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ARTICLE INFO ABSTRACT

Editor: DR B Gyampoh Inflammation is a complex, natural protective response towards different stimuli characterized by
the dilation and permeation of the blood vessels with a surge in leukocytes in the tissues. The

Keywords: current treatment involves the use of anti-inflammatory drugs, corticosteroids and non-steroidal

Phytochemicals anti-inflammatory drugs (NSAIDs), which have been associated with adverse side effects espe-

Anti-inflammation
Stinging nettle
Urtica sp

cially gastrointestinal ulcers. Therefore, there is a growing need to explore alternative sources
from medicinal plants. In the present study we investigated anti-inflammatory activities of the
leaves of the Kenyan stinging nettle using in vivo and in silico molecular docking. Molecular
identification of plant sample was carried out based on DNA barcoding. Crude extracts were
prepared using water and methanol: dichloromethane (1:1) and preliminary identification of total
phenolic and flavonoids was carried out using Folin-Ciocalteu and aluminum chloride colori-
metric methods, respectively. The classical model of Carrageenan- induced paw edema was used
to test the in vivo anti-inflammatory activity of the extracts. The extract was screened using Laser
Raman Spectroscopy and Liquid Chromatography Mass Spectroscopy (LC-MS) and the molecular
interaction between the identified compounds within the binding site of Cyclooxygenase-2 (COX-
2) performed through molecular docking as the confirmatory tool of in vivo experiments. Based on
DNA barcoding analysis, the plant sample was identified as Urtica species. The total phenolic
content of the aqueous and methanol: dichloromethane extracts were 3.75 mg gallic acid
equivalents (GAE)/g dry sample and 6.26 mg GAE/g dry sample while total flavonoid content
were 0.3872 mg quercetin/g dry sample and 1.76 mg quercetin/g dry sample, respectively. The
aqueous extract significantly (p < 0.05) reduced the paw edema in the Carrageenan model of
inflammation. LC-MS confirmed the presence of 19 phytochemicals, of which 10 and 9 were
phenolic and flavonoid compounds, respectively. From these identified compounds quercetin
attained the lowest binding energy when complexed with COX-2, followed by rhamnetin, quer-
cetin rhamnoside, epigallocatechin gallate and chlorogenic acid. Molecular docking studies
supported the in vivo findings and confirmed the anti-inflammatory potential of Urtica sp. These
findings suggest Urtica sp. is a potential source of bioactive compounds that could be employed in
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the future development of anti-inflammation drugs. Further studies can attempt to assess the
individual isolated active compound(s) for their anti-inflammatory activity.

Introduction

Inflammation is an immunological defense mechanism that is triggered in response to viral, bacterial or parasitic attacks, burn
allergens, mechanical injuries and other noxious stimuli. Studies have reiterated the role of phytochemicals from medicinal plants in
modulating inflammation [1]. Some medicinal plants have anti-inflammatory properties and have been used as pain relievers in
alternative medicine [2,3]. Others are capable of eliciting pharmacological responses like non-steroidal anti-inflammatory drugs
(NSAIDs) by inhibiting cyclooxygenase (COX) [2]. NSAIDs and corticosteroids are among the conventional treatment strategies used
for inflammation [4]. However, prolonged use of NSAIDs has been associated with gastro- intestinal, renal and cardio complications
and development of drug allergies [5,6]. Also, corticosteroid long term use has been linked with ophthalmic, gastrointestinal and
hepatic-related complications [7]. The development of new and less toxic anti-inflammatory drugs is now a growing concern
worldwide. Consequently, naturally occurring alternatives from medicinal herbs and plants can be explored to avert the negative
sequels of conventional medicine.

Plant-based bioactive compounds have been applied in integrative medicine, whose scope focuses on conventional and non-
conventional methods and utilizes indicators such as environment, food, and health, which collectively form the wheel of health
[8]. One of the promising medicinal plants to treat inflammation is stinging nettle (Urticaceae family). In folk medicine, the leaves,
stems and roots have been used to treat rheumatism, arthritis or to promote anti-proliferation, hypotensive and anti-inflammatory
effects [9,10]. Previous research has shown that stinging nettle can also be used alongside NSAIDs [9]. In particular, the stinging
nettle, Urtica dioica, is believed to contain anti-inflammatory phytochemicals that have been reported to alleviate pain in
osteo-arthritis patients [10]. Phytalgic™ is a nutraceutical product for osteoarthritic patients, made up of fish oils, vitamin E, Urtica
dioica and zinc [11]. Moreover, the hexane extracts of the stinging nettle leaves of Urtica dioica were found to have anti-inflammatory
properties while using anti-inflammatory drug indomethacin, as the control in paw edema test [12]. Although previous researches
have studied the anti-inflammatory ability of the stinging nettle Urtica dioica, there is limited data on the potential of Urtica sp. from
Kenya as source of anti-inflammatory compounds. Studies have been conducted on Urtica species from other African Counties and
documented its anti-inflammatory activities [9,10]. However, anti-inflammatory properties of Urtica species from Kenya have not been
documented. In Kenya, stinging nettle has been known for a long time in traditional medicine for the treatment of many diseases. This
study was based on reports of traditional use, aiming to fill unexplored gaps in scientific research on the anti-inflammatory action of
the species. Nevertheless, previous research on the ethnobotanical uses of Urtica species showed that the leaves of this plant have been
used by Kenyan communities for the treatment of malaria, skin and stomach infections [13,14]. Unearthing its chemical composition
and anti-inflammatory potential offers a basic understanding of biological implications to human health.

Different studies have used different experimental animal models to evaluate the in vivo anti-inflammatory activity of natural and
synthetic compounds. Carrageenan-induced paw edema is one of the most widely used models for screening anti-inflammatory activity
of plant-based remedies [15]. It is a classical animal model for evaluation of acute anti-inflammatory agents [15,16]. Carrageenan is an
effective substance that promotes the production and release of inflammatory and pro-inflammatory mediators such as pro-cytokine,
histamine and prostaglandin formed by cyclooxygenases [15,16]. It is highly sensitive and reproducible test for nonsteroidal
anti-inflammatory drugs and has been established as a valid model to study new anti-inflammatory compounds and drugs. Carra-
geenan model is typically linked with the activation of the cyclooxygenase pathway. Therefore, this model is used to screen natural
non-steroidal anti-inflammatory molecules that are cyclooxygenase inhibitors [17,18].

The aims of the present study were to: (i) screen for phytochemicals in crude extracts of Urtica sp. leaves; (ii) analyze the anti-
inflammatory activity of Urtica sp. crude extracts using in vivo method and (iii) determine the anti-inflammatory activity of the
bioactive compounds present in the Urtica sp. crude extracts using in silico approach. This might open the door to the discovery of
bioactive chemical substances without the negative side effects usually connected with synthetic drugs.

Materials and methods
Sample collection

Plant material, mainly leaves were collected from Limuru, Central Kenya (1.1069° S, 36.6431° E). The study site, Limuru, Central
Kenya, is 2500 m in altitude and has cool temperatures of 10-28 °C where stinging nettle grows natively. Verbal consent was sought
from the subsistence farmer prior to plant samples collection. The leaves packed into khaki bags and transported to the Faculty of
Science and Technology, University of Nairobi, where a voucher specimen was deposited in the herbarium unit in the Department of

Biology with a reference voucher number JW/UON2021/001. Later, the plant leaves were air dried at room temperature, away from
the sunlight and after which they were ground into fine powder using a mortar and pestle and stored -4 °C for further use [19].

Genomic DNA extraction and PCR amplification

Genomic DNA was extracted from approximately 200 mg fresh leaf samples using Cetyltrimethylammonium bromide (CTAB)
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protocol [20]. Polymerase chain reaction (PCR) amplification was carried out in a reaction volume of 25 pl consisting of 2.5 pl 10 x
PCR buffer, 1.0 pl magnesium chloride, 1.0 pl ANTP mixture, 0.5 pl each primer, 0.125 pl Taq polymerase, and 2 pl of 50 ng DNA
template and 17.375 pl double distilled water. The thermal cycling conditions used for the ribulose 1, 5-bisphosphate carbox-
ylase/oxygenase (rbcL) and internal transcribed spacer (ITS) primers (Supplementary Table S1) were: initial denaturation at 94 °C for 5
min, followed by 30 cycles of denaturation at 94 °C for 1 min, annealing at 52 °C for rbcL (and 55 °C for ITS) for 1 min and extension at
72 °C for 80 s with a final extension at 72 °C for 10 min. The products of PCR were checked on 1% (w/v) agarose gels, followed by
purification and then sent to Inqaba Biotec East Africa Ltd for Sanger sequencing.

Sequence and phylogenetic analysis

The forward and reverse sequences read (.abi) files, were converted to a .txt (text) file and then concatenated. A contig sequence
was developed from combined file using the Cap Contig Assembly program in BioEdit® version 7.2.5.0 [21]. The contig sequence was
then subjected to a homology search using BLASTN under the default parameters [22]. A similarity search for each sequence was
verified using BLASTn program (https://blast.ncbi.nlm.nih.gov/Blast.cgi) to confirm the identity of the sequences. Phylogenetic trees
were constructed based on Bayesian inference (BI) method using MrBayes version 3.2.7 (https://nbisweden.github.io/MrBayes/;
accessed on 16th January 2023). The constructed phylogenetic trees were visualized and modified by FigTree software version 1.4.4
(http://tree.bio.ed.ac.uk/software/figtree/; accessed on 17th January 2023).

The identification of the plant sample based on the rbcL and ITS sequences was evaluated by the BLAST and phylogenetic tree-based
methods. Each of the sequence was aligned in the NBI database by BLAST sequence similarity search and the best match was selected as
the identification results with E value < cut-off value (E value < 10~°). Based on the phylogenetic tree method, when all individuals of
the same species can be clustered in a single clade, the species is considered to be successfully identified.

Crude extraction

We carried out the extraction procedure using two solvent systems, namely a mixture of methanol and dichloromethane (1:1) and
water using the following protocol: Hundred grams of the powdered sample were soaked into a mixture of methanol: dichloromethane
into a ratio of one to one. Extraction procedure was carried out three times using cold percolation methods. Residues were separated
from the filtrate using a filter paper whereby the residues were used to carry out the second and the third extractions. The filtrate from
the three extractions were concentrated using a rotary evaporator at (50-55 °C), cooled at room temperature and stored at 4 °C for
further uses [23,24].

For the aqueous extract, 50 g of the powdered sample was soaked into 1000 ml of distilled water. The mixture was boiled using a
hot plate for 15 min, cooled, and filtered [19,25]. The filtrate was cooled at room temperature, stored in a deep freezer before
lyophilization after which it was kept at 4 °C for further analysis [21].

Estimation of total phenolic content

Estimation of the phenolic content was done by reconstituting the aqueous and methanol: dichloromethane (1:1) extracts (1 mg)
each in 1 ml of methanol to make a solution of 1 mg/ml. An a liquot sample of 1 ml was introduced into a 10 ml volumetric flask and
was mixed with 2.5 ml of Folin-Ciocalteu (FC) reagent (1:10 diluted with distilled water) followed by the addition of 2 ml of 7.5%
sodium carbonate. The assay mixture was topped up to the mark using distilled water. The mixture was incubated at 45 °C for 15 min,
and absorbance was measured at 765 nm. The total phenolic content (mg/ml) was calculated using gallic acid as standard [26]. Total
phenolic content was calculated using the formula, (TPC) = C (V/M), where C = concentration of gallic acid (mg/ml), Dilution factor =
V/M, V = volume of extract and, M= mass of extract. Total phenolic content (TPC) was expressed as mg gallic acid equivalents (GAE)
per gram of sample in dry weight (mg GAE / g).

Estimation of total flavonoid content

The aqueous and methanol: dichloromethane extracts (1 mg) were each prepared in 1 ml of methanol (1 mg/ml). An aliquot sample
of 1 ml was put into a 10 ml volumetric flask where it was mixed with 4 ml of distilled water followed by the addition of 0.3 ml of 5%
sodium nitrite. The assay mixture was allowed to rest for 5 min after which 0.3 ml of 1% aluminum chloride was added. The resulting
mixture stood for another 5 min, followed by the addition of 2 ml, 1 M sodium hydroxide. The mixture was then topped up to the mark
using distilled water. Absorbance was measured at 510 nm. The total flavonoid content (mg/ml) was calculated using quercetin as
standard [26]. Total flavonoid content was calculated using the formula, TFC = C (V/M), where C = concentration of quercetin
(mg/ml), Dilution factor =V/M, V = volume of extract and M = mass of extract. Total flavonoid content (TFC) was expressed as mg
quercetin per gram of sample in dry weight (quercetin mg/g).

Raman spectroscopic analysis of the crude extracts
STR-series Raman spectrometer (Technos Instruments) equipped with a 785 nm Near Infrared diode laser, a thermoelectric cooled

CCD detector with 2048 pixels and manually controlled microscope stage was used for analysis. Instrumental parameters were set as
follows: density filter was set to allow 50% of laser power to pass to the sample (with a maximum power output of 18.20 mw and a spot
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size of 68.47 mm), x 10 (0.30) objective lens was used to focus the sample under study at the microscope stage, acquisition time was 10
s, 5 accumulations per sample spot and spectra was acquired in the region of 97-1846 cm ™! at a resolution of 1.78. The 600 BLZ grating
was used. Before starting the experiment, the Raman system was first cooled to -76 ‘C and calibrated using a silicon wafer peaked at
520.5 cm ™! and centered at 1050 cm ™. All experimental measurements were done at room temperature in a dark room. Background
correction, baseline subtraction, normalization and principal component analysis (PCA) were conducted using Chemo Spec [27] as the
preprocessing steps. The cleaned dataset was visualized using OriginLab software and therein the peak wavelengths were identified
[28].

In vivo anti-inflammatory activity

In vivo anti-inflammatory activity test was carried out using Carrageenan model. Prior to the experiment, ethical approval (FVM
BAUEC/2021/314) was obtained from Biosafety, Animal use, and Ethics committee of the Faculty of Veterinary Medicine, Department
of Veterinary Anatomy and Physiology. A total of 20 male and female albino rats weighing 180-250 g were randomly divided into four
experimental groups with each having a sample size of five. Groups A and B received the aqueous and methanol: dichloromethane
extracts each at 750 mg/kg body weight as described by Adeyemi et al. [29]. Group C, the reference/positive control, received both the
carrageenan and indomethacin, an NSAID, at a dosage of 10 mg/kg [29]. Group D received 1% pure carrageenan treatment at 100 pl
and saline water at 0.9% (w/v) (carrageenan/negative control) as described by Amdekar et al. [30].

The protocol for acute inflammation was adopted from the Carrageenan model. The aqueous and methanol: dichloromethane
extracts were administered orally to Group A and B at 750 mg/kg body weight. This treatment was administered 30 min before in-
jection of carrageenan into the sub-plantar region of the right hind paw of every rat [31]. Changes in volume were measured using a
plethysmograph at 0, 0.5, 1, 1.5, 2, 2.5 and 3 h after carrageenan administration. An increase in paw volume is calculated as the
difference between the “0"and at respective hours [31]. Paw volumes indicated is the difference in paw volume before and after
administration of the extracts or controls. From the paw volume measurements, the percentage inhibition of edema was calculated as
the difference between the initial and final paw volumes of the control group and test group recorded each at the same time [32].

The formula used for calculation of percentage inhibition of edema was% inhibition of edema = (A—B)/A x 100, where A = Paw
volume of the control (negative) group and B = Paw volume of the test group.

Statistical analysis

The differences between treatments for paw edema are expressed as mean, with + as the standard deviation for a sample size of 5.
Statistical analyses were performed using a one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. Significant results
were considered at a p-value < 0.05.

Reverse phase high pressure liquid chromatography mass spectrometry (RP LC-MS)

Air-dried powder sample of 100 g was processed in high pressure liquid chromatography (HPLC) grade methanol while being
sonicated for two days and filtered. The filtrate was then evaporated using Buchi Rotary Evaporator in a water bath with vacuum of
600 Psi to achieve 3.5 g of the extract. The 1 g of the extract was weighed with Sartorius analytical balance and centrifuged at 15,000
rpm for 2 min (J2-21 MIE, JA-20 rotor, Beckman, UK) and using a glass pipette and transferred into small clean labeled vials.
Centrifugation was undertaken to remove all particulates from the extracts, thus preventing the possibility of column blockages. From
the extract, the stock solution was prepared of 1 mg/ml, and 1 ml of the stock solution was placed into an HPLC vial (pyrex) and 20 pl
was injected into liquid chromatography mass spectroscopy (LC-MS) electrospray ionization (ESI) vial [33]. The LC-MS-ESI key
working parameters were as follows: flow rate at 1 ml/minute, injection volume at 20.0 pL, dwelling time was 50 ms, capillary voltage,
3.0kV, cone voltage, 70 V, extract voltage, 5 V; RF voltage, 0.5 V; source temperature, 110 C; nitrogen gas temperature for desolvation,
380 °C; and nitrogen gas flow for desolvation, 400 l/h. Using rutin as the standard (1-100 ng/pl) the linear calibration curve (peak area
vs. concentration) obtained was [y = 6008.9x —5250.3 (R? = 0.9987)] and it served as a basis for external quantification [34].

In silico molecular docking

With relation to the in vivo model of inflammation, the carrageenan induced paw edema expresses and regulates cyclooxygenase II
(COX-2) [35]. COX-2 that produces PGs is closely associated with inflammatory disorders of acute as well as chronic types. COX-2
enzyme is a target for a wide range of many anti-inflammatory drugs as it is responsible for production of PGs inducing inflamma-
tion. In addition, COX-2 selective inhibitors possess anti-inflammatory activity with reduced side effects frequently seen with cyclo-
oxygenase I (COX-1) non-selective inhibitors. Therefore, cyclooxygenase-2 enzyme, was selected as the protein receptor. Its
crystallographic structure in the Protein Data Bank (4-COX) complexed with ligands: HEM (protoporphyrin IX containing Fe), IMN
(indomethacin) and NAG (2-acetamido-2-deoxy-beta-p-glucopyranose). Ligand, indomethacin was used as the non-selective inhibitor
[36]. Protein receptor was prepared for docking using BIOVIA Discovery Studio 2021 Client version 21.1.0. Ligands (HEM, NAG and
IMN (indomethacin)) were removed followed by polar hydrogen atoms addition. Next, the grid box configuration was determined by
obtaining the x, y and z configuration values of indomethacin. The resulting protein file was converted to pdbqt using Open Babel
2.4.0. The pdbqt file was loaded to Auto Dock Tools 4.2.6 whereby water molecules deletion, addition of Kollman charges and
computation of Gasteiger charges operations were applied to the protein [37].
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The ligands were retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov) and saved in Canonical SMILES format. The ligand
was prepared by addition of hydrogen and charges using Gasteiger method using Chimera‘s (version 1.16) minimize structure com-
mand then conFig.d by Auto Dock Tools 4.2.6 to form a pdbqt file [37]. The final configuration parameters for docking using Autodock
Vina (version 1.1.2) were: center_x = 14.949600, center_ y = 52.163200 and center_z = 68.722120; size_x = 20, size_y = 20 and size_z
= 20; exhaustiveness = 8 [38]. Based on Diallo and colleagues (2021), only docking values below 2 Angstrom in root mean square
deviation (RMSD) were considered [39]. Structural analyses were done to the protein-ligand docked complexes to investigate the
interaction forces and the subsequent amino acid residues involved.

Results
Molecular identification of the plant sample

To determine the identity of the plant samples, the percentage similarity and their corresponding E values of BLASTN search were
used. According to the alignment results for the rbcL marker, Urtica sp. registered the highest identity of 99.13% with 0.0 E-values and
95% query coverage (Supplementary Table S2). Similarly Urtica sp. was found to be homologous to the plant sample with 93.48%
similarity, 0.0 E-values and 92% query coverage (Supplementary Table S2). BLASTn analysis of the rbcL and ITS2 sequences identified
the plant sample to belong to the genus Urtica.

Phylogenetic analysis of the rbcL and ITS2 sequences resulted in a well resolved phylogeny. A phylogenetic tree constructed using
combined ITS2 and rbcL sequences yielded two major clusters that were robust with 93% bootstrap support values (Supplementary Fig.
S1). The plant sample was identified as Urtica species.

Phytochemical composition of the crude extracts

The yield of crude extracts obtained from the aqueous extract (14%) was significantly higher than that of methanol: dichloro-
methane (9.6%) (Table 1). Preliminary phytochemical screening on total phenolic and total flavonoid contents were determined by
Folin-Ciocalteu and aluminum chloride colorimetric methods, respectively, for each crude extract. For phenolic content, the aqueous
extract contained 3.75 + 0.43 mg GAE/g dry sample while methanol: dichloromethane extract had 6.26 + 0.276 mg GAE/g dry
samples (Table 1). The quantitative determination used standard calibration curve of gallic acid (GAE) (y = 8.81x, R® = 1). With regard
to the total flavonoid content, the methanol: dichloromethane (1.76 + 0.315 mg quercetin/g dry sample) was nearly thrice that of
aqueous (0.3872 mg quercetin/g dry sample). The quantitative determination used quercetin standard calibration curve (y = 0.0065x
+ 0.0059, R* = 0.5234).

Raman spectroscopic analysis of the crude extracts

The raw spectra for the methanol: dichloromethane and aqueous extracts were obtained at laser powers of 1-5% (Supplementary
Figs. S2 and S3) and 50-100% (Supplementary Figs. S4 and S5), respectively. These raw spectra were pre-processed by correction for
background fluorescence using Vancouver Raman Algorithm. The processed spectra of methanol: dichloromethane and aqueous
extract spectra ranged from 97 to 1847 cm ™! while their optimum was obtained at 1250 cm ™! and 100 cm ™! wavelength, respectively
(Fig. 1).

Baseline subtraction estimated the unknown background by polynomial baseline fitting, Savitzky- Golay smoothing coupled with
first or second order differentiation (Fig. 2). Normalization adjusted the samples and experimental variables. Based on the principal
component analysis (PCA), a positive loading showed a greater importance than a negative loading to the principal component.

The PCA analysis of PC1 (79%) and PC2 (14%) effectively differentiated between methanol: dichloromethane and aqueous ex-
tracts. The methanol: dichloromethane extract (DCM in green) dominated positive PC2 while negative PC2 was dominated by both
methanol: dichloromethane extract and aqueous extract (WE in red). Both the methanol: dichloromethane and aqueous extracts were
scattered along negative PC1 and PC2 while methanol: dichloromethane extract was found only in negative PC1 and positive PC2
(Fig. 3). The spectral range between 280-500, 800-1000 and 1000-1180 cm ™! as well as 1300-1350 cm ™! and 1550 — 1700 cm™!
distinguished between the methanol: dichloromethane and aqueous extracts (Fig. 4).

Phytochemicals identification based on Raman spectroscopic analysis

Spectral analysis of the aqueous extract using Origin software revealed bands at 733 cm ™! (Fig. 5). The bands are associated with
Cycl. [@(C=0)] vibrations in 3-caffeoylquinic acid, 5-caffeoylquinic acid, 3, 4-caffeoylquinic acid, and 4, 5-caffeoylquinic acid. Also,

Table 1

Percentage yield, total phenolic and flavonoid content for the methanol: dichloromethane and aqueous extracts of the stinging nettle.
Extract Yield (%) Total phenolic content (mg GAE/g) Total flavonoid content (mg quercetin/g)
Aqueous 14 3.75+0.43 0.3872

Methanol: dichloromethane 9.6 6.26 + 0.276 1.76 + 0.315
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Fig. 1. Processed Raman spectra after background correction using Vancouver algorithm for the methanol: dichloromethane and aqueous extract of
the stinging nettle. The methanol: dichloromethane extract is presented in green and aqueous extract in red.
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Fig. 2. Baseline subtraction for the methanol: dichloromethane (upper) and aqueous (lower) spectra of the stinging nettle.

epigallocatechin was identified at 733 cm ™. The identified phytochemical compounds are presented in Table 2 and the respective
bands in Fig. 5.

In vivo anti-inflammatory activity

The anti-inflammatory activity of the stinging nettle extracts was tested through the development of paw edema (Table 3). Paw
volume of negative control animals was initially at 12.04 + 0.483 and increased up to 15.08 + 0.595 after 2.5 h. For positive control
animals, the paw volume started at 9.52 + 0.205. By the end of 2.5 h, the paw volume was at 13.08 + 1.055. The paw volume of
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Positive loadings for both PC1 and PC2 are present mostly in spectra below 500 cm™.

1

animals treated with methanol: dichloromethane and aqueous extracts were 9.36 + 0.285 and 9.2 + 0.433, respectively, at zero time
and 15.44 + 0.655 and 12.6 + 0.707 after 2.5 h respectively. The results demonstrated that the revealed the aqueous extract was
significantly (p<0.05) lower than the negative control.

All experiments were carried out using 5 replicates. Values are expressed in paw volume values were expressed as mean, with + as
the standard deviation for a sample size of 5; *p < 0.05 significant comparison to the negative control. At p < 0.05, the aqueous extract
was found to be statistically different from the negative control group.

The maximum percentage inhibition for the positive control was 17.28% after 2 h while the aqueous extract showed a maximum
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Fig. 5. Average Raman spectrum for the (A) aqueous extract of the stinging nettle with the identification of compounds at 733 cm™!; and (B)
methanol: dichloromethane extract of the stinging nettle with the identification of compounds at 733, 1064, 1092, 1176 and 1213 em L

inhibition of 22.35% after 1.5 h (Table 4 and Fig. 6).

For the methanol: dichloromethane extract, a maximum inhibition of 16.81% was attained after 30 min. Comparing the percentage
inhibition rate, the aqueous extract was significantly (p <0.05) higher than the methanol: dichloromethane extract and positive control
(Table 4).

Reverse phase liquid chromatography mass spectroscopy (LC-MS)

Reverse phase-LC-MS fractionation and quantification of the Urtica sp. unraveled a cocktail of 19 substances for which the identity
is detailed in Table 5. The phytochemical profile showed that the Urtica sp. extract is rich in phenolic acids and flavonoids. Out of the
19 substances identified, 10 were phenolic acids (cinnamic acid, p-coumaric acid / 4 hydroxycinnamic acid, caffeic acid, sinapic acid,
ferulic acid, chlorogenic, gallic acid, syringic acid, gentisic acid/dihydroxybenzoic acid and protocatechuic acid), while 9 were fla-
vonoids (quercetin, myricetin, rhamnetin, kaempferol hexoside or kaempferol 3-O hexoxyl hexoside, kaempferol-3-rutinoside, iso-
rhamnetin rutinoside or isorhamnetin-3-O-rutinoside and epigallocatechin gallate). The major compounds identified were quercetin
rhamnoside (40.64%), kaempferol hexoside (31.10%), isorhamnetin rutinoside (5.87%), p-coumaric acid (4.62%) and chlorogenic
acid (4.55%) while minor compounds quercetin-3 glucoside (0.38%), rhamnetin (0.46%), syringic acid (0.54%), gentisic acid (0.58%)
and gallic acid (0.59) (Fig. 7).

Structures of selected compounds identified from both Raman spectroscopy and LC-MS

Among the phytochemical compounds identified from the stinging nettle using both Raman spectroscopy and LC-MS were phenolic
acids (gallic acid, 3-caffeoylquinic acid, cinnamic acid, p-coumaric acid, and chlorogenic acid) and flavonoids (quercetin, myricetin,
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Table 2
Identification of compounds for the aqueous and methanol: dichloromethane extracts of the stinging nettle spectrum in terms of wavelength and
vibrational assignment.

Extract Wavelength Vibrational mode Assignment
(em™)
Aqueous extract 733 Cycl.[0(C=0)] CaffeoylQuinic acid [40]
Cycl.[o(C=0)] 5-CaffeoylQuinic acid [40]
Cycl. [o(C=0)]
Cycl. [m(C=0)] 3,4-diCaffeoylQuinic acid [40]
Cycl. [@(C=0)] 3,5-diCaffeoylQuinic acid [40]
Cycl. [o(C=0)] 4,5-diCaffeoylQuinic acid [40]
- Epi-gallocatechin [41]
1241 - Ferulic [41]
Methanol: dichloromethane 733 Cycl. [o(C=0)] 3-CaffeoylQuinic acid [40]
Cycl. [w(C=0)] 5-CaffeoylQuinic acid [40]
Cycl. [o(C=0)] 3,4-diCaffeoylQuinic acid [40]
Cycl. [o(C=0)] 3,5-diCaffeoylQuinic acid [40]
Cycl. [m(C=0)] 4,5- diCaffeoylQuinic acid [40]
- Epigallocatechin [41]
1064 - Genistein [41]
1091 — Tannic [41]
1175 — Quercetin [41]
1313 - 4-Hydroxybenzoic [41]
Table 3

Paw volumes for aqueous, methanol: dichloromethane extracts of the stinging nettle and experiment controls.

Paw volumes for different extracts

Extract Initial %h 1h 1.5h 2h 25h

Negative 12.04 + 0.483 13.32 £ 0.215 13.06 + 0.252 13.96 + 0.354 15.04 + 0.770 15.08 + 0.595
Control

Methanol: dichloromethane extract 9.36 + 0.285 11.08 + 0.344 12.96 + 0.462 13.16 + 0.457 14.64 + 0.858 15.44 + 0.655
750 mg/kg

*Aqueous extract 9.2 + 0.433 11.04 + 0.406 11.2 £ 0.772 10.84 + 0.553 12.28 + 0.48 12.6 + 0.707
750 mg/kg

Positive control 10 mg/kg 9.52 + 0.205 11.32 + 0.338 12,12 +£1.23 12.16 +1.23 12.44 + 0.934 13.08 + 1.055

Table 4

Percentage inhibition for positive control, methanol: dichloromethane and aqueous extracts of the stinging nettle by comparing with the negative
control group.

Percentage inhibition at different time (hours)

Extract Y hour 1h 1.5h 2h 25h
Methanol: dichloromethane extract 16.81 0.766 5.73 2.66 -2.3
Aqueous extract 17.11 14.24 22.35 18.35 16.44
Positive control 15.01 7.19 12.89 17.28 13.26

and rhamnetin). The structures of the compounds are presented in Fig. 8.
In silico molecular docking

To identify, the specific bioactive compounds with anti-inflammatory potential, docking studies were conducted with indometh-
acin ligand used as the standard drug. The average binding energy for docking was -7.12 kcal/mol. Values that had the highest
negative scores had a lower binding energy thus had a higher bioactivity. Quercetin, rhamnetin, quercetin rhamnoside, epi-
gallocatechin gallate and chlorogenic acid had above average binding scores of -8.6, -8.5, -8.1, -8.0 and -8.3 kcal/mol respectively
(Table 6). Therefore, they all had favorable binding energy. Protocatechuic had the lowest negative score of -3.8 kcal/mol and hence
low biological activity.

Binding energy is the intermolecular force holding the receptor-ligand complex. The lower the binding energy, the higher the
docking scores. The number of modes is the number of poses when the ligand orients to the binding site of the receptor during the
flexible ligand fixed receptor docking.

Molecular interactions of quercetin and protocatechuic compared with indomethacin revealed the following: (i) Quercetin had
similar interactions with indomethacin with hydrogen bonding at serine 530 (Table 7). Also, there was presence of distinct Pi-sulfur
bond by interacting with methionine 522. (ii) Protocatechuic, it was devoid of hydrogen, Pi-Sulpur and Pi-Pi bonds (Figs. 9 and 10).
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Fig. 6. Changes in paw volumes against time for aqueous and methanol: dichloromethane extracts of the stinging nettle, positive control, and
negative control. All experiments were carried out using 5 replicates.

Table 5
The identified phytochemical compounds of the stinging nettle (Urtica species) extract using LC-MS analysis.
S/ Compound detected Retention time Molecular Molecular weight (g/ Concentration (ug/ Mass to charge ratio (M +
No. (min) formula mol) g) H)
1 Protocatechuic acid 0.35 C;HgO4 154.12 0.0288 248.13
2 Gentisic acid 2.42 C;HeO4 154.12 0.0212 308.08
3 Syringic acid 5.33 CoH1005 198.17 0.0198 342.17
4 Gallic acid 5.62 C7HgO0s 170.12 0.0213 342.17
4 Caffeic acid 6.24 CoHgO4 180.16 0.0373 566.22
5 p-Coumaric acid 8.13 CoHgO3 164.05 0.1681 354.17
6 Chlorogenic acid 9.95 C16H1809 354.31 0.1654 348.12
7 Cinnamic acid 11.55 CoHgO4 148.16 0.0702 487.21
8 Ferulic acid 11.95 C10H1004 194.18 0.0567 611.20
9 Sinapic acid 12.16 C11H1205 224.21 0.0302 487.21
10 Isorhamnetin 14.39 CogH32016 624.5 0.2134 467.19
rutinoside
11 Kaempferol-3- 15.81 Co7H30015 594.5 0.0352 409.16
rutinoside
12 Quercetin rhamnoside 18.04 C21H20011 448.4 1.4785 218.15
13 Kaempferol hexoside 20.10 C21H20011 448.4 1.1314 224.20
14 Myricetin 21.37 C15H1008 318.237 0.0412 350.14
15 Quercetin 21.64 Ci15H1007 302.236 0.0276 252.23
16 Quercetin-3 glucoside 25.30 C21H19012 463.4 0.0137 552.31
17 Rhamnetin 25.78 C16H1207 316.26 0.0167 413.27
18 Quercetin 27.44 Ci15H1007 302.236 0.0313 584.34
19 Epigallocatechin 28.69 Ca2H18011 458.372 0.0297 248.13
gallate
Discussion

DNA barcoding is a novel approach for identifying and discriminating species based on the nucleotide diversity of conserved se-
quences. Several studies have indicated that DNA barcodes rbcL and ITS2 based on the chloroplast-plastid and nuclear regions,
respectively, have been used to identify various plant families with similar morphological traits [42,43]. Based on rbcL and ITS se-
quences the stinging nettle sample used in this study was identified as Urtica species. This finding is consistent with a previous study
that sampled stinging nettle from Kenya and performed molecular phylogenetic analysis based on DNA barcoding markers [20]. Other
nettle species growing in Africa include Urtica massaica Mildbr in Kenya [44] and Urtica simensis in Ethiopia [45].

The phenolic content of methanol: dichloromethane extract of Urtica sp. was found to be within the range for methanol:
dichloromethane extracts of Urtica dioica at 0.24 + 0.15 - 100.30 + 0.01 mg GAE/g extracts [46] and 2.18-4.84 mg GAE for Urtica
simensis [47]. Therefore, the phenolic acids do not vary quantitatively at the species level for the Urticaceae family. On the other hand,
flavonoid content of methanol: dichloromethane extract of Urtica sp. registered a higher concentration than the previously reported
contents from methanolic extracts of Urtica dioica at 0.0081-0.0180 mg quercetin/g [48]. This discrepancy reflects on the

10
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Quantification of the chemical compounds using LCMS
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Fig. 7. Heat map representation for the identified compounds of Urtica sp. using LC-MS analysis.

phytochemical diversity of the Urticaceae family whereby polar flavonoids are highly concentrated and there are significant amount of
phenolic acids in Kenyan Urtica species. In addition, previous reports demonstrated that the chemodiversity of Urtica massaica is not
dependent on the geographical variations [49]. Polyphenols have been shown to be potent inhibitors of nitric oxide synthetase activity
and nitric oxide production which have been shown to be implicated in tissue damage and inflammation [1]. Also flavonoids possess
potent inhibitory activity against a wide array of enzymes and prostaglandins [1]. The phytochemical investigations of the methanol:
dichloromethane extracts of Urtica sp. revealed important levels of polyphenols and flavonoids compared with previous reports [47,
48].

The current study demonstrated the anti-inflammatory activity of Urtica species aqueous extract against carrageenan-caused paw
edema. The edema formation in the rat paw is a biphasic event, firstly mediated by the release of serotonin and histamine and secondly,
it is attributed to the release of prostaglandins implicated in the inflammatory procedure, which is directly related to inhibiting the
production of prostaglandin synthesis induced by COX-1 and COX-2 [50]. The high percentage inhibition rate of the aqueous extract
implies that it is the most potent extract in anti-inflammatory activity. The Urtica sp. aqueous extract inhibition of inflammation was
found to be greater than that induced by the reference drug. Therefore, this could be partly caused by the decrease of the release of
inflammatory mediators by phytochemical compounds in Urtica sp. extract. Similarly, it was reported that the water-soluble extract of
Urtica dioica suppressed the NF-«kB activated by tumor necrosis factor (TNF) and lipopolysaccharide (LPS) [51]. Another study sug-
gested that the lipophilic phase is not only more potent but also non-cytotoxic [52]. The in vivo carrageenan model involves the
activation of cyclooxygenases and lipoxygenases. Its development occurs in a biphasic fashion. The first phase lasts within the first 50
min due to the action of neurotransmitters, histamine and serotonin. The remaining phase is as a result of the prostaglandins and
bradykinins activity [50]. From the results obtained in this study, the anti-inflammatory activity of the extract may be due to the
inhibition of prostaglandins and kinins since it started from the second hour. The aqueous extract appeared to have a long duration of
anti-inflammatory action evidenced by the fact that the anti-inflammatory activity of all test doses increased with time. The Carra-
geenan model can be used to indicate not only the degree but also the duration of anti-inflammatory action [31].

The analysis of phytochemical composition of the aqueous extracts by LC-MS confirmed the presence of phenolic and flavonoid
compounds and their derivatives with a total of 19 compounds identified. Among them, the major peaks area in the chromatogram
were chlorogenic acid, quercetin-3-O rhamnosyl glucoside / rutin and isoquercetin, rutin and chlorogenic acid. These major com-
pounds identified in this study have also been reported in Urtica dioica extract [53-55]. In contrast to Urtica sp., the most abundant
compounds in Urtica dioica are 2-O caffeoyl malic acid, chlorogenic acid, and rutin [56]. Quercetin and rutin have beneficial effects in
different cell cultures and animal models of inflammation [57,58]. These data were correlated to an earlier study in which Urtica dioca
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Fig. 8. Chemical structures of selected compounds (1 = gallic acid, 2 = quercetin, 3 = 3-caffeoylquinic acid, 8 = cinnamic acid, 9 = p-coumaric
acid, 14 = chlorogenic acid, 18 = myricetin, 19 = rhamnetin) from the stinging nettle identified by Raman Spectroscopy and LC MS.

Molecular docking binding energy and number of modes results of the stinging nettle polyphenols and indomethacin.

Ligand Binding energy Number of modes
(kcal/mol)
Protocatechuic acid -3.8 9
Gentisic acid/dihydroxybenzoic acid -6.3 9
Syringic acid -6.1 9
Gallic acid -6.6 9
Caffeic acid 7.2 9
P-Coumaric acid/ 4 hydroxycinnamic acid 7.0 9
Chlorogenic acid -8.3 9
Cinnamic acid -6.8 9
Ferulic acid -7.1 9
Sinapic acid -6.7 9
Isorhamnetin rutinoside (Isorhamnetin-3-O-rutinoside) -6.9 2
Kaempferol-3-rutinoside -7.4 3
Quercetin rhamnoside (Quercetin 3- rhamnoside) -8.1 7
Kaempferol hexoside (kaempferol 3-O hexoxyl hexoside) -6.9 6
Myricetin -7.9 9
Quercetin -8.6 9
Quercetin-3 glucoside -7.1 8
Rhamnetin -8.5 9
Epigallocatechin gallate -8.0 9
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Interaction types and amino acids involved in the inhibition of COX-2 by quercetin, indomethacin and protocatechuic.

Interaction type

Van der Waal
forces

Hydrogen

Pi-sulfur

Pi-Pi

Pi —sigma

Pi-alkyl

CH

Quercetin

Indomethacin

Protocatechuic

Tyrosine 348
Valine 349
Tyrosine 355
Histidine 90
Arginine 513
Glycine 192
Alanine 516
Isoleucine 517
Phenylalanine 518
Leucine 384
Glycine 526
Phenylalanine 381
Valine 116
Tyrosine 355
Leucine 352
Tyrosine 348
Glycine 520
Arginine 120
Serine 353
Phenylalanine 518
Leucine 359
Asparagine 375
Phenylalanine 529
Glycine 533
Serine 530
Glycine 227

Serine 530
Tyrosine
385

Serine 530

Methionine

522

Valine 523
Leucine 352

Tyrosine 385
Tryptophan
387

Tryptophan 387

Valine 349
Alanine 527

Phenylalanine
209

Valine 523

Phenyl 381
Methionine 522
Leucine 384, 352
Valine 523

Phenylalnine 381
Leucine 534
Valine 228
Isoleucine 337
Phenylalanine
209

Phenylalanine
518
Tyrosine 348

Fig. 9. Three dimensional (3D) representation of cyclooxygenase docked with quercetin (left), indomethacin (middle) and protocatechuic (right)
using BIOVIA Discovery Studio 2021 Client.
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Fig. 10. Two dimensional (2D) representation of cyclooxygenase docked with quercetin (left), indomethacin (middle) and protocatechuic (right)

using BIOVIA Discovery Studio 2021 Client.

13



J. Wambui et al. Scientific African 23 (2024) e02088

was rich in phenolic compounds such as quercetin and several studies have indicated that these polyphenols are mainly accountable for
the anti-inflammatory properties of many medicinal plants [57,58]. Polyphenols can act as anti-inflammatory agent by inhibiting the
secretion of pro-inflammatory mediators (cytokines, prostaglandins), regulating the activities of inflammation related cells, chelating
free radical mediators and inhibiting the activity of inflammatory enzymes [59]. These effects confirm that polyphenols play a sig-
nificant role in prevention and control of inflammation. Hydromethanolic extracts of Urtica massaica revealed the presence of an-
thocyanins, flavonoids, saponosides and tannins [60]. Previous reports from in vivo animal studies demonstrated that quercetin
reduces inflammation caused by carrageenan and high fat diet by inhibiting production of cyclooxygenases and lipoxygenases [61]. In
another study, it was found that the Urtica dioica extract had greater anti-inflammatory activity than quercetin. This suggests that the
anti-inflammatory activity is as a result of synergism amongst several compounds instead of a single compound [62]. A commercial
preparation of the nettle leaf (IDS23) was compared against caffeoyl-malic isolated from the leaf for their antiphlogistic effects. It was
found that the IDS23 partially inhibited 5-lipoxygenase through several bioactive phytochemicals including caffeoyl-malic acid [63].
Stewed Urtica dioica was also found to enhance the anti-rheumatic activity of diclofenac, an NSAID, in treating acute arthritis [64].
Thus, all compounds identified in the analysis of Urtica sp. through LC-MS have already been described in the reviewed literature of
different extracts of the Urtica species, which corroborates the findings of anti-inflammatory in other studies.

Molecular docking has the potential as a screening tool for prediction of the effect of pharmacological candidate on cells. The
results of the predictions are important in the design of experiments to evaluate the likelihood of false positives in the selected chemical
leads for biological activity. The binding affinity of the bioactive compounds to their respective protein targets determines the scores of
the compound [65]. In the current study, the most potent bioactive anti-inflammatory compounds were quercetin, rhamnetin,
quercetin rhamnoside, epigallocatechin gallate and chlorogenic acid since they exhibited low binding energy when they were docked
into COX-2 proteins to form the complexes in silico. Our findings demonstrated that these compounds bind steadily to the target gene’s
active pockets highlighting the possibility that these substances could be used to treat inflammation by inhibiting COX-2 gene. From
the perspective of this study, it has been revealed that Quercetin possesses higher docking score due to its lowest binding energy with
the target COX-2. Overall, it can be stated from the analogy of both scores that Quercetin can be a highly potent agent against
inflammation. Additionally, the presence of hydrogen and Pi-sulfur bonds with different amino acid residues stabilize the docking
molecular interactions. These observations demonstrate that Quercetin is a potential drug candidate as an anti-inflammatory agent by
inhibiting cyclooxygenase. Quercetin rhamnoside has been reported as an anti-oxidant and anti-inflammatory compound [66]. Apart
from cyclooxygenase, quercetin modulates the expression of p65-Nuclear Factor NF-kappa-B thus having anti-inflammatory properties
[67]. Similarly, epigallocatechin attenuates inflammation by reducing activation of NF-kB pathway in mesangial cells of lupus like
mice [68]. Therefore, the selected compounds from Urtica species in this study have excellent docking scores and could be potent
candidates for further studies to evaluate as natural anti-inflammation drugs for humans.

The limitations of the current study are: The levels of bioactive compounds in Urtica species have been documented to be affected
by extraction solvents and method of extraction. Many different solvents (e.g., methanol, ethanol, water) and some methods (Soxhlet
extraction, microwave) have been investigated to improve the recovery of bioactive compounds in Urtica species. Future efforts should
focus on the identification of optimal conditions (e.g., extraction methods, solvents) to maximize the recovery of bioactive compounds
in Urtica species. Further studies are important in relation to: (i) formulations of effective dosage forms; and (iii) safety of Urtica species
extracts.

Conclusion and future directions

The present study demonstrated that Urtica sp. found in Kenya is rich in a variety of phenolic and flavonoid compounds, the
aqueous crude extract has high anti-inflammatory properties than methanol dichloromethane extract, and quercetin attained the best
docking score with COX-2 and hence the most potent anti-inflammatory compound. The anti-inflammatory properties of the extracts
suggest that Urtica species and its by-products could be an excellent source of raw materials for the nutraceuticals and pharmaceutical
industries. Taking together these results, the novelty of this research relies on demonstrating, for the first time, the therapeutic
application of Kenyan Urtica species using in vivo and in silico models. The findings of this work can have several applications in
pharmacognosy and pharmacotherapy.

Identification of the Urtica plant species in this study relied on DNA barcoding based on rbcL and ITS2 barcode regions. According to
the analysis, rbcL and ITS2 sequences cannot completely identify the Urtica species. The genus of the plant sample was identified as
Urtica, with no discrimination at the species level. We have provided this information in the manuscript and provided the following
recommendation for future research. Therefore, there is need to use a multi-approach based on morphological and other DNA bar-
coding markers including nuclear and chloroplast regions such as matK and trnH-psbA to improve on the resolution for species
identification.

The in vivo and in silico studies showed that the aqueous extract of Urtica species possesses a greater anti-inflammatory effect that
the reference drug (indomethacin). Therefore these results could be exploited in the development of new natural pharmaceutical drugs
that have anti-inflammatory activities with fewer side effects. Thus there is need to isolate individual bioactive compounds, test their
anti-inflammatory activities and mechanisms of action. In order to further characterize the anti-inflammatory properties of Urtica
species, future research will focus on the identification and purification of compounds driving the inhibition of cytokine secretion.
Furthermore, studies on synergistic phytochemical interactions can provide clues in elucidating the anti-inflammatory action of Urtica
species.

The phytochemical profile of Urtica species analyzed via LC-MS had a high degree of similarities to the already identified com-
pounds, so that there was no significant difference between the phytochemical profiles of the species studied and the reports in the
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literature. Further study and new tests are required to evaluate the anti-inflammatory activity with respect to different parts of the
plant and fractions or groups of compounds present in the Urtica species.

Urtica species aqueous extract exhibited significant in vivo anti-inflammatory action and this action was confirmed by molecular
docking studies, in which quercetin and protocatechuic, identified in Urtica species by LC-MS, showed good profiles for COX-2 enzyme
inhibition. However, with regard to the experiments, other mechanisms of inflammatory induction should be tested at different doses
and using different fractions or compounds of the extract of the species studies for a better understanding of the profile and potential of
secondary metabolites present in the species. There is also need to utilize different in vivo acute and chronic models of inflammation to
explore a variety of anti-inflammatory mechanisms.
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