
Identification of anti-inflammatory and antimicrobial compounds from
leaves and rhizomes of Iris pseudacorus collected in Irland bogland
using chemical profiling techniques
Erol, O.; Nagar, S.; Selo, M.A.; Obalidi, I.; Walsh, J.J.; Sheridan, H.; Choi, Y.H.

Citation
Erol, O., Nagar, S., Selo, M. A., Obalidi, I., Walsh, J. J., Sheridan, H., & Choi, Y. H. (2025).
Identification of anti-inflammatory and antimicrobial compounds from leaves and rhizomes
of Iris pseudacorus collected in Irland bogland using chemical profiling techniques.
Fitoterapia, 185. doi:10.1016/j.fitote.2025.106671
 
Version: Publisher's Version
License: Creative Commons CC BY 4.0 license
Downloaded from: https://hdl.handle.net/1887/4283703
 
Note: To cite this publication please use the final published version (if applicable).

https://creativecommons.org/licenses/by/4.0/
https://hdl.handle.net/1887/4283703


Identification of anti-inflammatory and antimicrobial compounds from 
leaves and rhizome of Iris pseudacorus collected in Ireland bogland using 
chemical profiling techniques
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A B S T R A C T

Iris pseudacorus, a species native to Irish wetlands, was investigated for its antimicrobial and anti-inflammatory 
potential as part of a broader study on bogland medicinal plants. Methanol extracts from leaves and rhizomes 
were chemically profiled using NMR, LC-MS, and HPTLC, leading to the identification of three bioactive com
pounds: syringic acid, luteolin 7-O-β-D-glucoside, and liquiritigenin. HPTLC bioautography revealed that these 
compounds exhibited moderate antimicrobial activity against Staphylococcus aureus ATCC 29213, with MIC 
values ranging from 128 to 256 μg/mL. In vitro anti-inflammatory assays using THP-1 macrophages further 
demonstrated significant inhibition of interleukin-6 (IL-6) production, particularly by liquiritigenin, which 
showed the strongest bioactivity in both assays. These findings highlight the therapeutic potential of 
I. pseudacorus and support its traditional use in Irish ethnobotany, offering a promising example of bioactive 
compound discovery from underexplored wetland flora.

1. Introduction

Iris pseudacorus, commonly known as Yellow Iris or Yellow Flag Iris, 
is a very common species found in Irish boglands [1]. Classified as an 
ornamental plant [2], it also has a cultural significance in Irish folklore 
for its ethnopharmacological uses, including the treatments of coughs, 
dyspepsia, toothaches, indigestion, and serpent bites [3,4]. Iris pseuda
corus is known for its diverse chemical composition, that includes pri
mary and specialised metabolites, such as essential oils, terpenes, 
saponins, flavones, isoflavones, alkylresorcinols, alkaloids, and xan
thones, which are distributed throughout various parts of the plant 
(flower, stem, leaves, and rhizomes) [5,6]. These compounds have been 
reported to exhibit a wide range of biological activities, including 
antiviral [7], anti-biofilm [8], antibacterial [9], cytotoxic [10], 
butyrylcholinesterase-inhibiting [11], anti-tumor [12,13], and anti- 
osteoporotic activities [14]. The worldwide distribution of Iris species 
and their significant biological activities have prompted research groups 
to investigate their metabolic profiles leadsing among others, numerous 

reports of the isolation and purification of novel isoflavones from Iris 
rhizomes [15,16].

Interestingly, in addition to its pharmacological applications, Iris 
pseudacorus has been explored for its phytoremediation potential. Rhi
zomes of Iris species have demonstrated the ability to remediate various 
contaminants from aquatic ecosystems, including pharmaceutical drugs 
(e.g., furosemide, ibuprofen, methamphetamine, and tramadol) 
[17–19], pesticides (e.g., imazalil, chlorpyrifos) [20,21], herbicides (e. 
g., atrazine) [22], and heavy metals such as arsenic, copper, lead, and 
cadmium [23,24].

The Iris genus is notable for its diverse array of secondary metabo
lites. Plant-derived antimicrobials may provide novel mechanisms of 
action against resistant pathogens, potentially circumventing current 
resistance mechanisms. Additionally, plant metabolites with anti- 
inflammatory properties can modulate LPS-induced inflammatory 
pathways, offering potential therapeutic benefits for managing 
inflammation-driven diseases [25]. Exploring these natural compounds 
not only provides a sustainable and diverse source of novel therapeutics 
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but also aligns with the growing interest in natural and integrative 
medicine.

Iris pseudacorus was selected as part of the Irish Bogland project titled 
“Unlocking Nature’s Pharmacy,” due to its popularity in Irish folklore 
for treating ailments such as mumps, jaundice, wounds, sore throats, and 
burns as mentioned before [3,4,26]. This study aims to explore its 
chemical diversity and therapeutic potential through a comprehensive 
metabolomics-guided approach. Sixteen dried plant samples collected 
from three distinct regions of Ireland were analysed using high- 
performance thin-layer chromatography (HPTLC), liquid 
chromatography-mass spectrometry (LC-MS), and nuclear magnetic 
resonance (NMR) spectroscopy. By integrating chemical profiling with 
biological assays, this work seeks to evaluate the pharmacological 
relevance of I. pseudacorus, particularly its antimicrobial and anti- 
inflammatory potential, and to contribute to the broader understand
ing of native wetland flora as a reservoir of bioactive compounds.

2. Material and methods

2.1. Plant material

Whole plant material (rhizome, leaf and stem) was collected from 
various locations in Ireland, packed in plastic bags and shipped directly 
to Dublin or stored chilled until it could be sent. The species was iden
tified by John J. Cannon (Agricultural Adviser with Teagasc – the Irish 
Agriculture and Food Development Authority) and voucher specimens 
were deposited in the in-house collection at Trinity College (Ireland, 
NatPro). Representative voucher samples for the collections were pre
pared and submitted to the herbarium at the National Botanic Gardens 
of Ireland, and accession numbers were obtained. Detailed information 
on the collection of Iris samples is listed in Table 1. Once in the labo
ratory, the plant material was separated according to plant part, that is, 
rhizomes, leaves and stems, and dried at ambient temperature (10 ◦C – 
18 ◦C depending upon the time of collection). Once the material was dry, 
it was pulverised and separated into sixteen samples that were used for 
extraction.

2.2. Chemicals and reagents

The chemicals used for extraction and development of (HP)TLC 
plates, MeOH, EtOAc, toluene and acetone (analytical grade) were 
purchased from Avantor - Macron Fine Chemicals (Gliwice, Poland), LC- 
MS grade solvents (AcCN, MeOH, H2O) were purchased from Biosolve 
(Dieuze, France). Formic acid (LC-MS grade) and sodium formate solu
tion (10 mM NaOH, LC-MS grade) for the calibration were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). HPTLC silica gel 60 F254 glass 
plates were purchased from Merck (Darmstadt, Germany), TLC plates 
silica gel 60 F254 and preparative TLC plates were purchased from VWR 
Chemicals (Rue Carnot, France). Anisaldehyde (≥ 97 %), sulfuric acid 
and acetic acid (ACS reagent ≥96 %) were purchased from Sigma- 
Aldrich. Purified water was obtained using a Milli-Q system (Milli
pore, Burlington, MA, United States). For NMR analysis CH3OH-d4 sol
vent were obtained from Eurisotop (Saarbruecken, Germany) and 
hexamethyldisiloxane (HMDSO) from Fluka (Landsmeer, Netherlands).

2.3. High performance thin layer chromatography (HPTLC) analysis

2.3.1. Extraction of plant material for HPTLC analysis
Thirty mg of dried plant samples were mixed with 5 mL of MeOH 

(solid-to-solvent ratio of 1:6 (w/v)) followed by 1 min vortexing and 30 
min ultrasonication at 25 ◦C (Branson 5510-MT Ultrasonic cleaner 
(Branson Ultrasonics, Danbury, USA)). The resulting MeOH extracts 
were centrifuged for 10 min at a speed of 21,952 g to yield clear su
pernatants that were separated and dried with a SpeedVac (at 35 ◦C) 
(CentriVap Concentrator, Labconco™, Kansas City, MO, USA). Five mg 
of dried extracts were redissolved in 1 mL MeOH for HPTLC analysis.

2.3.2. HPTLC performance
For the HPTLC analysis 10 μL of the extract solution (5 mg/mL) were 

applied to 200 × 100 mm HPTLC silica gel 60 F254 glass plates (Merck, 
Darmstadt, Germany) in 6.0 mm bands with a TLC Sampler (ATS 4, 
CAMAG, Muttenz, Switzerland). Two different mobile phases: (a) 
toluene-acetone (1,1, v/v) for the separation of non-polar to moderately 
polar compounds, and (b) EtOAc-formic acid-acetic acid-water 
(100,11:11:27, v/v) for polar compounds were used as mobile phases. 

Table 1 
Collection information of sixteen Iris pseudacorus samples Bogland of Ireland 
employed in the study.

Voucher 
Specimens 
No.

Collection 
county in 
Ireland

GPS Co- 
ordinates 
(latitude, 
longitude)

Type of 
habitat

Collection 
time

Plant 
partsa

NTP0018 Donegal
54.9831, 
− 7.9734

Blanket 
bog, 
Atlantic 
type

September 
2020 Rhizome

NTP0021 Donegal
54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020

Rhizome

NTP0022A Donegal
54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020 Leaf

NTP0022B Donegal 54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020

Rhizome

NTP0022C Donegal
54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020 Stem

NTP0023A Donegal 54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020

Rhizome

NTP0023B Donegal
54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020 Stem

NTP0023C Donegal 54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020

Leaf

NTP0024A Donegal
54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020 Stem

NTP0024B Donegal 54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020

Leaf

NTP0024C Donegal
54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020 Rhizome

NTP0025A Donegal 54.9945, 
− 7.9547

Blanket 
bog, 
Atlantic 
type

September 
2020

Rhizome

NTP0070 Offaly
53.2780, 
− 7.4923

Fen, wet 
bog June 2020 Rhizome

NTP0129 Kildare 53.2784, 
− 6.9430

Raised 
bog, 
peatland

June 2020 Leaf

NTP0130 Kildare
53.2784, 
− 6.9430

Raised 
bog, 
peatland

June 2020 Rhizome

NTP0131 Kildare 53.2784, 
− 6.9430

Raised 
bog, 
peatland

June 2020 Stem

a The leaves samples possibly contain few stem.
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The development was automatically performed in an ADC2 CAMAG 
1020 chamber with 35 min saturation time (relative humidity kept at 33 
% with a saturated solution of magnesium chloride (Sigma-Aldrich)) and 
85 mm solvent migration distance from the sample application point. 
The developed HPTLC plates were visualised using CAMAG TLC Visu
alizer, with visible, UV 254 nm, and UV 366 nm light. All the HPTLC 
plates were sprayed with 2 mL of anisaldehyde-H2SO4 reagent using a 
derivatiser (CAMAG) followed by heating at 100 ◦C for 3 min with the 
TLC Plate Heater 3 (CAMAG). The derivatised plates were visualised and 
photographed using the TLC Visualiser under visible and UV light at 366 
nm.

2.4. UHPLC-DAD-QTOF-MS analysis

2.4.1. Extraction of plant material for LC-MS analysis
Twenty mg of dried plant material were extracted with 1 mL of 70 % 

MeOH (v/v), corresponding to a solid-to-solvent ratio of 1:50 (w/v). The 
mixture was vortexed for 1 min followed by ultrasonication for 30 min at 
25 ◦C. After extraction, the samples were centrifuged at 21,952 ×g for 
10 min. The supernatants were then transferred to 1.5 mL glass tubes 
and filtered through a 0.2 μm PTFE membrane filters. Samples were 
diluted 1:100 for LC-MS analysis.

2.4.2. UHPLC-DAD-QTOF-MS analysis
Samples were used for injection into an UHPLC-DAD-QTOF MS 

system composed of an, Ultimate 3000 UHPLC (Thermo Scientific, 
Dreieich, Germany), an OTDF-QII spectrometer with electrospray ioni
zation (ESI) (Bruker, Bremen, German). The separation was performed 
on a Phenomenex, Kinetex, C18 column (2.1 × 150 mm, 2.6 μm) 
(Utrecht, The Netherlands) and eluted with a gradient of 0.1 % formic 
acid in H2O (solvent A) and 0.1 % formic acid in AcCN (solvent B), from 
5 % to 95 % in 40 min. The flow rate was 0.3 mL/min, and the column 
temperature was maintained at 40 ◦C. The injection volume was set at 1 
μL. The following mass spectrometer settings were used: nebulizer gas 
2.0 bar, drying gas 10.0 mL/min, temperature 250 ◦C, capillary voltage 
3500 V and data was collected in positive mode with a scan range of 
100–1650 m/z. Sodium formate was used as a calibrant.

2.5. 1H NMR analysis

2.5.1. Extraction of plant material for 1H NMR analysis
Thirty mg of dry plant materials were extracted with 1 mL of the 

deuterated solvent, CH3OH-d4 containing 3.93 mM hexamethyldisilox
ane (HMDSO) as an internal standard or in 1 mL of a mixture of CH3OH- 
d4 and KH2PO4 buffer in D2O (1:1, v/v) and 0.29 mM trimethylsilyl 
propionic acid sodium salt-d4 (TMSP), followed by 1 min ultra
sonication at 25 ◦C. The extracts were centrifuged at 18928 g, and 300 μL 
of the solutions were transferred to 3 mm NMR tubes for 1H NMR 
analysis.

2.5.2. 1H NMR analysis
The 1H NMR analysis was performed with an AV-600 MHz NMR 

spectrometer (Bruker, Karlsruhe, Germany), operating at the 1H NMR 
frequency of 600.12 MHz. For internal locking, CH3OH-d4 was used. All 
1H NMR data consisted of 128 scans requiring 10 min and 26 s as the 
acquisition time using the parameters: 0.16 Hz/point, pulse width (PW) 
= 30◦ (11.3 μs), and relaxation time of 1.5 s. A pre-saturation sequence 
was used to suppress the residual water signal, using low-power selec
tive irradiation at H2O frequency during the recycle delay. The FIDs 
were Fourier transformed with an exponential line broadening of 0.3 Hz. 
The resulting spectra were manually phased, baseline corrected and 
calibrated to HMDSO at 0.06 ppm using TOPSPIN V. 3.0 (Bruker).

2.6. GC–MS analysis

2.6.1. Extraction of plant material for GC–MS analysis
Aqueous methanolic extracts were prepared by extraction 30 mg of 

the plant materials with 1 mL of MeOH-H2O (1:1, v/v), 10 s vortexing 
and 20 min ultrasonication at 25 ◦C. The extracts were centrifuged for 
10 min at 18928 g. Three hundred μL of supernatant was transferred to a 
1.5 mL glass vial and dried in a Speed vac (at 35 ◦C). The dried extracts 
were redissolved in 100 μL of methoxyamine hydrochloride solution in 
pyridine (20 mg/mL) and reacted at 40 ◦C for 2 h. The reactants were 
then TMS-derivatised by the addition of 140 μL of N-Methyl-N-(trime
thylsilyl)trifluoroacetamide (MSTFA) and heating at 40 ◦C for 2 h.

2.6.2. GC–MS analysis
The GC–MS analysis was performed on an Agilent 8890 A gas 

chromatograph coupled to a 7890 MS system gas equipped with a 7693 
automatic sampler (Agilent, Folsom, CA, USA). The samples were ana
lysed using a DB-5 GC column (30 m × 0.25 mm, 0.25 μm film, J&W 
Science, Folsom, CA, USA) and eluted with helium (99.9 % purity) as a 
carrier gas at a flow rate of 1.5 mL/min. The oven temperature was 
programmed as follows: after an initial hold at 60 ◦C for 1 min it was, 
increased at 7 ◦C /min to 290 ◦C, and held for 5 min; then increased to 
310 ◦C at 5 ◦C /min and held for 3 min. The injector was set at 280 ◦C 
and 1 μL of the sample was injected in splitless mode. The interface 
temperature was set at 280 ◦C, and the ion source and quadrupole 
temperature were 230 ◦C and 150 ◦C, respectively. The ionization en
ergy in EI mode was 70 eV.

2.7. Microdilution antibacterial assay

2.7.1. Extraction of plant material for microdilution antibacterial assay
Thirty mg of dried plant samples were mixed with 5 mL of MeOH 

(solid-to-solvent ratio of 1:6 (w/v)) followed by 1 min vortexing and 30 
min ultrasonication at 25 ◦C. The MeOH extracts were centrifuged for 
10 min at a speed of 21,952 g to yield clear supernatants that were dried 
using a SpeedVac (at 35 ◦C). All 16 dried Iris extracts were dissolved in 
100 % DMSO at a concentration of 10 mg/mL.

2.7.2. Microdilution antibacterial assay
The broth microdilution method was used to determine the minimal 

inhibitory concentration (MIC) of the tested metabolism according to 
the Clinical Laboratory Standards Institute guideline (CLSI) [27]. The 
strains Staphylococcus aureus ATCC 29213, Bacillus cereus and Escherichia 
coli were inoculated on Mueller-Hinton-Agar (MHA) plates and incu
bated overnight at 37 ◦C. From the overnight cultures a single colony 
was used to inoculate 5 mL of Mueller-Hinton-Broth (MHB) and incu
bated at 37 ◦C with constant agitation (180 rpm) overnight. The bac
terial suspensions were further adjusted with the addition of MHB to 0.5 
of turbidity of the McFarland scale (106 CFU/mL). For testing the ex
tracts were further diluted with MHB a range of in concentrations 512 
μg/mL to 16 μg/mL. A volume of 100 μL was added in each well, and 
100 μL of the 0.5 McFarland bacterial suspensions were inoculated into 
each one and incubated for 24 h at 30. The final concentration of DMSO 
in the well was below 5 % which was also used as a negative control 
while 100 μg/mL of spectinomycin was used as a positive control. The 
bacterial growth was measured by optical density at 600 nm i◦Cn a well- 
microtiter plate reader (SPARK 10 M, TECAN, Männedorf, Switzerland) 
or by visual inspection. The MIC value was defined as the lowest con
centration of a compound that completely inhibited bacterial growth at 
24 h. All experiments were performed by triplicates. Gram-positive 
bacteria, Staphylococcus aureus ATCC 29213 and Bacillus cereus, as well 
as gram-negative bacteria, Escherichia coli were tested in this analysis.

2.8. Direct bioautography using HPTLC plates

A mobile phase consisting of toluene-acetone (1:1, v/v) was selected 
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for the HPTLC separation used for bioautography, based on its optimal 
resolution and the absence of acid or any other constituent which might 
influence the antimicrobial activity in a negative way. Three active 
samples, voucher specimens No: NTP0024B, NTP0070 and NTP0130 
were submitted for analysis. The extracts were applied to the silica gel 
60 F254 plates (10 cm × 5 cm) which were dried for 24 h to completely 
remove traces of organic solvents after development. A bacterial colony 
of S. aureus ATCC 29213 was inoculated into 5 mL of M-H broth (pH 7.2 
± 0.2) and incubated at 37 ◦C overnight (the mean bacterial concen
tration was 1.2 × 107 CFU/mL). The bacterial suspension obtained from 
the overnight incubation was diluted with M-H broth (pH 7.2 ± 0.2) in a 
1: 200 ratio. One hundred microliters of the diluted suspension were 
added to 10 mL of fresh M-H broth and incubated at 37 ◦C for approx
imately four hours. The bacterial mean concentration was 8.0 × 107 

(CFU/mL) which corresponds to the logarithmic growth phase. After 
this, the HPTLC plates were dipped for approximately 15 s in the spec
ified bacterial suspension (S. aureus ATCC 29213). The plates were then 
placed in a moistened petri dish lined with humid paper and incubated 
at 37 ◦C for 24 h. The visualisation of the HPTLC plates was carried out 
using 0.2 % MTT aqueous solution. Dehydrogenases of living microor
ganisms reduce MTT to purple formazan. In the places where flume
quine standards were applied, white inhibition zones were observed on 
the purple background. After spraying, the plates were incubated for 4 h 
at 37 ◦C [28]. To detect the bands with antimicrobial activity in parallel, 
a second plate was developed using the same mobile phase. After 
development and visualisation with the CAMAG TLC Visualiser (under 
visible or white light, UV 254 nm and UV 366 nm), the plate was sprayed 
with 1 mL of anisaldehyde-H2SO4 reagent using a derivatiser (CAMAG) 
and placed on a TLC Plate Heater 3 (CAMAG) at 100 ◦C for 3 min. The 
derivatised plates were visualised using a CAMAG TLC Visualiser under 
white and UV light at 366 nm.

2.9. Preparative thin layer chromatography isolation of targeted 
compounds

Fifty mg of dry plant material from the selected samples (voucher 
specimens No: NTP0024B, NTP0070 and NTP0130) were extracted 
similarly to that described in section 2.8. Following the HPTLC bio
autography results the samples were spotted manually on 20 × 10 cm 
preparative TLC silica gel 60 F254 plates (Merck, Darmstadt, Germany) 
and developed using toluene: acetone (1:1 v/v) as a mobile phase. The 
individual zones that exhibited activity in the HPTLC bioautographic 
test were scraped from the TLC plates. To remove silica gel from the 
isolated compounds the samples were treated with 5 mL of methanol in 
Eppendorf tubes and ultrasonicated for 10 min, followed by centrifu
gation at 10000 g for a further 10 min. This was done for each band by 
triplicate. After centrifugation, the remaining supernatants were dried 
and redissolved in 300 μl of MeOH and filtered with 0.20 μm membrane 
filters before UHPLC-QTOF MS analysis. Compounds were annotated by 
comparison of their exact mass with the Dictionary of Natural Products, 
with literature [https://dnp.chemnetbase.com/chemical/ChemicalS 
earch.xhtml?dswid=7021] using the GNPS and Metaboscape search or 
comparison by standards. A threshold of 10 ppm was set as the mass 
error for possible matches. Finally the identity of the compounds was 
then confirmed by comparison with reference substances.

2.10. Cell culture and treatment

Human monocytic leukaemia THP-1 cells obtained from American 
Type Culture Collection (ATCC) were maintained in tissue culture flasks 
(Greiner Bio-One, Frickenhausen, Germany) in a humidified atmosphere 
at 37 ◦C, 5 % CO2 using RPMI 1640 medium (Gibco, Life Technologies, 
Carlsbad, CA, USA) supplemented with 10 % Fetal Bovine Serum (FBS) 
(Sigma-Aldrich, Dublin, Ireland). For all experiments, cells were seeded 
at a density of 5 × 105 cells/mL in 96-well plates. Phorbol 12-myristate 
13-acetate (PMA) was added (at a final concentration of 60 ng/mL) to 

differentiate the cells from macrophages, after which cells were incu
bated for 48 h. After this, cells were treated either with 10, 50 and 100 
μg/mL of one of the Iris extracts (voucher specimens No: NTP0024B, 
NTP0070, NTP0130, NTP0131) or 10, 50 and 100 μM of one of the 
standard compounds (i.e. syringic acid, liquiritigenin and luteolin 7-O- 
β-D-glucoside) for 24 h in the presence or absence of lipopolysaccharide 
(LPS) (ENZO, Farmingdale, NY, USA) which was added after 2 h (at a 
final concentration of 200 ng/mL). The control cells were treated with 
0.2 % DMSO (Sigma-Aldrich, Dublin, Ireland).

2.11. Cells viability assay

Following 24 h incubation with the relevant extract or standard 
compounds, media supernatants were transferred into new 96-well 
plates (to be used for cytokine levels analysis, see below). The cells, 
on the other hand, were incubated with resazurin solution (Assay Genie, 
Windsor Pl, Dublin 2, Ireland). One hundred microliter of resazurin 
solution (prediluted with RPMI 1640 at 1:10 ratio) were added per each 
well and the cells were incubated at 37 ◦C for 90 min. Afterwards, 
fluorescence was measured using a SpectraMax M2 plate reader (Mo
lecular device, Sunnyvale, CA, USA) at excitation and emission wave
lengths of 544 nm and 590 nm, respectively.

2.12. Analysis of cytokines levels

The levels of four proinflammatory cytokines (i.e., tumor necrosis 
factor-alpha (TNF-α), interleukin (IL)-6, IL-1β and Rantes) were 
measured in the media supernatants collected from cells treated with 
various extracts and standard compounds using highly binding 96-well 
plates (SPL Life Sciences, Geumgang, Naechon-Myeon, Korea) and 
ELISA kits (R&D Systems, Minneapolis, MN, USA) according to the 
manufacturer’s instructions. The supernatant was diluted at 1:20 using 
Phosphate buffered Saline (PBS) containing 1 % Bovine Serum Albumin 
(BSA) (Sigma-Aldrich, Dublin, Ireland). To detect the reaction, 3,3′,5,5′- 
tetramethylbenzidine (TMB) (BD Biosciences, San Jose, CA, USA) solu
tion was added and the plates were incubated for a few minutes before 
terminating the reaction with diluted 5.4 % sulfuric acid. The absor
bance was then measured at 450 nm and subtracted from 540 nm using a 
SpectraMax M2 plate reader (Molecular device, Sunnyvale, CA, USA).

2.13. Data analysis

The 1H NMR spectra were bucketed using AMIX 3.9.12 (Bruker 
BioSpin GmbH, Rheinstetten, Germany) with 0.04 ppm in the range of δ 
10.0 – δ 0.3. The integral of each bucket was normalized to total in
tensity. The normalized buckets were scaled by Pareto scaling method 
for principal component analysis (PCA) and orthogonal partial least 
square modelling -discriminant analysis (OPLS-DA) but unit-variance 
(UV) scaling method was applied to partial least square modelling – 
discriminant analysis (PLS-DA). The UHPLC-MS data were processed 
and analysed using Bruker Compass Data Analysis software (Bruker). 
The raw data files were converted to mzML using MSconvert software 
(Proteowizard) [29]. The quantification table was generated after pro
cessing the raw data in mzMine3 [30], and this table was subsequently 
used for further processing in GNPS. The quantification table obtained 
from GNPS was then used for multivariate data analysis (MVDA). A li
brary search was performed using MetaboScape [31] and GNPS [32]. MS 
data are available in the Mass Spectrometry Interactive Virtual Envi
ronment (MassIVE) repository MSV000097995. MN workflows can be 
accessed in GNPS2 with the following links: https://gnps2.org/status? 
task=f2e66d763cb64192be5c7bf08dadaf6c.

The GNPS results can be accessed by the following link.
The GC–MS raw data files were converted to mzML format using 

MSconvert software (Proteowizard). The mzML files were processed in 
Mzmine 2.93. A molecular network was created with the Library 
Search/Molecular Networking GC workflow at GNPS [33]. The data was 

Ö. Erol et al.                                                                                                                                                                                                                                     Fitoterapia 185 (2025) 106671 

4 

https://dnp.chemnetbase.com/chemical/ChemicalSearch.xhtml?dswid=7021
https://dnp.chemnetbase.com/chemical/ChemicalSearch.xhtml?dswid=7021
https://gnps2.org/status?task=f2e66d763cb64192be5c7bf08dadaf6c
https://gnps2.org/status?task=f2e66d763cb64192be5c7bf08dadaf6c


filtered by removing all MS/MS fragment ions within +/− 17 Da of the 
precursor m/z. MS/MS spectra were window filtered by choosing only 
the top 6 fragment ions in the +/− 50 Da window throughout the 
spectrum. The precursor ion mass tolerance was set to 20,000 Da and the 
MS/MS fragment ion tolerance to 0.5 Da. The quantitative table ob
tained from GNPS was used for MVDA. Multivariate data analysis 
including PCA, PLS-DA, and OPLS-DA were performed using SIMCA P 
(v.18 Umeå, Sweden).

All data for anti-inflammatory activity were analysed using Graph
Pad prism 8.0 (Graph Pad software, San Diego, CA, USA). Where 
appropriate, two-way ANOVA followed by Dunnett’s multiple compar
isons test was used to determine the degree of significance. Results are 
expressed as means ± standard deviations (SD). A p-value ≤0.05 was 
considered statistically significant.

3. Results and discussion

3.1. Chemical profiling by multi-analytical platform (1H NMR, HPTLC, 
UHPLC-MS and GC–MS)

A multi-analytical platform was employed to comprehensively 
investigate the chemical composition and metabolomic variability of Iris 
pseudacorus samples, combining 1H Nuclear Magnetic Resonance (1H 
NMR), High-Performance Thin Layer Chromatography (HPTLC), Ultra- 
High Performance Liquid Chromatography-Mass Spectrometry 
(UHPLC-MS), and Gas Chromatography-Mass Spectrometry (GC–MS). 
The experimental design involved the collection of sixteen I. pseudacorus 
samples from three distinct regions of the Irish Bogland; Donegal, Offaly, 
and Kildare. Material from three plant organs (leaves, stems, and rhi
zomes) from across these regions were examined to assess intra-plant 
and geographical metabolic differences. The samples were first sub
jected to broad chemical extraction protocols using different solvent 

Fig. 1. Typical 1H NMR spectra of Iris pseudacorus samples in the range of d 8.6 – d 5.8 (A), d 5.5 – d 3.0 (B), and d 3.0 – d 0.6 (C) of two extracts (CH3OH-d4 and the 
mixture of CH3OH-d4 and KH2PO4 buffer in D2O (1:1, v/v). L: leaves, S: stems, R: rhizomes. 1: formic acid, 2: isoflavonoids, 3: luteolin and quercetin, 4: gallo
tannins, 5: fumaric acid, 6: shikimic acid, 7: flavanones and gallocatechin, 8: glucose, 9: malic acid, 10: fructose, 11: succinic acid, 12: GABA, 13: acetic acid, 14: 
alanine, 15: fatty acids and lipids.

Ö. Erol et al.                                                                                                                                                                                                                                     Fitoterapia 185 (2025) 106671 

5 



systems to cover a wide polarity range. Subsequently, analytical data 
from 1H NMR, GC–MS, and UHPLC-MS were acquired and subjected to 
multivariate data analysis (PCA, OPLS-DA, and PLS-DA), supported by 
molecular networking via the GNPS platform, to identify key metabo
lites responsible for variations in plant parts and geographical origin. 
The chemical profiles generated were later correlated with bioactivity 
data (antimicrobial and anti-inflammatory) to explore structure–activity 
relationships.

The chemical profiles of the 16 I. pseudacorus samples obtained using 
multiple analytical platforms, including 1H NMR, HPTLC, UHPLC, and 
GC–MS were expected to reveal substantial metabolic variation due to 
environmental factors in different regions of the Irish Bogland (Donegal, 
Offaly, and Kildare) as well as differences between plant parts (leaves, 
rhizomes, and stems).

As a first step, 1H NMR analysis was employed to obtain an overall 
chemical profile of the Iris samples. Two extraction solvents were used to 
detect a broader range of metabolites: CH₃OH-d₄ for less polar metab
olites and a mixture of CH₃OH-d₄ and KH₂PO₄ buffer in D₂O (1:1, v/v) for 
more polar metabolites. The major metabolic differences between 
samples were attributed more to the plant parts rather than to the 
collection locations. As demonstrated in Fig. 1, CH3OH-d₄ extracts 
showed higher levels of phenolics and lipids, while sugars, amino acids, 
and organic acids were more prevalent in extracts from the mixture of 
CH₃OH-d₄ and KH₂PO4 buffer.

Visual inspection of the 1H NMR spectra revealed notable metabolic 
differences between plant parts (leaves, stems, and rhizomes) (Fig. 1). In 
general, leaves exhibited higher levels of phenolics, particularly iso
flavones and flavones (e.g., luteolin and quercetin analogues). For 
instance, 1H resonances for H-2 of isoflavonoids around δ 8.0 (s) and H- 
2′, H-5′, and H-6′ of luteolin and quercetin analogues were more evident 
in leaves and stems (Fig. 1A). In contrast, two distinct H-6 and H-9 
resonances around δ 6.0 – δ 5.8 were more intense in the rhizomes 
(Fig. 1A). In addition, several primary metabolites, including glucose, 
fructose, malic acid, succinic acid, formic acid, shikimic acid, acetic 
acid, alanine, γ-aminobutyric acid (GABA), and fatty acids (lipids), were 
detected as major constituents in the Iris samples.

To further explore metabolic variations, the obtained 1H NMR 
spectra were subjected to multivariate data analysis. The spectra from 
both extraction methods CH₃OH-d4 and the mixture of CH₃OH-d4 and 
KH₂PO4 buffer) were combined to provide a comprehensive metabolite 
dataset comprising 486 variables (243 variables for each extract). 
Principal component analysis (PCA) was applied to this dataset 
(Fig. 2A), revealing two factors influencing the Iris metabolome: envi
ronmental conditions from the collection sites and internal factors 
associated with plant parts (leaves, stems, rhizomes). The PCA score plot 
indicated that internal variation between plant parts was greater than 
environmental variation and metabolomes of leaves and stems in 
particular were distinct from those of rhizomes.

Orthogonal partial least squares discriminant analysis (OPLS-DA) 
was subsequently applied to evaluate the influence of these factors. 
Three classes (leaves, stems, rhizomes) and two collection locations 
(Donegal, Kildare) were compared, with one Offaly sample excluded due 
to its low sample number (Fig. 2B, C). Both models were validated by 
permutation tests, yielding high Q2 values (0.49 for plant parts and 0.86 
for collection locations).

From both PCA and OPLS-DA, it was confirmed that the metabolome 
of Iris samples was significantly influenced by both plant part and 
geographic origin. To identify which metabolites were associated with 
each factor, shared and unique structures (SUS) plots were generated to 
combine the two OPLS-DA models. As depicted in Fig. 3, 1H resonances 
aligned with each axis correspond to metabolites affected by specific 
factors. Metabolite identification based on H NMR spectra revealed that 
flavones, isoflavones, malic acid, and glucose were marker metabolites 
for leaves and stems, while flavanones, fructose, and shikimic acid were 
markers for rhizomes. Fatty acids and lipids were associated with Don
egal samples, and sugars and oxygenated fatty acids assumed form the 

resonances in the rage of δ 4.5 – δ 3.5 were characteristic of Kildare 
samples.

Following this comprehensive investigation of metabolic variations 
using 1H NMR, two MS -based profiling techniques were applied to the 
same dataset: GC–MS for primary metabolites and UHPLC-MS for 

Fig. 2. Score plot of principal component analysis of 1H NMR data (A), 
orthogonal partial least square-discriminant analysis modelling using three 
classes (L: leaves, S: stems, and R: rhizomes) and two classes (D: Donegal and 
K: Kildare).
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specialised metabolites.
In the GC–MS chromatograms, a total of 108 metabolites were 

identified, as listed in Supplementary Table 1. The GC–MS data were 
analysed using PCA and OPLS-DA, similar to the approach applied to the 
1H NMR data, to identify marker metabolites associated with different 
plant organs (leaves, stems, and rhizomes) and collection locations 
(Kildare and Donegal). The overall results were consistent with the 1H 
NMR results. Major metabolic variations were predominantly attributed 
to plant organs, as shown in the PCA, while both plant organs and 
collection locations were contributing factors to variations in the OPLS- 
DA.

The marker compounds distinguishing leaves and stems from rhi
zomes identified via GC–MS were tagatose, glucaric acid, allantoin, 
fumaric acid, fructose, trehalose, succinic acid, and myo-inositol. In 
contrast, glucosamine, melizitose, loganin, alanine, β-hydroxymyristic 
acid, and xylose were identified as markers for rhizomes However, few 
distinct metabolites were detected in the SUS-plot from the GC–MS 
analysis of samples according to their collection locations.

In addition to the GC–MS analysis, UHPLC-MS was applied to the 
same data set to investigate the metabolic difference, especially for 
specialised metabolites.

To identify metabolites within the samples, UHPLC-MS data were 
also analysed using feature based molecular networking via the GNPS 
platform. Supplementary Fig. 1 provides an overview of the molecular 
networking analysis of UHPLC-MS data in positive mode. Considering 
all the Iris samples, 73 metabolites were annotated, encompassing a 
range of chemical classes including flavonoids, isoflavonoids, xan
thones, alkaloids, coumarins, small peptides, phenolic acids, fatty acids, 
and di- and triterpenoids. Notably, compounds such as genistein, 5,6,7- 
trihydroxy-4′-methoxyflavone, and hispidulin were tentatively identi
fied in samples voucher specimens No: NTP0070 (rhizome) and voucher 
specimens No: NTP0131 (stem). Most identified flavonoids were 
corroborated by previous reports on Iris studies [34]. A complete list of 
annotated compounds, including those from both positive and negative 
mode analyses, is available in the supplementary materials (Supple
mentary Table 2).

As observed in the 1H NMR and GC–MS analyses, greater variations 
were noted between plant organs rather than between collection loca
tions. In the PCA score plot (Fig. 4A), leaves (green), stems (red), and 
rhizomes (blue) were distinctly separated by PC2, though the primary 
factor driving the variation in PC1 could not be identified. The UHPLC- 
MS data processed through mzMine and GNPS were further analysed 

using OPLS-DA, following the same methodology applied to the 1H NMR 
and GC–MS data. Both factors contributed significantly to the variation 
observed, as shown in Fig. 4B and C, confirmed by permutation tests. 
Stems were clearly differentiated from leaves, though stems and leaves 

Fig. 3. SUS-plot to combine two orthogonal partial least square-discriminant 
analysis modelling (x-axis: leaves (L) –stems (S) and rhizomes (R), y-axis: 
collection in Donegal (D) and Kildare (K)).

Fig. 4. Score plot of principal component analysis of UHPLC-MS data (A), 
orthogonal partial least square-discriminant analysis modelling using three 
classes (L: leaves, S: stems, and R: rhizomes) and two classes (D: Donegal and K: 
Kildare). In PCA score plot (A), coloring is based on plant organs (leaves, stems, 
and rhizomes) but labelling on collection places (Donegal and Kildare).
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were clustered closely in the 1H NMR and GC–MS data. In terms of 
collection locations, samples from Donegal and Kildare were distinctly 
separated, consistent with the results from the 1H NMR and GC–MS 
analyses.

To identify marker compounds associated with each factor, PLS-DA 
loading plots were applied to the UHPLC-MS dataset, instead of using 
the SUS-plot from the combined OPLS-DA for 1H NMR and GC–MS. 
Marker compounds were identified for leaves, stems, and rhizomes 
(Fig. 5A), as well as for samples collected from Donegal and Kildare 
(Fig. 5B).

Notably, a metabolite which was significantly high in leaves was 
identified as 2-carboxyarabinitol (molecular ions at m/z 197), a com
pound reported in the leaves of numerous C3 plants [35]. This com
pound plays a role in photosynthesis. A second molecular ion at m/z 174 
was also characteristic for leaves, but unfortunately, these compounds 
could not be further characterised by database and literature search. In 
stems the marker compound was identified by the molecular ion [M-H]+

at m/z 298 as a isoflavonoid(5,7-dihydroxy-6-methoxy-2,17-dioxate
tracyclo[8.7.0.03,8.011,16]heptadeca-1(10),3,5,7,11(16),12,14-heptaen- 
9-one) which had been already described for Iris pseudacorus [36]. In 
rhizome extracts, three molecular ions were detected and identified as 
potential marker compounds. One of these markers was identified as 
epicatechin, with a molecular ion at m/z 291. The other two molecular 

ions, at m/z 611 and m/z 915, were clustered within the procyanidin B2 
molecular family in the GNPS network. Based on this clustering and 
structural similarity, these molecular ions it was considered likely that 
they represented procyanidin-like compounds. Therefore, the marker 
compounds identified in the rhizomes are probably tannins, specifically 
procyanidins and related flavonoids (Fig. 6). Regarding collection lo
cations, the compounds irisolidone (molecular ion m/z 315) and methyl 
syringate (molecular ion m/z 213) were identified as markers for the 
Kildare samples, while no specific metabolites were closely associated 
with Donegal samples.

To investigate the biological activities of I. pseudacorus samples and 
to correlate these with chemical profiling data, antimicrobial and anti- 
inflammatory activities were assessed based on previous studies 
[34,37].

3.2. Antimicrobial activity of Iris pseudacorus samples and identification 
of active metabolites

3.2.1. Antimicrobial activity of Iris pseudacorus samples
Methanol extracts of Iris pseudacorus were tested for their antimi

crobial activity against two Gram-positive bacterial strains—
Staphylococcus aureus ATCC 29213 and Bacillus cereus—as well as one 
gram-negative strain, Escherichia coli. The antimicrobial activity was 
evaluated using the broth microdilution method in accordance with 
CLSI guidelines, allowing for the determination of the minimum inhib
itory concentration (MIC). Among the sixteen extracts derived from 
different plant parts and collection sites, three samples demonstrated 
moderate inhibitory effects against the gram-positive strains, with MIC 
values below 256 μg/mL. These included the methanol leaf extract from 
Donegal (NTP0024B) and the methanol extracts of rhizome collected 
from Offaly (NTP0070) and Kildare (NTP0130).

These results suggest a selective antimicrobial potential of 
I. pseudacorus methanol extracts against gram-positive bacteria, as no 
significant inhibition was observed against E. coli. Further phytochem
ical investigation was therefore undertaken to identify the bioactive 
constituents responsible for the antimicrobial effects observed in the 
active samples.

Fig. 5. Loading plot of partial least square modelling – discriminant analysis 
using three classes of leaves, stems and rhizomes (A), and two classes of Don
egal and Kildare (B).

Fig. 6. Two molecular ions in LC-MS data were identified as potential markers 
for rhizomes. The molecular ions at m/z 611 (1) and 915 (2) clustered within 
the procyanidin B2 family in the GNPS network, suggesting they are 
procyanidin-like compounds. Blue represents root samples and red represents 
leave samples. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.)
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3.2.2. Identification of active metabolites
For the identification of metabolites responsible for the activities, 

OPLS-DA using two classes (active and non-active) were applied to 1H 
NMR, UHPLC-MS, GC–MS data. All the models showed low Q2 values (<
0.4), which might be due to the lack of sample numbers. Nevertheless 
UHPLC-MS data showed an interesting separation (Fig. 7A). The higher 
peaks in UHPLC-MS chromatograms of active samples were identified by 
comparing active and non-active samples (Fig. 7B). Two UHPLC-MS 
features were clearly shown to be higher in the active samples and 
one of the features was identified as a isoflavonoid, irisolidone (4’-O- 
methoxytectorigenin) by molecular networking. After identification the 
antimicrobial metabolites by correlating between chemical profiling 
data and activity, the samples were subjected to a further separation to 
isolate the active compounds. For this, high performance thin layer 
chromatography (HPTLC) was applied to the samples. In the field of 
metabolomics and chemical profiling, HPTLC has been often used for a 
preparative purpose to isolate target compounds from a minimum 
sample size at high speed and also for chemical fingerprinting [38,39].

The results of 1H NMR and UHPLC-MS indicated that some flavo
noids might be responsible for the antimicrobial activity. In view of this 
two mobile phases, toluene-acetone (1:1, v/v) and EtOAc-formic acid- 
acetic acid-water (100:11:11:27, v/v) were chosen for the separation. 
The acid-free mobile phase, toluene-acetone (1:1, v/v) was used for 
bioautography, in which HPTLC chromatograms were directly tested by 
bacterial growth (Fig. 8). The three active samples (voucher specimens 

No: NTP0024B, NTP0070, and NTP0130) were subjected to direct bio
autography to identify the active compounds. Fig. 9 presents the results 
of the bioautography assay, showing the zone of inhibition against 
S. aureus ATCC 29213. For voucher specimens No: NTP0024B an Rf 
value of 0.75, and for voucher specimens No: NTP0130, an Rf value of 
0.85 indicated inhibition zones. For voucher specimens No: NTP0070, 
three distinct inhibition zones were detected with Rf values of 0.65, 0.7, 
and 0.88.

The active bands revealed on the HPTLC bioautography were iso
lated by preparative TLC and analysed by UHPLC-MS to identify their 
chemical structures. These compounds were identified as liquiritigenin, 
syringic acid, and luteolin 7-O-β-D-glucoside in voucher specimens No: 
NTP0070, No: NTP0024B and No: NTP0130 respectively (Fig. 10).

Syringic acid, which has been reported from various Iris species, 
exhibits antibacterial activity against several gram-positive bacteria 
[40,41]. Liquiritigenin has only been reported from Glycyrrhiza glabra 
and is described here for the first time in I. pseudacaros [42]. Liquir
itigenin has been reported to exhibited significant anti-MRSA activity, 
which correlates with our activity results [43]. Luteolin 7-O-β-D-gluco
side is known for its antimicrobial and antioxidant activity [44,45]. 
These findings are consistent with previous studies that reveal the 
bioactivity of compounds in different parts of I. pseudacorus [37]. The 
isolated compounds, as well the mixture of the active compounds was 
evaluated for their antimicrobial activity against S. aureus ATCC 29213 
using the microdilution method. Interestingly, the pure compounds 
exhibited better antimicrobial activity compared to the 100 % meth
anolic extracts. The best results were observed with a mixture of the 
three compounds, that achieved a MIC of 32 μg/mL, clearly revealing a 
synergistic effect [46,47]. Among the individual compounds, syringic 
acid showed the least activity with an MIC of 256 μg/mL while both 
luteolin-7-O-β-glucoside and liquiritigenin had a MIC of 128 μg/mL. 
Plant extracts are complex mixtures of compounds, and the observed 
antimicrobial activity of the full extracts may be attributed to antago
nistic interactions between different constituents, which could explain 
why the individual compounds luteolin 7-O-β-D-glucoside and liquir
itigenin showed higher activity [48]. Given this complexity, we inves
tigated whether the addition of the three identified compounds would 
influence the antimicrobial activity of other Iris pseudacorus extracts that 
initially showed no antimicrobial activity against the tested bacteria.

In a new experiment, we added the individual active compounds, 
and the mixture of all three to two randomly selected Iris pseudacorus 
samples (voucher specimens No: NTP0022 and NTP0018). The addition 
of liquiritigenin, luteolin 7-O-β-D-glucoside, and syringic acid did in
crease the antimicrobial activity of the tested extracts but to a much 
lower degree than expected. Both voucher specimens No: NTP0022 and 
NTP0018 exhibited antimicrobial activity upon the addition of the in
dividual compounds and the mixture, but with a MIC of only 512 μg/mL 
against both gram positive strains. This raises the question of whether an 
antagonistic effect is present, given that the extracts alone showed no 
activity, yet the combination with the extracts resulted in lower activity 
compared to that of the individual compounds and the mixture.

3.3. Anti-inflammatory and cytotoxicity of active samples and isolated 
compounds

3.3.1. Effect of Iris extracts and standard compounds on THP-1 cells 
viability

Building on previous investigations that demonstrated the anti- 
inflammatory properties of flavonoids in Iris kashmiriana [49], the 
same samples and isolated active compounds were tested for anti- 
inflammatory effects. Additionally, sample voucher specimens No: 
NTP0131 was specifically chosen for its interesting chemical profile, as 
revealed by HPTLC and LC-MS analyses. Following 24 h incubation, 
none of the four Iris extracts showed a significant reduction in THP-1 cell 
viability at concentrations of 10 and 50 μg /mL. Incubating cells with 
100 μg/mL voucher specimens No: NTP0024B Iris extract for 24 h 

Fig. 7. Score plot of orthogonal partial least square-discriminant analysis 
modelling modelling using two classes (active in red and non-active in blue) (A) 
of UHPLC-MS data and increased UHPLC-MS variables compared to the average 
variables of all the tested samples (B). 1: Unknown at m/z 219.018, 2: irisoli
done (4’-O-methoxytectorigenin). (For interpretation of the references to colour 
in this figure legend, the reader is referred to the web version of this article.)
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resulted in a significant reduction in THP-1 cells viability when 
compared with control and cells treated with LPS alone (Fig. 11A and B). 
Likewise, none of the tested standard compounds had a significant 

impact on cell viability implying that the cytotoxic effect of voucher 
specimens No: NTP0024B extract is very likely not attributable to any of 
these compounds. Given the complex nature of plant extracts the 

Fig. 8. HPTLC chromatogram of all 16 Iris methanol extracts: Mobile phase Toluene: Acetone (1:1), (A) under 366 nm, (B) after derivatization with anisaldehyde 
sulfuric reagent under UV 366 nm. Lane 1 corresponds to Iris extract voucher specimens No: NTP0018, lane 2 NTP0021, lane 3 NTP0022A, lane 4 NTP0022B, lane 5 
NTP0022C, lane 6 NTP0023A, lane 7 NTP0023B, lane 8 NTP0023C, lane 9 NTP0024A, lane 10 NTP0024B, lane 11 NTP0024C, lane12 NTP0025, lane 13 NTP 0070, 
lane 14 NTP0129, lane 15 NTP0130 and lane 16 NTP0131, respectively.

Fig. 9. TLC chromatogram and bioautogram of Iris extracts voucher specimens No: NTP0024B (two different concentrations of the extract were applied), NTP0070 
and NTP0130. Mobile phase: Toluene: Acetone (1:1). (A) TLC plate after derivatization with anisaldehyde sulfuric reagent under UV 366 nm. (B) TLC-bioautography 
assay tested against S.aureus. The appearance of white areas against a purple-red background on the chromatograms indicates inhibition of bacterial growth. Actively 
growing microorganisms can reduce INT to a purple-red colour [57]. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.)

Fig. 10. Identified active compounds by bioautography: (A) syringic acid for voucher specimens No: NTP0024B, (B) liquiritigenin for voucher specimens No: 
NTP0070 and (C) luteolin 7-O-β-D-glucoside for NTP0130.
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cytotoxic activity observed with voucher specimens No: NTP0024B 
extract could be due to the presence of other cytotoxic compounds and/ 
or a synergistic effect between components. In line with this it has been 
suggested that tannin constituents of Iris pseudacorus rhizome extract are 
responsible for its cytotoxic activity towards MCF-7 cell [10,50].

3.3.2. The anti-inflammatory profile of Iris extracts and standard 
compounds

In addition, to the previously described activities the potential ca
pacity of the extracts and standard compounds to suppress an inflam
matory response induced by LPS was investigated.

The innate immune system provides a prompt immunosurveillance 
against pathogens and coordinate with adaptive immune system to 
initiate an antigen-specific response. However, any abnormal activation 

of the innate immune system causes detrimental inflammatory re
sponses [51]. LPS, a major component of bacterial cell membrane, is a 
well-characterised inducer of the inflammatory response via activation 
of toll-like receptor 4 (TLR4) [51]. Thus, it was used in this study to 
initiate an inflammatory response and to activate THP-1 cells to secrete 
proinflammatory cytokines (i.e., TNF-α, IL-6, IL-1β and Rantes).

The potential anti-inflammatory effect of Iris extracts and standard 
compounds was examined by testing the level of IL-6, TNF-α, IL-1 β and 
Rantes in cell culture media supernatants collected from THP-1 cells 
treated with 100 μg/mL of voucher specimens No: NTP0070, NTP0130 
and NTP0131 as well as 100 μM of the three standard compounds in the 
presence or absence of LPS. Due to a significant reduction in cell 
viability induced by 24 h incubation with 100 μg/mL of voucher spec
imens No: NTP0024B extract, the levels of four cytokines in 

Fig. 11. Effect of Iris extracts and standards compounds on THP-1 cells’ viability. Treating THP-1 cells to various concentration of Iris extracts and standards 
compounds for 24 h in the absence (A) or presence of LPS (B) resulted in no significant change in cells’ viability apart from significant reduction in viability caused by 
24 h incubation with 100 μg /ml of voucher specimens No: NTP0024B Iris extract in comparison with control cells. Data represent means ± SD from three inde
pendent experiments, *P < 0.05, **P < 0.01 compared to controls or LPS alone.

Fig. 12. The anti-inflammatory profile of Iris extracts and standard compounds. The level of four cytokines in supernatants collected from THP-1 cells treated with 
various Iris extract and standard compounds for 24 h in the presence or absence LPS. Data represent means ± SD from three independent experiments, *P < 0.05, **P 
< 0.01, *** P < 0.001 compared to control (with or without LPS).
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supernatants collected from cells treated with 50 μg/mL of the latter 
extract were tested.

Treating cells with all the four Iris extracts and the three standard 
compounds significantly (p < 0.001) attenuated the LPS induced rise in 
IL-6 level. Voucher specimens No: NTP0024B extract and liquiritigenin 
standard compound had the most pronounced inhibitory effect 
(Fig. 12A).

Treatment with voucher specimens No: NTP0024B and NTP0130 
extracts as well as the three standard compounds, caused significant 
inhibition in the LPS-induced increase in TNF-α and IL-1β levels. How
ever, voucher specimens No: NTP0070 and NTP0131 extracts had no 
significant suppressor effect (Fig. 12B and C). The trend was, to some 
extent, different with Rantes level. Three extracts (i.e., voucher speci
mens No: NTP0024B, NTP0070 and NTP0130) and two standards (i.e., 
liquiritigenin and luteolin 7-O-β-D-glucoside) caused significant sup
pression in LPS-induced increase in Rantes level, whereas voucher 
specimens No: NTP0131 extract and syringic acid had no inhibitory 
effect (Fig. 12D).

Treatment with voucher specimens No: NTP0070 extract without 
LPS resulted in a significant increase (p < 0.001) in all tested cytokines 
(Fig. 11A-D). NTP0024B extract, on the other hand, caused a significant 
reduction in Rantes level when compared with the control (Fig. 12D).

The main target of all extracts was LPS-induced IL-6 secretion, and its 
levels was reduced significantly by the treatment with all Iris extracts as 
compared with LPS alone (Fig. 12A). As mentioned before, the other 
cytokines were also suppressed by Iris extracts but to a lesser extent than 
IL-6 (Fig. 12B-D).It is important to note that the, extract of Iris leaves (i. 
e., voucher specimens No: NTP0024B) had the most powerful inhibitory 
effect on all cytokines. The analysis of LC-MS data (Supplementary 
Table 2) revealed that all the Iris extracts tested contain numerous fla
vonoids including syringic acid, liquiritigenin and luteolin 7-O-β-D- 
glucoside. Flavonoids possess numerous pharmacological activities 
including anti-microbial and anti-inflammatory effects [25,52,53]. 
Thus, it is conceivable that the anti-inflammatory effect of Iris extracts 
observed in this study can be attributed to these flavonoid components t 
and to a potentially a synergistic effect between these bioactive 
compounds.

Our data revealed that the three standards of the flavonoids inves
tigated (i.e., syringic acid, liquiritigenin and luteolin 7-O-β-D-glucoside) 
possess anti-inflammatory effects as they all suppressed LPS-induced IL- 
6 secretion and, to a lesser extent, the other three cytokines with liq
uiritigenin having the most powerful effect (Fig. 12). These findings are 
in agreement with previous studies that have demonstrated that these 
compounds possess anti-inflammatory effects. For instance, liquir
itigenin, which is a dihydroxyflavanone compound, has been shown to 
suppress high glucose [54] and high fructose-induced [55] inflamma
tory cytokine release by targeting the nuclear factor-kappa B (NF-κB) 
signalling pathway in vitro and in vivo [56]. Syringic acid has also been 
shown to exert anti-inflammatory effect through down-regulation of a 
number of genes involved in inflammation including NF-κB [41,57,58]. 
Moreover, in vitro and in silico studies have revealed that syringic acid 
can inhibit the activity of phospholipase A2 enzyme which plays an 
important role in the inflammatory pathways [59]. Likewise, luteolin 7- 
O-β-D-glucoside, which is a glycosyloxyflavone with antioxidant and 
anti-inflammatory activities [52,60], has been demonstrated to inhibit 
proinflammatory genes’ transcription by supressing the translocation of 
phosphorylated signal transducer and activator of transcription 3 
(STAT3) from cytoplasm to the nucleus [61,62]. Moreover, it increases 
the production of cortisol which also contributes to its anti- 
inflammatory activity [61,62].

4. Conclusion

This study achieved its primary objective of untargeted chemical 
profiling and biological activity testing of extracts of various parts of Iris 
pseudacorus and locations in Ireland. Comprehensive profiling using 1H 

NMR, HPTLC, and LC-MS allowed the identification of numerous com
pounds, particularly flavonoids, that varied significantly between the 
parts of the plant and collection sites.

1H NMR analysis revealed characteristic signals for phenolic com
pounds, flavonoid glycosides, isoflavonoids, and primary metabolites in 
all Iris samples. OPLS modelling confirmed that these metabolites were 
significantly influenced by the plant part and region of collection, with 
validated statistical robustness (Q2 = 0.933, p-value <0.05).

GC–MS analysis identified 108 metabolites, with distinct marker 
compounds associated with different plant organs and, to a lesser extent, 
collection locations. Key distinctive metabolites between leaves and 
stems and rhizomes included tagatose, glucaric acid, and fructose, 
among others. In contrast, rhizomes were characterised by markers such 
as glucosamine and loganin. The effect of collection location on 
metabolite variation was minimal.

UHPLC-MS analysis, combined with feature based molecular 
networking via GNPS, allowed the identification of 73 metabolites in Iris 
samples, including specialised metabolites such as flavonoids, iso
flavonoids, and alkaloids. Similarly to the GC–MS and 1H NMR analyses, 
metabolic variation was more pronounced between plant organs than 
between collection locations. Marker compounds for leaves, stems, and 
rhizomes were identified, with distinct metabolites such as isoflavonoids 
in stems and tannins in rhizomes. Additionally, irisolidone and methyl 
syringate were identified as markers for Kildare samples, while no 
distinct metabolites were linked to Donegal samples. The data confirmed 
significant metabolic differences based on both plant organs and 
collection sites.

The antimicrobial assays showed that certain Iris pseudacorus extracts 
(voucher specimens No: NTP0024B, NTP0070 and NTP0130) exhibited 
activity against Staphylococcus aureus ATCC 29213. Using direct bio
autography and subsequent LC-MS active compounds, such as liquir
itigenin, syringic acid, and luteolin 7-O-β-D-glucoside were identified. 
Notably, these pure compounds displayed better activity compared to 
the whole methanol extracts, suggesting possible antagonistic in
teractions within the complex mixtures of the extracts.

All tested extracts and standard compounds demonstrated significant 
anti-inflammatory effects, particularly in reducing IL-6 levels, with liq
uiritigenin showing the most potent activity.

These findings underscore the potential of Iris pseudacorus as a source 
of bioactive compounds with antimicrobial and anti-inflammatory 
properties supporting ethnomedical use. The complex interplay of 
components within the extracts highlights the importance of considering 
whole extracts in addition to isolated compounds for potential thera
peutic applications.
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