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ARTICLEINFO ABSTRACT

Artfc{e Dype: . Introduction: Several medicinal plants, including Artemisia afra Jacq. Ex Willd, Lippia javanica

Original Article (Burm.f.) Spreng, Tetradenia riparia (Hochst.) Codd, and Tulbaghia violacea Harv have been
used in treating illnesses such as respiratory infections and their associated inflammatory
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dysregulation. The study aimed to evaluate the quantitative phytochemical content and the
nitrite inhibition strength of the selected medicinal plant extracts.

Methods: A cold-maceration aqueous extraction procedure was employed for phytoconstituent
extraction from dried plant material. The total phenolic content (TPC), along with total
flavonoid content (TFC), total tannin content (TTC), and total saponin content (TSC), was
quantitatively analyzed in the plant extracts. Cytotoxicity evaluation was done using the MTT
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Keywords: assay to measure the minimum lethal concentrations against RAW 264.7 macrophage cell lines,
Inflammation and inhibition of nitrite production was assessed using a RAW macrophage cell-based assay
Cytotoxicity Results: All plant extracts contained measurable levels of the tested phytochemicals, with A.
Nitrites afra roots showing the highest phenolic and flavonoid content at 48.54 + 1.33 mg GAE (gallic
Lipopolysaccharides acid equivalent)/g and 39.76 + 1.56 mg QE (quercetin equivalents)/g, respectively. The extracts

Pro-inflammatory mediators exhibited relatively low cytotoxicity against RAW macrophage cells, with LC, values ranging
between 64 + 2.2 and 1443 + 86.2 ug/mL. The most nitrite inhibition was observed in T. riparia
leaf extracts, with 86% inhibition at 12.5 ug/mL. Correlation analysis further showed that
extracts with higher phenolic content exhibited stronger nitrite inhibition properties.

Conclusion: Overall, all extracts demonstrated nitrite inhibition activity, showing the possible

medicinal uses of these plants against respiratory infections with their associated inflammation.

Implication for health policy/practice/research/medical education:

The selected medicinal plants A. afra, L. javanica, T. riparia, and T. violacea exhibit nitrite inhibitory properties, which may
help reduce chronic inflammation. Their nitrite inhibition properties are likely linked to phenols, demonstrating the extracts’
potential for multiple phytochemical-based actions. Therefore, the results support the anti-inflammatory usage of the medicinal
plants based on their possession of phenol compounds that showed nitrite inhibition activity. The inflammatory properties
would thus in turn support their usage in alleviation of symptoms associated with respiratory infections.
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phytochemical content and nitrite inhibition in selected medicinal plants used traditionally to treat respiratory infections. J
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Introduction strategies, respiratory infections and their associated

Studying medicinal plants is of considerable importance
due to their widespread use among the general public,
their role in preserving traditional knowledge, and the
need to disseminate evidence-based information (1).
Despite advances in modern medicine and therapeutic
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inflammatory complications remain a major health
challenge, playing a major role in incidence, morbidity,
and mortality seen worldwide (2,3). Furthermore, many
steroidal anti-inflammatory drugs currently available
are associated with adverse effects, highlighting the need
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for safer alternatives. Plant-derived products present a
promising source of novel anti-inflammatory agents.
The efficiency of extracting these compounds is strongly
influenced by variables, including the specific plant part
or tissue utilized (4).

Phytochemicals play a critical role in combating
life-threatening diseases, including those linked to
inflammation (5). Inflammation is a biological defence
mechanism that protects cells against infectious
pathogens, physical agents, and immune dysfunction
(6). While acute inflammation is a protective output of
the innate immune system, prolonged inflammation
can result in tissue damage and facilitate the spread of
infection (7). In vitro assays provide valuable tools for
elucidating the mechanisms of anti-inflammatory agents
and their therapeutic potential (8).

Innate immune cells, particularly macrophages, play a
pivotal role in inflammation by synthesizing and releasing
cytokines and other mediators such as nitric oxide species
(9-11). These pro-inflammatory mediators contribute to
pathogen-induced tissue damage. Inducible nitric oxide
synthase (iNOS) is relevant in macrophages, where it
produces high concentrations of nitric oxide species in
response to bacterial toxins (12). Lipopolysaccharides
(LPS), structural components of gram-negative bacteria,
act as potent toxins that activate macrophages during
inflammation (13).

Several phytochemical groups have been shown to
possess bioactive properties against viraland inflammatory
conditions (14-17). In Southern Africa, medicinal plants
such as Artemisia afra, Lippia javanica, Tetradenia riparia,
and Tulbaghia violacea have been used for centuries to
treat colds, coughs, chest pain, sore throat, asthma, fever,
and inflammatory conditions (18-25). These plants are
rich in secondary metabolites that exhibit strong anti-
inflammatory potential (26). Although phytochemical
screening has been conducted for many of these species,
results pertaining to quantifying specific phytochemical
groups in some plant parts are still lacking, which is
essential for the selected plants to better understand their
bioactive roles in inflammation and disease (20,21,27-29).
Phytochemicals such as phenols, flavonoids, tannins, and
saponins are particularly noteworthy for their therapeutic
and anti-inflammatory properties (14,30,31).

As such, several medicinal plants have been shown to
contain groups of phytochemical compounds, including
phenolics, flavonoids, saponins and tannins (23,25,32).
In addition, most of those medicinal plants have shown
anti-inflammatory activity through nitrite-inhibition
properties (33,34). However, information on the
determination of the correlative association between the
phytochemical content and nitrite inhibition remains
scanty. Therefore, the current study seeks to contribute
knowledge in this regard by determining the association
between phytochemical content and nitrite inhibition
strength in selected medicinal plants traditionally used to
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treat respiratory infections.

Methods

Mechanical equipment used

Microplate reader (Multiskan Sky High, Thermo Fisher
Scientific, Centurion, Gauteng, South Africa), Orbital
shaker (OrbiShake platform shaker, Labotec, Midrand,
Gauteng, South Africa), Grinder (PX-MFC 90 D,
Lucerne, Switzerland), Freeze dryer (Surface Freeze
Dryer, LYO60V-1/LYO80V-1 Series, Bics, Johannesburg,
Gauteng, South Africa), Cell culture CO, incubator
(EC160 incubator, NUVE, Ankara, Turkey) were used in
this study.

Plant selection, identification and voucher specimen
preparation

A desktop study was undertaken to identify medicinal
plants that met the inclusion criteria. The selection focused
on species with documented ethnobotanical use against
respiratory viral infections and inflammation, particularly
those classified as shrubs or smaller plants, as these allow for
easier study of different plant parts. Preference was given
to species naturally occurring in South Africa, especially
within KwaZulu-Natal, and those extensively reported in
scientific literature. Exclusion criteria eliminated trees
and endangered species to promote sustainable, long-
term utilization of the selected plants. This consideration
was essential, as favorable results could lead to increased
demand and usage, making sustainability a critical factor
in the study design. Medicinal plants were all collected in
South Africa, at the following locations in KwaZulu Natal:
Artemisia afra Jacq. Ex Willd and L. javanica (Burm.f.)
Spreng were collected at 28°28'47.3”S 29°45’19.0"E, T.
riparia (Hochst.) Codd at 29°47°47.0”S 30°53’49.6”E, and
T. violacea Harv. at 28°35°40.5”S 29°47°47.4”E conditions.
The plants were then pressed and deposited ata herbarium,
where they were identified by a specialist at SANBI. The
plants were then stored with voucher numbers A. afra
(PRE2024-0001), L. javanica. (PRE2024-0002), T. violacea
(PRE2024-0003) and T. riparia (PRE2024-0004).

Plant material preparation and extraction

Artemisia afra (A.A) stems and roots, L. javanica (L.J)
leaves and roots, T. riparia (T.R) leaves and stems, and
T. violacea (T.V) stems and roots were utilized for the
project. The following abbreviations for plant parts were
used: L-Leaves, S-Stems, R-Roots. The plant material was
ground into a fine powder. An aqueous solvent (distilled
water) was used for the extraction of the medicinal plants
at 1g/10 mL on an orbital shaker using cold maceration
serially for 24 hours x 3. The extracted plant materials
were filtered after each 24-hour period using filter paper
and then dried in a freeze dryer until a constant dried
weight was achieved. The prepared dry plant extracts were
then placed in a sealable container and kept in the dark
until further evaluation.
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Determination of phytochemical concentrations
Measurement of total phenolic concentrations

The phenolic content in the extracts was assessed using
the Folin-Ciocalteu assay, following the procedure of (35)
with slight adjustments. In brief, 1 mL of plant extract
(I mg/mL) was combined with 2.5 mL of 10% Folin-
Ciocalteu reagent and 2 mL of 2% sodium carbonate.
After incubation at room temperature for 15 minutes,
absorbance was taken at 765 nm. Gallic acid served as
the reference standard, with solutions (30-100 pg/mL)
prepared in 99% dimethyl sulfoxide (DMSO). Results
were expressed as milligrams of gallic acid equivalents
(GAE) per gram of extract, calculated from the calibration
curve (35).

Measurement of total flavonoid concentrations

Flavonoid levels were quantified by the aluminum
chloride colorimetric method adapted from (36), with
slight modifications. Quercetin standards (0.3-1 mg/
mL) were formulated in 99% DMSO. A 50 pL portion
of extract (1 mg/mL) or standard was mixed with 10 pL
of 10% aluminum chloride, followed by 150 pL of 99%
ethanol and 10 uL of 1 M potassium acetate in a 96-well
plate. Ethanol (99%) was used as the blank. Samples were
incubated for 40 minutes at room temperature in the dark,
and absorbance was taken at 415 nm. Flavonoid content
was expressed as milligrams of quercetin equivalents (QE)
per gram of extract, based on the calibration curve (36).

Measurement of total tannin concentrations

Tannin concentration in aqueous extracts was determined
using a modified version of (35). Extracts were treated
with 0.1 mL of diluted Folin-Ciocalteu reagent (1:10)
and 1 mL of 7.5% sodium carbonate. After thorough
mixing and incubation at room temperature for 30
minutes, absorbance was measured at 700 nm. Tannic
acid standards (0.3-1 mg/mL) were prepared in distilled
water. Results were expressed as milligrams of tannic acid
equivalents (TAE) per gram of extract, calculated from the
calibration curve (35).

Measurement of total saponin concentrations

Saponin concentration in aqueous extracts was measured
using the wvanillin-sulfuric acid colorimetric assay
described by (37), with slight modifications. A 50 pL
aliquot of plant extract was diluted with 250 uL distilled
water, then mixed with 250 pL of vanillin-sulfuric acid
reagent (8% vanillin in 99% ethanol plus 5 mL of 70%
sulfuric acid). The mixture was incubated at 60 °C for
20 minutes in a water bath, cooled to room temperature,
and the absorbance was read at 544 nm. Diosgenin
standards (0.3-1 mg/mL in 99% ethanol) were used, and
saponin levels were expressed as milligrams of diosgenin
equivalents (DE) per gram of extract, based on the
calibration curve (37).

Nitrite inhibition

Cell line preparation

RAW 264.7 macrophage cells (Sep-Scie, South Africa)
were used for the project. Cells were cultured in Dulbecco’s
Modified Eagles Medium (DMEM) supplemented with
10% fetal bovine serum (FBS) and 1% antibiotics (10,000
units/mL penicillin G and 10 mg/mL streptomycin).
Cultures were maintained at 37 °C with 5% CO,. The
medium was timeously refreshed as cell density increased
until cultures reached 70-80% confluency.

In vitro cytotoxicity assay

Cytotoxic effects of the plant extracts were assessed
using the MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) colorimetric assay on
RAW 264.7 cells, following (38). This assay relies on
mitochondrial succinate dehydrogenase activity, which
reduces MTT to insoluble formazan crystals. The quantity
of formazan formed correlates directly with cell viability, as
only metabolically active cells can perform this reduction.
RAW 264.7 cells were grown to 70-80% confluency in
DMEM (100 mL) supplemented with FBS (10 mL). Cells
were washed, trypsinized, and seeded into the 96-well
plate at a density of 1.0x10° cells/mL, then incubated for
24 hours at 37 °C with 5% CO,,.

Cells were treated to decreasing concentrations of
solvent extract fractions (100-12.5 pg/mL). Hydrogen
peroxide (H,0,) functioned as the positive control,
whereas dimethyl sulfoxide (DMSO) acted as the negative
control. Treatments were conducted in triplicate, and
the cells were incubated for 24 hours in the incubator.
After incubation, 20 uL of MTT solution (5 mg/mL) was
added to each well, and the plates were incubated for
an additional 2-4 hours until purple formazan crystals
were visible under a microscope. The MTT-containing
medium (190 pL) was removed, and 100 pL of DMSO was
added to dissolve the crystals. Plates were shaken for 5
minutes, and absorbance was measured at 560 nm using a
microplate reader. Cell mortality (%) was calculated using
the formula:

Cell mortality (%) = (mean OD =+ control OD) x100

The lethal concentration (LC,)), representing the
concentration at which 50% of RAW 264.7 cells were non-
viable, was determined by regression analysis. OD is the
Optical Density representing the absorbance reading from
the microplate reader at 560 nm.

In this study, the LC,  values of RAW 264.7 macrophage
cells were grouped into clusters using alphabetical
denotation (A-D) based on the k-means test. These letters
serve as categorical markers that distinguish statistically
significant groupings according to natural breaks and
spacing in the data. Cluster A represents extracts with
the lowest LC, values, indicating higher cytotoxicity
and greater sensitivity of the cells to those treatments.
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Cluster B corresponds to extracts with moderately low
LC,, values, reflecting intermediate cytotoxicity. Cluster
C denotes extracts with moderately high LC_ values,
suggesting lower cytotoxicity compared to clusters A and
B. Finally, Cluster D includes extracts with the highest
LC,, values, signifying minimal cytotoxicity and greater
cell tolerance. Thus, the alphabetical denotation provides
a clear and systematic way to interpret relative cytotoxicity
levels across the different plant extracts.

LPS-induced intracellular nitrite inhibition

The assessment of nitrite species was performed using
the RAW 264.7 macrophage cells following the protocol
described by More and Makola (39) with minor
modifications. Quercetin was included as a reference
inhibitor of nitric oxide generation (40). Cells were
seeded in a 96-well plate and incubated for 24 hours at
37 °C in a humidified atmosphere containing 5% CO..
After incubation, cells were treated with plant extract
(12.5 ug/mL) at non-toxic concentrations, in the absence
or presence of 1 pug/mL LPS. Quercetin served as the
positive control. Nitrite accumulation in the culture
medium was quantified using the Griess reaction.
Briefly, 100 uL of Griess reagent (1% sulfanilamide and
0.1% naphthylenediamine in 5% phosphoric acid) was
added to 100 pL of cell culture supernatant. The mixture
was incubated at room temperature for 10 minutes, and
absorbance was recorded at 550 nm using a a microplate
reader. Nitrite concentrations in samples and controls
were calculated using the following equation:

Nitrite(uM ) = CSM —(y —intercept) x 2 x Sample dilution
Slope
where CSM  represents the corrected sample

measurement. The lower limit of detection (LLOD) for
the nitrite assay was 0.62 pM.

Data presentation
Each assay was done in triplicate. In tables, the results

Table 1. Total phenolic, flavonoid, tannin, and saponin contents of plant extracts

Impact of phytochemical content on nitrite inhibition

are found as mean values + standard deviation. Total
phytochemical content in the extracts, was quantified
by regression analysis using a known compound as the
standard for each phytochemical group.

Statistical analysis

Regression analysis was done to determine the LC,
values of plant extracts. Data were analyzed using a one-
way ANOVA, with statistical significance defined at P <
0.05. The LC_ and p values were calculated using AAT
Bioquest as the analytical tool. Quantitative data were
grouped into four clusters (A, B, C, D) using K-means
clustering. Relationships between total phytochemical
content and nitrite inhibition were assessed through
Spearman’s rank correlation. Microsoft Copilot (2024)
was used for conducting the K-means clustering and also
the Spearman’s rank correlation analyses.

Results

Quantitative phytochemical analysis

The quantitative phenolic, flavonoid, tannin, and saponin
concentrations of extracts are presented in Table 1.
Calibration curves for the respective standards are shown
in Figure 1. The greatest values of quantitative phenolic
and flavonoid contents were seen in A. afra root extracts,
with values of 48.54 + 1.33 mg GAE/g and 39.76 + 1.56 mg
QE/g, respectively. The greatest total tannin concentration
was observed in A. afra stem extracts at 1338.67 £ 31.77
mg TAE/g, followed by the A. afra root extracts at 1212.00
+ 25.06 mg TAE/g. The extract with the highest total
saponin content (TSC) was T. violacea, at 1426.67 + 34.03
mg DE/g.

Cytotoxicity results

Before assessing the anti-inflammatory bioactivity of
the plant extracts, their cytotoxic effects on RAW 264.7
macrophages were determined using the MTT assay. RAW
macrophages were treated with extract concentrations
ranging from 12.5 to 100 pg/mL. The lethal concentration

Plant extract TPC (mg GAE/g)

TFC (mg QE/g)

TTC (mg TAE/g) TSC (mg DE/g)

AAS 37.05 +0.81° 6.92 +0.17¢ 1338.67 + 31.77% 414.47 + 8.36¢

AAR 48.54 £ 1.33* 39.76 + 1.56" 1212.00 + 25.06* 670.17 +31.78°
LJR 17.40 + 1.02¢ 22.11 £ 1.02° 1201.33 +51.39* 1407.67 + 43.66"
LJL 14.20 + 0.46¢ 8.86 + 0.32¢ 598.67 +20.03¢ 433.03 £17.18°
TRL 13.64 + 0.40¢ 5.85 + 0.29¢ 976.67 + 30.55° 425.00 + 17.32¢
TRS 4.93 £0.18¢ 23.98 + 0.65° 867.33 +27.23° 681.67 +28.87°
TVR 6.87 £ 0.11¢ 17.56 £ 0.71° 1000.07 + 29.46° 1426.67 + 34.03*
TVS 6.53 +0.07¢ 12.66 + 0.54¢ 944.67 + 30.55° 640.00 + 25.00°

Aqueous plant extracts of A. afra (A.A), L. javanica (L.)), T. riparia (T.R), and T. violacea (T.V) were obtained from different plant parts: leaves (L), stems (S), and roots

(R). The quantitative phytochemical content of each extract was categorized into clusters (A-D) based on K-means analysis. Cluster assignment was determined

according to natural breaks and spacing observed per individual column. The plant extracts that differed significantly p<0.05 in terms of the phytochemical content
in that column were designated different denotations. TPC: Total phenolic content; TFC: Total flavonoid content; TTC: Total tannin content; TSC: Total saponin

content; QE: Quercetin equivalent; TAE: Tannic acid equivalent.
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Figure 1. Standard calibration curves for quantitative evaluations of phenolic, flavonoid, tannin, and saponin contents of the extracts. A. Gallic acid

calibration curve for total phenol evaluation. B. Quercetin calibration curve for total flavonoid evaluation. C. Tannic acid calibration curve for total tannin

evaluation. D. Diosgenin calibration curve for total saponin evaluation.

(LC,,) that reduced cell viability by 50% was determined
(Table 2). All extracts demonstrated varying degrees of
non-toxic behavior, showing LC_ values ranging from 64
to 1443 pg/mL. Importantly, all LC, values exceeded 64
pg/mL, indicating that the extracts were generally safe at
the tested concentrations, including the positive controls
quercetin and disprin. The lowest viability (30.5%) was
recorded in L. javanica root extract versus the highest
concentration tested (Figure 2).

Table 2. Lethal concentration (LC, ) values of the plant extracts and positive
control quercetin for the determination of their cytotoxic effects

Raw macrophage cells

Plant extract/Sample
LC,, (pg/mL)

Artemisia afra stems 152.7+5.8°
Artemisia afra roots 422.7+15.5¢
Lippia javanica roots 64.0+2.2°

Lippia javanica leaves 560.5+21.1¢
Tetradenia riparia leaves 784.9+75.48
Tetradenia riparia stems 287.3+10.2°

Tulbaghia violacea roots 1443.1+86.2%

Tulbaghia violacea stems 1020.7+47.6°

Quercetin 479.9+20.16¢

The LC,,
D) based on K-means analysis. Cluster assignment was determined according

values for RAW 264.7 macrophages were grouped into clusters (A—

to natural breaks and spacing observed per individual column. The plant
extracts/samples that differed significantly P<0.05 in terms of the LC, in that
column were designated different denotations.

Measurement of LPS-induced intracellular nitrite
inhibition

Plant extract concentrations showing 80-90% RAW
macrophage cell viability were defined as the maximal
non-cytotoxic concentrations (MNTCs). These MNTCs
were subsequently tested for nitrite inhibition. Nitrite
production inhibition was evaluated using the MNTC
(12.5 pg/mL) of the extracts. The nitrogen species
experiment was done for the evaluation of the inhibitory
effects of plant extracts on nitrite production in RAW
264.7 macrophages. Macrophages were pre-treated with
extracts for 24 hours, then stimulated with LPS at 1 ug/mL.
LPS exposure significantly increased nitrite production
when evaluated against unstimulated controls. Treatment
with plant extracts (12.5 pg/mL) markedly reduced
LPS-induced nitrite levels, except for the T. riparia stem
extract, which did not show significant inhibition (Figure
3). At 12.5 pug/mlL, nitrite inhibition values varied across
the samples. T. riparia leaves (86.12 + 0.55%), L. javanica
roots (81.89 + 1.76%), and L. javanica leaves (80.95 +
1.91%) showed the highest inhibition percentages, while
T. riparia stem (3.47 + 0.10%) represented the lowest
inhibition. Overall, inhibition values ranged from 3.47%
to 86.12%, with most samples clustering in groups A and
B showing good nitrite inhibition (Table 3).

Discussion
Phytomedicines have the ability to inhibit molecular targets
that regulate the synthesis of pro-inflammatory mediators
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Figure 3. Nitrite concentration in RAW 264.7 macrophage cells treated using plant extracts and quercetin. Extracts were obtained from Artemisia afra (A.A),
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0.0001, compared to the LPS group.

in inflammatory processes. Some causative organisms
and factors that initiate and promote inflammation can
be removed or neutralized, thereby suppressing the
expression of pro-inflammatory agents by medicinal
plant extracts (41). Although phytochemical screening
studies have been conducted for most of the plants used
in this study, it was important to quantitatively measure
different phytochemical groups such as phenolic content,
flavonoid content, tannin content, and saponin content.
These quantitative measures are crucial for understanding
their bioactive roles when testing for anti-inflammatory
properties via nitrite inhibition and their high activity
against certain diseases (20,21,23,25,27-29,32).

The Artemisia afra root extract showed the highest
content for phenolics at 48.54 + 1.33 mg GAE/g. The same
A. afra root extract also exhibited the highest amount of
flavonoids at 39.76 + 1.56 mg QE/g. A study by Kane et
al (25) confirmed A. afra to have a high concentration
of phenols and flavonoids in ethanolic extracts of A. afra
collected from Burundi, having phenol concentrations

of 606.9449 mg GAE/g and flavonoid concentrations of
242.4745 mg Rutin/g. The most tannin content was seen
in the stem extract of A. afra at 1338.67 + 31.77 mg TAE/g.
This finding is supported by Kane et al (25), who revealed
A. afra to possess tannins, phenols, and flavonoids. The
highest saponin content was seen in the T. violacea root
extract at 1426.67 + 34.03 mg DE/g. The high saponin
content is supported by other studies of T. violacea
where phytochemical screening analysis has shown that
the species contains a wide variety of pharmacologically
active groups, including saponins (30).

Phytochemicals such as phenols, flavonoids, tannins,
and saponins play crucial roles in exhibiting therapeutic
properties, particularly anti-inflammatory activities
(14,30,31). The results of the current study revealed a
consistent trend in saponin content: roots of medicinal
plants contained higher saponin levels compared to stems,
and stems contained higher levels compared to leaves.
This observation was consistent across all four plants
tested (A. afra, L. javanica, T. riparia, and T. violacea).
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Table 3. Nitrite inhibition of the extracts and quercetin as the positive control
at 12.5 pg/mL, evaluated for their lipopolysaccharides (LPS)-induced nitrite
reduction in Raw 264.7 macrophage cells

e T LPS-induced nitrite inhibition (%)

Mean +SD
Artemisia afra stems 73.19+1.97°
Artemisia afra roots 65.93+1.64°
Lippia javanica roots 81.89+1.76"
Lippia javanica leaves 80.95+1.914
Tetradenia riparia leaves 86.12+0.55*
Tetradenia riparia stems 3.47+0.10°
Tulbaghia violacea roots 61.19+3.28"%
Tulbaghia violacea stems 44.16+0.94¢
Quercetin 68.14+1.09%

LPS-induced nitrite inhibition (%) was grouped into clusters (A-D) based
on K-means analysis. The clustering assignment was determined according
to natural breaks and spacing observed per individual column. The plant
extracts/samples that differed significantly P<0.05 in terms of the LPS-induced
nitrite inhibition (%) in that column were designated different denotations.

Characterization techniques using mass spectrometry
analyses of different plant parts have shown that
phytochemicals vary in composition depending on the
plant part (42). It is therefore expected that different plant
parts will contain varying amounts of phytochemicals,
resulting in differences in bioactivity.

Extracts of A. afra roots and T. riparia leaves
demonstrated significantly higher cell viability than the
controls at doses from 12.5 to 50 ug/mL. A comparable
proliferative response was observed with L. javanica root
extracts, though limited to 12.5 pg/mL. These findings
align with previous reports indicating that medicinal
plant extracts frequently enhance cell viability relative to
untreated controls, suggesting protective or proliferative
effects at low concentrations rather than cytotoxicity
(43). Similarly, Khumalo et al (44) reported that ethanol
and aqueous extracts tested in RAW 264.7 macrophages
at 1.25 mg/mL to 2.5 mg/mL exhibited no toxicity in the
MTS assay, with several extracts promoting proliferation,
such as aqueous extracts of H. procumbens, which
produced the highest viability, reaching 164% (45). It
also demonstrated that 70% ethanol extracts of certain
bryophytes increased cell viability more than that of the
control in MTT assays. Comparable effects were noted
with T. violacea stem extracts, though only at 12.5 pg/
mL. Supporting evidence from Madike et al (46) indicates
that crude aqueous extracts of Tulbaghia violacea
leaves and roots are non-toxic at low concentrations to
macrophages, where they promote proliferation, whereas
higher concentrations tend to be cytotoxic. Fruit-derived
phytochemicals reinforce this trend; a study showed that
poncirin exhibited no significant toxicity up to 100 ug/
mL, whereas naringin significantly enhanced cell viability
at 20 and 40 pg/mL, higher than that of the control, as
demonstrated by Lamichhane et al (47). Likewise, M.

domestica leaf extracts consistently increased cell viability
across concentrations of 25-250 pg/mL, with water
extracts supporting greater fibroblast viability compared
to ethanol extracts, as reported by Zagorska-Dziok et al
(48). Collectively, these findings highlight that medicinal
plant extracts, when applied at non-toxic concentrations,
can exert protective or proliferative effects on immune
cells, underscoring their therapeutic potential.

Macrophages playa significant role in the body’simmune
response and in pathways that drive inflammation, such
as the release of nitric oxide species (49). Nitric oxide
species function as pro-inflammatory mediators that
participate in diverse physiological processes, where their
synthesis is crucial for host defense; nevertheless, excessive
production results in tissue injury and triggers additional
pro-inflammatory pathways linked to both acute and
chronic inflammation (50). By setting the threshold at
80% cell viability, the study ensured that macrophages
remained metabolically active and healthy, thereby
confirming that any observed reduction in inflammation
(e.g., nitric oxide species reduction) reflected a genuine
pharmacological effect rather than cell death. Establishing
80% viability as the MNTC is a standard methodological
practice to validate that anti-inflammatory outcomes are
not confounded by cytotoxicity (51-53). Extracts were
therefore tested at very low, non-toxic concentrations to
reliably evaluate their anti-inflammatory potential in the
cellular model (47).

The nitrite release inhibition bioassay was done to
investigate the extracts ability to act against inflammatory
activity, and A. afra showed strong nitrite inhibition with
the stem extract at 73.19% compared to the root extract at
65.93%. The decrease in nitrite production induced by the
plant extracts would be beneficial in disease conditions,
as it could provide symptomatic relief from fever caused
by infection and reduce inflammation in different tissues.
Compounds with the ability to control nitric oxide species
through properties such as nitrite inhibition have potential
anti-inflammatory effects, as overproduction can lead
to pathogenesis of many disorders (54). The T. riparia
leaf extract showed higher nitrite inhibition activity at
86.12%. These values were superior to those observed for
the positive control quercetin at 68.14%. This indicates
that extracts of medicinal plants are indeed effective anti-
inflammatory agents.

Further analysis of other mechanisms for the extracts
is still needed, as some studies have shown that the
positive control quercetin directly influences nitric
oxide species inhibition and anti-inflammation via
multiple pathways. The inhibitory effects of quercetin
are linked to the downregulation of signaling molecules,
including extracellular signal-regulated kinase (ERK),
c-Jun N-terminal kinase (JNK), p38, Akt, Src, Janus
kinase-1 (JAK1), Tyk2, signal transducer and activator of
transcription-1 (STAT1), and nuclear factor kappa B (NF-
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kB). Quercetin also exhibits antioxidant properties by
scavenging free radicals and inhibiting serine or threonine
and tyrosine phosphatase functions. Furthermore,
quercetin has been shown to inhibit activation of the
NLRP3 inflammasome, providing additional mechanistic
insight into its anti-inflammatory potential (40,55).

Correlation analysis of phytochemical content and
nitrite inhibition strength of the plants was carried out
using Spearman’s rank correlation. A moderate positive
correlation (p = 0.55) was seen between total phenolic
content (TPC) and nitrite inhibition, indicating that
samples with higher phenolic content generally exhibited
stronger nitrite inhibition activity. While a weak positive
relationship was found between total tannin content
(T'TC) and nitrite inhibition (p = 0.21), suggesting only
a slight association between higher tannin levels and
increased activity. For total flavonoid content (TFC), a
moderate negative correlation (p = -0.5238) was observed,
while TSC also had a correlation of p = -0.3810. These
results imply that extracts with high flavonoid and
saponin content may not necessarily correspond to high
nitrite inhibition. Overall, the findings highlight phenolics
as potential key contributors to nitrite inhibition, while
tannins, flavonoids, and saponins appear to play more
complex or context-dependent roles.

Further workinvolving theisolation and characterization
of specific compounds, particularly those from
phytochemical groups with stronger correlations, will be
a key factor in finding bioactive molecules responsible for
nitrite-inhibiting properties. Plant-derived compounds
like quercetin, a compound broadly distributed in plants
such as seeds, flowers, stems, and leaves, have been widely
investigated for their inhibitory effects in pathological
processes. Studies of in vitro and in vivo assessments
demonstrate quercetin as a compound that contributes
to disease management by modulating inflammatory
signaling pathways. Notably, it suppresses nitric oxide
species production in LPS-stimulated cells (56). Such
plant-derived compounds should be isolated using models
that demonstrate favourable nitrite inhibition.

Conclusion

The selected medicinal plants A. afra, L. javanica, T. riparia
and T. violacea have been shown to contain bioactive
compounds with the ability to control excessive nitric oxide
species, which is linked to chronic inflammation as one
of the major complications of viral respiratory infections
through nitrite inhibition. The exhibited nitrite inhibition
activity could be due to the possession of the determined
phytochemicals, whose correlative association was shown
in this study. The demonstrated positive correlation with
the nitrite inhibition activity appeared stronger with the
phenols. This study has therefore, demonstrated a positive
correlative association between phytochemical content
and nitrite inhibition in selected medicinal plants used
traditionally for treatment of respiratory infections. This

Impact of phytochemical content on nitrite inhibition

study focused on evaluating nitrite inhibition in RAW
264.7 macrophage cells as a potential anti-inflammatory
mechanism of extracts from selected medicinal plants.
It is, therefore, recommended for future studies to
investigate the association of phytochemical content with
other inflammatory mechanisms such as iNOS protein
expression, mRNA levels, or the downstream NF-kB
pathway.
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