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Abstract: Advanced Glycation End Products (AGEs) are formed in the lungs either spontaneously
or as a result of the insult due to cigarette smoke. These AGEs have deleterious effects due to their
pro oxidant and inflammatory actions. The AGEs can interact with the receptor for AGE, called
RAGE, triggering various kinase pathways that activate transcription factor NF-xB (nuclear
factor kappa B). This, in turn, leads to the production of several inflammatory substances and
promoters. Impeding the formation of AGEs and inhibiting the AGE-RAGE axis can prove
beneficial in down regulating the inflammatory process, leading to favourable outcomes.
Asafoetida and liquorice are two such herbs that can significantly impede the AGE-RAGE-NF-
kBaxis, which plays a key role in the pathogenesis of chronic obstructive pulmonary disease
(COPD). These herbs have the potential to improve symptoms and lung function in patients
suffering from this condition..
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INTRODUCTION

Glycyrrhizaglabra (Liquorice, Mulethi in Hindi) has been extensively utilized in diverse traditional medicinal
systems due to its wide-ranging therapeutic properties. These properties include protection against peptic ulcers,
demulcent effects, expectorant properties, antitussive capabilities, and purgative effects [1,2]. Liquorice(also spelt as
licorice) has been especially valued in various ancient cultures, including Assyrian, Egyptian, Chinese, Indian, Greek,
and Roman, for its therapeutic benefits in managing respiratory tract disorders. These disorders include cough,
hoarseness of voice, sore throat, bronchitis, asthma, and tonsillitis, with liquorice roots and rhizomes being commonly
used for this purpose. Today, licorice powder and extract continue to be highly regarded for their efficacy in treating
conditions such as sore throat, cough, and bronchial catarrh [3,4]. Asafoetida (Heeng in Hindi), is used in traditional
medicine as well as in culinary staple in India, Pakistan, Afghanistan, and Iran. Extracted from the Ferula species, this
oleo-gum resin has a range of pharmacological properties including expectorant and antispasmodic actions, which are
particularly advantageous for the respiratory system [5]. Some researchers attribute the oil's elimination through the lungs
as part of its effectiveness against diseases like asthma, bronchitis, and whooping cough [5,6,7].

Glycation is a non-enzymatic, spontaneous chemical process characterized by the interaction between reducing
sugars, including glucose and fructose, and free amine groups present in biological macromolecules such as proteins,
lipids, and nucleic acids [8]. This reaction leads to the covalent attachment of sugar moieties to macromolecules,
culminating in the generation of intricate structures known as Advanced Glycation End Products (AGESs) [8]. These
potentially harmful molecules pose a significant risk to human health. They can alter the structure and function of
proteins within our bodies, leading to cellular damage and even cell death [9]. RAGE, or receptor for advanced glycation
end products, is a type of pattern recognition receptor (PRR) that binds with a variety of advanced glycation products
(AGEs) [10]. The membrane-bound receptor, also known as membrane RAGE (mRAGE) or full-length (f)RAGE, is a
multi-ligand receptor and is considered a crucial mediator in immune responses and chronic inflammation [11]. RAGE
basal levels are high in pulmonary tissue, particularly in human airways [12]. RAGE is also present in pro-inflammatory
cells such as neutrophils, macrophages, monocytes, and T and B lymphocytes [10]. Blocking the formation of AGEs and
the actions of RAGE are potential therapeutic targets in several lung disorders including chronic obstructive lung disease
(COPD). In this respect, Asafoetida and liquorice can prove very beneficial.
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Traditional Use of Mulethi (Glycyrrhizaglabra) and Heeng (Asafoetida)in respiratory disorders

Licorice has found extensive use in traditional Chinese, Korean and Indian medicine to alleviate and prevent
conditions such as cough, phlegm, dyspnea, spasms, and pain, owing to its antitussive, expectorant, and anti-
inflammatory properties. In Ayurveda and Siddha practices, the roots and rhizomes of licorice are the primary parts
utilized for medicinal purposes. The powder and extract derived from licorice have been employed as carminatives and
for the treatment of various respiratory tract disorders, including cough, sore throat, bronchitis, bronchial catarrh, asthma,
and tonsillitis [13,14]. Glycyrrhizaglabra showcases antitussive, demulcent, and expectorant properties, aiding in the
reduction of upper respiratory tract congestion and enhancing tracheal mucus secretion [15,16]. It is also widely utilized
in Ayurvedic medicine due to its anti-inflammatory properties [17,18]. In traditional Korean medicine, Glycyrrhizaglabra
has found application as a cough reliever and as an agent with immuno-modulatory and anti-inflammatory, and
detoxifying properties. Key components of liquorice, such as Glycyrrhizic acid (GA) and flavonoids, have displayed
promise as complementary or alternative treatments in asthma due to their anti-asthmatic, anti-allergic, anti-
inflammatory, and anti-oxidative activities [16,19].

Asafoetida also has a long history of traditional use in various ancient cultures for the treatment of several diseases,
with respiratory illnesses being a common indication [7]. In India, asafoetida has been employed for the symptomatic
treatment of angina pectoris and asthma [20]. In Ayurveda, asafoetida is regarded as a valuable remedy for conditions
like whooping cough, pneumonia and bronchitis in children. Ayurvedic medicine administers a hot water extract of dried
asafoetida resin, orally as an expectorant for chronic bronchitis [5,7]. It is also recognized as a pulmonary stimulant,
antispasmodic, and carminative [21]. It is known to stimulate the mucous membranes, specifically in the alimentary tract,
thereby alleviating conditions like flatulent colic. In Pakistan and Saudi Arabia, dried asafoetida is used medicinally for
whooping cough, asthma, and bronchitis [22]. In Iranian folk medicine, asafoetida is used as a medicine for the treatment
of asthma [23]. In Fiji, the dried gum is taken for whooping cough [22]. In ancient Rome, it was employed as a culinary
spice [24]. It is also used for tuberculosis and persistent cough. The aromatic constituents are believed to underpin its
substantial pharmacological and clinical activities, particularly in conditions like hysteria, spasmodic afflictions, and
advanced stages of respiratory illnesses in children [6,7].

In Afghanistan, a hot water extract of dried gum is consumed orally to manage whooping cough [5]. Traditional
remedies for children's cold and cough in India and Thailand involve incorporating asafoetida into a strong-smelling
paste and hanging it in a bag around the sick child's neck. In certain regions like Khyber Pakhtoon Khwa, Pakistan also,
Asafoetida is used as a preventative measure against seasonal, bacterial, and viral illnesses, including respiratory
infections. This is achieved by hanging a bag of Asafoetida around the neck or attaching it to the arm, underscoring its
historic link to respiratory health [6,7]. In summary, licorice and asofoetida, , with their rich history of usage in
traditional medicine systems, offer a wide range of potential benefits for the respiratory system, functioning as
expectorant, antitussive, and anti-inflammatory agents. Their extensive use in diverse cultures and well-documented
therapeutic effects underscore their potential in managing various respiratory conditions.

Advanced Glycation Endproducts (AGEs) formation and role in Cellular Signaling

AGEs are known to influence various signaling pathways via cell membrane receptors. These signaling pathways

include the nuclear transcription factor (NF-xB), mitogen-activated protein kinase (MAPK), and signal transducer and
transcriptional activator (STAT) pathways. The presence of AGEs has been linked to the progression of numerous
metabolic disorders, including atherosclerosis, diabetes, and Alzheimer's disease [9]. The formation of AGEs is a
multifaceted, two-stage process. In the initial phase, reducing sugars interact with free amino groups in proteins and
nucleic acids, yielding unstable Schiff base adducts. These adducts subsequently rearrange into more stable Amadori
products, known as early glycation products (see Figure 1). A minor fraction of Amadori products undergo direct
conversion to AGEs through the irreversible processes of oxidation or hydrolysis, facilitated by the Hodge pathway.
The majority of Amadori products are transformed into AGE precursors, including glyoxal, methylglyoxal, and 3-
deoxyglucosone, via oxidative cracking, dehydration, or cyclization. These a-dicarbonyl compounds form covalent bonds
with proteins and other structural components, generating stable AGEs [25, 26]. Additional pathways, such as the Wolff,
sorbitol, and other pathways, also produce AGE precursors, further contributing to the formation of AGEs in biological
systems [9].

AGE Accumulation and AGE-RAGE Interactions: Implications for Oxidative Stress and Inflammation
Despite their chemical differences, AGEs have similar biological effects, with higher molecular weight AGEs

exhibiting greater pathogenic potential. Upon accumulation, AGEs activate cellmembrane receptors such as scavenger
receptors and the multiligand receptor for advanced glycation end products (RAGE). RAGE activation stimulates stress-
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and inflammation-related pathways, including extracellular signal-regulated kinase/mitogen-activated protein kinase
(ERK/MAPK) and Janus kinase/signal transducer and activator of transcription (JAK/STAT) pathways. Concurrently,
transcription factors, such as activating protein-1 (AP-1) and NF-kB, are engaged, provoking the expression of multiple
pro inflammatory molecules [9] (Figure 1).
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Figure 1. Shows the AGE-RAGE axis and the points of inhibition by asafetida and liquorice. While asafetida acts by blocking the
formation of AGEs at several stages, glycyrrhizin in liquorice acts by binding to HMGB1 which prevents the interaction of HMGB1
with the RAGE and TLR receptors.

Furthermore, RAGE activation prompts endoplasmic reticulum (ER) stress, culminating in inflammation or
apoptosis. AGE accumulation within the ER disrupts canonical protein folding, whereas AGE-induced cross linking of
mitochondrial proteins impedes adenosine triphosphate (ATP) synthesis and enhances oxidative free radical production.
These pathways perpetuate a self-reinforcing cycle of intracellular damage, compromised cellular function, and eventual
cell death, ultimately resulting in aging and the manifestation of diverse age-related chronic diseases [9].

When RAGE binds with AGEs, it increases the production of reactive oxygen species (oxidative stress) by activating
NADPH oxidase [27]. Additionally, it enhances the expression of pro-inflammatory cytokines (IL and TNF) [28],
leading to various pathological conditions such as Alzheimer's disease [29], cardiovascular disease [30], cancer [31,32],
diabetes mellitus [33], inflammation [34], and diabetic nephropathy [35]. RAGE has been considered a potential
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biomarker of various pathological conditions and has been demonstrated as a potential therapeutic target in numerous
diseases.

Pathological Role of AGEs in COPD

AGEs have been implicated in the development and progression of various lung diseases, including chronic
obstructive pulmonary disease (COPD). A study on healthy individuals aged 50-64 revealed a significant association
between AGE accumulation and lung function decline, as measured by skin auto fluorescence (SAF). The findings
suggest that AGEs may contribute to lung parenchyma changes, impairing lung function [36]. Moreover, the
proinflammatory AGEs molecules can alter the extracellular matrix, with the Receptor for Advanced Glycation End
Products (RAGE) mediating some effects. A study using formalin-fixed lung tissue from bronchial carcinoma patients
revealed increased AGEs and RAGE staining intensity in the airways and alveolar walls of COPD patients compared to
controls. The findings suggest that the RAGE-AGEs interaction may contribute to COPD pathogenesis [37].

Furthermore, oxidative stress is a critical factor in the pathogenesis of COPD, and recent studies highlight the
connection between oxidative stress and protein glycation. Elevated oxidative stress can increase protein glycation via
auto-oxidative glycation. A research study involving 11 non-diabetic COPD patients found reduced whole-blood
glutathione levels and increased lipid peroxide and fructosamine levels. These findings confirm the presence of oxidative
stress and enhanced protein glycation in COPD, suggesting that antioxidant therapy could be a valuable addition to
COPD treatment regimens [38]. Also, AGEs accumulation in COPD patients contributes to tissue damage through
direct effects or binding to RAGE. The study found higher skin auto fluorescence (AFR) and lower plasma SRAGE
(soluble form of RAGE) levels in COPD patients, correlating with decreased lung function. Results suggest that the
protective mechanism of SRAGE as a decoy receptor is impaired in COPD, with AGEs accumulating differentially across
body compartments [39]. Another study reported that COPD is linked to systemic inflammation and oxidative stress,
which may contribute to the formation of AGEs. In a study involving 88 COPD patients and 55 control subjects, Gopal et
al found that specific AGEs in the circulation and AFR are increased in COPD patients. The findings suggest that AGEs
are involved in COPD pathophysiology [40].

To sum up, AGEs have been implicated in the pathogenesis of COPD through their association with systemic
inflammation, oxidative stress, and impaired lung function. Increased formation and accumulation of AGEs in response
to smoking and oxidative stress may cause local tissue damage directly or by binding to the RAGE. These findings
support the potential use of antioxidant therapy as part of the treatment regimen for COPD patients.

Blockade of the AGE-RAGE Interaction: Therapeutic Potential

RAGE blockers in use

Blocking the interaction of AGEs with RAGE is a powerful approach to attenuate RAGE-mediated immuno-
inflammatory diseases. FPS-ZML1 is a small RAGE blocker that inhibits the binding of RAGE with the V-domain and
APB1-42, and it is used to treat Alzheimer's disease [29].Similarly, several studies show that cognitive decline and
neurodegenerative disorders can be reduced by inhibiting the RAGE interaction with AP [41], which induces oxidative
stress in endothelial and neural cells [42]. A small peptide (S100P) acts as a RAGE antagonist and suppresses
inflammation and growth of cancer cells by blocking its interaction with AGEs ligands [43]. The potent RAGE
antagonists Azeliragon, Papaverine, Emetine, and Fluorine-18 treat numerous RAGE-associated disorders [44,45].
Certain herbs also contain potential compounds that act as RAGE inhibitors and are used to treat numerous diseases [46].
Liquorice is one such powerful herb, in which the phytoconstituent glycyrrhizin is a potent inhibitor of RAGE.

Role of blocking RAGE in lung disorders

Aging and Smoking are the two major culprits that enhance the risk of COPD [47]. Cigarette smoke delivers toxins,
particularly glycotoxins (precursors of AGES), to the alveolar environment, making COPD worse [48] (Figure 1).
Furthermore, RAGE over expression stimulates NO (nitric oxide) synthase activity and increases NO level, whereas
glutathione (antioxidant) decreases; as a result, the activation of pro-inflammatory factors NF-kB increases eventually
leading to chronic inflammation [49]. Various studies claim that lung diseases are linked with RAGE expressions, such
as asthma, acute lung injury, respiratory distress syndrome, cystic fibrosis, interstitial lung disease, lung cancer, broncho-
pulmonary dysplasia, and COPD [50]. These conditions can potentially be improved by suppressing the expression of
RAGE. For example, RAGE inhibition improves lung ischemia [4], neutrophilic asthma [51], attenuates lung injury [52],
cigarette-smoke-induced-lung epithelial cell damage [53] and inhibits the growth of cancer cells [32]. Blocking RAGE
proves beneficial in fighting lung diseases, particularly COPD (Chronic Obstructive Pulmonary Disease). Several studies
show that pharmacologic RAGE blocking can be a protective methodology for treating cigarette smoke-induced lung
injury [54, 55]. An inhibitor, FPS-ZM1, can reduce lung inflammation and reverse emphysema [56].
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Role of HMGB1 antagonists in COPD

The high-mobility group box 1 (HMGBL1) is a nuclear protein that when released extra cellularly, acts as a pro-
inflammatory cytokine. By binding to receptors like RAGE, HMGBL1 can promote inflammation and contribute to
disease progression in various pulmonary conditions, including asthma and COPD [57]. The protein consists of 215
amino acid residues (with a molecular weight of 25-30 kDa) with two DNA-binding domains that are homologous in
nature (box A: amino acid 1-79; box B: amino acid 89-162), along with a long acidic C-terminal tail that is negatively
charged (amino acid 186-215) [58][Fig 2].

The C-terminal acidic domain of HMGBL1 also acts as a transcriptional activator [59]. The B-box of HMGBL1 can
trigger pro-inflammatory signals after extracellular stimulation, and the A-box demonstrates antagonistic effects [60].
The biological functions and activity of HMGBL1 are influenced by the interactions with various receptors, intracellular
partners, and extracellular partners. The residues 89-108 of HMGBL1 bind to Toll-like receptor (TLR) 4, increasing the
pro-inflammatory signaling [60], while the residues 150-183 play an important role in cell migration [61] and
inflammation by interacting with the receptor for advanced glycation end products (RAGE).
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Figure 2. The structure of the HMGBL1 protein.

The binding of HMGB1 with RAGE receptors causes a series of reactions, and progressively induces airway
inflammation in COPD [62]. Upon interaction with RAGE, it activates signaling pathways and stimulates the production
of chemokines such as TNF-a & IL-8 [63], and cytokines [64] that cause oxidative stress and inflammation. Glycyrrhizin
is the natural HMGB1-antagonist that binds to this protein and suppresses its expression [65]. Okuma et al found that
Glycyrrhizin binds to HMGB1 but not RAGE ; the formation of this glycyrrhizin-HMGB1 complex prevented HMGB1
from binding to RAGE in vitro [66]. Hu et al demonstrated that administration of glycyrrhizin reduced the expression of
HMGBL1, TLR4 and RAGE in an animal model [67].Glycyrrhizin has also been suggested to inhibit HMGBL1 release,
resulting in inhibition of the pro inflammatory cytokine-like activity of this protein. Thus, blocking or inhibiting the
expression of HMGB1, RAGE, AGEs, and other inflammation-induced receptors like TLR4 is a powerful protective
therapy against COPD.

Asafoetida: A Versatile Spice with Culinary and Medicinal Significance

Asafoetida (Hing or heeng) is the dried latex (oleo-gum resin) derived mainly from tap roots or rootstocks of various
Ferula species such as F. narthex, F. foetida , F. rubricaulis , F. alliacea , and F. asafoetida. Asafoetida is known as an
effective remedy to treat whooping cough, bronchitis, asthma, stomachache, ulcer, epilepsy, intestinal parasites,
antispasmodic, and common digestive disorders [68,69].
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Phytochemistry and pharmacological actions

The sesquiterpenecoumarins that have been isolated from asafetida are: feselol, ligupersin A, asacoumarin A, 8'-
O-acetyl-asacoumarin A, 10'R-karatavacinol and 10'R-acetyl-karatavacinol, farnesiferol A, gummosin and badrakemone,
fnarthexone and fnarthexol [70,71], Three known coumarin derivatives, conferol (3), conferone (4), and umbelliferone
(5), were also isolated from the plant Ferula narthex [71].

The compound 10'-R-acetyl-karatavacinol from Ferula narthex showed significant inhibition of a-glucosidase in
vitro. In the 15-lipoxygenase inhibition assay, 10’-R-karatavacinol showed high level of 15-lipoxygenase inhibition,
demonstrating potent anti-inflammatory properties [72]. Asafetida also displays remarkable antioxidant activity, which
can be attributed to its effective constituents such as monoterpenes, flavonoids, and phenolic components, known for
their antioxidant properties and their ability to inhibit lipoxygenase activity [73].

Crude root extracts of Ferula narthex showed a significant antibacterial effect against P.aeruginosa, E. coli ,S. typhi
and S. pneumoniae, and moderate antifungal activity against M. canis [71]. In a study conducted by Saleem in 2001, the
effect of asafoetida in early carcinogenesis was investigated. The findings indicated that asafoetida is a potent
antioxidant and can provide protection against free radical mediated diseases such as carcinogenesis [74].The
significant anti-glycation actions of ferula sesquiterpenecoumarins are described below.

Ameliorative Effect of Asafetida in COPD
Antiglycation Activity

Several phytochemicals present in Ferula narthex exhibit significant anti-glycation activity. In the BSA-glucose
(bovine serum albumin-glucose) test, the sesquiterpenecoumarin Ligupersin A displayed potent anti-glycation activity,
even surpassing the positive control aminoguanidine. Meanwhile, in the BSA-MGO (methylglyoxal) assay, another
sesquiterpenecoumarin called 8'-O-acetyl-asacoumarin A displayed significant anti-glycation activity, although it was
less active compared to aminoguanidine. The antiglycation activity of these ferula phytochemicals was due to both
oxidative and non-oxidative modes of inhibition [75]. By inhibiting glycation and the production of advanced glycation
end products, asafoetida can prevent the damaging effects of AGEs and the consequences of the AGE-RAGE interaction.

Anti-inflammatory activity

Ferula narthex also contains Fukanemarin B (1), fukanefuromarin E (2), and fukanefuromarin F. These compounds
have been shown to suppress the expression of the NO synthetase gene, thus inhibiting the nitric oxide (NO) production
in vitro in a murine macrophage-like cell line (RAW264.7) [76]. Nitric oxide (NO) is a signalling molecule that plays a
key role in the pathogenesis of inflammation.

Umbelliprenin is one of the major bioactive components found in Ferula asafoetida. It has been reported that
synthetic umbelliprenin exhibits anti-inflammatory and lipoxygenase inhibitory activity [77]. Lipoxygenase is involved
in the catalyzation process converting arachidonic acid found in membrane phospholipids into leukotriene pro-
inflammatory mediators, which can lead to diseases such as asthma and chronic obstructive pulmonary disease (COPD).
Therefore, the suppression of lipoxygenase has been considered beneficial in the treatment of these conditions [78, 79,
80].

Upon examining the anti-inflammatory activity of umbelliprenin using the carrageen in mouse paw edema model, it
was reported that umbelliprenin suppressed the inflammation process by up to 39% , which is a significant result [78].
Umbelliprenin from Ferula persica has been identified as a strong inhibitor of matrix metalloproteinases, along with
some other sesquiterpenecoumarins present in asafetida. Since matrix metalloproteinases plays a significant role in
various pathological diseases, thesesesquiterpenecoumarins are potential natural agents for the treatment of malignant
and inflammatory disorders [81].

In an open randomized clinical study, the effectiveness of Hingu-Pippali Yoga, a herbal formulation containing
asafetida (Heeng) and Pippali (Piper longum), on lung dysfunction was assessed. The trial group received the
authenticated and standardized test drug twice a day in a dose of 250 mg for 28 days, along with honey and sugar. Lung
function tests with a spirometer and a haemogram were conducted before starting the treatment and at the end of the
study to evaluate the results. The trial group showed significant reduction in subjective parameters such as, cough,
rhinitis and dyspnea. Pulmonary Function Tests demonstrated a significant increase in lung capacity in the trial group.
Furthermore, there was a significant reduction observed in eosinophil count and ESR (erythrocyte sedimentation rate).
Hingu-pippali yoga was found to be effective in reducing the respiratory disorder caused by air pollution and enhanced
the lung capacity of subjects [82].

Licorice in the Treatment of COPD
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Licorice (Glycyrrhizaglabra) is a small perennial herb belonging to the Fabaceae family. Its roots are widely used in
the health, pharmaceutical, and food industries worldwide [1]. Licorice contains a variety of components, including
amino acids, proteins, simple sugars, polysaccharides and mineral salts (calcium, iron, phosphorus, sodium, potassium,
zinc, copper, magnesium, silicon, selenium, manganese). It also contains starches, pectins, resins, gums, and sterols [83].
Moreover, licorice serves as a source of oestrogens, tannins, glycosides, coumarins, phytosterols, and vitamins (B1, B2,
B3, B5, E, and C [83]. Additionally, several biological compounds such as flavonoids, triterpenes, and saponins
(associated with sweet flavor) have also been discovered in licorice [84].

The primary active components of liquorice are Glycyrrhizin (GL) and glycyrrhetinic acid. [85]. The
pharmacological effects of both glycyrrhetinic acid and glycyrrhizin are the same since glycyrrhizin undergoes
metabolic processes to be converted into glycyrrhetinic acid [86]. These bioactive substances, along with other active
ingredients present in Licorice roots such as flavonoids, isoflavonoids, and glycyrrhizic acid have shown excellent
effects in the regulation of respiratory functions, immuno-regulation, antiinflammation, antineoplastic, and
hepatoprotection. Isoliquiritin is known for its anti-asthmatic, anti-diabetic, anti-atherogenic, anti-cancer, anti-microbial,
anti-inflammatory, and antispasmodic properties [2, 87].Moreover, licorice is also utilized in the treatment of cognitive
impairment, Alzheimer’s disease, and dementia [88].

Glycyrrhizaglabra has exhibited effectiveness in inhibiting airway constriction, eosinophil infiltration, airway
remodelling, hyper-reactivity, and airway inflammation [89]. Research has provided evidence that Glycyrrhizin (GL) and
glycyrrhetinic acid are effective in reducing the expression of inflammatory mediators [90]. The protective effects of
these bioactives against lung inflammation make them suitable candidates for the treatment of lung diseases associated
with inflammation. Another component, Isoliquiritigenin, a natural flavonoid extracted from licorice roots, has
demonstrated strong anti-inflammatory and antioxidant properties. The impact of isoliquiritigenin was investigated
against cigarette smoke-induced COPD in a mice study. The results revealed that isoliquiritigenin reduced inflammatory
cytokines and the infiltration of inflammatory cells. By regulating the NF-xf and Nrf2 signalling pathways,
isoliquiritigenin provides protection against COPD induced by cigarette smoke [91].

Studies have demonstrated the inhibitory effects of glycyrrhizic acid (GA) on the inflammatory response in Acute
lung injury (ALI) [92]. Qu et al., conducted a study in 2019 to investigate the effects of Glycyrrhizic acid (GA) on
lipopolysaccharide (LPS) induced ALI in mice. The study suggested that GA is capable of inducing autophagy through
the PIBK/AKT/mTOR path way to ameliorate ALI by suppressing the secretion of inflammatory factors including TNF-
a, IL-1B, and HMGB1 [93]. Furthermore, GA has been found to substantially reduce the levels of TGF-f1 in the lungs
while protecting mice from lung injury caused by thoracic irradiation [94]. Thoracic irradiation leads to a significant
increase in the expression of TGF-B1, proteins, Smad2, and Smad3 mRNA. It also increases mRNA levels of Smad7 in
lung tissue. GA counteracted the elevated expression of Smad2, and Smad3 mRNA, TGF-B1, and proteins in lung tissue,
and did not affect the mMRNA expression of Smad7. These findings indicate that GA possesses the ability to prevent
pneumonia caused by radiation exposure. This effect is associated with its ability to inhibit the activation of the TGF-
B1/Smads signaling pathway [94].

Chen et al. in 2021 investigated the effect of licorice on chronic obstructive pulmonary disease (COPD) and
concluded that the Mitogen-activated protein kinase (MAPK) signalling pathway is a crucial target of the primary
ingredients of licorice in protecting against COPD symptoms [95]. A KEGG enrichment analysis showed that the MAPK
signaling pathway was involved in the mediating activity of licorice [95]. The MAPK (Mitogen-Activated Protein
Kinase) pathway serves as a key regulator in stress, inflammation, differentiation, functional synchronization, apoptosis,
and cell proliferation. MAPK signal pathways play an important role in oxidative stress and inflammation reactions [96].

DISCUSSION

Chronic obstructive lung diseases, especially prevalent among smokers, have become increasingly common in the
general population . The rising pollution levels in larger cities have also contributed to the growing incidence of COPD
worldwide [97]. The link between COPD and cardio-vascular disorders emphasizes the need to find simple measures to
prevent and manage these conditions. In this regard, use of asafetida and liquorice in everyday meal dishes can prove to
be highly beneficial and cost-effective. Asafetida also known as heeng, is a commonly available spice in India.
Interestingly, despite being the world’s largest consumer of this spice, India does not produce it within its large and
geographically diverse landmass. As a result, India imports the entire asafetida quantity of asafoetida consumed from
central Asian countries [98].

The popularity of heeng in Indian cuisine can be attributed to the principles enshrined in Ayurveda, the traditional
Indian system of medicine. Ayurveda classifies Asafoetida as a substance that alleviates Vata disorders. As a
consequence of the advocacy in Ayurvedicformulations, heeng is commonly used to provide relief from intestinal
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bloating and aids passage of flatus per rectum. Asafetida, in its original form has a very powerful and concentrated
aroma, which is why it needs to be diluted considerably with starch before being marketed and used [99].

Advanced glycation end products ( AGEs) are indeed significant contributors to the pathogenesis of COPD [37].
Blocking the production of AGEs by asafetida is a crucial factor in ameliorating COPD. Additionally, asafetida’s anti-
oxidant and anti-inflammatory activities also contribute to alleviating COPD. The lipoxygenase inhibitory activity of
asafetida is particularly significant in this context, as it helps reduce the generation of leukotrienes [77]. Leukotrienes
play a central role in asthma and COPD through three primary mechanisms: promoting inflammation, inducing
bronchoconstriction, and stimulating mucus production [100]. Among these, cysteinyl leukotrienes (LTC4, LTD4, and
LTE4) are identified as the most significant broncho-constrictors, leading to airway obstruction associated with asthma
[101]. Leukotrienes promote the inflammatory process by attracting white blood cells to the lungs, increasing mucus
production and causing swelling of the lung lining by facilitating fluid accumulation. Blocking the formation of
leukotrienes is therefore crucial in alleviating the symptoms of COPD [102].

The advantages of using asafetida go beyond relieving symptoms of COPD, as it may have a role in reducing the
risk of developing lung cancer in COPD patients. The mechanisms of chronic inflammation in COPD and carcinogenesis
overlap, suggesting that herbs with inhibitory effects on carcinogenesis might offer therapeutic benefits for COPD [74].
In this regard , the study conducted by Saleem in 2001, assessing the role of asafetida in early carcinogenesis is
significant. Saleem applied a single dose of TPA (The phorbol ester 12-O-tetra-decanoylphorbol-13-acetate ), a known
tumor promoter topically to mice skin. This application resulted in a significant reduction in cellular antioxidant levels,
induced ornithine decarboxylase (ODC) activity, rate of DNA synthesis and hydrogen peroxide levels in mice skin. All
of these are early biomarkers of carcinogenesis. However, pretreating the animals with asafoetida recovered the
antioxidant levels and reversed the induced ODC activity and DNA synthesis significantly. These findings demonstrated
that asafetida acts as a potent antioxidant and can provide protection against early stages of carcinogenesis [74].

Glycyrrhizaglabra, commonly known as licorice or Mulethi, is primarily used in the industrial production of food
additives, sweetening agents, and flavours [103]. It is a popular flavouring component in various food products,
including candies, chewing gum, ice cream, soft drinks, and baked goods [84]. Licorice contains several
phytoconstituents that exhibit anti-oxidant and anti-inflammatory activities. Notably, glycyrrhizin has the ability to
bind to HMGBL1 and block the activation of RAGE by HMGBL1, providing anti-inflammatory effects. Additionally,
liquorice demonstrates anti-glycation activity, further enhancing its potential to reduce inflammation in COPD
[104,105].

COPD is characterized by exacerbations caused by repeated respiratory infections, which cause further deterioration
in lung function. In this context , Glycyrrhizaglabra has demonstrated significant antibacterial activity against various
bacterial strains in vitro [106.107,108,109]. Additionally, extracts of Glycyrrhizaglabra and glycyrrhizic acid have
shown potential inhibitory effects against several viruses, including herpes simplex, hepatitis A, B, and C, and influenza
virus [110]. Glycyrrhizic acid has also been found to inhibit virus multiplication and disrupt virus particles [111]. These
anti-bacterial and anti-viral activities of liquorice make it highly beneficial in preventing repeated bouts of respiratory
infections in patients of COPD. Moreover, the polysaccharide fractions of Glycyrrhizaglabra can stimulate macrophages,
potentially enhancing immune response. Glycyrrhizaglabra is also suggested to relieve upper respiratory tract congestion
by promoting bronchial mucosa secretion, which can aid in the treatment of bronchial cough, catarrh, and sore throat
[112].

Recommended dishes in which to use Heeng and Mulethi

Asafetida is commonly used in savory dishes, particularly in Indian cuisines, to add a unique and pungent flavor. It
is commonly employed in sauces, curries, meatballs, and pickles. Often referred to as the “food of gods”, or “Devil’s
dung”, asafoetida is a popular condiment in Indian vegetarian cooking [113]. It is also included in various spice
mixtures to enhance the taste of dishes. On the other hand, licorice is mostly employed as a flavoring agent in desserts
and mousses, offering a sweet and pleasant taste. It is widely used in various confectionary products, including candies
and sweets. In addition to its culinary uses, licorice also holds medicinal value and is extensively utilized in traditional
herbal medicine.

Indeed, Liquorice or mulethi is commonly used in Europe as flavor agent in confectionery. It possesses a sweet taste
that is approximately 30-50 times sweeter than sucrose, which is why it is called Yastimadhu in Sanskrit. This natural
sweetness makes it an ideal ingredient for use in custards, cakes and puddings. Additionally a pinch of powdered
liquorice can be added to most sweets to enhance theirflavor while providing potential health benefits. In traditional
remedies, small pieces of raw mulethi sticks can also be slowly sucked to provide relief from sore throat and coughs.
This natural remedy has been used for its soothing properties and potential benefits in alleviating throat irritation and
cough symptoms.
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Conclusion

COPD is a highly prevalent respiratory disorder worldwide. Excessive free radical and AGE production in the body
and lungs have been implicated in the pathogenesis and further clinical deterioration of patients suffering from this
condition. The sesquiterpenecoumarins present in asafetida , and the glycyrrhizin in liquorice roots have been found
useful in decreasing oxidation processes and blocking the actions of AGEs. These actions of these two herbs can prove
useful in ameliorating COPD and preventing worsening of symptoms. Both liquorice and asafetida can easily be
incorporated into our daily dietary regimen, and provide a savory and pleasant way to alleviate the symptoms of COPD.
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