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Abstract

Obesity and obesity-related breast cancer are major health problems that require alternative treatment strategies. Urtica dioica
L. (U. dioica) stands out as a potential therapeutic candidate with its anti-oxidant, anti-cancer and lipid-lowering properties. In
this study, the molecular effects of U. dioica were investigated by gene expression analysis and molecular docking methods.
U. dioica significantly suppressed the expression of Brcal, Brca2, Fas, Lpl, Dgatl and Mcpl genes, resulting in significant
changes in lipid metabolism, cancer susceptibility and inflammation. Molecular docking analyses showed that U. dioica
components have strong binding affinities with target proteins. In particular, the interactions between Dgatl-Isorhamnetin
rutinoside (-10.3 kcal/mol), Fas-Quercetin acetyl rutinoside (-10.3 kcal/mol), Lpl-Apigenin hexoside (-9.2 kcal/mol) and
Mcp1-Quercetin acetyl rutinoside (-8.6 kcal/mol) were notable. In vitro and in silico analyses supported each other, revealing
the effects of U. dioica in gene expression regulation and the potential for its constituents to interact with proteins. These
findings indicate that U. dioica may be a promising alternative therapeutic agent in the treatment of obesity and obesity-

related breast cancer and emphasize that its efficacy should be confirmed by clinical trials.
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Introduction

Globally, the rate of obesity is on the rise and has reached
pandemic levels, negatively affecting people’s health and
quality of life [1]. The National Health Institutes and the
World Health Organisation define obesity as having a body
mass index (BMI) of more over 30 kg/m2 (30.0-34.9 is
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considered grade I obesity; 35.0-39.9 is considered grade
IT obesity; and 40 is considered grade III obesity). A dif-
ference between the amount of energy consumed through
diet and the amount of energy expended through physical
and metabolic activity typically causes a rise in BMI [2].
Breast cancer, the most common form of cancer in women,
is significantly influenced by obesity. In this context, a pro-
tein known as breast cancer Type 1 susceptibility protein is
encoded by the Brcal gene, a human tumor suppressor gene
[3]. Breast and ovarian cancer risk is higher in women who
have mutant Brcal or Brca2 genes. By the age of 70, female
carriers of mutations in either Brcal or Brca2 had a 60-80%
likelihood of developing breast cancer [4]. Obesity exhibits
a positive correlation with the expansion of adipose cells
and an elevation in lipid accumulation. Among the enzymes
crucial for triglyceride accumulation in fat tissue associated
with obesity, Dgatl, Fas, and Lpl hold significant impor-
tance. The development of obesity in mice overexpressing
Dgatl in adipose tissue indicates the critical role Dgat1 plays
in the development of obesity and insulin resistance [5]. Fas
and Lpl provide non-esterified fatty acid substrates for tri-
glyceride synthesis. Adipose tissue, the liver, and the lungs
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all have high levels of Fas expression, which controls the
process of de novo lipogenesis from malonyl-CoA, acetyl-
CoA, and NADPH [6]. Numerous human diseases and harm-
ful health conditions, such as obesity, inflammation, cardio-
vascular disease, and most importantly cancer, have been
connected to Fas in recent studies [7, 8]. The expression
of Lpl is elevated in adipose and muscle tissues. Obesity
raises the expression of both Lpl and Fas [9]. An important
factor in the connection between obesity and breast cancer
is inflammation. Chronic inflammation occurs in breast tis-
sue due to fat accumulation caused by obesity [10] In this
study, lipopolysaccharide (LPS) was used to trigger inflam-
mation; high concentrations of LPS activated TLR4, ERK
and NF-kB pathways, leading to IL-6 production and Mcpl
release [11]. A study that was published in the literature
found that when adipocytes 3T3-L1 cells were stimulated
with plant compounds, the treatment decreased the phospho-
rylation of ERK1/2, which is involved in the inflammation
caused by LPS in adipocytes and increased the expression
of pro-inflammatory genes associated with inflammation,
including Mcpl, TNF-a, and IL-6. 3T3-L1 cells are the most
widely characterized and frequently used cells in differentia-
tion studies related to adipocytes [12].

Stinging nettle, also known as U. dioica, is a perennial
medicinal plant species that is a member of the Urticaceae
family. Recently, U. dioica has been researched for its anti-
oxidant, anti-microbial, anti-ulcer, analgesic, and anti-cancer
properties [13]. In addition, treatment with U. dioica extract
was found to ameliorate insulin resistance induced by obe-
sity [14]. In our investigation, we conducted an analysis of
alterations in certain genetic markers modulated by molecu-
lar mechanisms connected with obesity and breast cancer,
which we hypothesized to be associated with obesity, along
with markers that promote lipid metabolism and height-
ened inflammation. The aim was to examine the potential
therapeutic role of U. dioica at both the transcriptional and
translational levels. To this end, we assessed the expression
of genes such as Lpl, Fas, Dgatl, Brcal, Brca2, and Mcpl
in differentiated and undifferentiated cells, as well as in 3T3-
L1 cells, treated with different concentrations and durations
of U. dioica extract, utilizing quantitative polymerase chain
reaction (qPCR). Subsequently, employing bioinformat-
ics analysis via molecular docking, we obtained the most
promising protein—ligand interaction revealing activation
to observe if the plant extract has an effect on the above-
mentioned genes.

Materials and Methods

This section and also all the tables and figures are pre-
sented in the Supplementary Material.
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Results and Discussion

Exploring the Influence of U. Dioica Extract
on 3T3-L1 Adipocyte Viability

This study was designed to comprehensively evaluate
the effects of U. dioica extracts on 3T3-L1 preadipocyte
cells with different concentrations and durations. Cells
were examined at doses ranging from 10-240 pg/ml and
a concentration of 240 pg/ml was found to be toxic. In
particular, concentrations of 50, 100 and 200 pg/ml were
found to be consistent with the common dose ranges in
the literature where the biological activities of U. dioica
extracts have been examined. The 72-h period chosen in
the study was determined to ensure a full understanding
of potential cell damage and long-term effects, and the
time periods of 24, 48 and 72 h used overlap with the
periods commonly used in the literature [15]. Within the
experimental framework involving 3T3-L1 preadipocytes,
a systematic evaluation has been conducted to discern the
impact of U. dioica extracts, dissolved in ethanol, at vary-
ing concentrations (50, 100, and 200 pg/ml) and durations
(24, 48, and 72 h) on cell viability (Fig. S1). Intriguingly,
a consistent attenuation of cell viability was evident at the
72-h mark, regardless of the administered concentration
(Fig. Slc, S1f, S1i, S11). Furthermore, a noteworthy obser-
vation was the manifestation of cellular detachment and
morphological transformations at the highest concentra-
tion (200 pg/ml) after 48 and 72 h. Contrastingly, meticu-
lous scrutiny revealed an absence of discernible alterations
in cell surface adhesion at concentrations of 50, 100, and
200 pg/ml during the initial 24 h, and at 50 and 100 pg/
ml during the subsequent 48 h, with no accompanying
changes in cellular morphology. The administration of 50
and 100 pg/ml concentrations over 24 and 48 h emerged as
the optimal conditions for preserving cell viability, as evi-
denced across all assessments (Fig. S1d, S1g, Sle, S1h).
In the context of this in vitro study, 3T3-L1 preadipocyte
cells served as a surrogate model and underwent stimula-
tion with biologically relevant agents, including insulin,
dexamethasone, and IBMX, to orchestrate their full dif-
ferentiation into adipocytes. Over the orchestrated 12-day
period, lipid droplet production was quantified utilizing
the precise Oil Red O staining technique (see Fig. S2).
This rigorous examination provides nuanced insights into
the intricate interplay between U. dioica extracts and the
nuanced cellular responses pertinent to adipogenesis. The
findings are consistent with previous studies highlighting
the biologically active properties of U. dioica. For exam-
ple, U. dioica has been shown to be a potential source of
natural therapy for the prevention or treatment of cancer,
with anti-tumor, anti-metastatic, anti-proliferative and
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apoptotic effects on cancer cells [16]. The decrease in
cell viability observed in this study is in line with previ-
ous reports, similar to high concentrations and prolonged
administration. In a study it was revealed that U. dioica
showed antiproliferative effects in breast cancer cell lines,
triggered apoptosis and could inhibit tumor growth by
38% in in vivo tests by Karakol et al. [17]. In one study,
U. dioica was shown to reduce Bcl-2, caspase-3 and cas-
pase-9 activities in breast cancer and normal cells, affect-
ing inflammation and cancer formation [18]. Furthermore,
some studies have examined the relationship. Obanda et al.
[14] reported that U. dioica extract decreased ceramide
accumulation induced by FFA and by adiponectin mecha-
nism. In addition, they reported that U. dioica inhibits
high-fat diet-induced obesity and insulin resistance, which
is related to its effects on lipid accumulation and glucose
metabolism [19]. Regarding inflammation, U. dioica is
known to have anti-inflammatory properties. FranciSkovié
et al. [20] found that U. dioica extracts show protective
effects against inflammation and can treat conditions such
as inflammatory bowel diseases.

Effects of U. Dioica Extract on Gene Expression

The transcriptional analysis of the Fas, Lpl, and Dgatl
genes aimed to elucidate the impact of U. dioica extract
on lipid and fat accumulation, as well as to comprehend
the underlying molecular processes. Specifically, these
genes (Dgatl, Lpl, and Fas) exhibit increased expres-
sion in the presence of the adipogenesis. Decreased Fas
expression may not only reduce fatty acid synthesis but
also limit the dependence of tumor cells on fatty acids
as an energy source in breast cancer. Our study is in line
with findings supporting the potential therapeutic use of
Fas inhibitors [21]. Notably, these genes are known to
upregulate in conditions mimicking obesity. After treat-
ing fully developed 3T3-L1 adipocyte cells for 24 h with
50 pg/ml extract, the level of Fas mRNA was reduced by
70% (Fig. S3a). While the mRNA level of Fas increased
after 48 h of extract exposure, this elevation did not reach
statistical significance. The enzyme Lpl plays a crucial
role in converting triglycerides to fatty acids and glyc-
erol, and its expression is heightened in obesity. Upon
exposure to U. dioica extract at concentrations of 50 and
100 pg/mL for 48 h, a substantial reduction in Lpl mRNA
expression was observed. Specifically, Lpl gene expression
decreased by 80 and 90% at doses of 50 and 100 pg/ml,
respectively (Fig. S3b). Similarly, decreases in Lpl and
Dgatl expressions play a critical role in the storage of
triglycerides in adipose tissue and in energy metabolism.
In relation to obesity, changes in Lpl activity may be an
important factor in the development of fat accumulation
and metabolic disorders. One study found that high Lpl

activity was associated with adipocyte hypertrophy in sub-
cutaneous adipose tissue, which reduced visceral fat accu-
mulation and metabolic risk [22]. In another study, it was
reported that Lpl activity in obese individuals increased
after weight loss and that this increase played a role in
the storage of triglycerides in adipose tissue [23]. The
gene Dgatl, positively associated with obesity, exhibits
heightened expression in obesity conditions. Treatment
with U. dioica extract at concentrations of 50, 100, and
200 pg/ml for 24 h led to an 80, 80, and 90% reduction
in Dgatl gene expression, respectively (Fig. S3c). After
48 h, treatment at concentrations of 50 and 100 pg/ml
resulted in a significant 80 and 85% decrease in Dgatl
gene expression, respectively. However, statistical analy-
sis at a concentration of 200 ug/ml did not yield a sig-
nificant result (Fig. S3d). In a study in the literature, it
was reported that increased expression of Dgatl in mice
increased the triglyceride storage capacity of macrophages
and provided protection against fatty acid-induced inflam-
matory activation [24]. In one study, Dgatl targeting in
glioblastoma cells was shown to inhibit lipid droplet
formation, induce apoptosis and suppress tumor growth
[25]. In our study, obesity inhibitory and anti-inflamma-
tory effects of U. dioica were observed and results were
consistent with these literature findings. In one study,
diet supplemented with U. dioica was shown to reduce
weight gain, fat accumulation in adipose tissue and insu-
lin resistance. These findings support the positive effects
of U. dioica on metabolic diseases, especially obesity
and insulin resistance[19]. Breast cancer and obesity are
known to be conditions in which inflammation enhances
the development and accelerates the progression of the
disease. LPS, found in the cell wall of gram-negative bac-
teria, shows strong proinflammatory effects. In a study,
it was reported that Alliin (active component of Allium
sativum) suppressed proinflammatory gene expression in
LPS-stimulated adipocytes and decreased the expression
of inflammation-related genes such as Mcpl, IL-6, Egr-1
[26]. The chemokine Mcpl is known to affect macrophage
accumulation and activity; in animal models, it is well
recognised for its role as a marker of increased inflam-
mation in adipose tissue linked to rising obesity. Notably,
both obese humans and animals exhibit elevated expres-
sion levels of this gene in their adipose tissue. Follow-
ing 24- and 48-h extract treatments, fully differentiated
3T3-L1 adipocyte cells displayed a noteworthy decrease
in the expression of Mcp-1. Significantly reduced Mcp-1
mRNA expression was evident after cells underwent a
24-h treatment with U. dioica extract at concentrations
of 50, 100, and 200 pg/ml. These results highlight a sig-
nificant reduction in Mcpl gene expression when fully
differentiated adipocytes were treated with the extract
for 24 h at doses of 50, 100, and 200 pg/ml (Fig. S3e).
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Comparable outcomes also showed a statistically signifi-
cant decrease in Mcpl gene expression following a 48-h
treatment with extract at 50 and 100 pg/ml (Fig. S3f). In
addition, Hoch et al. [27] reported that when obese indi-
viduals were administered 1 mg/mL LPS, inflammation-
related IL-6, IL-2 and TNF-a cytokine levels increased
in adipose tissue. U. dioica may reduce obesity-induced
inflammation by suppressing the expression of inflamma-
tory cytokines. In an in vitro study in the literature, U.
dioica extract was found to suppress TNF-a and IL-1p
release in human whole blood stimulated with LPS [28].
Our study confirms that U. dioica shows positive effects by
inhibiting inflammatory pathways. Furthermore, U. dioica
extract showed anti-inflammatory effects by suppressing
NF-xB activation, reducing TNF-a and IL-1p production
in synovial tissue [29]. Breast cancer development is more
likely in women with early-stage diagnoses due in large
part to genetic susceptibility, which is defined by muta-
tions in the Brcal and Brca2 genes. Hereditary gene muta-
tions are thought to be responsible for 5-10% of instances
of breast cancer, with the susceptibility genes Brcal and
Brca2 receiving particular attention. The increased risk
of breast cancer associated with obesity has been studied
in many studies, but the exact nature of this association
is still unclear. In the study by Godet and Gilkes [30],
mutations in the Brcal and Brca2 genes were shown to
predispose to breast cancer. Brcal’s mRNA expression
pattern closely resembles Brca2’s, indicating that there is
coordinated regulation at play here. Upon exposure to 50,
100, and 200 pg/ml extract for 24 h, the mRNA expression
levels of both Brcal and Brca2 genes exhibited a drastic
reduction. However, after 48 h of extract treatment, a per-
ceptible decrease in gene expression was observed, yet sta-
tistical analysis indicated that this reduction did not attain
significance. These findings emphasize that the exposure
of Brcal and Brca2 genes, linked to breast cancer, to U.
dioica extract concentrations of 50, 100, and 200 pg/ml
for 24 h results in the anticipated effects. However, these
effects are not sustained for 48 h, as statistical analysis
indicates insignificance in the observed changes (Fig. S3g
and S3h). (Table S3). U. dioica has been found to lead to
reductions in transcriptional level in both 3T3-L1 adipo-
cytes in obesity and in a breast cancer cell line in a breast
cancer study [14, 18]. In vivo experiments on mice have
shown that U. dioica has a protective effect against obe-
sity when consumed as a vegetable [19]. Alternatively,
they suggested that U. dioica inhibits cell proliferation and
reduces cancer cell viability by inhibiting phosphoryla-
tion of PI3K/AKT pathway elements [31]. In addition, a
study revealed that U. dioica selectively targets the JAK2/
STAT?3 pathway in breast cancer, showing strong binding
affinity to JAK?2 and anti-cancer potential [32].
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Molecular Docking Findings

With the developing technology, studies at the molecular
level make it possible to examine the interactions, bind-
ing energies and biological activities of molecules through
computer simulations [33]. This provides an important
advance in the field of pharmacology, where stable struc-
tures of receptor-ligand interactions can be determined
using Newtonian dynamics and thermodynamic calcula-
tions; low binding energies indicate high binding affinity
and strong interaction. The molecular docking analysis
conducted in this study provided key insights into the
interaction dynamics of U. dioica-derived ligands with
the dedicated crucial proteins implicated in obesity-related
pathways such as metabolic, inflammatory, and oncologi-
cal pathways. Binding affinities were evaluated, and the
results underscored significant ligand—protein binding
events, as summarized in Table S4. The most noteworthy
docking results, illustrating optimal interactions, are out-
lined in Table S5 and Fig. S4. Dgatl exhibited the highest
binding affinity (—10.3 kcal/mol), followed closely by Fas
(—10.3 kcal/mol) and Lpl (—9.2 kcal/mol). Furthermore,
Quercetin acetyl rutinoside exhibited a binding energy of
(—8.6 kcal/mol) when interacting with the Mcp-1 protein
at this particular juncture. Comparatively lower binding
energies were observed for Brcal (—7.5 kcal/mol) and
Brca2 (—8.4 kcal/mol) with apigenin hexoside. These vari-
ations in binding affinity can be attributed to differences
in binding site topography and amino acid composition.
Hydrogen bonds, pi-nt and pi-alkyl interactions stabilize
the binding energy in protein-ligand interactions, allowing
a better understanding of molecular interactions in a bio-
logical context. Ozgen and Unlii [34] emphasized the con-
tribution of hydrogen bonds, pi-cation and pi-alkyl interac-
tions in the binding stability of interactions by molecular
docking method. In our study, Dgatl, a pivotal enzyme
in triglyceride synthesis, demonstrated robust interactions
with isorhamnetin rutinoside and quercetin acetyl rutino-
side, evidenced by a binding energy of —10.3 kcal/mol.
The key stabilizing forces were conventional hydrogen
bonds with TRP C:377, ASN C:378, CYS C:385, and HIS
C:415 (Table S4). Additionally, carbon-hydrogen bonding
with GLN C:375 contributed to the binding stability. Note-
worthy were the n—x stacking interactions with TRP C:374
and TRP C:377, which significantly enhance the bind-
ing free energy by providing favorable n-electron cloud
overlap (Fig. S4c). These interactions not only stabilize
the ligand within the hydrophobic core of Dgatl but also
suggest a mechanism by which these ligands may inhibit
triglyceride biosynthesis. Given Dgatl’s role in adipo-
genesis, these findings support its therapeutic potential in
obesity management. The interaction of quercetin acetyl
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rutinoside with Fas resulted in a high binding energy of
—10.3 kcal/mol. The ligand formed multiple hydrogen
bonds with key residues ARG A:2275, GLU A:2395, and
SER A:2417 (Fig. S4b). The presence of n—xn stacking
with TYR B:2425 and =-alkyl interactions involving LEU
A:2279 and PHE A:2418 provided additional stabilization.
Importantly, the interaction profile highlighted the criti-
cal role of aromatic and hydrophobic residues in ligand
binding. The w-electron cloud interactions likely enhance
ligand specificity and retention, potentially leading to
allosteric inhibition of Fas activity. As Fas overexpres-
sion is linked to various cancers, particularly breast can-
cer, these findings underscore the therapeutic relevance of
U. dioica-derived ligands in oncological contexts. There is
no direct reference to a specific molecular docking study
examining the interactions of quercetin acetyl rutinoside
with the Fas enzyme. However, in a study on quercetin and
its derivatives, quercetin, which is among the active com-
ponents of Tamarindus indica, was subjected to molecu-
lar docking analysis with three different domains of Fas.
This study demonstrated that quercetin may have a poten-
tial inhibitory effect on the Fas enzyme [35]. Apigenin
hexoside displayed a notable binding energy of —9.2 kcal/
mol with Lpl, a key enzyme involved in lipid metabolism
(Fig. S4f). Conventional hydrogen bonds with residues
SER A:446, ARG A:447, and GLU A:448 were identi-
fied, alongside m-anion interactions with GLU A:448 and
n-sigma interactions with VAL A:461. These electrostatic
and hydrophobic interactions likely enhance the ligand’s
binding affinity and specificity. The stabilization of Lpl
by apigenin hexoside suggests a potential mechanism for
enhancing lipid hydrolysis, thereby reducing circulating
triglyceride levels. This interaction profile positions api-
genin hexoside as a promising candidate for managing
hyperlipidemia and related metabolic disorders.The inter-
action of quercetin acetyl rutinoside with Mcpl yielded
a binding energy of —8.6 kcal/mol (Table S4). Conven-
tional hydrogen bonding with LYS B:38, along with car-
bon-hydrogen bonds involving LYS A:35 and PRO A:37,
provided a stable interaction network (Fig. S4e). Addi-
tionally, a n—x stacking interaction with TYR A:13 and
n-alkyl interactions with LYS B:35 and PRO B:37 were
observed. The z-stacking interactions may play a pivotal
role in ligand stabilization within the Mcpl binding site.
Given the role of Mcp-1 in monocyte recruitment and
inflammation, these interactions suggest that quercetin
acetyl rutinoside may serve as an anti-inflammatory agent
by modulating Mcp-1 activity. This could have impli-
cations for conditions characterized by chronic inflam-
mation. Apigenin hexoside exhibited moderate binding
energies of —7.5 kcal/mol and —8.4 kcal/mol with Brcal
and Brca2, respectively (Table S4). In Brcal, hydrogen
bonds were established with SER A:1655, LEU A:1657,

and ASN A:1678, while n-cation and =m-alkyl interactions
involved LYS A:1702 and LEU A:1701 (Fig. S4a). Simi-
larly, in Brca2, hydrogen bonds formed with HIS A:294,
SER A:296, and THR A:297, complemented by n-donor
hydrogen bonds with SER A:317 and =-alkyl interactions
with ILE A:314 and ALA A:323 (Fig. S4d). Although the
binding energies were lower than those for Dgatl, Fas, and
Lpl, the interactions observed suggest potential modula-
tion of Brca-mediated DNA repair pathways. This may
have therapeutic implications in cancer, particularly in
sensitizing cancer cells to DNA-damaging agents.

The strong binding affinities of isorhamnetin rutinoside
and quercetin acetyl rutinoside with Dgatl and Fas support
their potential as inhibitors of triglyceride and fatty acid
synthesis, respectively. Such inhibition may be particularly
valuable in treating obesity and related metabolic disorders.
The interaction of apigenin hexoside with Lpl suggests its
role in enhancing lipid catabolism, potentially lowering
plasma triglyceride levels and mitigating hyperlipidemia.
Additionally, the modulation of Mcpl activity by quercetin
acetyl rutinoside implies an anti-inflammatory effect, which
could be beneficial in managing chronic inflammatory con-
ditions. Furthermore, the interactions of apigenin hexoside
with Brcal and Brca2 proteins indicate a potential role in
modulating DNA repair pathways. This may enhance the
efficacy of existing chemotherapeutic agents by increasing
cancer cell sensitivity to DNA damage.

Conclusions

Obesity has emerged as a complex health condition with
inflammatory implications, exacerbating the risks of dis-
eases such as breast cancer, Type-II diabetes, and cardio-
vascular disorders. Medicinal plants, such as U. dioica, have
gained attention for their potential in mitigating obesity
and breast cancer. Research findings suggest that U. dioica
extract modulates key molecular pathways associated with
obesity and breast cancer, leading to the downregulation
of critical markers like Dgatl, Lpl, Fas, Mcp1, Brcal, and
Brca2 in LPS induced adipocytes. Molecular docking studies
further support the effectiveness of U. dioica components
in interacting with specific proteins associated with breast
cancer susceptibility and adipocyte differentiation. The inte-
gration of molecular docking results and quantitative PCR
analyses provides a comprehensive understanding of U. dioi-
ca’s impact at both transcriptional and protein interaction
levels. In conclusion, U. dioica presents itself as a valuable
natural resource in the pursuit of effective and minimally
invasive treatments for obesity and obesity-related breast
cancer. Research on the molecular pathways that U. dioica
influences will surely lead to the creation of new treatment
approaches that might completely alter the way we tackle
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these widespread health issues. Future research should
focus on validating the therapeutic potential of U. dioica
with in vivo models. Clinical trials are critical to evaluate
the safety and efficacy of U. dioica in humans. In addition
to confirming the therapeutic potential of U. dioica, these
studies will contribute to the development of targeted thera-
peutics for obesity and breast cancer. In addition to confirm-
ing the therapeutic potential of U. dioica, these studies will
contribute to the development of targeted therapeutics for
obesity and breast cancer.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11130-025-01341-8.
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