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Abstract Herbal medicinal products are widely

considered beneficial and gaining importance in

preventing and treating several diseases. Urtica dioica

L. (UD) is a medicinal plant that has been used as an

herbal remedy and dietary supplement for centuries

based on traditional experience or random trials

without the know-how of phytoconstituents. UD is

one of those herbs with a long record of anti-

inflammatory activity and several mechanisms of

action have been discussed. Plant part, extraction

solvent, and phytoconstituents have a determinant

effect on both efficacy and therapeutic objective.

Current literature mainly elaborates on the antioxidant

effect of Urtica species, with the anti-inflammatory

role of UD still being a matter of discussion, as in vitro

and in vivo studies have only been characterized to

such an extent. In order to elaborate on this topic, the

present review aims to characterize the anti-inflam-

matory action of several UD extracts according to

in vitro and in vivo results, as well as the possible

molecules and respective mechanism responsible for

its anti-inflammatory effect on several pathologies.

Despite the knowledge gathered so far surrounding the

anti-inflammatory activity of UD, further studies are
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required to characterize the mechanism of action and

discriminate between the molecules underlying the

beneficial effects of nettle on inflammatory diseases.

Keywords Anti-inflammatory � Inflammation �
Nettle � Stinging nettle � Urtica dioica

Introduction

Inflammatory diseases are globally prevalent and

more than 50% of all deaths are attributed to

inflammation-related pathologies (Furman et al.

2019). Inflammation is an evolutionarily conserved

host defense mechanism that protects humans from

pathogens, internal or external (e.g., bacteria, viruses

and toxins) and maintains homeostasis under noxious

conditions (Renz et al. 2017; Netea et al. 2017;

Bennett et al. 2018; Fleming et al. 2018; Roth et al.

2018). Normally, inflammatory responses are quick in

action and self-limited, classified as ‘‘acute inflam-

mation’’, and initiate during infection via interaction

between pattern-recognition-receptors (PPRs)

expressed on innate immune cells and pathogen-

associated molecular patterns (PAMPs). On the other

hand, the acute inflammatory response can also be

activated by damage-associated molecular patterns

(DAMPs) released in response to physical, chemical,

or metabolic noxious stimuli during cellular stress or

damage (Netea et al. 2017). Platelets and granulocyte

cells, namely, basophils, mast cells, neutrophils, and

eosinophils, are activated, producing a large variety of

soluble mediators that upregulate the inflammatory

response, but neutrophils are recognized as the

primary cell modulators of the acute response due to

their enriched variety of enzymes, peptides, and

proteins (Germolec et al. 2018). However, standard

biomarkers for indicating health-damaging chronic

inflammation are yet to be identified, but the correla-

tion between the inflammatory process and the

increase in mortality and comorbidity appearance

has long been investigated. Therefore, canonical

biomarkers of the acute inflammatory response are

used to measure morbidity and mortality (Germolec

et al. 2018; Furman et al. 2019).

Inflammatory pathologies are increasingly becom-

ing harder to treat and require longer duration

therapies, in most cases, having a high burden not

only on medical services but also on patient quality of

life (Ponder and Long 2013; Yatoo et al. 2018).

Synthetic drugs are one of the most prescribed

medicines for anti-inflammatory purposes, but despite

their effectiveness and rapid effect, these medicines

have limited application due to their serious side

effects, cost, and availability across countries (Brown

et al. 2006; Rainsford 2007; Chen et al. 2008; Bacchi

et al. 2012; Bindu et al. 2020). Nevertheless, herbal

medicines have long been used due to their potential to

provide efficacious treatment for inflammatory dis-

eases with traditional medicine and natural herbal

products being increasingly used as a natural way of

counteracting the limitations of anti-inflammatory

drugs.

Urtica dioica L. (UD) is an annual perennial

flowering plant belonging to the Urticaceae family,

growing in temperate regions in several parts of the

globe (e.g., Asia, Europe, North Africa, and North

America) with wet, rich soils. It is distinguished by its

many stinging hairs on its leaves and stems that, when

touched, cause a reaction called ‘‘urticaria’’, owing to

the presence of formic acid and histamine (Roschek

et al. 2009; Genc et al. 2011; Hajhashemi and

Klooshani 2013; Irgin et al. 2016; Carvalho et al.

2017; Ghasemi et al. 2019; Hodroj et al. 2020;

Kasouni et al. 2021; Taheri et al. 2022; Bhusal et al.

2022; Devkota et al. 2022; Namazi et al. 2022). All

plant components are used for extract preparation and

have several pharmacological properties owing to

their etiology (flavonoids, tannins, volatile com-

pounds, fatty acids, steroids, terpenes). It also contains

a balanced protein and high mineral and vitamin

content, which endows this plant with great dietary

capacity (Bhusal et al. 2022).

Current literature regarding the anti-inflammatory

characteristics of UD is in expansion but a review is

yet to be made as there is an enormous medical

prospect for this herb. Over the past few decades,

scientific data based on observational studies, clinical

trials, reports, and several other investigations have

been conducted regarding its anti-inflammatory action

on several pathologies. Furthermore, there is an

emerging need for clinical trials to evaluate this

species’ extracts and possible molecules responsible

for its action. Therefore, this review aims to evaluate

existing literature regarding the anti-inflammatory

action of UD, as well as the inflammatory pathways

involved, together with possible phytochemicals
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responsible for its downregulatory mechanism. Con-

cluding evidence from this review highlights the anti-

inflammatory role of UD with both in vitro and in vivo

studies further establishing this species as a therapeu-

tic approach to inflammatory-derived diseases.

Methodology

Source and search strategy

An electronic literature search was developed using

the following online databases: PubMed, Elsevier, and

ResearchGate. The search employed relevant key-

words, namely ‘‘anti-inflammatory’’, ‘‘inflammation’’,

‘‘stinging nettle’’, ‘‘nettle’’ and ‘‘Urtica dioica.’’ The

resulting literature published in the English language

was explored, and pertinent information was included.

Inclusion and exclusion criteria

The primary search results underwent a screening

process, wherein irrelevant papers were excluded

based on their title, abstract, and overall content.

Studies that did not assess inflammatory markers were

omitted or earmarked for subsequent analysis. Addi-

tionally, articles that explored specific phytochemicals

derived from Urtica dioica without explicitly address-

ing their involvement in inflammation were also

excluded because the present review aims to elaborate

on the anti-inflammatory potential of UD and its

phytochemistry in response to inflammation. Further-

more, investigations focusing on natural, synthetic, or

semi-synthetic components isolated from non-herbal

sources were also rejected.

Data extraction

A reference manager was employed to comprehen-

sively gather and systematize bibliographic sources.

Publications were examined for duplicates and sub-

jected to an in/out process, following the inclusion/

exclusion criteria. Each study deemed relevant under-

went thorough reading, and pertinent information was

highlighted in order to retrieve data for this review.

The final selected articles, which will be expounded

upon in this work, encompass essential details such as

dosage, extract type, methodology, study design, and

outcomes. These data have been categorized into

Table 1 (bioactive compounds present in aerial parts

and roots), Tables 2 (in vitro studies), and 3 (in vivo

studies).

Botanics

Urtica dioica L. is a perennial flowering plant

belonging to the Urticaceae family. It is a stinging

plant that thrives worldwide, primarily in nitrogen-

rich humid hills and plains of the Mediterranean soils,

except for tropical regions and in the Antarctic

continent, favoring temperate and shaded areas. The

plant’s stem is characterized by its green color, erect

posture, hollow to solid structure, and fibrous compo-

sition, adorned with numerous fine stinging hairs and

trichomes. The leaves are dark green and paler

beneath, possessing stipules and serrated margins,

with an oblong or ovate shape featuring a cordate base.

From May to September, small reddish to greenish-

white flowers emerge, predominantly in a dioecious

manner, producing black to dark-brown seeds in early

August (Taheri et al. 2022; Bhusal et al. 2022).

Nettle holds a profound historical background,

tracing its utilization in human populations back to at

least 2000 years ago. However, its pharmacological

properties and chemical structure were not fully

appreciated until a century ago (Ait et al. 2015).

Traditionally, this botanical species has served as a

source for nourishment and traditional medicinal

remedies, with all parts of the plant being employed

in a variety of preparations, including teas, salads,

ointments, soups, infusions, decoctions, and liquid

extracts (Upton 2013). The widespread use of nettle in

folk medicine transcends geographical boundaries.

Infusions made from nettle leaves have been used to

address ailments such as diarrhea, vaginal discharge,

and both internal and external bleeding (Tucakov

1997), while the consumption of nettle leaves in soups

and dishes is believed to strengthen the body (Gulsel

2003; Council of Europe 2008). Fresh nettle juice is

highly regarded as a remedy for various forms of

bleeding, whether originating from the nose, lungs, or

other internal organs, whereas inhalation of dried

nettle leaves offers relief for asthma and similar

bronchial conditions, and the entire plant is utilized in

addressing sciatica, early stages of wasting, respira-

tory difficulties, cardiac ailments, coughs, palsy,
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Table 1 Bioactive compounds found in the aerial parts and roots of Urtica dioica

Compound

class

Plant part and bioactive compounds References

Aerial parts Roots

Carotenoids b-carotene and its isomers, lutein

and its isomers, lutein epoxide,

luteoxanthin, violaxanthin,

xantophylls, zeaxanthin

– (Kudritsata et al. 1987; Guil-

Guerrero et al. 2003)

Coumarins Esculetin, scopoletin Esculetin, scopoletin (Orcic et al. 2014; Francišković et al.

2017; Grauso et al. 2020)

Lignans – Dehydrodiconiferyl alcohol,

isolariciresinol, neo-olivil,

pinoresinol, secoisolariciresinol

(Schöttner et al. 1997a, b)

Phenolic

compounds

Caffeic acid, caffeoylmalic acid,

chlorogenic acid, cinnamic acid,

citric acid, esculetin, ferulic acid,

fumaric acid, gallic acid, gentisic

acid, neochlorogenic acid, p-
coumaric acid, p-hydroxybenzoyc
acid, phosphoric acids,

protocatechuic acid, quinic acid,

sinapic acid, scopoletin, syringic

acid, vanillic acid

Ferulic acid, gentisic acid,

neochlorogenic acid, p-coumaric

acid, p-hydroxybenzoic acid,

protocatechuic acid, quinic acid

(Beschia et al. 1982; Kraus and

Spiteller 1991; Obertreis et al.

1996a; Proestos et al. 2006; Pinelli

et al. 2008; Otles and Yalcin 2012;

Gül et al. 2012; Orcic et al. 2014;

Francišković et al. 2017)

Flavonoids Amentoflavone, apigenin, apigenin

7-O-b-D-glucoside, apiin,
baicalein, baicalin, catechin,

catechin hydrate, chrysoeriol,

epicatechin, epigallocatechin

gallate, genistein, isorhamnetin,

isorhamnetin 3-O-glucoside,

isorhamnetin-3-O-rutisonide,

kaempferol, kaempferol 3-O-

rutinoside, kaempferol-3-O-

glucoside, luteolin, luteolin 7-O-b-
D-glucoside, peonidin 3-O-(60 0 -O-
p-coumaryl-glucoside), peonidin

3-O-rutinoside,quercetin-3-O-

glucoside, rutin, quercitrin,

rosinidin 3-O-rutinoside

3,4-divanillytetrahydrofuran,

myricetin, isorhamnetin,

kaempferol, kaempferol-3-O-

rutinoside, quercetin, quercetin-3-

O-glucoside, rutin

(Chaurasia and Wichtl 1986, 1987;

Ellnain-Wojtaszek et al. 1986;

Wagner et al. 1989; Schöttner et al.

1997a; Akbay et al. 2003; Proestos

et al. 2006; Pinelli et al. 2008;

Otles and Yalcin 2012; Orcic et al.

2014; Francišković et al. 2017)

Lectins – Urtica dioica agglutinin (Shibuya et al. 1986; Van Damme

et al. 1988)

Fatty acids

and

ceramides

a-Linolenic acid, cis-11,14-
eicosadenoic acid, cis-13,16-
dodosadienoic acid, arachidic acid,

arachidonic acid, behenic acid,

erucic acid, gondoic acid,

henecosanoic acid, heptadecanoic

acid and its isomers, lauric acid,

lignoceric acid, myristic acid, cis-
9,12-linoleic acid, myristoleic acid,

nervoic acid, palmitic acid,

palmitoleic acid, stearic acid, cis-
9-oleic acid, tricosanoic acid

a-Linolenic acid, cis-9,12-linoleic
acid, cis-9-oleic acid, erucic acid,

gondoic acid, palmitic acid,

palmitoleic acid, stearic acid

(Guil-Guerrero et al. 2003; Ðurović

et al. 2017; Durović et al. 2018)
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suppression of menstrual flow, rheumatism, and

muscular fatigue (Kirtikar and Basu 2008).

Bioactive compounds

Medicinal plants owe their therapeutic effects to their

enriched multi-diverse chemical composition, which

can be influenced by factors such as the plant part

used, harvesting time, and geographic location. These

plant metabolites find applications in both food and

pharmaceutical industries, with functional foods and

supplements capturing a significant market share, as

European consumers alone spend over 2 billion dollars

annually on herbal medicinal products (Fisher and

Ward 1994; Veiga et al. 2020).

UD has been used as a natural remedy for ages in

several treatments (e.g., diabetes, colitis, rhinitis,

rheumatism, asthma, cardiovascular diseases, neu-

rodegenerative diseases, and cancer) due to its diverse

nutraceutical composition (Ait et al. 2015; Jan et al.

2017). Various species ofUrtica are reported to be rich

sources of mineral and nutritional content with diverse

amino acid, fiber, carbohydrate, lipid, and vitamin

composition (Kregiel et al. 2018; Taheri et al. 2022;

Bhusal et al. 2022; Devkota et al. 2022). UD has an

enormous chemical diversity with immense therapeu-

tic potential. Various phytochemicals are reported

from different parts of the plant, including flavonoids,

phenolic acids, carotenoids, fatty acids, steroids, and

several others (Shibuya et al. 1986; Van Damme et al.

1988; Wagner et al. 1989; Schöttner et al. 1997a; Ait

et al. 2015; Jan et al. 2017). However, due to

ethnobotanical considerations, its nutraceutical com-

position may vary across seasons, resulting in fluctu-

ations in phytochemical values (Paulauskien _e et al.

2021).

Considering the huge medicinal potential of UD,

research has been conducted to catalog and investigate

the pharmacological potential of its phytochemical

composition. Different species of Urtica have been

studied, and their chemically rich and diverse compo-

sition can be grouped according to their relative

abundance in specific plant parts, with roots and leaves

being those with an increased focus. UD has already

been substantially characterized and numerous phy-

tochemicals, including flavonoids, phenolic acids

(hydroxybenzoic acid and cinnamic acid derivatives),

amino acids, carotenoids, organic acids, and fatty

acids are described from the different plant parts,

although most of the studies are focused on leaves

aqueous and hydroalcoholic extracts (Devkota et al.

2022) (Table 1).

Anti-inflammatory potential

The anti-inflammatory activity of UD has long been

studied and its effectiveness has been confirmed in

various settings, including in vitro, in vivo, and

Table 1 continued

Compound

class

Plant part and bioactive compounds References

Aerial parts Roots

Steroids and

triterpenoids

– (60-O palmitoyl)-sitosterol-3-O-b-D-
glucoside, 3-b-sitosterol,
stigmasterol, 7a-hydroxy-
sitosterol, 7a-hydroxy-sitosterol-b-
glucoside, 24R-ethyl-5a-
cholestane-3b,6a-diol, 7b-
hydroxy-sitosterol, 7b-hydroxy-
sitosterol-b-D glucoside,

campesterol, hecogenin, sitosterol-

b-D-glucoside, b-sitosterol-3-O-b-
glucoside, bicyclo[3.1.1]hept-2-

ene-2,6-dimethanol, 6-methyl-,

(1a,5a,6a)-(9CI),
bicyclo[3.1.1]heptane-6-methanol,

2-hydroxy-6-methyl-,

(1a,2b,5a,6a)-(9CI)

(Chaurasia and Wichtl 1986, 1987;

Kraus and Spiteller 1991; Mamta

and Preeti 2014)
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through limited clinical trials. Traditional medicine

has also proved to act directly or indirectly in

managing diseases with inflammatory background

(Klingelhoefer et al. 1999; Riehemann et al. 1999;

Broer and Behnke 2002; Konrad et al. 2005; Toldy

et al. 2005, 2009; Criado et al. 2006; Roschek et al.

2009; Denzler et al. 2010; Namazi et al. 2011, 2022;

Genc et al. 2011; Vafaee et al. 2012; Hajhashemi and

Klooshani 2013; Oguz et al. 2013; Johnson et al. 2013;

Dar et al. 2013; Yilmaz et al. 2014; Daneshmand et al.

2016; Kaya et al. 2016; Patel et al. 2016, 2018;

Zemmouri et al. 2017; Bisht et al. 2017; Pigat et al.

2019; Karami et al. 2020; Saponaro et al. 2020;

Kasouni et al. 2021; Shahzad et al. 2021;Mannila et al.

2022).

Inflammation is a complex series of physiological

events (Di Lorenzo et al. 2013), with different

inflammatory pathways leading to changes in the

intended phytochemical extract content (disease type

and extent, plant parts, and extraction solvent are

crucial variables). Phytoconstituents with proven anti-

inflammatory action such as alkaloids, phenolic com-

pounds, and steroids act through different mechanisms

to target inflammation by inhibiting one or more

enzymes, proteins, factors, or hormones, and may

affect inflammatory pathways or favor anti-inflamma-

tory mechanisms (Yatoo et al. 2018). However, the

molecular mechanisms by which this species

decreases the inflammatory status are still not fully

understood and several inflammatory models are being

employed for investigating its anti-inflammatory

potential (Yatoo et al. 2018).

Most research methods that study the inflammatory

mechanism involve induction of inflammation fol-

lowed by UD administration and monitoring of

inflammatory markers using biochemical, chemical,

and cell-based assays. Proinflammatory markers are

the most used means of investigating inflammatory

progression in both in vivo and in vitro models, in

addition to providing targets for potential anti-inflam-

matory phytoconstituents. Technique and parameter

optimization are ways of enhancing performance, and

changes in inflammatory models allow for comparison

of results (Ansar and Ghosh 2016; Germolec et al.

2018).

Inflammation leads to cellular membrane damage,

and phospholipids play a key role in this process.

Monitoring their metabolism and enzyme activity are

essential parameters studied as a way of understanding

the inflammatory mechanism. Proinflammatory

cytokines, such as interleukins and tumor necrosis

factor alpha (TNF-a), are upregulated in inflamma-

tion, and most studies monitor these molecules as their

decrease is proven to be a signal of inflammatory

cease, further supported by histological findings

(Walport et al. 1992; Kyriakis 1999; Riehemann

et al. 1999; D’Haens 2003; McCoy et al. 2008; Harms

et al. 2011; Josiah et al. 2022). Nevertheless, phos-

pholipid degradation also occurs, through phospholi-

pase A2, producing arachidonic acid, but either

cyclooxygenases (COXs) or lipoxygenases (LOXs)

need to act to promote metabolization. Several UD

phytoconstituents act on this pathway, and their anti-

inflammatory action on COX and LOX has already

been confirmed. As so, these molecules have been

extensively quantified to show the progression of

inflammatory activity (Clark et al. 1991; Roschek et al.

2009; Dennis et al. 2011; Arnold et al. 2015). Several

of the phytoconstituents of UD have demonstrated to

possess anti-inflammatory potential, such as kaemp-

ferol (Zhang et al. 2022), quercetin (Zhang et al.

2022), rutin (Zhang et al. 2022), baicalein (Liao et al.

2021), isorhamnetin (Gong et al. 2020), luteolin (Aziz

et al. 2018), scopoletin (Sakthivel et al. 2022), b-
sitosterol (Zhang et al. 2023), stigmasterol (Jie et al.

2022) and campesterol (Nazir et al. 2024).

Additionally, UD has proven antioxidant activity in

a variety of diseases by either reducing oxidant levels,

or increasing levels of antioxidants, thereby prevent-

ing the initiation and progression of inflammation, and

further supporting its anti-inflammatory effect (Bisht

et al. 2017; Carvalho et al. 2017; Kim et al. 2018;

Shabir et al. 2022; Chira et al. 2022; Jaiswal and Lee

2022; Uğur and Güzel 2023).

As inflammation is a complex series of physiolog-

ical interactions, analysis of inflammatory markers

alone may not fully confirm the inflammatory status.

As so, additional markers that act indirectly on

inflammation, visual observations, and histopatholog-

ical results are also used for supporting diagnosis.

In vitro data

Multiple sclerosis

Multiple sclerosis is a chronic, inflammatory, and

progressive neurodegenerative disease of the central

nervous system (CNS) with a likely autoimmune
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etiology that causes demyelination in white and gray

matter, loss of oligodendrocytes and axons, and

activation of microglia (Turturici et al. 2014). The

disease is believed to be caused by: (1) an inappro-

priate immune T cell-mediated response (T helper 1

(Th1) and T helper 17 (Th17) cells) against myelin or

other antigens (McFarland and Martin 2007); or (2) an

inflammatory response caused by the host’s aberrant

immune response (Stys et al. 2012). In a recent study

(Namazi et al. 2022), a immunoassay analysis of brain

tissue from multiple sclerosis (MS) models revealed

that UD hydroalcoholic extract administration for

21 days led to a dose-dependent decrease in heat-

shock protein (HSP) 70, although no effects were

observed in HSP60. Accordingly, histopathological

results showed that nettle extracts caused a dose-

dependent reduction in myelin degradation and accel-

erated remyelination.

HSPs are a molecular chaperone family located

both intracellularly and extracellularly in CNS cell

types, including neurons, glia, and endothelial cells

(Foster and Brown 1997). In response to stressors,

such as inflammation, HSPs are thought to exert

neuroprotective roles by preventing protein aggrega-

tion, misfolding, and inducing antiapoptotic mecha-

nisms (Mosser and Morimoto 2004; Beere 2004; Benn

and Woolf 2004; Lanneau et al. 2007). Extracellular

HSPs contribute to the induction of the innate immune

response through interactions with dendritic cells

(DCs) or macrophages, as well as to the enhancement

of adaptive immunity and interaction with both tool-

like receptors (TLRs) and scavenger receptors

(Calderwood et al. 2007). HSP60 can be recognized

through TLR2 and TLR4 (Wallin et al. 2002; Roelofs

et al. 2006; Warger et al. 2006), and its self-activation

due to stress (Quintana and Cohen 2005; Henderson

and Pockley 2010) stimulates the release of several

proinflammatory cytokines, which are thought to be

responsible for neurodegeneration and autoimmunity

in MS, as evidenced through analysis of biomarkers in

MS patients (Bsibsi et al. 2002; Sloane et al. 2010;

Labib et al. 2022). Activation of TLR signaling

(mainly via TLR4) in DCs and macrophages through

high concentrations of HS60 promotes inflammation

via diverse mechanisms, such as maturation of DCs,

increased antigen presentation, and secretion of

proinflammatory cytokines (Quintana and Cohen

2011). Additionally, autoantibodies to self-HSP60

have been identified in MS (Selmaj et al. 1991, 1992;

Quintana et al. 2008), and their immune response-

regulating activity has been confirmed in MS animal

models (Gao et al. 1995; Birnbaum et al. 1998).

HSP60’s inflammatory activity is dose-dependent and

may be carried out through signals via monocytes, B

cells, and effector T cells. On the other hand, the

HSP70 family can be divided into HSP70 intracellular

proteins, exerting cytoprotective functions as chaper-

ones, and extracellular HSP70, acting as immunomod-

ulatory factors, triggering immunological responses.

HSP70s exacerbate the immune response by acting as

adjuvants for myelin peptides and as proinflammatory

cytokines (Fleshner and Johnson 2005). Extracellular

HSP70s trigger an innate immune response through

interaction with TLR-2, TLR-4, and CD14 costimu-

latory signaling (Asea et al. 2002), and, in addition to

DC activation and maturation, they also lead to the

activation of nuclear factor kappa-light-chain enhan-

cer of activated B cells (NF-jB), inducing proinflam-

matory cytokine production (Basu et al. 2000; Moroi

et al. 2000; Asea et al. 2000) with this overexpression

occurring in CNS lesions of MS patients and animal

models of MS (Aquino et al. 1993, 1997; Gao et al.

1995; Chabas et al. 2001). Accordingly, one study

(Cwiklinska et al. 2020) revealed that inhibition of

HSP70 not only reduced Th17 gene expression and

alleviated autoimmune demyelination, but also hin-

dered specific microsomal (mi) ribonucleic acid

(RNA) (miRNA) functions that cause the expression

of Th17 genes. Thus, aberrant HSP70 expression may

be involved in MS by exacerbating or contributing to

the inflammatory environment. Accordingly, nettle

extracts on MS mice models led to a decrease in

HSP70 levels, which were significantly elevated

before treatment (Namazi et al. 2022).

Considering the results and the aforementioned

findings, nettle might downregulate the inflammatory

response through HSP expression. However, as there

is limited literature regarding UD and its anti-inflam-

matory role in HSPs, along with an extended debate on

the exact mechanism behind HSP’s immunoregulatory

function, further studies are required to assess the

possible anti-inflammatory mechanism of UD on MS.

Asthma

The downregulatory effect of UD on asthma through

its anti-inflammatory mechanism presents a possible

therapeutic target for this chronic inflammatory
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disease. Asthma is characterized by epithelial damage,

overproduction of growth factors and proinflamma-

tory cytokines, mucous gland hyperplasia with mucus

hypersecretion, airway smooth muscle remodeling

with hypertrophy, bronchial hyper-responsiveness and

activation of inflammatory cells (e.g., mast cells, T

cells, eosinophils, and neutrophils) (Bradding 2008).

A 2021 study (Shahzad et al. 2021) evaluating the

antihistaminic potential of several plant extracts,

including UD, revealed that treating mice with aque-

ous nettle extracts increased leukocyte count and

decreased eosinophil count and mast cell degranula-

tion. Eosinophil infiltration in the lungs contributes to

the release of several cytokines and chemokines. The

eosinophil count reduction has shown effective out-

comes in asthmatic patients treated with anti-cytokine

antibodies, particularly IL-5 (Leckie et al. 2000; Kips

et al. 2003; O’Byrne 2006; Flood-Page et al. 2007),

which supports the premise that eosinophil count

correlates with asthma severity (Bousquet et al. 2000).

However, the exact extent to which UD affects

eosinophil recruitment remains controversial, as other

studies investigating biochemical parameters follow-

ing UD treatment did not show evident or significant

variations in eosinophil concentration (Criado et al.

2006). Conversely, administration of nettle seeds

extract in asthmatic mice models has been proven to

significantly decrease eosinophil count (Irani et al.

2020). According to these findings, further investiga-

tion ought to be carried out to establish the downreg-

ulatory action of UD on eosinophil count.

Additionally, UD treatment in asthmatic mice

decreased mast cell degranulation. Mast cells greatly

vary in their cytokine and proteolytic content, with

degranulation releasing preformed and newly gener-

ated cytokines (Theoharides et al. 2012) that regulate

both immunoglobulin (Ig) E synthesis and eosinophi-

lic inflammation development (Bradding and Holgate

1999; Bradding et al. 2006). However, the exact

mechanisms leading to chronic mast cell activation in

asthma remain unknown, and additional research is

required to elucidate the reasons behind the anti-

inflammatory effect of UD extracts observed through

reduced mast cell degranulation. Finally, blood anal-

ysis from asthmatic rodent models also indicated an

increase in leukocyte count. Upon inflammation,

blood–vascular endothelial cells (ECs) upregulate

adhesion molecules and chemokines to support

dynamic EC-leukocyte interactions and allow

leukocytes to cross the EC barrier and reach the site

of inflammation (Hopkin et al. 2019). Dysregulation of

these processes occurs in chronic inflammatory dis-

eases, contributing to disease progression. UD extracts

have been shown to increase white blood cell recruit-

ment in other species (Saeidi et al. 2017); however,

despite extensive literature research, results regarding

the correlation between UD and leukocyte count via

inflammatory markers remain elusive.

Dermal wounds

A 2021 study (Kasouni et al. 2021) was conducted to

assess the wound-healing potential of UD and its

correlation with its anti-inflammatory activity. The

results revealed that treated rats had more mature

inflammatory granulomatous tissue and fewer chronic

inflammatory cells, as compared to untreated mice

within the same period. Both doses of UD extract

administered daily for 5 and 10 days decreased the

overall inflammatory status, although a lower dose of

UD provided better macro and microscopical results,

with treated animals exhibiting reduced edema and

capillary blood vessels, along with more mature ECs.

Furthermore, complete re-epithelialization was

observed with concomitant growth of fibrous connec-

tive tissue. Moreover, rat models treated with the

extract healed 3–4 days faster as compared to those

left untreated and 2 days faster compared to a

commercially available formulation, with the new

tissue, in those treated with the extract, exhibiting

better histopathological characteristics. Additionally,

the overall healing and restructuration of the dermal

and epidermal tissue was faster and provided better

results in UD-treated groups. Moreover, spectropho-

tometric analysis indicated that the UD extract had a

dose-dependent stabilizing effect on erythrocyte

membranes in human blood. Stabilization of red blood

cells is considered a valid model for indicating anti-

inflammatory activity, as it prevents lysosome lysis,

and erythrocytes share morphological similarities with

these structures (Anosike et al. 2012). Additionally,

spectrophotometric analysis of a serum sample from a

bovine specimen revealed that mixing the sample with

the aqueous nettle extract ceased albumin denaturation

in a dose-dependent way. A substance able to inhibit

protein denaturation may have anti-inflammatory

activity: protein denaturation is correlated with the

occurrence of the inflammatory response as
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inflammation occurs in the vascularized tissue fol-

lowed by a conspicuous accumulation of leukocytes

since the denaturization of albumin constituents of

cells or intercellular substance increases permeability

of blood vessels(Osman et al. 2016).

Quercetin is a molecule present within UD with

promising dermatological healing characteristics due

to its angiogenic and anti-inflammatory activity

(Gopalakrishnan et al. 2016). Mi et al. (2022) evalu-

ated the healing effect of quercetin on cutaneous

wound models in vivo and in vitro, along with its

involvement in the Wingless-related integration site/

beta-catenin (Wnt/b-catenin) pathway and telomerase

reverse transcriptase (TERT) mechanisms. It was

found that quercetin significantly contributed to

wound recovery as it could promote the proliferation

and migration ability of skin cells included in the

epidermis, dermis, and subcutaneous tissue together

with an anti-inflammatory effect. These results were

supported by reduced levels of cytokines TNF-a,
interleukins (IL) 1 betta (IL-1b) and IL-6, and an

increase in expression of fibroblast growth factor

(FGF) and smooth muscle actin alpha (a-SMA),

together with a reduction in antioxidant factors. In

regards to Wnt/b-catenin, in treated groups, its

expression was significantly increased. The Wnt

signaling pathway is involved in the development of

inflammation by interacting with other inflammatory

pathways, such as NF-jB and mitogen-activated

protein kinases (MAPKs), and cytokines participate

in its regulation, such as TNF-a activating b-catenin
via the protein kinase B (ATK) pathway and IL-1b
activating Wnt/b-catenin via the NF-jB pathway

(Moparthi and Koch 2019). Moreover, the synergic

role of quercetin in promoting angiogenesis and

participating in wound repair has also been described

(Zhang et al. 2018). Additionally, quercetin treatment

in wounded rats increased the expression of the TERT

gene, with studies having reported that TERT inhibi-

tion is always associated with the inhibition of Wnt/b-
catenin signaling (Yang et al. 2017). Not only, but

TERT is also involved in free radical scavenging

exerting an antioxidant effect, thus possibly downreg-

ulating the inflammatory cascade (Attia et al. 2010).

Considering the results from cutaneous wound

models regarding the anti-inflammatory action and

ability to heal injured dermal tissue, UD may prove to

act on wound recovery favoring an anti-inflammatory

effect via quercetin (Gopalakrishnan et al. 2016; Mi

et al. 2022). The increased levels of growth factors

through Wnt/b-catenin signaling and the elevated

expression of TERT protein may reveal the possible

anti-inflammatory mechanism of quercetin and its

ability to heal injured dermal tissue.

Benign prostatic hyperplasia

Benign prostatic hyperplasia (BPH) cell line BPH-1

and prostate cancer cell line PC3, used as a method for

studying the anti-inflammatory impact of UD extracts

on the hyperproliferation of prostatic epithelial and

stromal cells, showed that reactive oxygen species

(ROSs) reduction is implicated in the decrease of NF-

jB inflammatory pathway and causes decreased

secretion of inflammatory cytokines (Saponaro et al.

2020). A combined mixture containing hydroethanolic

UD roots extract revealed through microscopical

analysis a decrease in the translocation of NF-jB in

the cell nuclei in both in vitro models over a 24-h

period. Nevertheless, quantitative polymerase chain

reaction qPCR followed by immunoassay revealed that

a decrease in IL-6 and IL-8 messenger RNA (mRNA)

expression was only observed in BPH-1 cell lines, with

the latter having the most notorious influence. The

difference in results, by making use of in vitro BPH

models, together with an androgen-independent pros-

tate cell model (PC3), highlights the tissue specificity

of the commercially approved combined mixture and

possibly, for the interest of the present review, the

specificity of UD (Saponaro et al. 2020).

Transcription factors of the NF-jB family are

essential for the expression of proinflammatory gene

products, including cytokines IL-6 and IL-8. In BPH,

IL-6 activates B lymphocytes and regulates epithelial

cell growth, which is positively associated with a dose-

dependent risk of BPH. Conversely, IL-8 is actively

secreted by epithelial and stromal cells in response to

proinflammatory cytokines, attracting lym-

phomononuclear cells expressing chemokine recep-

tors into the prostate and inducing stromal and

epithelial overgrowth (De Nunzio et al. 2016). This

process stimulates the proliferation of senescent

epithelial cells (Castro et al. 2004; Fibbi et al. 2010)

and the stromal acquisition of a myofibroblast reactive

phenotype (Schauer et al. 2008; Fibbi et al. 2010),

indirectly promoting fibroblast growth factor secretion

(Giri and Ittmann 2001; Fibbi et al. 2010).
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Riehemann (Riehemann et al. 1999) provided

evidence that UD inhibits the proteolytic degradation

of the inhibitor of nuclear factor-jB (IjB) subunit,

possibly by direct prevention of degradation or inhi-

bition of kinases or further upstream signaling

molecules. A 2019 study (Cicero et al. 2019) reviewing

the nutraceutical potential of several plant species for

treating BPH and prostate cancer revealed that contin-

uous treatment with UD extracts had a positive impact

on symptomatology, International Prostate Symptom

Score (IPSS), and flowmetric indices. It was stated that

polyphenols, which are abundant in nettle, can act on

BPH through a reduction in interleukin levels (includ-

ing IL-6 and IL-8), providing anti-proliferative and

anti-inflammatory activity. Accordingly, in testing this

sentence, quercetin was used for testing its sole anti-

inflammatory potential. Following treatment, animals

had decreased prostate volume, as well as reduced

IPSS (Ghorbanibirgani 2012). A series of other

molecules also present in UD extracts were tested,

but due to the source of material/ plant species, it

cannot be concluded whether it would have the same

impact as quercetin. Assessing these results, it can be

concluded that BPH and chronic prostatic inflamma-

tion occur as a consequence of immunological action

and UD is expected to exert its anti-neoplasic action

through the downregulation of proinflammatory mark-

ers via its flavonoid fraction, namely quercetin, which

has proven efficacy through validated studies on the

effect of BPH in clinical models for this disease.

Acne

Acne proliferation decreases in keratinocyte cell lines

upon the application of a combinedmixture containing

a hydroalcoholic UD extract mixture. One study (Kılıç
et al. 2019) reported that, when combined with other

plant species, the extract decreased the propagation of

skin inflammatory species. Clinical cultivation from

both strains of Propionibacterium acnes showed that

the antimicrobial efficacy transversely translated in a

decrease in keratinocyte cell line inflammatory gene

expression, with increasing extract concentration

yielding better results on cell proliferation. Addition-

ally, it downregulated IL-1a and steroid-5-alpha-

reductase (SRD5A) gene expression, but an increase

in TNF-a in a dose-dependent manner was also noted.

Hence, the combinatory effect of UD and other herbs

in the same extract does not establish whether the anti-

inflammatory effect of the anti-acne formulation is

exclusively attributed to the phytochemical composi-

tion of UD.

Acne, a prevalent skin disease, involves chronic

inflammation of pilosebaceous follicles, wherein bac-

terial proliferation in the skin leads to an increased

generation of inflammatory mediators that diffuse via

the follicle wall (Toyoda and Morohashi 2001; Kim

et al. 2002; Vora et al. 2018). A correlation can be

made between inflammation and bacterial growth, as

inflammation develops by schematically-attracted

neutrophils as bacteria metabolize sebaceous triglyc-

erides into fatty acids (Soleymani et al. 2020). P. acnes

activates TLR-2 on neutrophils and monocytes, trig-

gering the release of proinflammatory cytokines as a

host defense mechanism (Jeremy et al. 2003; Tan-

ghetti 2013) through the upregulation of inflammatory

mediators in the vessels surrounding the pilosebaceous

tissue (Jeremy et al. 2003).

Quercetin has been shown to exhibit several

biological proprieties, including the downregulation

of the inflammatory process. Lim H. (Lim et al. 2021)

provided evidence that quercetin suppresses the pro-

duction of proinflammatory cytokines in P. acnes-

stimulated cell lines, as Enzyme-Linked Immunosor-

bent Assay (ELISA) measurements, RNA expression

through real-time qPCR (rt-qPCR), and Western Blot

analysis, showed that it acted on dermal inflammations

via a significant down-regulation of IL-1b, IL-8, and
IL-6, including a suppressed TLR-2 expression.

Therefore, quercetin downregulates the inflammatory

response, as activation of TLRs is suggested to

participate in the activation of NF-jB signaling

pathways, stimulating the release of proinflammatory

cytokines and chemokines in the same cell lines (Lee

et al. 2014). These results thus indicate that quercetin

may favor a downregulation in inflammation in

response to bacterial dermal conditions, namely acne

proliferation caused by P. acnes (Lim et al. 2021).

Osteoarthritis

A research study (Shakibaei et al. 2012) aimed to

evaluate the anti-inflammatory capacity of three

botanical extracts, including UD, as well as to

characterize their effects and mechanism of action in

primary canine articular chondrocytes, in order to

replicate the inflammatory condition seen in

osteoarthritis (OA). Nettle application, as determined
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through an MTT assay, showed a positive impact on

cell proliferation, viability, and function, inhibiting

IL-1b-induced cytotoxicity, translated through an

increase in mitochondrial activity. Furthermore, the

extract blocked IL-1b-induced structural changes, as

evidenced by decreased degeneration of cell orga-

nelles and apoptosis. Moreover, through western Blot

analysis, treatment with nettle, both before and after

IL-1b treatment, inhibited the mediated suppression of

extracellular matrix (ECM) and signaling proteins in

chondrocytes, which translated into an upregulation of

collagen type II, chondroitin sulfate proteoglycan

(CSPG), and b1-integrin, which are contrary defective
in OA (Todhunter et al. 1996; Shakibaei et al. 1999).

b1-integrin acts as a transmembrane signal transduc-

tion receptor, mediating the interaction between cell

chondrocytes and cell–matrix components such as

collagen type II and CSPG (Shakibaei 1998; Cao et al.

1999). This mediator can be activated in the MAPK

pathway, and its inhibition may lead to chondrocyte

apoptosis (Shakibaei et al. 1999, 2001), making the

upregulatory effect of nettle on b1-integrin crucial for
cell viability. In the same experiment, western Blot

also indicated the extract’s inhibitory effect on the

upregulation of NF-jB-dependent proinflammatory

enzymes and matrix-degrading gene products metal-

loproteinases (MMPs) 9 (MMP-9) and 13 (MMP-13),

and COX-2. Cytokine-induced MMP and COX-2

upregulation is mediated by NF-jB activation (John

A. Mengshol et al. 2001), and this transcription factor

plays an important role in OA, as it mediates the

expression of catabolic and inflammation-related

genes (McIntyre et al. 2003). Cell–matrix interactions

require a constant remodeling of extracellular proteins

executed by MMPs, cleaving ECM molecules. There-

fore, dysregulation of MMPs, through upregulation of

NF-jB, leads to an augmented concentration of these

matrix-degrading enzymes, further enhancing the

catabolic events responsible for cartilage matrix

degradation (Goldring 1999, 2000). This effect can

be seen in OA patients, as MMPs are abundantly found

in serum samples (Manicourt et al. 1995; Chen et al.

2006). Additionally, COX-2 is an important mediator

of pain and inflammation in OA (Chikanza and

Fernandes 2000), causing prostaglandin E2 (PGE2)

and thromboxane production to induce several other

pathological catabolic events in cartilage, such as

decreased proliferation of chondrocytes and inhibition

of ECM synthesis (Nédélec et al. 2001). UD treatment

in canine chondrocytes led to a downregulation of

MMPs and COX-2, at least in part, via NF-jB
inhibition, as the expression of these enzymes is

regulated by NF-jB. Thus, an anti-inflammatory

effect can be observed, leading to a more favorable

prognosis regarding cell degradation. Furthermore,

treatment with UD in conjunction with IL-1b led to an

inhibitory effect on the downregulation of extracellu-

lar signal-regulated kinases 1 and 2 (ERK1/2) signal-

ing, SRY-Box transcription factor 9 (SOX-9) protein

levels, and src homology collagen (Shc) adaptor

protein, aligning with the observed effect on chon-

drocyte differentiation in the same experiment, further

indicating the extract’s inhibitory effect on IL-1b
(Shakibaei et al. 2012). Moreover, SOX-9 plays a

significant role in the expression of ECM genes and

chondrocyte differentiation, and cytokines have been

shown to reduce SOX-9 levels through an NF-jB
dependent, posttranscriptional mechanism (Murakami

et al. 2000). Conversely, reduced cell–matrix interac-

tions, such as in the case of OA, lead to the inhibition

of Erk1/2 signaling and stimulate the apoptotic

pathway in chondrocytes (Shakibaei et al. 2001).

Additionally, treating cells with the nettle extract

provoked an inhibition of the IL-1b-induced NF-jB-
dependent downregulation of collagen type II and

SOX-9 expression. Results of this study also suggest

that the extract suppressed cytokine-induced activa-

tion and upregulation of proinflammatory enzymes

such as MMPs and COX-2, the transcription factor

NF-jB, and downregulation of cartilage-specific

matrix components and important signaling proteins

in chondrocytes. Moreover, the chloroformic extract

inhibited the degradation and phosphorylation of the

IjBa subunit and, thus, its dissociation from the p65-

p50 complex, preventing chondrocyte degradation, as

seen through high cytoplasmatic IjBa concentrations

and decreased levels of phosphorylated p65 in nucleus

(Shakibaei et al. 2012. p 65) is located as an inactive

complex on NF-jB, together with an inhibitory IjBa
subunit. In response to phosphorylation, IjBa disso-

ciates from the complex, and NF-jB translocates to

the cell nucleus, binding to target genes and inducing

an upstream of inflammatory events, with previous

studies having shown that nettle inhibits p65 phos-

phorylation and nuclear translocation, thus blocking

the release of NF-jB (Riehemann et al. 1999). Results

also showed that IjBawas completely inhibited in the

cytoplasmic extracts of chondrocyte cultures treated
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with IL-1b alone, indicating cytokine-induced degra-

dation and NF-jB activation (Shakibaei et al. 2012).

Treatment with UD resulted in high concentrations of

IjBa in the cytoplasm and decreased levels of

phosphorylated p65 in nuclear extracts. These findings

strongly suggest that nettle inhibits the IL-1b-induced
downregulation of cartilage-specific ECM com-

pounds, MAPK-signaling proteins, cartilage-specific

transcription factors, and the upregulation of proin-

flammatory and degrading enzymes, by preventing, at

least in part, IjBa phosphorylation and degradation

through NF-jB activation. Finally, to validate the

viability of these results, and as chondrocytes prolif-

erate in high-density monolayers in vivo, when the

extract was administered to high-density culture

models it was also capable to produce cartilage-

specific ECM and cartilage, which indicates that the

UD extract does inhibit IL-1b-induced inflammation

and apoptosis, allowing the cells in high-density

cultures to redifferentiate back into chondrocytes.

These results suggest the presence of active compo-

nents that can inhibit the IL-1b-induced inflammatory

process upstream of the IjBa phosphorylation. UD

extract had a positive effect on chondrocyte viability,

differentiation, and function as well as having

inhibitory effects on IL-1b-induced suppression of

proliferation and viability. Thus, UDmay well provide

an alternative plant-based approach for the downreg-

ulation of the inflammatory pathway seen in OA.

Johnson et al. (2013) conducted a different study to

evaluate the anti-inflammatory potential of various

UD parts using different extract solvents on pair with a

commercially available anti-inflammatory agent, in an

effort to obtain an anti-inflammatory extract that could

be used as a therapeutic agent to provide treatment for

inflammatory disorders, particularly rheumatoid or

osteoarthritis (Johnson et al. 2013), as a previous

clinical trial had demonstrated that the topical appli-

cation of a proprietary ethanol-based UD extract for

treating OA was well tolerated and potentially effec-

tive in reducing pain and improving function(Rayburn

et al. 2009). Using an NF-jB luciferase assay to assess

the anti-inflammatory potential of nettle extracts on

lipopolysaccharide (LPS)-stimulated macrophage cell

lines, it was revealed that all extracts (methanol,

hexane, and chloromethane), except for the more polar

water one, exhibited inhibitory activity on NF-jB,
with all of the lipophilic extracts displaying minimal

cytotoxicity. Among them, the lipophilic

dichloromethane extract exhibited the highest inhibi-

tory activity on LPS-induced cells, similar or even

higher to that of the commercially available ethanolic

extract, along with the least observable cytotoxicity.

However, hexane, dichloromethane, and methanol, as

opposed to water extract, were all promising in terms

of anti-inflammatory activity having little to no effect

on cell viability, with one of them, dichloromethane,

reaching an inhibitory activity close and even better to

that reported as effective. In treating arthritic diseases,

some clinical trials on UD have been made, but its

efficacy remains unclear (Chrubasik et al. 2007;

Rayburn et al. 2009; Jacquet et al. 2009), along with

an unknown phytochemical content responsible for its

anti-inflammatory action and the improvement in the

state of arthritic diseases (Schulze-Tanzil et al. 2002).

Nevertheless, different extract preparations have

exhibited clinical success, with water and ethanol

being the most used solvents for evaluating the anti-

inflammatory effect, as increasing polarity shows no

efficacy (Chrubasik et al. 2007; Randall et al. 2008;

Cameron et al. 2009). Moreover, previous studies

(Shakibaei et al. 2012) had already demonstrated the

possible anti-inflammatory effect of UD on osteoar-

thritic cells from canine specimens at the same dose,

using a different extract that revealed an inhibitory

effect on NF-jB translocation, together with

decreased cell degeneration and apoptosis. Conclud-

ingly, as this study states, further preclinical work

needs to be undertaken regarding the structure of

phytochemical components of nettle responsible for

its anti-inflammatory action in OA, as well as to

determine the appropriate dosage and extract solvent.

Arthritis

Chronic administration of UD hydroalcoholic leaf

extract on in vitro human joint osteoarthritic chon-

drocytes yielded positive results (Schulze-Tanzil et al.

2002). Arthritis is an inflammatory disease character-

ized by the gradual enzymatic degradation of joint

cartilage in which chondrocytes, synoviocytes, and

macrophages produce proinflammatory cytokines

such as IL-1b and TNF-a, which promote cartilage

cells to produce destructive enzymes, including

MMPs, who break down cartilage-specific ECM

(Gowen et al. 1984; Walport et al. 1992; Martel-

Pelletier 1998). MMPs ought to be increased in

osteoarthritic cartilage and rheumatoid arthritis
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(Freemont et al. 1997; Horton et al. 1998; Saito et al.

1998), and are initially expressed in their inactive

form. Upon proteolytic activation, they are capable of

degrading ECM components responsible for structural

integrity (Martel-Pelletier et al. 1994; Cawston 1996;

Yong et al. 1998; Murphy and Gavrilovic 1999;

Schulze-Tanzil et al. 2001). Accordingly, MMP

expression can serve as a marker for proinflammatory

cytokine release following OA, as these proinflam-

matory molecules are key for mediating cartilage

degradation (Gowen et al. 1984; Walport et al. 1992;

Feldmann et al. 1996; Martel-Pelletier 1998). In IL-

1b-treated chondrocytes, immunofluorescence analy-

sis revealed a marked inhibition in cell surface

expression of MMP-1, 3, and 9 following UD admin-

istration. Furthermore, the immunoblot method for

detecting MMP expression by IL-1b-stimulated

human chondrocytes cultured on collagen type-II

demonstrated a decrease in MMP expression after

24 h when coincubated with the nettle extract and

compared to control groups, which was in accordance

with densitometric results. Hence, UD significantly

decreased MMP expression in cytokine-stimulated

chondrocytes. The interaction between chondrocytes

and their matrix is essential for the proliferation,

differentiation, and survival of cells (Kosher et al.

1973; Kosher and Church 1975; Hewitt et al. 1982;

Shakibaei et al. 1999, 2001), and a well-regulated

turnover of ECM, mediated through MMPs, is

required (Schulze-Tanzil et al. 2001). However, an

imbalance between these molecules and their natural

inhibitors leads to pathological conditions (Dean et al.

1989;Martel-Pelletier et al. 1994), namely, OA, where

high levels of MMPs lead to structural degradation

(Kolkenbrock et al. 1993; Manicourt et al. 1995;

Freemont et al. 1997; Keyszer et al. 1999), as a

differential regulation of mRNA levels of MMPs and

aggrecanases in response to IL-1b is seen in this

disease (Bluteau et al. 2001). The results obtained

from immunofluorescence experiments and quantita-

tive densitometry through western Blot implicate

cytokine IL-1b regulation in MMP expression in

human cartilage tissue when UD extract treatment is

applied, which is consistent with previous stud-

ies(Horton et al. 1998; Robbins et al. 2000).

Collectively, these results further validate the anti-

inflammatory role of UD extracts in accordance with

disease mechanisms and inflammatory pathways.

Allergic rhinitis

Nettle leaves ethanolic extracts acted as a possible

antihistaminic and anti-inflammatory agent following

administration on HEK cells as fluorescence emission

ratio measurements showed that when the extracts

were administered, both H1 receptor antagonism and

negative agonism, and inhibitory activity on COX-1,

COX-2, andHematopoietic ProstaglandinD2 synthase

(HPGDS) were observed (Roschek et al. 2009).

Additionally, when the extract was further diluted,

absorbance levels reflecting chromophore p-nitroani-

line (pNA) production revealed significant inhibition

of mast cell tryptase, preventing mast cell degranula-

tion and consequent release of proinflammatory

cytokines and chemokines. Using mass spectrometry

for characterizing the chemical profile of nettle leaves

it was revealed that several compounds possessed

theoretical IC50 values lower than those used for

control purposes, possibly contributing to the observed

in vitro antihistaminic and anti-inflammatory activity.

As so, several bioactive compounds in nettle extracts

contribute to in vitro anti-inflammatory properties as

they are able to inhibit COX production: 4-shogaol,

deoxyharringtonine, carnosol, resorcinol (Mutoh et al.

2000), vitamin B3 (Jonas et al. 1996), gingerols,

particularly 4-shogaol and 8-dehydrogingerdione

(Grzanna et al. 2005), shikimic acid (Pajonk et al.

2006), DL-methyl-m-tyrosine (Palmer and Balacescu

1977), and coumarin derivatives (Liu et al. 1998;

Matsuda et al. 2002). Among the bioactives identified,

DL-methyl-m-tyrosine, isopropyl-b-D-thioglactopy-
ranoside, phosphotadilcholyne, 4-shogaol, piperine,

8-dehydrogineridone, deoxyharrangitone and carnosol

all had theoretical values that contributed to anti-H1

receptor activity. Phenols and alkaloids, including

shogaol, dehydrogingerdione, piperine, deoxyharring-

tonine, and carnosol, and the amino acid tyrosine had

theoretical IC50 values lower than those used for

comparison of HPGDS inhibitory activity, indicating

that these compounds are the major contributors to the

nettle in vitro effect on HPGDS activity. This enzyme

is located in mast cells and converts COX-1 and COX-

2 prostaglandin products into prostaglandin D2, a

specific proinflammatory allergic mediator released

frommast cells and basophils (FitzGerald 2003;Nantel

et al. 2004). As so, the effect seen on HPGDS might

provide the anti-inflammatory effect of nettle on mast

cells (Roschek et al. 2009). Additionally, the
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aforementioned synergistic interactions of functional

bioactives which impact on the inflammatory cascade

must be taken into account, as all IC50 values for

indicating inhibitory activity were attributed to indi-

vidual bioactivities. Nonetheless, these results provide

that UD acts through several classes of compounds to

deliver an antihistaminic and anti-inflammatory activ-

ity through endpoints associated with allergic rhinitis.

Rheumatoid arthritis

In the treatment of rheumatoid arthritis, a standardized

extract from UD leaves suppressed the activation of the

NF-jB reporter gene in response to several stimuli

through inhibition on the degradation of its inhibitory

subunit, IjBa (Riehemann et al. 1999). Nettle inhibited

activation of NF-jB, as human T lymphocytes showed

no desoxyribonucleic acid (DNA) complex formation

after being stimulated with TNF, with the water-soluble

fraction having amore pronounced effect, as it had been

previously demonstrated (Obertreis et al. 1996a, b;

Teucher et al. 1996).Additionally, UD extracts partially

inhibited DNA probes specific for activator protein 1

(AP-1), which goes to show that DNA inhibition not

only occurs on NF-jB, with AP-1 possibly being an

additional target of UD extracts. AP-1 has been

implicated in the hyperplasia of synovial tissues (Asa-

hara et al. 1997), and its target genes include MMPs,

responsible for the degradation of cartilage matrix

molecules, with a previous study having demonstrated

that inhibition of AP-1 activity prevented collagen-

induced arthritis (Shiozawa et al. 1997). Furthermore,

nettle inhibition onNF-jBDNAbindingwas proven, as

NF-jB controlled gene expression in another cell line

was functionally and almost completely inhibited in a

dose-dependentmanner, with the water-soluble fraction

reaching lower expression levels. This effect was

similarly supported in other cell lines in response to

stimuli other than TNF, demonstrating that nettle

extracts inhibit NF-jB activation in response to several

stimuli. However, the inhibition does not directly

modify NF-jB DNA binding as even high extract

concentrations from the water-soluble fraction did not

prevent binding; instead, nettle extracts act through

direct prevention of proteolytic degradation of IjBa or

the inhibiting of kinases or further upstream signaling

molecules because treating cells with phosphorus

substrate led to the rapid degradation of IjBa, whereas
a protein that reacted non-specifically with the anti-

IjBa antibody was not affected. UD dose-dependently

inhibited the proteolytic degradation of IjBa as a lower

chemiluminescence was observed throughwestern Blot

analysis. Activation of NF-jB requires phosphorylation

and subsequent degradation of IkBa by the proteasome

pathway (Traenckner et al. 1995), with the active form

translocating to the nucleus and binding to regulatory

sequences of target genes, including those encoding for

the upregulation of proinflammatory genes and chemo-

tactic cytokines (Baeuerle and Henkel 1994; Baeuerle

and Baichwal 1997). As so, NF-jB activation ceases

and UD effectively stops the course of inflammation.

NF-jBactivity is elevated in rheumatoid arthritis and its

downregulation is a suitable target for anti-inflamma-

tory therapeutics (Handel et al. 1995; Fujisawa et al.

1996;Marok et al. 1996). Additionally, TNF expression

in macrophages is dependent on NF-jB, and the effect

of nettle on the inhibition of the proteolytic degradation

of subunit IjBa is evident, which supports previous

findings (Foxwell et al. 1998). However, as previously

stated, AP-1 inhibition could also be a possible target of

UD for an anti-inflammatory approach as TNF activa-

tion of AP-1 is important to elements involved in the

proinflammatory response including the expression of

proinflammatory cell adhesion molecules (Karin et al.

1997; Kyriakis 1999). Concludingly, the anti-inflam-

matory effect of UD may be ascribed to its inhibitory

effect on NF-jB and AP-1 activation.

In vivo data

Central nervous system diseases

A 2018 study (Patel et al. 2018) demonstrated that UD

extract administration on streptozotocin (STZ)-in-

duced mice attenuated anxiogenic and depressive-like

behavior together with autophagic stimulation, anti-

apoptotic, and anti-inflammatory effects. Chronic

diabetes increased TNF-a expression in several

regions of the hippocampus, as previously seen (Jawale

et al. 2016), with depressive-like behaviors supporting

this fact, as increased immobility following behavioral

experiments was seen in untreated rats. The hippocam-

pus is a region known for mediating anxiogenic and

depressive behaviors (Jangra et al. 2016), and UD

extracts have been found to exert anti-inflammatory

and antiapoptotic effects, promoting neuronal survival

(Toldy et al. 2005; Patel and Udayabanu 2014), along

with a significant reversal of depressive-like behavior

123

Phytochem Rev (2025) 24:1591–1628 1609



in diabetic mice (Patel and Udayabanu 2014). In the

same way, following UD treatment, TNF-a levels

markedly decreased, showing an anti-inflammatory

effect that could reverse depressive behaviors in mice

models. Additionally, chronic diabetes also mediated

an anxiogenic effect, as mice decreased the number of

entries and time spent in the elevated maze task, as it

had been previously shown (Tang et al. 2015).

However, UD reversed this effect.

Among flavonoids, the major compound identified

in UD extracts is quercetin in the form of its glycosides

(Carvalho et al. 2017). Quercetin is recorded as a

therapeutic agent in CNS disorders via its anti-

inflammatory and antioxidant activity in the hip-

pocampus. Furthermore, its neuromodulating activity

is described to upregulate neurotrophic factors (Liu

et al. 2015) and alleviate depressive-like behavior

(Holzmann et al. 2015) and anxiety in rodents (Mer-

zoug et al. 2014). Altogether, the potential therapeutic

role of quercetin within the CNS has been discussed in

several disease models, and using different cell lines it

has been shown to prevent TNF-a from directly

activating extracellular signal-related kinase (ERK),

transcription factor Jun (c-Jun), NH2-terminal kinase

(JNK), and NF-jB. In addition, it may indirectly

prevent inflammation via peroxisome proliferator-

activated receptor gamma (PPARc) activity, thereby
antagonizing NF-jB orAP-1 transcriptional activation

of inflammatory genes, thus blocking the inflammatory

cascade (Li et al. 2016). As so, UD may prove to have

neuroprotective efficacy through an anti-inflammatory

pathway via the therapeutic role of quercetin.

Asthma

One study involving ovalbumin (OVA)-induced

inflammation, which served as a disease model for

asthma, revealed a positive anti-inflammatory effect on

airway inflammation via UD treatment (Zemmouri

et al. 2017). Following OVA administration and blood

and tissue sample collection, a significant increase was

seen in the rate of eosinophils and leukocytes in

sensitized rats as compared to those who were left

untreated. However, daily administration of UD aque-

ous extract reduced leukocyte and eosinophil levels,

returning their rates to baseline values. Additionally,

lymphocyte levels significantly decreased in the UD-

treated group compared to those in the control and the

sensitized groups. Leukocytes are important mediators

in the inflammatory response, and their role in asthma is

correlated with chronic inflammation (Hwang et al.

2010), which is in accordance with previous studies, as

OVA synthetization in experimental asthmatic models

showed an increase in the leukocyte ratio (Li et al.

2009; Wadibhasme et al. 2011). Hence, this study

(Zemmouri et al. 2017) shows that UD administration

in asthmatic models decreases leukocyte count in the

same way, as lymphocyte recruitment was less visible

in both cytological and bronchoalveolar lavage fluid

(BALF) analyses. During asthmatic inflammation,

proinflammatory cells infiltrating the lungs, such as

eosinophils and lymphocytes, secrete immune-re-

cruited Th2 cytokines (e.g., IL-1, IL-13, and IL-4)

(Yuk et al. 2007). Accordingly, following treatment

with UD extract, BALF, and cytological samples

showed a marked decrease in the pro-inflammatory

cytokine IL-4 (Zemmouri et al. 2017), which acts as a

growth factor for Th2 cells and promotes eosinophil

migration into the lungs, adhesion to endothelial cells,

and mucus production. It also stimulates the profibrotic

transformation of transforming growth factor beta

(TGF-b), inducing increased accumulation of the

ECM and thickening of the septa (Halwani et al.

2011). In a similar pattern (Zemmouri et al. 2017),

histological observations in the OVA-sensitized rats

showed structural changes characteristic of airway

remodeling following chronic inflammation, such as

inflammatory cell infiltration, edema, thickened epithe-

lium, and mucus production (Ra et al. 2010). Never-

theless, UD extract administration showed its anti-

inflammatory and anti-asthmatic activity, since a

decrease in the influx of inflammatory cells to the

lungs, as well as in the signs of inflammation and

airway obstruction was similarly observed. These

results agreed with body weight measurements as rats

sensitized to OVA and treated with nettle showed

weight gain compared to those sensitized to OVA and

left untreated, suggesting that UD has a protective

effect, which is in accordance with previous studies

(KK et al. 2015). These results, as henceforth supported

(Shahzad et al. 2021), provide evidence that further

establishes the traditional therapeutic indications of UD

extracts for asthmatic airway inflammation.

Benign prostatic hyperplasia

Pigat et al. (Pigat et al. 2019) unveiled that a botanical

combination comprising a hydroethanolic UD extract
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diminished various hallmarks of BPH in a validated

preclinical model, including tissue growth and stromal

inflammation. Cluster of differentiation (CD) 45 is

exclusively expressed in hematopoietic cells and

stands as one of the most abundant leukocyte cell

surface glycoproteins, with its increase implying the

rise of one or more inflammatory cells correlating with

the severity of fibrosis (De Vito et al. 2012). Using

CD45 for monitoring tissue inflammation, it was

revealed that UD-treated mice exhibited diminished

prostate inflammation in a dose-dependent manner, as

evidenced by lower CD45 content when compared to

control groups and mice treated with a commercially

available medicine. Fibrosis can ensue as sequelae of

healing inflammation, characterized by the deposition

of extracellular collagen by activated fibroblasts,

constituting a wound-healing process characterized

by activation and accumulation of myofibroblasts

produced in several tissues (Rodriguez-Nieves and

Macoska 2013). Additionally, visualization and quan-

tification of fibrosis using tissue staining revealed a

dose-related escalation in treated groups, reflected by

collagen upregulation that was significant at the

highest doses, both at the histological and molecular

levels. Inflammatory infiltrates lead to tissue damage

and trigger a chronic process of wound healing that

may foster prostatic enlargement (Gandaglia et al.

2013), with infiltrated immune cells associated with

high levels of cytokines/chemokines and their recep-

tors (Kramer et al. 2002; Robert et al. 2011), including

IL-2, IL-6 (Royuela et al. 2004), IL-7 (Mengus et al.

2011), IL-8 (Giri and Ittmann 2001), IL-15 (Mengus

et al. 2011), and IL-17 (Steiner et al. 2003). These

factors are suspected to directly impact prostatic cells

by altering common cellular mechanisms participating

in the initiation or promotion of prostate lesions

(Kramer and Marberger 2006; Wang et al. 2008;

Penna et al. 2009; Robert et al. 2009). Hence, the

downregulation of these proinflammatory genes pro-

vides a target for therapeutical management. Accord-

ingly, UD reduced the proinflammatory profile of Pb-

PRL mice as it downregulated overall chemokine and

cytokine proinflammatory gene expression in the three

lobes, in many instances with the lower dose being as

efficient as the highest dose and with better outcomes

in comparison to standard medicine. IL-1b, IL-15,
CCL2, CXL1, CXL6, CXL12, and the chemokine

receptor CXCR4 were among the prominent targets

displaying the highest inhibitory effect, as they were

downregulated in C 2 lobes and/or C 2 doses. IL-1b,
IL-15, and CCL2 are secreted by stromal cells, and

their production is increased when BPH cells are

incubated with activated CD4 ? cells (Vignozzi et al.

2012), suggesting their potential contribution to a

proinflammatory vicious circle. On the other hand,

CXCL1, CXCL6 (Begley et al. 2008), and CXCL12

(Begley et al. 2005) are secreted by stromal prostate

fibroblasts and were shown to promote a low-level

increase in the proliferation of primary prostate

epithelial cells. As so, the downregulation of these

receptors and ligands is a major beneficial effect seen

from UD treatment. Additionally, UD also reduced

COX-2 and iNOS levels, with the lowest dosage

having the highest efficacy. COX-2 activity is upreg-

ulated in proliferative inflammatory prostate

lesions(Sciarra et al. 2007) and in inflammatory cells

that infiltrate the prostate, and inducible nitric oxide

synthase (iNOS) is the principal factor activating

reactive nitrogen that leads to cells injury (Baltaci

et al. 2001), with its expression heightened in BPH

(Gradini et al. 1999). These findings might support a

stronger impact of nettle on these interconnected

pathways, which may contribute to the anti-inflam-

matory effect, accompanied by fibrosis, reduced

prostate tissue weight, and reduced proliferation, as

evidenced through histological and molecular analy-

ses. However, it is of notice that this experiment used

combined extracts, and inflammatory markers could

not allow for direct results of nettle’s sole anti-

inflammatory action on BPH.

Parkinson’s disease

Pathological and systemic symptoms of Parkinson’s

disease (PD) involve: severe motor deficits, oxidative

stress, mitochondrial dysfunction, excitotoxicity, and

neuroinflammation (Warner et al. 2003). A 2017

(Bisht et al. 2017) study revealed that chronic

intragastric administration of hydroalcoholic UD

extracts in a body-weight-dependent manner in

Parkinson’s models dose-dependently reduced neu-

roinflammatory markers TNF-a and IL-b. Addition-
ally, the anti-inflammatory effect of UD on PDmodels

was tested through behavioral tests, along with body

weight measurements. Results provided that post-

treatment with UD significantly and dose-dependently

reversed deviations in body weight and motor coor-

dination. As the anti-inflammatory effect of UD
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occurs, neuronal cell death ceases and the ability to

promote recovery from neuromuscular damage

increases, resulting in an interruption in motor deficit,

which was visually manifested by motor activity tests.

PD is a multisystem disorder associated with

neuroinflammation via immune responses, which

leads to striatal dopamine depletion and mismanage-

ment through microglial activation (Jung and Kim

2018; Tseng et al. 2020). The inflammatory activation

of microglial cells increases the levels of pro-inflam-

matory cytokines TNF, IL-1b, TGF-b, IL-6, reactive
oxygen species (ROS), and other proinflammatory

molecules, inducing an inflammatory environment

and contributing to neuronal death (Nagatsu et al.

2000; Harms et al. 2021). The upregulation of

cytokines can be a result of immune dysregulation,

leading to a cascade of events that result in neurotox-

icity (Tansey et al. 2022), with expression of these

proinflammatory proteins being implicated in the

degeneration of dopaminergic neurons following

microglia activation (Karpenko et al. 2018). However,

even though different signaling pathways have been

discussed in PD pathogenesis, TNF is one molecule

that has received increased attention as it has a role in

nigral degeneration, with selective neutralization

significantly attenuating dopaminergic neuron death

(McCoy et al. 2006, 2008; Harms et al. 2011; Barnum

et al. 2014). Furthermore, TNF-a has been implicated

in the decrease of dopaminergic neurons through the

activation of intracellular molecular markers, includ-

ing NF-jB signaling pathways, further amplifying the

inflammatory cascade (Singh et al. 2019; Tseng et al.

2020). In the event of microglial activation, redox-

sensitive NF-jB translocates to the nuclear compart-

ment resulting in the activation of various pro-

inflammatory genes, including cytokines IL-1b and

TNF-a (Magalingam et al. 2015).

As a way of investigating the correlation between

the anti-inflammatory action and the phytochemical

composition of UD, results from a 2022 study (Josiah

et al. 2022), which addressed the neurochemical

modulatory properties of quercetin on PD models,

suggested that the anti-inflammatory effect seen after

treatment was mediated by the modulation of canon-

ical NF-jB. Additionally, results also showed the anti-
apoptotic potential via inhibition of the NF-jB-
dependent p53-signaling pathway, which had already

been seen (Zhang et al. 2017; Farombi et al. 2019;

Pogačnik et al. 2020). These results were in

accordance with previous in vitro reports, indicating

that quercetin has a role in reducing cell loss in striatal

dopamine (Karuppagounder et al. 2013). According to

these findings, quercetin may have an anti-inflamma-

tory effect in UD extracts decreasing the extent of PD,

providing evidence of UD’s potential as an anti-

inflammatory agent in the treatment of PD, supporting

its use as a therapeutic intervention to mitigate

neuroinflammation and related motor deficit.

Alzheimer’s disease

One of the major neuropathological changes observed

in Alzheimer’s disease (AD) is the extensive deposi-

tion of amyloid beta (Ab) plaques in the brain

parenchyma and vessel walls, leading to neurodegra-

dation and toxicity in the hippocampus and cerebral

cortex (Theuns and Van Broeckhoven 2000). Chronic

neurodegenerative disorders are related to synapse

malfunction, and AD may be evaluated according to

synaptophysin (Syp) mRNA expression levels in the

hippocampus, as it usually occurs before Ab accumu-

lation, playing a role in Ab synthesis (Callahan et al.

1999; Liu et al. 2008). When STZ-induced mice were

treated with ethanolic-mixed UD-containing extracts

it was seen an upregulation in SYP (Daneshmand et al.

2016), indicating potential beneficial effects on

synapse function. Furthermore, abnormal processing

of amyloid-b precursor protein (APP) from presenilin

1 (Psen1), the catalytic subunit of c-secretase, pro-
motes APP accumulation, leading to an increase in Ab
plaques; thus, an increase in Psen1 gene expression is

seen in subjects with defective c-secretase. Accord-
ingly, a decreased concentration of Psen1 in mice

hippocampus was noted in rt-qPCR analysis when

mice models were treated with a combined extract

containing UD (Daneshmand et al. 2016). Therefore,

both Psen1 and Syp are markers for Ab accumulation.

The inflammatory process in AD occurs as the Ab
peptide produced by APP processing forms aggregates

that activate microglia through TLRs and receptors for

advanced glycation endproducts (RAGE). These, in

turn, activate NF-jB and AP-1 transcription factors,

which induce ROS production and the expression of

inflammatory cytokines (e.g., IL-1, IL-6, and TNF).

These inflammatory factors directly act on neurons

and stimulate astrocytes, which amplify pro-inflam-

matory signals, inducing a neurotoxic effect. The

inflammatory mediators are generated by resident
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CNS cells, which induce the production of adhesion

molecules and chemokines, leading to the recruitment

of peripheral immune cells (Meraz-Rı́os et al. 2013).

This combined extract mixture had already shown

positive effects on the pro-inflammatory status in other

models for neurodegenerative diseases (Mahmood-

poor et al. 2010; Mohseni-Salehi-Monfared et al.

2010; Mohammadirad et al. 2011; Bazazzadegan et al.

2017), as UD has an anti-inflammatory action through

different pathways. According to these findings, the

combined mixture has potential to prevent Ab accu-

mulation and modulate neuronal physiology, poten-

tially mitigating the impact of AD. However, whether

the anti-inflammatory effect seen in Ab plaques is

exclusive of UD or synergizes with the other extracts

is not here a matter of discussion, but UD certainly

contributes to the anti-inflammatory effect responsible

for decreasing the impact of AD.

Musculoskeletal inflammatory diseases

One study evaluated the anti-inflammatory potential

of UD leaves along with their toxicological proprieties

by treating indomethacin-induced mice models with

different extract solvents (Dar et al. 2013). The

decrease in inflammation was evaluated through

measurement of paw edema, and analysis of test

results revealed that only the hexane fraction had an

observable and significant effect. Paw swelling is

characteristic of this model of inflammation and it

occurs through distinct phases: an initial phase medi-

ated by histamine and serotonin; an intermediate phase

involving the activity of kinins; and a third phase with

prostanoid synthesis induced by COXs (Di Rosa et al.

1971; Pérez G. 1996; McKoy et al. 2002). Initially, the

crude ethanolic extract, and then one of the subfrac-

tions, significantly reduced the inflammatory state of

paws from the moment of administration to the last

measurement, suggesting that UD may exert its effect

through inhibition on the synthesis and liberation of

histamine and prostaglandin mediators. Prostaglan-

dins are produced by COXs from arachidonic acid and

COX-2 is present at sites of inflammation induced by

cytokines and other mediators, being synthesized by

cells involved in the inflammatory process such as

monocytes, macrophages, and synoviocytes. A

sequence of inflammatory mediators of cellular and

plasma origin initiate and maintain vascular perme-

ability and edema in the inflammatory cascade

followed by infiltration of leukocytes (Olivo et al.

2007). Prostaglandins are in high concentrations at

inflamed sites, contributing to local increases in blood

flow, edema formation, and pain sensitization, being

COXs leukocyte’s the enzymes which catalyze their

synthesis (Giuliano andWarner 2002). COX inhibitors

have an inhibitory action on edema formation and

selective COX-2 inhibitors have been shown to

actively reduce edema formation in mice models

(Perretti et al. 1996; Bressan et al. 2003), with the peak

of edema formation and PGE2 release being correlated

with a marked expression of COX-2 in paw tissue

(Olivo et al. 2007). Moreover, COX-2 dependency in

paw-edema has been verified by studies, showing that

pre-treating mice with a selective COX inhibitor

decreases inflammation (Gupta et al. 2002; Nishikori

et al. 2002). The inhibitory effect of UD on

prostaglandin production has previously been con-

firmed, as a study reporting the anti-inflammatory

activities of hydroalcoholic UD extracts that targeted

receptors for allergic rhinitis showed that nettle

administration inhibited COX-1 and 2 productions in

mixed samples following immunoassay analysis

(Roschek et al. 2009). As so, through direct inhibition

of prostaglandins or inhibition of its mediators, a

reverse in the inflammatory state and edema can be

achieved. Although the exact anti-inflammatory role

of UD on edema is still up to debate, its effect on

decreasing COX, particularly COX-2, is thus seen.

Another possible mechanism for the anti-inflamma-

tory effect besides direct COX inhibition could be the

inhibition of phospholipase A2, preventing the for-

mation of arachidonic acid, thus blocking the inflam-

matory cascade. Additionally, in the same study (Dar

et al. 2013), a phytochemical analysis was conducted

to characterize the compounds in the extract that

showed marked anti-inflammatory activity and a

higher decrease in paw edema, and it revealed that

UD contained a high content in fatty acid esters,

namely, heptadecyl ester, hexyl octyl ester, butyl

tetradecyl ester, and 1,2-benzenedicarboxylicacid,

which are reported to exhibit anti-inflammatory

activity (Li et al. 2004). Altogether, these findings

favor the anti-inflammatory role of UD.

Inflammatory pain

Nettle exhibits anti-inflammatory activity coupled

with an analgesic effect in animal models. Hajhashemi
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et.al. (Hajhashemi and Klooshani 2013) used two

distinct mice models to evaluate the previously

reported nettle antinociceptive and anti-inflammatory

activities using writhing and formalin tests together

with a paw edema test, respectively. Anti-inflamma-

tory effects were observed in a dose-dependent

manner, with only the highest dose being effective in

reducing paw edema after 4 h in the treated groups.

Together with these results, sensitization to pain was

evaluated in another animal model. For testing anal-

gesic capacity, a writhing test was performed, with UD

being effective at all doses and in a dose-dependent

manner. Accordingly, when mice were subjected to

UD treatment before formalin injection, only the

highest doses of UD were able to decrease licking in

both the acute and chronic phases (Hajhashemi and

Klooshani 2013). Pain is an important symptom that

serves as a warning sign of a pathological condition,

and recently the relationship between proinflamma-

tory biomarkers and pain has been examined in

patients in whom inflammation is a key pathological

feature (Üçeyler et al. 2007, 2011; Iannuccelli et al.

2010; White et al. 2010; Lin et al. 2012; Parkitny et al.

2013). Following tissue damage, cytokines, and

chemokines are released in the local environment of

nerve endings contributing to the activation of pain

nociceptors and the development of hyperalgesia

(Angst et al. 2008). Edema is a clinical sign of

inflammation caused by a transvascular influx of

protein-rich fluid into the interstitial medium as a

result of the action of histamine, bradykinin, leuko-

trienes, complement components, substance P, and

platelet-activating factor (PAF) (Sherwood and Toli-

ver-Kinsky 2004), with the carrageenan test being a

widely used method for evaluating inflammation

(Winter et al. 1962). Following tissue damage, intra-

cellular components are released, and migrant and

local cells, such as mast cells and basophils, release

vasoactive amines (serotonin and histamine), increas-

ing blood vessel permeability and vasodilatation,

causing liquid leakage into the vascular compartment

and pressure alterations (Majno and Palade 1961;

Benly P 2015; Abdulkhaleq et al. 2018). Martin et al.

(Martin et al. 1988) showed a vascular increase in rat

models following IL-1 and interferon gamma (IFN-c)
induction. IL-1b is another approached molecule in a

mechanism involving nociception and sensitivity to

pain (Ren and Torres 2009), and an increase is seen

together with TNF-a, inducing arachidonic acid

metabolites (Feng et al. 1995). As so, the increase in

cytokine concentration inducts arachidonic acid

metabolites such as prostaglandins, leukotrienes,

prostacyclin, and thromboxane, which mediate vas-

cular changes (Okiji et al. 1989) and are involved in

the modulation of pain (Williams and Morley 1973;

Kawabata 2011). Consequently, the pain that rat

models feel following the carrageenan test occurs as

paw swelling leads to the recruitment of several

proinflammatory cytokines, inducing prostaglandin

production, which modulate nociception through

activation of receptors involved in the mechanism of

pain. Results from nettle administration on different

mice models revealed that UD dose-dependently

decreased inflammation, with the highest dose having

the most notorious effect; showed analgesic activity

through licking behavior; and reduced writhing

(Hajhashemi and Klooshani 2013), which supports

the idea of an anti-inflammatory activity from extracts.

However, the exact mechanism by which pain and

inflammation decrease in models of inflammatory pain

requires further investigation. Phytochemicals from

other plants, namely flavonoids and polyphenolic

compounds, have been reported to exert anti-inflam-

matory and antinociceptive effects. As UD has been

reported to have a multiverse and chemically rich

content with the presence of these same molecules, it

may act through modulation of histamine release from

mast cells and regulation of the arachidonic acid

metabolism, as well as through an antioxidant effect.

Colitis

Colonic serum analysis of rat models with induced

colitis revealed that treatment with UD seed oil

reverses the inflammatory state (Genc et al. 2011).

Serum levels of TNF-a, IL-1b, and IL-6 increased in

the colitic model, which were subsequently reversed

by UD administration. Proinflammatory cytokines

have a major role in inflammation and are frequently

elevated in colitis. UD has been shown to possess

strong anti-inflammatory activity, with NF-jB inhibi-

tion leading to a decrease in expression in proinflam-

matory markers (Riehemann et al. 1999). Therefore, it

is likely that the administration of UD might be

responsible for the decrease in inflammatory markers

observed in colitis. Moreover, the absorbance reading

of sialic acid (SA) exhibited a decrease in expression

following UD treatment. Since increased SA
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concentration has been associated with the inflamma-

tory process (Schauer 1982; Sillanaukee et al. 1999;

Yida et al. 2015; Xue et al. 2018), UD may exert its

action by reducing SA levels. Additionally, to assess

the severity of the inflammatory state, evaluate

recovery from colitis injury, and confirm molecular

expression findings, macroscopic and microscopic

analyses were performed, including an assessment of

tissue damage scores and collagen content. UD proved

to have a positive impact as it improved colonic

lesions, with treated animals having decreased colla-

gen fiber density and leukocyte count. Leukocytes

produce proinflammatory mediators and are a major

source of ROS in the inflamed colon mucosa, as

observed in colitis patients (Guo et al. 1999), and

infiltration of leukocytes in the mucosa has been

suggested to contribute to tissue apoptosis and

mucosal dysfunction. For these reasons, the lower

leukocyte count observed in treated animals might be

attributed to the anti-inflammatory action of nettle oil.

In another study, the role of a commercially

available UD extract, IDS30, used as adjuvant therapy

in rheumatic diseases, was also investigated for its

anti-inflammatory potential on chronic colitis, focus-

ing on its downregulatory effect on proinflammatory

markers (Konrad et al. 2005). ELISA examination of

supernatants from the inflamed mucosa of treated

animals revealed a decrease in the secretion of both

TNF-a and IL-1b (Konrad et al. 2005). This effect is

mediated by a lower maturation of DCs and expression

of CD83 and CD86, leading to a downregulatory effect

on T-cell response. IDS30 acts through several

pathways for providing its anti-inflammatory effect

on chronic inflammatory diseases, including the

suppression of cytokines through downregulation of

NF-jB expression (Riehemann et al. 1999), as in

animal models of colitis inhibition of NF-jB or TNF-a
has already been proved as a therapeutic strategy,

leading to an improvement in disease prognostic

(Neurath et al. 1996; Myers et al. 2003). Another

mechanismmight be the decreased secretion of TNF-a
from the inflamed intestinal mucosa. Mucosal micro-

flora triggers Th1 production, and nettle has been

shown to provide a positive effect on immune-induced

colitis (Madsen et al. 1999). Accordingly, as an

imbalance between Th1 and Th2 reaction with a

preponderance of Th1 is an accepted pathogenic

concept in colitis, the immune response might take a

vital role in inflammation. Moreover, anti-TNF-a

therapy has been shown to highly improve disease

prognosis (Schreiber et al. 2001; D’Haens 2003), and

UD extracts have been validated to downregulate Th1

response, together with a decrease in IL-2 and IFN-a
protein production (Klingelhoefer et al. 1999). Alto-

gether, nettle may inhibit the Th1-triggered immune

response, which correlates with a downregulation in

the inflammatory cascade mediated via TNF-a, as

observed in this study. Moreover, mononuclear cells

from UD-treated mice proliferated less than those

from water-treated animals upon LPS stimulation

(Konrad et al. 2005). TNF-a and IL-1 secretion from

mononuclear cells have a high correlation with colitis

(Schreiber et al. 1999), therefore, IDS30 might

suppress the immune response, decreasing the release

of proinflammatory markers. The data suggest that

nettle extracts have a suppressive effect on TNF-a,
with a more pronounced effect observed in chronic

treatment as compared to acute phase models that did

not yield satisfactory results. This occurs as acute

colitis is independent of lymphocytes, and is mainly

triggered by toxic effects on epithelial cells of the

colon, whereas chronic colitis involves immunologic

mechanisms (Dieleman et al. 1994). As so, UD

extracts exert their action on chronic colitis via an

anti-inflammatory effect mediated through the down-

regulation of immune-induced proinflammatory

markers.

Conclusion

This literature review aimed to investigate the anti-

inflammatory potential of Urtica dioica in a variety of

diseases with inflammatory origin, namely, MS,

asthma, dermal wounds, BPH, acne, arthritis, rhinitis,

diabetes mellitus, and neurodegenerative and muscu-

loskeletal diseases. Discussion from findings regard-

ing the existing literature surrounding this topic

indicate that UD acts through different inflammatory

pathways according to the type of disease and its

extent. Further research showed that the type of extract

solvent, plant part, and bioactive components have a

deep role in counteracting the inflammatory response.

This paper may contribute to further develop existing

research surrounding this topic by reviewing evidence

from distinct in vivo and in vitro studies. Nevertheless,

as reflected throughout this review, the specific

metabolites by which UD exerts its anti-inflammatory
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action are yet to be fully described, which presents a

gap in establishing its safety and pharmacological

profile. Additionally, the amount of specific in vivo

and in vitro experiments and clinical trials using plant-

based preparations or isolated phytochemicals from

UD does not allow for a complete and certain

description of its anti-inflammatory activity. To over-

come the limitations of this study, additional screening

for specific molecules, as well as more comprehensive

in vivo and in vitro experiments and clinical trials, are

necessary to further elaborate on the anti-inflamma-

tory role of UD and to identify which molecules can

provide targets for inflammatory-related diseases.

Moreover, the current review only focused on direct

markers of inflammation, but inflammation itself is a

complex series of interconnected physiological

events, necessitating further comparative studies and

a deeper analysis of existing literature to support the

aforementioned findings. Despite these challenges,

verdicts from this review indicate that, given the

current and historical significance of UD, nettle may

serve as an anti-inflammatory agent through various

pathways, namely, the inhibition of NF-jB, modula-

tion of inflammatory cascades, and inhibition of

cytokines and other pro-inflammatory genes. Never-

theless, among its diverse phytochemical content,

quercetin was one molecule with noticeable anti-

inflammatory activity. In conclusion, Urtica dioica,

among the Urtica species, emerges as the most

extensively studied and reported plant, offering a rich

source of molecules with the potential for developing

effective anti-inflammatory treatment approaches.

Nonetheless, further research and well-designed trials

are required to fully exploit the therapeutic potential of

UD in combating inflammatory diseases.
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Antidepressant-like effect of quercetin in bulbectomized

mice and involvement of the antioxidant defenses, and the

glutamatergic and oxidonitrergic pathways. Pharmacol

Biochem Behav 136:55–63. https://doi.org/10.1016/J.

PBB.2015.07.003

Hopkin SJ, Lewis JW, Krautter F et al (2019) Triggering the

resolution of immune mediated inflammatory diseases: can

targeting leukocyte migration be the answer? Front Phar-

macol 10:184. https://doi.org/10.3389/FPHAR.2019.

00184/BIBTEX

Horton WE, Udo I, Precht P et al (1998) Cytokine inducible

matrix metalloproteinase expression in immortalized rat

chondrocytes is independent of nitric oxide stimulation.

In Vitro Cell Dev Biol Anim 34:378–384. https://doi.org/

10.1007/S11626-998-0019-8

Hwang M, Berceli SA, Tran-Son-Tay R (2010) Modeling and

role of leukocytes in inflammation. In: Marc G, Barbara

123

1620 Phytochem Rev (2025) 24:1591–1628

https://doi.org/10.1080/01480545.2018.1463238
https://doi.org/10.1080/01480545.2018.1463238
https://doi.org/10.1016/j.contraception.2011.11.038
https://doi.org/10.1016/j.contraception.2011.11.038
https://doi.org/10.1016/S0002-9440(10)61681-1
https://doi.org/10.1016/S0002-9440(10)61681-1
https://doi.org/10.1124/JPET.102.041244
https://doi.org/10.1002/1529-0131(200009)43:9%3c1916::AID-ANR2%3e3.0.CO;2-I
https://doi.org/10.1002/1529-0131(200009)43:9%3c1916::AID-ANR2%3e3.0.CO;2-I
https://doi.org/10.1002/1529-0131(200009)43:9%3c1916::AID-ANR2%3e3.0.CO;2-I
https://doi.org/10.3109/03008209909005273
https://doi.org/10.3109/03008209909005273
https://doi.org/10.1016/j.biopha.2020.110301
https://doi.org/10.1016/j.biopha.2020.110301
https://doi.org/10.1016/0304-4165(84)90121-1
https://doi.org/10.1016/0304-4165(84)90121-1
https://doi.org/10.1007/S11101-020-09680-X/TABLES/2
https://doi.org/10.1007/S11101-020-09680-X/TABLES/2
https://doi.org/10.1089/JMF.2005.8.125
https://doi.org/10.1089/JMF.2005.8.125
https://doi.org/10.1016/S0889-1575(02)00172-2
https://doi.org/10.1007/S00128-012-0535-9
https://doi.org/10.1016/S0016-5085(99)70347-1
https://doi.org/10.1016/S0016-5085(99)70347-1
https://doi.org/10.1159/000049397
https://doi.org/10.1159/000049397
https://doi.org/10.1165/RCMB.2010-0027TR
https://doi.org/10.1165/RCMB.2010-0027TR
https://doi.org/10.1002/ART.1780381209
https://doi.org/10.1002/ART.1780381209
https://doi.org/10.1038/MT.2010.217
https://doi.org/10.1038/MT.2010.217
https://doi.org/10.1007/S00401-021-02268-5
https://doi.org/10.1007/S00401-021-02268-5
https://doi.org/10.1189/JLB.1209779
https://doi.org/10.1016/S0021-9258(18)34926-3
https://doi.org/10.3390/nu12092629
https://doi.org/10.3390/nu12092629
https://doi.org/10.1016/J.PBB.2015.07.003
https://doi.org/10.1016/J.PBB.2015.07.003
https://doi.org/10.3389/FPHAR.2019.00184/BIBTEX
https://doi.org/10.3389/FPHAR.2019.00184/BIBTEX
https://doi.org/10.1007/S11626-998-0019-8
https://doi.org/10.1007/S11626-998-0019-8


Lee B, Christophe C et al (eds) Computational Surgery and

Dual Training, 1st edn. Springer, New York, pp 221–232

Iannuccelli C, Di Franco M, Alessandri C et al (2010) Patho-

physiology of fibromyalgia: a comparison with the tension-

type headache, a localized pain syndrome. Ann N Y Acad

Sci 1193:78–83. https://doi.org/10.1111/J.1749-6632.

2009.05365.X

Irani M, Choopani R, Esmaeili S et al (2020) Effect of nettle

seed on immune response in a murine model of allergic

asthma. Rev Fr Allergol 60:417–422. https://doi.org/10.

1016/J.REVAL.2020.03.007
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