genetic diversity of single nucleotide polymorphisms (SNPs) as 

markers. By comparing allelic frequency and genotypic 

polymorphisms of SNPs in healthy individuals versus patients, 

these variations can be used for diagnostic purposes (Ek et al., 

2014). In general, IBD is more common among individuals who are 

genetically predisposed to the disease. Several genetic factors have 

been identified, including polymorphisms in the nucleotide-binding 

oligomerization domain-containing protein 2 (NOD2 / CARD15), 

which acts as a sensor for bacterial peptidoglycan, as well as 

autophagy-enhancing polymorphisms in the ATG16L1 gene, 

IRGM (Immunity-related GTPase M) protein polymorphisms, and 

genetic variations in the IL-23 pathway (Marcuzzi et al., 2013; 

Kaistha & Levine, 2014).  Studies have shown that familial 

aggregation of inflammatory bowel disease (IBD) occurs in 5-32% 

of patients, highlighting the hereditary basis of the disease. The 

presence of IBD (both CD and UC) in certain genetic syndromes, 

such as Turner syndrome, further supports the role of genetic 

predisposition in IBD (Uhlig et al., 2014; Gatti et al., 2021).   

Genetic studies in the Ashkenazi Jewish population, which has a 

largely similar genetic architecture, have observed a higher 

prevalence of IBD compared to non-Jewish Europeans. This 

suggests the presence of risk alleles specific to this population 

(Kenny et al., 2012). Genetically, IBD is considered a multigene 

disorder that contributes to the development of both UC and CD 

(Borowitz, 2023). In a recent trans-ethnic analysis, 38 new loci 

associated with IBD were identified, showing a striking overlap 

between European and Asian ancestry groups (Liu et al., 2015).  

The genetic factors linked to this disease are primarily associated 

with innate immunity and autophagy. Most of the genes linked to 

(CD, IBD1) and (UC, IBD2) have been traced to chromosomes 16q 
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and 12q, respectively (Tsianos et al., 2011; Chehel-Cheraghi et al., 

2016). The genetic factor for CD was first identified in 2001 

through a mutation in the nucleotide-binding oligomerization 

domain-containing protein 2 gene (NOD2). This gene encodes a 

receptor protein that activates autophagy in intestinal epithelial 

cells (Peloquin et al., 2016). Further studies have shown that the 

NOD2 gene and polymorphisms in the NOD2 gene (R702W and 

G908R), IL23R, and ATG16L1, as well as mutations in the IL-10 

receptor, are among the factors that can contribute to colitis 

(Hampe et al., 2007; Cadwell et al., 2010; Marchiando et al., 2013; 

Hubbard-Lucey et al., 2014; Xiao et al., 2021). The FUT2 gene, 

located on chromosome 19, encodes a fucosyltransferase 2 enzyme. 

Carriers of the FUT2 null allele, along with the absence of the 

mucus layer in CD, highlight the relationship between this gene's 

activity and the disease (McGovern et al., 2010).   To date, 

approximately 240 gene loci have been identified through genome-

wide scans that may be linked to the predisposition and occurrence 

of IBD. These include FOXO3, IGFBP1, and XACT in Crohn's 

disease, as well as ECM1, LYRM4, CDKAL1, STAT3, and JAK2 

mutations in ulcerative colitis (Fisher et al., 2008; McGovern et al., 

2010; de Lange et al., 2015; Annese, 2020; Mamootil, 2023). 

About 160 genetic loci have been identified for both types of IBD. 

Notably, 110 out of 163 genetic loci are shared between Crohn's 

disease and ulcerative colitis, including the IL10RA/B genes. The 

clinical similarities observed in homozygous mutations of these 

genes suggest a probable association of risk loci between the 

diseases (Glocker et al., 2009; Glocker et al., 2010; Florez et al., 

2022). Additionally, it remains unclear whether the relationship 

between dysbiosis and gut microbiota function is a cause or a 

consequence of IBD (Joossens et al., 2011; Machiels et al., 2014; 

Chassaing et al., 2015).  Overall, further comprehensive studies on 

the relevant genes (Fig. 1) and the influence of genetic variations 

on covalent modifications, including the addition or removal of 

glycosylation, are needed (Dalvi et al., 2024). Phosphorylation and 

variations in proteolytic susceptibility (Lassen et al., 2014; Murthy 

et al., 2014) could help define new pathways for targeted IBD 

treatments. It is likely that the accumulation and combination of 

risk genes and alleles alone will not fully explain the emergence 

and progression of IBD, and ongoing research into interventional 

agents remains critical. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Identified related genes with Crohn’s disease (CD), ulcerative colitis 
(UC) and overlapped between them.  

4. Analysis of Lamiaceae family plants in the context 

of IBD 

4.1. Traditional and modern usages of the Lamiaceae 

family 
 

While most members of the Lamiaceae family are primarily 

used for culinary purposes (Stefanaki & van Andel, 2021), 

ornamental flowers (Dong et al., 2018), and in the fragrance 

industry (Jain et al., 2022), their medicinal uses have also been 

recognized for treating various diseases (Milevskaya et al., 2018). 

Plants from this family have been used traditionally for a wide 

range of disorders across different cultures since ancient times. As 

one of the largest plant families, rich in volatile compounds and 

distinct scents, Lamiaceae plants have been employed to treat 

ailments such as diarrhea, high fever, cough, suppurative 

infections, bleeding, influenza, rheumatism, dysmenorrhea, and 

bronchial asthma (Nieto, 2017). These aromatic plants have been 

especially used in traditional medicine due to the biological 

metabolites. Extensive research on the essential oils of the 

Lamiaceae family has demonstrated a variety of beneficial 

activities, including anti-inflammatory, antiasthmatic, anticancer, 

antiviral, antioxidant, antitussive, and antipyretic properties (Çelik 

et al., 2021). Additionally, their antimicrobial, antifungal, 

antiparasitic, antidiabetic, antipruritic, decongestant, 

antinociceptive, carminative, antirheumatic, antidepressant, 

neuroprotective, cholinergic, sedative, and antiseptic effects have 

been widely studied (Dhayalan et al., 2015; Carovic-Stanko et al., 

2016; Bekut et al., 2018; Uritu et al., 2018; Ouakouak et al., 2019). 

Further research comparing these results highlights that the potent 

antioxidant and anti-inflammatory activities of these plants can 

largely be attributed to their polyphenols and diterpenoids (Kavitha 

et al., 2012; Dhawan et al., 2013).  Exploration of therapeutic 

combinations using medicinal plant resources, particularly those 

known to inhibit, reduce, or alleviate disease symptoms, has seen 

significant growth in recent years. This growing interest in plant-

based treatments is rooted in the long-standing historical use of 

medicinal plants, which have been affordable and widely accessible 

across various cultures (Bahmani et al., 2014).  

 

4.2. Plants phytomorphology 
 

The Lamiaceae family, also known as Labiatae (mint family), 

is a prominent and diverse group of plants that includes 236 genera 

and approximately 7,000 species. These plants are highly valued 

for their biological and medicinal applications, and they have a 

cosmopolitan distribution across regions such as the Mediterranean, 

Southwest Asia, South Africa, and Australia (Chrysargyris, 2024). 

Members of the Lamiaceae family are typically annual or perennial 

herbs, though some species may also grow as shrubs or, more 

rarely, trees. They are easily identified by their quadrangular stems 

and simple, opposite leaves. The family is also notable for the 

presence of two primary types of trichomes: peltate and capitate. 

These plants produce aromatic, volatile essential oils that play key 

roles in pollination, defense signaling, and communication between 

plants (Dudareva et al., 2013). The flowers of Lamiaceae plants are 

usually zygomorphic and arranged in terminal spikes. A distinctive 

feature of these flowers is their symsepalous calyx with 

conspicuous ribs, and their sympetalous tubular corolla with two 

lips. Most Lamiaceae plants have four stamens, except for those in 

the Salvia genus, which typically have only two, and their fruit is a 
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schizocarp containing four nutlets (Cristea et al., 2014; Elpel, 1998) 

(Fig. 2). 

Due to their wide-ranging medicinal properties, the Lamiaceae 

family is considered significant from economic, ecological, 

ethnobotanical, and floristic perspectives (Stankovic, 2020; Haas et 

al., 2024).   

 

4.3. Phytochemistry of the Lamiaceae family 
 

Phytochemicals, also known as plant metabolites, are organic 

compounds synthesized during the metabolic processes of plants. 

These metabolites are categorized into two groups: primary and 

secondary metabolites. Primary metabolites, found in all plants, are 

essential for vital and daily activities, such as nutrition and 

reproduction. These include carbohydrates, proteins, nucleic acids, 

fats, and lipids. In contrast, secondary metabolites are produced in 

lower concentrations and play a supportive role in plants. They are 

often induced under environmental stress and serve functions such 

as acting as antioxidants or cell membrane stabilizers, combating 

pathogenic factors, aiding in wound healing, attracting pollinators, 

and serving as anti-herbivore agents (Croteau et al., 2000; Loreto et 

al., 2014; Kigathi et al., 2019).   In plant taxonomy, the presence of 

specific chemicals, whether in combination or alone, can be used as 

identification keys for classification (Thrane, 2001). The main 

groups of secondary metabolites include terpenes, phenolic 

compounds, and nitrogen- and sulfur-containing compounds. 

Among these, terpenes form the largest group, originating from 

acetyl-CoA or glycolytic intermediates. Terpenes encompass 

monoterpenes, sesquiterpenes, diterpenes, triterpenes, and 

polyterpenes (Dudareva et al., 2013).   

The application of plant metabolites in clinical treatments and 

healthcare has gained significant attention, with extensive studies 

conducted in this field. In medicinal research on the Lamiaceae 

family, both plant extracts and essential oils derived from various 

plant parts have been explored. Phytochemically, the plants of this 

family can be divided into two key groups. The first group, the 

subfamily Nepetoideae, produces volatile terpenoids 

(monoterpenes, sesquiterpenes, and diterpenes) and includes 

species such as Salvia sp. and Mentha sp. The second group 

consists of subfamilies like Ajugoideae, Lamioideae, 

Scutellarioideae, Peronematoideae, Premnoideae, Callicarpoideae, 

Prostantheroideae, and Viticoideae, which produce non-volatile 

secondary metabolites of the polar fraction. Numerous compounds 

have been identified during research on this family, including α- 

and β-pinene, menthol, thymol, limonene, eucalyptol, 

monoterpenes, sesquiterpenes, phenolic acids, and alkaloids 

(Frezza et al., 2019).    

Essential oils, one of the most important compounds extracted 

from various parts of dried Lamiaceae plants, are volatile due to 

their aromatic, vaporous nature, and are typically identified through 

methods such as gas chromatography (GC) (Gautam et al., 2014; 

Russo et al., 2015).  Terpenoids, especially monoterpenoids, are the 

most common components of these essential oils, synthesized by 

the aerial parts of the plant. Additionally, the quantity and chemical 

composition of the extracted essential oils depend on factors such 

as the plant's age, extraction method, soil composition, climate, and 

harvest time (Cimino et al., 2021; Ramos Da Silva et al., 2021).  

This review summarizes the findings of studies on the bioactive 

compounds of 37 plants from the Lamiaceae family in Table 1. 

 

4.4. Anti-inflammatory effects of plants 
 

Studies using plant compounds in vitro and in animal models 

have demonstrated their involvement in various biological 

processes, such as scavenging free radicals, promoting anti-

inflammatory activity, regulating gut microbiota homeostasis, 

maintaining mucosal barrier integrity, and activating intestinal T 

cells. Additionally, plant-based therapeutic agents are generally 

considered safe with minimal health risks and are eco-friendly 

(Larussa et al., 2017). The findings so far indicate that extracts and 

essential oils derived from different parts of the Lamiaceae family 

plants exhibit varying degrees of anti-inflammatory effects, 

supporting their potential use in managing and treating 

inflammatory bowel diseases (IBD). Research on two Ocimum 

species (O. basilicum L. and O. gratissimum L.) found that the 

essential oils from their leaves demonstrated significant topical 

 
Fig. 2.  The common characteristics of the Lamiaceae family (Source: compiled by author, Dr Kazemivash). 
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anti-inflammatory effects in a xylene-induced ear edema model in 

adult albino mice. It is important to note that the anti-inflammatory 

potency of these essential oils depends on the extraction method 

and their specific chemical composition (Table 1) (Okoye et al., 

2014).   

Another study on O. gratissimum leaf extract confirmed its 

anti-inflammatory and antioxidative effects through the inhibition 

of neutrophil activity, reduction of cytokine levels, and scavenging 

of free radicals in a trinitrobenzene sulfonic acid (TNBS)-induced 

colitis model in rats (Abiodun et al., 2020). Additionally, research 

has suggested that the anti-inflammatory effects of O. 

gratissimum extract at all tested doses may be attributed to its 

flavonoid content, which is associated with the inhibition of 

phosphodiesterases and the biosynthesis of protein cytokines 

(Tankoet et al., 2008).    

In a separate study, two fractions of Origanum vulgare Linn 

leaf extract were tested for their anti-inflammatory properties by 

analyzing cytokine responses in THP-1 macrophages. The results 

indicated that the plant fractions could inhibit the secretion of low-

density oxidized lipoprotein (oxLDL)-induced pro-inflammatory 

cytokines (TNF-α, IL-1β, and IL-6) while enhancing the release of 

the anti-inflammatory cytokine IL-10 through the downregulation 

of NF-κB expression in THP-1 cells (Ocaña-Fuentes et al., 2020). 

The anti-inflammatory effects of hydro-ethanolic leaf extract 

of Ocimum basilicum were also investigated in an ovalbumin-

induced rat model of asthma. The findings demonstrated significant 

improvements in interstitial inflammation and emphysema, 

highlighting its potential in alleviating respiratory tract 

inflammation (Eftekhar et al., 2019). Moreover, a study on the 

aqueous extract of Scutellaria baicalensis Georgi identified major 

flavonoid derivatives, including wogonin, baicalin, and baicalein. 

These compounds were shown to suppress LPS-induced COX-2 

protein expression, an enzyme that catalyzes the production of 

prostaglandins during the inflammatory process (Lee et al., 2007). 

A comparative study on five genera of the Lamiaceae family 

(Lavandula officinalis Chaix, Melissa officinalis L., Mentha 

piperita L., Salvia officinalis L., and Scutellaria orientalis L.) 

revealed that all extracts exhibited significant inhibition of 

cyclooxygenase (COX) and lipoxygenase (LOX) enzymes, along 

with strong DPPH radical scavenging activity. These effects were 

possibly attributed to their flavonoid content. Among them, M. 

officinalis L., L. officinalis Chaix, and M. piperita L. exhibited the 

highest DPPH radical scavenging activity for trapping superoxide 

anions and alkoxyl radicals, as well as the strongest inhibitory 

activity against COX-2 and 12-15/LOX enzymes, respectively (Lee 

et al., 2007). In addition to the L. officinalis Chaix extract, the 

essential oil of Lavandula angustifolia Mill. was separately 

examined, and its anti-inflammatory effects were confirmed using 

two experimental models: carrageenan-induced pleurisy and croton 

oil-induced ear edema (Silva et al., 2015). 

In an assessment of ovalbumin-induced acute asthma in 

BALB/c mice, treatment with Lavandula stoechas L. extract was 

found to reduce histopathological alterations in lung cells. The 

extract also lowered the expression levels of IL-6 and TNF-α 

compared to the control group. Additionally, it was observed that 

treatment with the extract reduced edema and infiltration of 

lymphocytes, monocytes, eosinophils, neutrophils, and 

macrophages within the interstitial spaces, exhibiting anti-

inflammatory effects similar to those of dexamethasone (Erfanian 

et al., 2024).  Besides the extract, the essential oil of L. 

stoechas also demonstrated anti-inflammatory potential in an in 

vitro model of lipopolysaccharide (LPS)-stimulated macrophages 

(Zuzarte et al., 2013). A comparison of inflammatory processes 

between Lavandula dentata and Lavandula stoechas using a 

carrageenan-induced paw edema model in mice demonstrated that 

only L. stoechas significantly reduced COX-2 expression, increased 

iNOS expression, and exhibited anti-inflammatory (Algieri et al., 

2016; Erfanian et al., 2024).  

Melissa officinalis L. (lemon balm), a member of 

the Lamiaceae family known for its lemon-scented aroma and 

richness in rosmarinic acid and quercetin, was evaluated in a 

separate study. Results showed that even at low doses, ethanolic 

and aqueous extracts of M. officinalis reduced pro-oxidant 

production and exhibited anti-inflammatory activity in the 

carrageenan-induced paw edema model (Draginic et al., 2022). In 

addition to these studies, the potential anti-inflammatory activity 

of Salvia officinalis has been investigated both independently and 

in combination with other Lamiaceae species. Flavonoids and 

terpenes are the major bioactive compounds in this plant (Murthy et 

al., 2014), and the type of extract appears to influence its anti-

inflammatory effects. Among the various extracts, the chloroform 

extract has demonstrated greater anti-inflammatory activity 

compared to aqueous, ethanolic, methanolic, and even essential oil 

extracts (Baricevic et al., 2001; Mansourabadi et al., 2015).  The 

anti-inflammatory effects of flavonoids and rosmarinic acid from S. 

officinalis have also been observed in the mouse carrageenan-

induced inflammation model and epidermal studies (Osakabe et al., 

2004; Chen et al., 2015; Mansourabadi et al., 2015).    

An experiment on methanolic extracts of Salvia officinalis L. 

demonstrated an increase in blood neutrophil count, suggesting a 

defensive cellular response while preventing excessive leukocyte 

accumulation at the lesion site, thereby contributing to its anti-

inflammatory effect (Dal Pra et al., 2011). Additionally, studies 

on Salvia officinalis leaf and flower extracts, which contain 

significant amounts of flavonoids, have investigated their anti-

inflammatory potential in tumor-mediated inflammation models. 

As one of the key genera in the Lamiaceae family, Salvia has been 

widely studied for the anti-inflammatory properties of its extracts 

and essential oils (Ghorbani et al., 2017). 

A study evaluating the anti-inflammatory activity of extracts 

from the aerial parts of three Salvia species (S. fruticosa, S. 

verticillata, and S. trichoclada) using a carrageenan-induced 

inflammation model in male rats demonstrated significant anti-

inflammatory effects, with Salvia fruticosa exhibiting the strongest 

activity (Maphosa et al., 2012).   The study concluded that 

flavonoids were likely responsible for this effect. Additionally, S. 

fruticosa is a rich source of antioxidant compounds, including 

flavonoids, which contribute to reducing nitric oxide (NO) and 

reactive oxygen species (ROS) production, promoting macrophage 

activation, and inhibiting inflammatory pathways associated with 

the neoplastic process (Brindisi et al., 2021).  

Statistical analysis of research on the aqueous and ethanolic 

leaf extracts of this plant demonstrated dose-dependent anti-

inflammatory effects in carrageenan-induced edema models in mice 

and rats. These extracts inhibited pain receptors by interfering with 

the synthesis of inflammatory cytokines and mediators such as 

kinins, histamine, and prostaglandins. At the highest 

concentrations, their anti-inflammatory effects were comparable to 

those of indomethacin (Qnais et al., 2010). 

Another Salvia species, Salvia melissiflora Benth., was investigated 

for its phytochemical composition, anti-inflammatory, 

antinociceptive, and antioxidant properties. Oral administration of 

its ethanol extract in mice led to a reduction in the second phase of 

formalin-induced  nociception,  lipopolysaccharide   (LPS)-induced  
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   Continued 

 

Table 1. Summary of main bioactive compounds reported in some the Lamiaceae species. 

 
Scientific name Reported main components References 

Ocimum basilicum L. 
Ocimum gratissimum L. 

 

Essential oils: 

Monoterpenes, sesquiterpenes ,α-pinene , 1,8-cineole 
 

(Okoye et al., 2014)   

Extract:  
Eugenol, Thymol, Linalool, Sinapic acid, Rosmarinic acid, Ethyl cinnamate, p-
cymene, Terpinolene , 1,8-cineole, Xanthomicrol 

 

(Abiodun et al., 2020;  
Takeuchi et al., 2020)   

Scutellaria baicalensis 

Georgi 
 

Essential oils: 

Sesquiterpenoids, Monoterpenoids, Caryophyllene  

 

(Wang et al., 2022)    

Extract: 

Flavonoids as (baicalin, baicalein, wogonoside, wogonin )  

 

(Lee et al., 2007)   

Mentha piperita L. 

Salvia officinalis L. 
Lavandula officinalis Chaix. 

Melissa officinalis L. 

Scutellaria orientalis L. 

Extract: 

Flavonoid glycosides and aglycones with flavone, isoflavone, flavonol, 
methylated flavonoids, and flavonol skeletons, anthocyanidin , glycosides, coumarin, 

catechin, terpenoids, and hydroxycinnamic , fatty acyls  

 

(Şener et al., 2024)   

Main compounds in Salvia officinalis L. Essential oils: 

2-cyclopenten-1-one, 2-hexadecen-1-ol, and torulosol  

(Ghorbani et al.,2017) 

Rosmarinus officinalis L. 

Melissa officinalis L. 

Thymus pulegioides L. 
Mentha piperita L. 

Extract: 

Triterpene  

 

(Jordamović et al., 2023)   

Nepeta pogonosperma 
Jamzad et Assadi 

 

Essential oils: 

4aα, 7α, 7aα nepetalactone, 1,8- cineole,α-terpineol, (E)-α-bisabolene, terpinen-4-ol, 

linalool, β-pinene  

 
(Ali et al., 2012;  

Asgarpanah et al., 2013) 

Leonotis leonurus (L) R. BR. Extract: 

Alkaloids, saponins (of steroid and or triterpenoids groups), tannins 
 

(Maphosa et al., 2012)   

Salvia fruticosa Mill. 
Salvia verticillata L. 

 Salvia trichoclada Benth. 

Extract: 

Flavonoids (rutin, quercetin, and luteolin), biflavonoids,, triterpenoids (ursolic acid)  
 

(Çadirci et al., 2012)   

Thymus serpyllum L. 

 
Essential oils: 

Sabinene, terpinen-4-ol, phellandral and thymol  

 

(Al-Mijalli  et al., 2025) 

Lamium  garganicum L. Extract: 

Iridoid, phenylethanoid and flavonoid glycosides 
i.e., shanzhiside methyl ester, 8-O-acteylshanzhiside methyl ester, 6-O-syringyl-8-O-

acetylshanzhiside methyl ester, 6-hydroxyipolamiide, lamalbide, 

dehydropenstemoside, and sesamoside   

 

(Akkol et al., 2008)   

Stachys lavandulifolia Vahl. Essential oils: 

(-)-α-bisabolol, bicyclogermacrene, δ-cadinene, spathulenol 
 

(Barreto et al., 2016)    

Zataria multiflora Boiss.    Essential oils: 
p-cymene, -terpinene, thymol, carvacrol  

 
(Hosseinzadeh et al., 2000)   

Mentha spicata L. Essential oils: 

Menthone, menthol, carvone  
 

(Yousuf et al., 2013)   

Lavandula  stoechas L. Essential oils: 

β-pinene, 1,8-cineole  
 

(Erfanian et al., 2024) 

Oreganum vulgare Linn 

  

Extract: 

Trans-sabinenehydrate, thymol and carvacrol  

 

(Ocaña-Fuentes et al., 2020)   

Mentha pulegium  L. Extract: 

Rosmarinic acid , ellagic acid, eriodictyol, naringenin and chlorogenic  acid  

 

(Politeo et al., 2018)   

Lavandula augustifolia Mill. Essential oils: 

α-pipene, D-limolene, Eucalyptol, linalyl acetate, camphora, borneol, α-terpinol, 

cyclohexanol, linalool, caryophyllene   

 
(Silva et al., 2015) 

Coleus forsteri (Benth.) 
A.J.Paton 

 

Extract: 

Abietane diterpenes as ( coleon U, coleon U-quinone ,8α,9α-epoxycoleon U-quinone , 

horminone , 7α-hydroxyroyleanone, 6β,7α-dihydroxyroyleanone , 7α-acetoxy-6β-

hydroxyroyleanone, 7α-formyloxy-6β-hydroxyroyleanone)  

 
(Nicolas et al., 2023)   

Premna schimperi Engl. Extract: 

Flavonoids, terpenoids, steroids, phenols, cardiac glycosides, tannins, alkaloids, 

anthraquinones  

 

(Arega et al., 2023) 

 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:457502-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:457502-1
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/bicyclogermacrene
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/spathulenol
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hyperalgesia, and carrageenan-induced edema. These effects, likely 

linked to COX-2 inhibition, have been attributed to the presence of 

rosmarinic acid, oleanolic acid, and ursolic acid, which are known 

to modulate several cytochrome P450 enzymes (Oliveira et al., 

2024).  

In a separate study, another species of this genus, Salvia 

keerlii (SAKE) Benth., was examined for its anti-inflammatory 

properties. Evaluation using the 12-O-tetradecanoylphorbol-13-

acetate-induced mouse ear edema model showed that the 

chloroform extract, rich in flavonoids and phenolic compounds, 

inhibited inflammation by suppressing phospholipase A2 and 

protein kinase C production. Further analysis indicated that its 

antinociceptive activity, assessed via the acetic acid-induced 

writhing method, could be attributed to the inhibition of 

prostaglandin synthesis (Serrano-Vega et al., 2020).  

The anti-inflammatory effects of Mentha spicata (L.) 

and Mentha pulegium L. extracts have been investigated in two 

separate studies. The methanol extract of M. spicata was evaluated 

for its effects on inflammation in adult albino rats using the 

carrageenan-induced paw edema method. The extract exhibited 

significant anti-inflammatory activity by modulating prostaglandin 

released during type 2 inflammation (2–5 h), with effects persisting 

up to 6 h (Yousuf et al., 2013).     

The study on Mentha pulegium hydroalcoholic extract 

demonstrated that it attenuated LPS-induced inflammation by 

inhibiting TLR-4 and NF-κB expression, leading to an anti-

inflammatory effect in peripheral blood mononuclear human cells 

(PBMCs) (Mohammadi et al., 2024). In another comparative study, 

the anti-inflammatory effects of extracts from 

six Lamiaceae species (Mentha piperita L., Thymus 

pulegioides L., Rosmarinus officinalis L., Salvia 

officinalis L., Lavandula officinalis L., and Melissa officinalis L.) 

were evaluated using the inhibition of albumin denaturation 

assay in vitro. Triterpene fractions, identified as key components of 

these plants, were analyzed using thin-layer chromatography (TLC) 

and high-performance liquid chromatography (HPLC). Among the  

 

tested species, R. officinalis L. exhibited the strongest dose-

dependent anti-inflammatory activity, followed by M. 

officinalis L., S. officinalis L., M. piperita L., L. officinalis L., 

and T. pulegioides L., respectively. The study further established a 

direct correlation between extract concentration and anti-

inflammatory potency in these plants (Ghorbani et al., 2017).   

Additionally, another research highlighted that Thymus 

vulgaris L. exhibited the anti-inflammatory activity among the 

studied plants, attributed to its high abundance of flavonols, 

surpassing Rosmarinus officinalis L. and other Lamiaceae species 

(Napoli et al., 2022). The essential oil of Thymus herba-barona, 

rich in phenolic compounds such as carvacrol and thymol, was 

assessed in a lipopolysaccharide-stimulated macrophage model and 

confirmed to inhibit nitric oxide production, supporting the anti-

inflammatory potential of the Thymus genus (Zuzarte et al., 2013). 

Furthermore, a study on Thymus serpyllum L. essential oil (EO) 

revealed significant anti-inflammatory effects in vitro via the 5-

lipoxygenase (5-LOX) inhibition method (Al-Mijalli et al., 2025). 

Another member of the Lamiaceae family, Zataria 

multiflora Boiss, was evaluated for its ethanolic and aqueous 

extracts using acetic acid, cotton pellet granuloma, and xylene-

induced ear edema models in mice and rats. Both extracts exhibited 

significant anti-inflammatory activity in both acute and chronic 

inflammation models, likely due to their high flavonoid content 

(Hosseinzadeh et al., 2000).   

A study on Nepeta cataria essential oil revealed that it contains 

79.27% nepetalactone, which is likely responsible for its anti-

inflammatory activity, as demonstrated in a carrageenan-induced 

edema test in a mouse model (Ricci et al., 2010). More recently, the 

analgesic and anti-inflammatory effects of Nepeta crispa Willd. 

were reported in animal models, further supporting the therapeutic 

potential of this genus (Ali et al., 2012).  Additionally, an analysis 

of the main components of Nepeta pogonosperma essential oil 

demonstrated its anti-inflammatory role in a formalin-induced paw 

edema model across all tested doses in rats (Ali et al., 2012; 

Valimehr et al., 2015). Moreover, the anti-inflammatory effects of 

 

Lamium album L. Extract: 
Flavonoids , phenolic acids, fatty acids, iridoids, triterpenes, saponins, 

polysaccharides, tannins, phytoecdysteroids, mucilage  

 

(Trouillas et al., 2003; 

Kelayeh et al., 2019)    

Vitex trifolia L. Extract: 

Phenols, flavonoids, terpenoids  
 

(Ghafari et al., 2022) 

Nepeta bracteata Benth Extract: 

Diterpenoids, angustanoic acid,7a-hydroxycallitrisic acid, 1- phenanthrenecarboxylic 

acid, angustanoic acid, jiadifenoic acid  

 

(Zhang et al., 2021)   

Origanum majorana L. 

 Thymus vulgaris L. 
Extract: 

Flavonoids ,flavones, flavonols, Rosmarinic acid ,syringic acid  

 

(Napoli et al., 2022) 

Salvia melissiflora Benth Extract: 

Caffeic acid ,Chlorogenic acid ,Isoquercetin ,Quercetin ,Rosmarinic acid  

 

(Oliveira et al., 2024) 

Schizonepeta tenuifolia Briq Essential oils: 

Monoterpenes, sesquiterpenes, aldehydes, ketones, quinones, alcohols, phenols, 
carboxylic acids , esters  

 

(Zhao & Zhou, 2022)   

Vitex madiensis Oliv. Extract: 

Flavonoids, phenolic acids (caffeic acid, chlorogenic), coumarins , anthrones , 

terpenes  

(Lengbiye  et al., 2020; 

Nsonde Ntandou et al., 2025)   

Perilla frutescens (L.) Britton Essential oils: 

Perilla ketone, elemicin , beta- myristicin, beta-caryophyllene ,elemicine, limonene  
 

(Chen et al., 2015)   

Thymbra capitata (L.) Cav. Essential oils: 

Carvacrol , p-cymene , ɣ-terpinene   
 

(Alves-Silva et al., 2023)    

Salvia keerlii Benth. Essential oils: 

Pentadecanoic acid, myristic acid, methyl dehydroabietate, and ursolic acid  

 

(Serrano-Vega et al., 2020 ) 

                                                                                                                                                                                                                                                      Continued. 
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both the essential oil and extract of N. pogonosperma were 

observed in rat brain mixed cells using LPS as an inflammatory 

agent, where they significantly inhibited nitric oxide (NO) 

production, further confirming their potential in neuroinflammation 

management (Valimehr et al., 2015).   

The investigation of the anti-inflammatory effects of Nepeta 

bracteata Benth. revealed that its bioactive compounds, primarily 

terpenoids (especially diterpenes), were isolated using HPLC and 

column chromatography methods. The results demonstrated that all 

tested doses of the extract inhibited nitric oxide (NO) production, 

with IC₅₀ values < 50 µM, while exhibiting minimal effects on 

RAW 264.7 macrophage bioactivity. The anti-inflammatory 

potential of this plant extract was further confirmed through an 

MTT colorimetric assay in lipopolysaccharide (LPS)-stimulated 

RAW 264.7 macrophages, which highlighted a correlation between 

its anti-inflammatory and antioxidant properties (Zhang et al., 

2021). Similarly, a study on Leonotis leonurus (L.) R. Br. leaf 

aqueous extract demonstrated significant anti-inflammatory activity 

in carrageenan- and histamine-induced paw edema models in rats. 

Additionally, the N-butanol extract of Salvia fruticosa exhibited the 

highest anti-inflammatory effect at a 200 mg/kg dose in 

carrageenan-induced paw edema, while showing consistent activity 

at all tested doses in the histamine-induced model. The analgesic 

effects observed in this experiment were partially attributed to the 

release of arachidonic acid via cyclooxygenase and prostaglandin 

pathways (Ali et al., 2012). Moreover, methanol and chloroform 

extracts of Salvia fruticosa (500 mg/100 g BW) significantly 

reduced inflammation by 20% and 41%, respectively, in a rat paw 

edema model. Notably, their anti-inflammatory efficacy was 

comparable to that of Voltaren, a well-known reference drug (El-

Ansari et al., 2009).  

Another species of this genus, Leonotis nepetaefolia R. Br., has 

also been reported to exhibit similar anti-inflammatory effects 

(Ramos et al., 2021). The Coleus genus, belonging to 

the Lamiaceae family, is primarily cultivated for its ornamental 

foliage; however, its therapeutic properties have also been 

recognized. The anti-inflammatory effects of Coleus 

amboinicus Lour. (Loreto et al., 2014) and oleus forsteri (Benth.) 

(Nicolas et al., 2023) extracts have been investigated in separate 

studies. In an experiment on uric acid-induced nephrotoxicity in 

rats, treatment with C. amboinicus Lour. extract was found to 

promote GPx concentrations, increase TGF-1β levels, and restore 

blood urea nitrogen (BUN) and serum creatinine levels to normal 

values, confirming its anti-inflammatory potential (Loreto et al., 

2014).  Additionally, a study on C. forsteri (Benth.) ethanolic and 

cyclohexane extracts demonstrated their ability to inhibit 

inflammatory cytokines IL-6 and TNF-α, as well as the deleterious 

kynurenine pathway metabolite quinolinic acid (QUIN), in LPS-

induced human macrophage models (Nicolas et al., 2023). In 

traditional medicine, Premna schimperi Engl. has been used for 

treating inflammation. A recent study assessed its anti-

inflammatory properties using the cotton pellet-induced granuloma, 

carrageenan-induced, and formalin-induced paw edema models in 

Wistar albino rats. The results showed a reduction in paw edema at 

all tested doses without any signs of toxicity. Phytochemical 

screening of the methanol extract identified a variety of bioactive 

compounds, including flavonoids, terpenoids, steroids, phenolics, 

cardiac glycosides, tannins, alkaloids, and anthraquinones, which 

are likely responsible for the observed anti-inflammatory effects 

(Arega et al., 2023). 

Lamium album L., contains a wide range of phenolic 

compounds and iridoids in its aerial parts, which act as free radical 

scavengers and exert anti-inflammatory effects by inhibiting 

arachidonic acid metabolism through the lipoxygenase pathway 

(Trouillas et al., 2003; Kelayeh et al., 2019).  Similarly, the anti-

inflammatory effects of Lamium garganicum L. extract were 

demonstrated in carrageenan-induced hind paw edema, PGE2-

induced hind paw edema, and 12-O-tetradecanoyl-13-acetate 

(TPA)-induced mouse ear edema models (Akkol et al., 2008; 

Trouillas et al.,2003).  These effects are largely attributed to 

secondary metabolites such as phenolics, which are known to be 

the main contributors to the plant’s antioxidant and anti-

inflammatory properties. 

Research on Vitex trifolia L. leaves hydroalcoholic extract has 

also highlighted its anti-inflammatory and antioxidant potential. In 

an investigation using the MTT assay on RAW 264.7 cells, the 

extract exhibited no toxicity up to a concentration of 100 μg/mL, 

with an IC50 value of 51.59 ± 4.32%. Further analysis of ROS and 

pro-inflammatory cytokines showed that the extract inhibited TNF-

α production induced by LPS, reduced LPS-induced COX activity, 

and confirmed a positive correlation between its antioxidant and 

anti-inflammatory effects (Ghafari et al., 2022).   

Another member of the Lamiaceae family, Vitex 

madiensis Oliv., has also been evaluated for its anti-inflammatory 

properties. The aqueous extract of the plant was tested using 

carrageenan- and histamine-induced inflammation models in male 

and female Wistar rats. The extract, which is rich in flavonoids, 

significantly inhibited inflammation at a dose of 400 mg/kg, 

yielding results consistent with those observed in other species of 

this genus (Lengbiye et al., 2020; Nsonde Ntandouet al., 2020).    

The antioxidant, cytotoxicity, and anti-inflammatory effects 

of Schizonepeta tenuifolia (ST) Briq. extract have been widely 

studied in recent years. Investigations into the antioxidant 

properties of ST aqueous and polysaccharide extracts using DPPH, 

NO, and deoxyribose oxidation assays confirmed the plant's strong 

potential to inhibit free radicals and protect liposomes. This effect 

was linked to an increase in the activity of antioxidant enzymes, 

including catalase, superoxide dismutase, and glutathione 

peroxidase (Tae & Kim, 2012; Wang et al., 2012).  Additionally, 

ST extract was found to enhance the cytotoxicity of mouse 

thylakoid cells via the Nrf2/ARE pathway (Do et al., 2019). The 

anti-inflammatory effects of S. tenuifolia essential oil were 

evaluated in a carrageenan-induced pleurisy model in rats, where 

the treatment significantly reduced inflammation markers such as 

leukocytes, malondialdehyde, myeloperoxidase, and interleukin-1β. 

These effects were attributed to TNF-α suppression, inhibition of 

lipid peroxidation, and downregulation of pro-inflammatory 

cytokines TNF-α, IL-1β, and IL-6 (Wang et al., 2012; Do et al., 

2019).  

Studies on Perilla frutescens (L.) Britt. leaf extract have also 

demonstrated its ability to reduce ROS levels through direct free 

radical scavenging activity. Furthermore, its anti-inflammatory 

effects were shown to be mediated through two pathways: the 

inhibition of Src family kinases (SFKs) and the reduction of 

intracellular Ca²⁺ levels, leading to decreased activation of human 

neutrophils (Chen et al., 2015). Similarly, essential oil 

from Thymbra capitata (L.) Cav., with carvacrol as its major 

component (79.5%), has been reported to possess significant anti-

inflammatory activity. This was evidenced by the inhibition of NO 

production, inducible nitric oxide synthase (iNOS), and pro-IL-1β 

protein levels in lipopolysaccharide-stimulated macrophages 

(Alves-Silva et al., 2023). Another plant with notable anti-

inflammatory properties is Stachys lavandulifolia Vahl., which has 

been used in traditional medicine across various Asian countries. 
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Oral administration of this plant’s essential oil, along with its main 

active compound (-)-α-bisabolol, was tested in a carrageenan-

induced pleurisy model in mice. The treatment effectively inhibited 

the synthesis of pro-inflammatory cytokines TNF-α and IL-1β, 

which play a crucial role in leukocyte migration and plasma protein 

regulation, suggesting its potential therapeutic application for 

inflammatory disorders (Barreto et al., 2016).   

 

5. Conclusion 
 

This narrative review examined the therapeutic potential of 

bioactive fractions derived from 37 plant species within the 

Lamiaceae family for managing inflammatory bowel disease 

(IBD). The findings highlight the significant role of these plant-

derived compounds in modulating inflammatory responses through 

the downregulation of pro-inflammatory cytokines, inhibition of 

oxidative stress, and regulation of key cellular signaling pathways. 

The anti-inflammatory effects observed in these species are largely 

attributed to the presence of flavonoids, terpenoids, steroids, and 

phenolic compounds, which exhibit immunomodulatory and 

antioxidant properties. Collectively, the reviewed studies provide 

robust scientific evidence supporting the traditional medicinal use 

of these plants in inflammation-related disorders. Furthermore, 

these insights pave the way for future research into their 

mechanistic actions and potential applications in developing novel, 

plant-based therapeutics for IBD. 
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