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A B S T R A C T

Inflammation coupled with oxidative stress contribute to the pathogenicity of various clinical
disorders. Oxidative stress arises from an imbalance between production of reactive oxygen
species (ROS) and antioxidant defense system, leading to cellular damages. The study investigated
the antioxidant and anti-inflammatory effects of polysaccharides isolated from Lepidium sativum
seed-coat mucilage. The water-soluble polysaccharides were extracted from mucilage and frac-
tionated using gel permeation chromatography. The radical scavenging potential of various
fractions was determined using DPPH, H2O2, and lipid peroxidation assays. The most effective
EC50 was recorded for F53 (57.41 ± 1.34 μg/mL), followed by F20 (69.19 ± 0.61 μg/mL) and F52
(75.06 ± 0.45 μg/mL). In vitro anti-inflammatory effect was determined through human mem-
brane stabilization assay while the in vivo effect was evaluated using a carrageenan-induced paw
edema in mouse model where F53 demonstrated significant (P = 0.05) anti-inflammatory po-
tential (92.60 % compared to diclofenac sodium 91.46 %). GC-MS analysis revealed the presence
of galacturonic acid and glucuronic acid as main acidic monosaccharides along with varying
quantities of rhamnose, arabinose, and maltose as prominent neutral monosaccharides. The study
concludes that cress seed mucilage contains potent antioxidant and anti-inflammatory poly-
saccharides. Further studies on the mode of action of these polysaccharides could provide deeper
insights into their potential use as antioxidant and anti-inflammatory agents.
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1. Introduction

Inflammation is a natural response of the host characterized by the accumulation of fluid and the recruitment of inflammatory
mediators, such as white blood cells, to the site of inflammation [1,2]. However, persistent inflammation can lead to excessive pro-
duction of free radicals and hyperactive molecules, resulting in oxidative stress and undesired effects on tissues and cells [3,4].
Oxidative stress occurs when there is an imbalance between the production of reactive oxygen species (ROS) and the availability of
antioxidants to scavenge them. ROS can oxidize biological molecules, modify genes and proteins, and trigger signaling cascades that
contribute to the development of inflammatory diseases [5]. Antioxidants play a crucial role in stabilizing the oxidation process and
delaying chain reactions initiated by high-energy molecules. While synthetic antioxidants have shown potential in combating
oxidative stress, their pro-oxidant and cytotoxic nature at high concentrations makes them unsuitable for long-term use [6]. This has
led researchers to shift their focus from synthetic to natural sources, such as plants, in the search for alternative antioxidant and
anti-inflammatory compounds [7]. Plants are a rich source of bioactive compounds that can be used for therapeutic purposes in
treating various clinical complications [8]. Plants have long been utilized in traditional medicines to treat inflammation and oxidative
stress-related diseases [9]. Plant secondary metabolites contain bioactive compounds that play important roles in combating both
infectious and non-infectious human diseases [10]. Highmolecular weight polysaccharides and lowmolecular weight oligosaccharides
are among most frequently used compounds for this purpose [11]. The antioxidant mechanism of various polysaccharides isolated
from plants and microorganisms has been determined to regulate the expression of downstream antioxidant enzymes. These anti-
oxidant enzymes reduce the production of free radicals by inhibiting the free radical chain reactions. Also, polysaccharides signifi-
cantly increase the antioxidant capacity and reduce the oxidative stress injury by suppressing iNOS mRNA expression and NO
production [12].

Lepidium sativum, commonly known as garden cress and belonging to the Brassicaceae family, is a medicinally important plant
originating from Egypt and distributed globally [13]. Extracts from L. sativum have demonstrated beneficial effects against various
inflammatory disorders, including diabetes [14,15]. Moreover, L. sativum has shown hepatoprotective, antioxidative, antimicrobial,
antidiarrheal, antispasmodic, and anti-inflammatory properties, protecting against oxidative damage [15]. Different parts of the cress
plant, including the root, seeds, and leaves, have been used in traditional medicine due to their potent biological activities. Although
the plant is primarily cultivated for its seeds, cress is famous for its consumption as salad, sprouts, and essential oils from its seed [16].
When cress seeds are soaked in water, they release a white gelatinous layer called mucilage, mainly composed of carbohydrates/-
polysaccharides [17]. Mucilage can be used as an additive for forming suspensions or emulsions and as a thickening agent in the food
industry [18]. Lepidine and mucilage are the two prominent classes of metabolites found in cress plant exudates, exhibiting nutra-
ceutical effects [19]. Recently, seed coat mucilage of garden cress has been found to contain potent bioactive compounds with alle-
lopathic effects [20–22]. The increasing prevalence of chronic diseases is strongly associated with oxidative stress and chronic
inflammation. These pathological states arise due to imbalance between ROS production and body’s antioxidant defense system which
leads to cellular damage and persistent inflammatory responses. Traditional treatment often involves synthetic antioxidants and
anti-inflammatory drugs, which can have significant side effects and limited long term efficacy [82]. Consequently, there is a growing
interest in screening and development of natural compounds with therapeutic potential due to their safety and effectiveness. The
hydroxyl group present in polysaccharides plays a crucial role in radical scavenging and anti-oxidative functions. Furthermore, the
antioxidant and anti-inflammatory activities of polysaccharides are associated with several physiochemical properties such as water
solubility, molecular size, monosaccharides composition and structural configuration. Polysaccharides extracted from Polygonatum
cyrtonema, exhibited strong radical scavenging potential by stabilizing DPPH and hydrogen peroxide free radicals [81]. Based on these
observations, the primary objective of the present research was to isolate and separate polysaccharides precipitated through ethanol
(EPF) from the mucilage of cress seed coat. The study sought to assess the antioxidant and anti-inflammatory capabilities of these
fractions through both in vitro and in vivo experiments. Subsequently, the chemical composition of the identified potent fractions was
characterized using GC-MS.

2. Materials & methods

2.1. Chemicals & reagents

All the chemicals used in this study were of HPLC grade. These included 1,1-diphenyl-2-picrylhydrazyl (DPPH), acetic acid, borax,
citric acid, chlorobutanol, carrageenan, dextrose, dextran, diclofenac sodium, ethanol, glucose, hydrochloric acid, iron chloride,
methanol, m-hydroxy biphenyl, orcinol, sulfuric acid, thiobarbituric acid, sodium hydroxide, sodium chloride, sodium citrate from
Sigma Aldrich, Acetone, anthrone from Merck Millipore, ascorbic acid from Omicron sciences limited, Bio-Gel P-10 from Bio-Rad
Laboratories, hydrogen peroxide from BDH laboratory supplies, phenol from Ambion, phosphate buffer saline from Oxoid and so-
dium hypochlorite from DAEJUNG.

2.2. Preparation of polysaccharides extract

To disinfect the cress seeds, they were treated with a 0.5 % sodium hypochlorite solution containing 4–6% active chlorine.
Mucilage extraction was performed by soaking 100 g of disinfected cress seeds in 900 mL of autoclaved distilled water overnight on a
magnetic stirrer. The seeds were separated from the solution by passing them through a muslin cloth. The resulting filtrate was then
precipitated by adding 75 % ethanol and left overnight. The precipitated fraction was collected through centrifugation at 4000 rpm for
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30 min. The obtained crude polysaccharides were freeze-dried using a lyophilizer and stored at − 20 ◦C for further processing.

2.3. Gel permeation chromatography

Gel permeation chromatography (GPC) was conducted to fractionate the crude water-soluble polysaccharides from cress seed
mucilage based on their size. The protocol used for GPC was followed, as described by Gómez-Ordóñez et al. [23], with slight
modifications. The freeze-dried crude polysaccharides were dissolved in sterilized distilled water and fractionated using a Bio-Gel P-10
column (2.8 cm × 40 cm length) with a gel pore size of 80–180 μm. Prior to sample loading, the column was pre-calibrated using
dextran. Autoclaved distilled water was used for elution, and 2 mL fractions were collected at a flow rate of 0.3 mL per minute. In total,
60 fractions were obtained from the chromatography.

2.4. Biochemical analysis

The ethanol-precipitated polysaccharides and their fractions were analyzed for total carbohydrate content using the phenol-sulfuric
acid method [24]. For this, 200 μL of the sample was mixed with 500 μL of 98% sulfuric acid and 10 μL of 80%water-saturated phenol.
The reaction mixture was gently mixed and incubated for 20 min at 37 ◦C. The absorbance was measured at 490 nm using a UV–visible
spectrophotometer. Distilled water served as a blank, while glucose was used as a positive reference. A standard glucose calibration
curve was generated using different concentrations of glucose through serial dilution, and the regression equation was determined as y
= 0.8184x + 0.0238, with an R2 value of 99.62. Here, “y" represents the rate of absorbance and “x" represents the concentration of
carbohydrates present in the sample.

Samples with higher total carbohydrate content were further analyzed for the determination of saturated and unsaturated uronic
acid, hexoses, and pentoses. Free and polymer-bound uronic acid was assessed by adding 1 mL of borax reagent prepared in 98 %
H2SO4 to 200 μL of the sample. The reaction mixture was heated in a hot water bath for 5 min, cooled down, and the absorbance was
recorded at 520 nm. Then, 20 μL of 0.15 % (w/v) m-Hydroxybiphenyl prepared in 1 M NaOH was added to the reaction mix, followed
by incubation for 5 min at room temperature. The absorbance was measured at 520 nm. The difference between the two readings
indicated the uronic acid content [25].

Unsaturated uronic acid content in each fraction obtained from ethanol precipitated polysaccharides was determined using pro-
tocol as described [25]. Briefly, 300 μL of 0.04 M of thiobarbituric acid (TBA) was mixed with 500 μL of the sample and then 200 μL of
0.07 M hydrochloric acid (HCl) and 50 μL of distilled water was added to the tube. The reaction tubes were mixed gently and were
incubated for 30 min in hot water bath. After incubation, the tubes were allowed to cool on ice for 10–15 min. The absorbance of
sample was recorded at 550 nm.

Free and polymer bound hexoses present in samples were determined by Anthrone method [26]. Anthrone solution (0.2 %) was
prepared in 98 % H2SO4 and 0.5 mL of this solution was mixed with 0.25 mL of polysaccharides fraction. The reaction tube was mixed
and kept for 5 min in hot water bath. The reaction mix was allowed to cool down and the absorbance for each fraction was recorded at
620 nm. Known amount of glucose was used as standard.

Free and polymer bound pentoses were quantified using the protocol as reported [26]. Briefly, 67 μL of orcinol solution (6 %, w/v)
prepared in ethanol was poured in to 1 mL of 0.1 % iron chloride (FeCl3.6H2O) solution. The reaction mix was kept in a hot water bath
for about 20 min and after incubation it was allowed to cool. The absorbance for each sample was measured at 665 nm. Xylose with a
known concentration was used as standard pentose.

2.5. Determination of monosaccharide composition by GC-MS

2.5.1. Aldonitrile acetate derivatization for neutral sugars
Extraction of free monosaccharaides from the selected polysaccharide fractions was carried out by mixing 50 mg of fraction with 1

mL of methanol and 0.5 mg of sorbitol (internal standard). The samples were incubated at 80 ◦C for 4 h. Further the extract was
evaporated to dryness and 0.3 mL of hydroxylamine hydrochloride in pyridine/methanol was added as derivatization agent prepared
at 32 mg/mL concentration. The reaction mix was incubated at 75 ◦C for 25 min. The aldonitrile derivatives produced were acetylated
by addition of 1 mL of acetic anhydride and further incubated at 75 ◦C for 15 min. Finally, 2 mL of dichloroethane was added and the
excess of hydroxylamine hydrochloride in pyridine/methanol was removed with 1 M HCl and distilled water. The obtained dichlo-
roethane layer was dried and dissolved in 300 μL mixture of heptane and ethyl acetate [27].

2.5.2. Uronic acids derivatization
The uronic acids present in selected polysaccharide fractions including F18, F22, F52 and F53 was derivatized according to the

protocol mentioned [28]. Briefly, 200 μL of N-Methyl-2-pyrrolidone (NMP) served as solvent while 200 μL methoxyamine hydro-
chloride solution (20 mg/mL pyridine) was applied for the formation of methyloxime. Further, 400 μL of N, O-bis(trimethylsilyl)
trifluoroacetamide was added for silylation of hydroxyl group present in acidic sugar and convert them into trimethylsilyl groups. The
reaction tubes were incubated at 75 ◦C for 5 min. Once the derivatization completed, 50 μg of hexadecane was added as internal
standard. Known amount of galacturonic acid and glucuronic acid were used as external standard.

2.5.3. GC-MS analysis
The GC-MS was used for confirmation of monosaccharaides present in the selected polysaccharide fractions obtained from cress
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seed mucilage was identified through GCMS-5977B agilent technologies, USA, using the following protocol. The instrument was
loaded with a DB-1 capillary column having 25 m× 0.25 mm× 0.25 μm volume. Helium (He) served as a carrier gas at a constant flow
rate of 1 mL/min. The initial temperature of the oven was kept at 70 ◦C with a 10 ◦C increase after every minute. The temperature was
increased to 270 ◦C with maximum temperature value of 300 ◦C while the holding for 13 min. The total analysis time was 12 min and
the equilibration time was 2 min. The temperature of the injection port was 270 ◦C and a 1 μL volume was injected in split mode where
the temperature of the heater was 250 ◦C, pressure was 8.808 psi and the split ratio was 20:1 [29]. The mass spectrometer recorded the
entire spectrum in SCAN mode having electron ionization energy of 70 eV, ion source temperature 230 ◦C, MS Quad temperature
200 ◦C, electron multiplier voltage (EMVolts) 1200.696 V when performing selected ion monitoring, scanning from m/z 38 to 500
[30].

2.5.4. Method validation
A total of 10 monosaccharide standards were used for validation of analytical method. The standard monosaccharides included D-

glucose, D-mannose, D-ribose, D-fucose, D-fructose, D-arabinose, D-galactose, L-rhamnose, galacturonic acid and glucuronic acid. The
calibration curve for each standard monosaccharide was established by plotting the chromatographic peak area versus the concen-
tration of the respective monosaccharide as shown in Table-1. The correlation coefficients (R2 > 0.998) indicated that all the standard
curves had outstanding linearity within the screen range. The limit of quantification (LOQ) and limit of detection (LOD) for each GC-
MS screened sample was determined compared to the concentration of standard solution. The sensitivity of the method was confirmed
as the LOD value for each monosaccharide standard was in range from 0.21 to 0.91 μmol/L.

2.6. Biological assays

2.6.1. Antioxidant assay using DPPH
The antioxidant potential of the EPF and polysaccharide fractions was estimated by utilizing 1,1-diphenyl-2-picrylhydrazyl (DPPH)

as free radical [31]. The reaction was started by the addition of 500 μL of sample in three distinct concentrations and mixed with equal
volume of 4 mM DPPH solution prepared in 80 % methanol. Ascorbic acid was employed as standard reference, while autoclaved
deionized water was employed as blank. The reaction mixture was mixed properly and incubated in dark at 37 ◦C for 30 min. The
absorbance for each reaction mixture was recorded at 517 nm. The percent radical scavenging potential was determined using the
equation given below:

Percent DPPH scavenging=
Ab − As
Ab

∗ 100

Where “Ab” refers to absorbance of blank and “As” means absorbance of sample.

2.6.2. Antioxidant via hydrogen peroxide
The hydrogen peroxide (H2O2) free radical scavenging ability of the ethanol precipitated polysaccharide fractions from cress seed

mucilage was evaluated using a spectrophotometric method developed by Ruch et al. [32]. Briefly, 100 μL of each polysaccharide
fraction at three different concentrations was mixed with 300 μL of 50 mM phosphate-buffered saline (PBS), followed by the addition
of 600 μL of 50 mM H2O2. The reaction mixture was vortexed for 10 min, and the absorbance was measured at 230 nm using a UV
spectrophotometer. The percent radical scavenging potential was calculated using the standard equation:

Percent hydrogen peroxide radical scavenging=
As − Ae
As

∗ 100

Where “As” refers to absorbance of standard and “Ae” refers to absorbance of the extract.

2.6.3. Lipid peroxidation assay
The lipid peroxidation assay was conducted using ten albino mice weighing between 20 and 25g. Sodium pentobarbitone (35 mg)

Table 1
Linear regression equations, R2 Value, limit of detection (LOD) and limit of quantification (LOQ) for individual neutral and acidic monosaccharide
after gas chromatography-mass spectrometric (GC-MS) analysis.

Monosaccharide Linear Regression Equations R2 Value LOD in μmol/L LOQ in μmol/L

Galactose y = 0.0287x + 0.6912 0.998 0.81 2.13
Rhamnose y = 0.0634x + 0.7561 0.999 0.79 3.01
Ribose y = 0.0308x + 0.6322 0.997 0.21 0.92
Fucose y = 0.0177x + 0.5006 0.996 0.87 1.88
Mannose y = 0.0318x + 0.1231 0.998 0.51 1.51
Glucose y = 0.0235x + 0.1588 0.997 0.36 0.76
Arabinose y = 0.0211x + 0.1918 0.998 0.29 0.78
Saccharose y = 0.0163x + 0.5701 0.991 0.85 2.21
Glucuronic acid y = 0.0254x + 0.4005 0.995 0.91 2.93
Galacturonic acid y = 0.0535x + 0.1376 0.999 0.43 2.14
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was administered as an anesthetic to induce sedation in themice. One liver segment was collected from eachmouse during the sedation
period and treated with a 0.9 % NaCl solution. The liver segments were individually homogenized using a vortex mixer with 1.15 %
(w/v) ice-cold trichloroacetic acid (TCA) to obtain a 10 % tissue homogenate. Thiobarbituric acid reactive substances (TBARs) were
measured using the tissue homogenate obtained. In the assay, 100 μL of the previously prepared liver homogenate was mixed with an
equal amount of the sample at three different concentrations (50, 100, and 200 μg/mL). To the mixture, 30 μL of 0.1 M Tris-HCl buffer
(pH 7.4) and 30 μL of freshly prepared 250 μMFeSO4 as a pro-oxidant were added. The reaction mixture was incubated at 37 ◦C for 2 h.
After incubation, 300 μL of 8.1 % sodium dodecyl sulfate (SDS) was added, followed by 600 μL of acetic acid and 300 μL of 0.8 % TBA.
The mixture was further incubated at 100 ◦C for 1 h. The generation of the TBA-MDA (thiobarbituric acid-malondialdehyde) adduct
was measured at 532 nm using a spectrophotometer, and the values were expressed as percentage of the control [33].

2.7. Anti-inflammatory assay

2.7.1. In vitro anti-inflammatory assay
The EPF and fractionated polysaccharide fractions were evaluated for their in vitro anti-inflammatory activity using the human red

blood cell (HRBC) membrane stabilization assay, following a previously established protocol with slight modifications [34]. To
perform the assay, HRBCs were collected from fresh human blood, and a 10 % (v/v) suspension was prepared using PBS. The sus-
pension was then treated with three different concentrations (50 μg/mL, 100 μg/mL, and 200 μg/mL) of the polysaccharide fractions,
while indomethacin was used as the reference drug. The reaction mixture consisted of 1 mL of hyposaline, 0.5 mL of the sample, and
0.75 mL of isosaline. The mixture was incubated at room temperature for 30min. After the incubation period, the reaction mixture was
centrifuged at a speed of 3000 rpm for 20 min. Approximately, 200 μL of the supernatant was transferred to an ELISA plate reader, and
the absorbance was measured spectrophotometrically at 570 nm. The percent anti-inflammatory potential was calculated using the
following standard equation:

%MS=
mean Abs of hyposaline − mean Abs of test sample

mean ABs of control
∗ 100

Where MS = membrane stabilization and Abs = absorbance.

2.7.2. In vivo anti-inflammatory assay
For the in vivo experiment, experimental mice (Balb/C) weighing between 25 and 30 g were obtained from the Veterinary Research

Institute (VRI) Peshawar. The mice were fed regular diet and mildly fasted before the start of the experiment to assess the treatment’s
effects. They were then divided into five groups, with each group consisting of five mice. To induce paw edema, a subplantar injection
of a freshly prepared 1 % carrageenan solution in distilled water (100 μL) was administered to each of the six groups of mice (named A,
B, C, D, E, and F), with each group containing five mice. After 1 h of carrageenan-induced inflammation, the mice in the groups were
orally administered with selected EPF from cress at 3 distinct concentrations of 200 mg/kg, 400 mg/kg and 800 mg/kg, whereas one
group of mice was given normal diclofenac sodium at a dose of 150 mg/kg, the other group was kept untreated and acted as the
negative control. The volume of paw edema was measured using a micrometer screw gauge at “0 h" (before carrageenan injection) and
at 1, 2, 3, 4, and 5 h after treating the edema with the different concentrations of the selected fractions [35].

2.7.3. Statistical analysis
Statistical analysis was performed using GraphPad Prism (Version 6.0). The mean value and standard deviation were calculated

from three replicates (n = 3) per treatment. The significance among the treated and control groups was determined using One-way
Analysis of Variance with a p-value <0.05. Tukey’s test was performed to group the homogenous means.

3. Results & discussions

3.1. Mucilage extraction and fractionation

Mucilage is a white gelatinous layer secreted by cress seeds when soaked in water and is about 6.5 %–15.0 % of the total seed
weight [2]. Functional and structural properties of mucilage make it suitable choice for various applications. The dry yield of mucilage
extracted from cress seed was found to be 12.45 %. We found that yield of mucilage is not affected by temperature and seed to water
ratio. However, it has been found that mucilage yield has been affected by various factors, including extraction time and process [36].
The maximum quantity of mucilage is directly related to the extraction technique where solvent-based, microwave assisted, enzyme
assisted and ultra-sonication extraction techniques have been followed [37]. Several studies have reported that mucilage can be
extracted through agitation under aqueous condition. Beside agitation, maximum yield of mucilage can also be obtained through
centrifugation [38]. We further precipitated crude mucilage in 95 % ethanol which yielded two fractions, ethanol precipitated fraction
(EPF) and ethanol not precipitated fraction (ENPF). Between the two fractions, EPF showed significant antioxidant and
anti-inflammatory activities in vitro, implying that it has potent free radical stabilizing activities. The biochemical analysis showed
that the EPF contains monosaccharaides including hexoses, pentoses, uronic acid and unsaturated uronic acid. The EPF was then
fractionated by Bio-Gel − 10 column which yielded 60 fractions. Each fraction was screened for the total carbohydrates content.

I.U. Khan et al.



Heliyon 10 (2024) e36797

6

3.2. Total carbohydrates content

The total carbohydrates content of each fraction is shown in Fig. 1. Fractions F1 to F16 did not contain detectable levels of car-
bohydrates, while a low amount of carbohydrates was detected in fraction F17. Among the 60 fractions, F18 exhibited the highest
carbohydrates content (1.669 mg/mL), followed by F21 (1.51 mg/mL), F30 (1.466 mg/mL), F22 (1.036 mg/mL), F20 (0.968 mg/mL),
F32 (0.804 mg/mL), F19 (0.786 mg/mL), F28 (0.765 mg/mL), and F29 (0.733 mg/mL). Comparing these fractions obtained through
gel permeation chromatography, the carbohydrates content in the ethanol precipitated fraction (EPF) was found to be 12.01 ± 0.82
mg/mL. A previous study reported that the total carbohydrates content in garden cress seeds was 28.45 % [39]. The phenol-sulfuric
acid method, which is a reliable and straightforward colorimetric method, was used to evaluate the sugar and polysaccharide content
in the plant-derived mucilage. The carbohydrates present in each polysaccharide fraction were quantified using glucose as standard
sugar. Different carbohydrates exhibit different colors upon absorption, depending on their molecular weight and sugar composition
[40].

3.3. Biochemical composition

Themonosaccharide units identified in the fractions included pentoses, hexoses, uronic acids, and unsaturated uronic acids (Fig. 2).
Among these sugars, uronic acids were the most dominant in the ethanol precipitated fraction (EPF), while unsaturated uronic acids
were present in the lowest quantity. Fraction F18 had the highest content of unsaturated uronic acids (8.25 μg/g), followed by F21
(6.81 μg/g) and F21 (6.35 μg/g). However, no unsaturated uronic acids were detected in fractions F22 and F24. In terms of uronic
acids, the highest levels were found in F52 (20.66 μg/g), followed by F25 (20.09 μg/g) and F18 (19.19 μg/g). The ratio of hexoses to
pentoses varied among different fractions. Fraction F24 had the highest hexoses content (13.24 μg/g), followed by F53 (12.99 μg/g)
and F25 (12.59 μg/g). On the other hand, F20 exhibited a high pentoses content (11.88 μg/g), while F53 had the lowest pentoses
content (4.74 μg/g). Among all the screened fractions, F52 had high levels of uronic acids (20.66 μg/g), and low levels of hexoses (2.63
μg/g) and pentoses (5.70 μg/g). Acid hydrolysis of cress seed mucilage revealed the presence of uronic acid, glucose, galacturonic acid,
arabinose, rhamnose, and galactose as monosaccharide constituents [41]. Another study reported that mucilage extract from different
maize varieties contained galactose (39–42 %), fructose (22–30 %), mannose (11–14 %), and glucose (1–4%) as the major mono-
saccharides [42]. Similarly, the monosaccharide units in Asplenium australasicum mucilage were found to be uronic acids, glucose,
galactose, xylose, and fructose [43]. Polysaccharides from L. sativum seed mucilage, fractionated through size exclusion chromatog-
raphy, exhibited a similar monosaccharide composition to Lepidium perfoliatum seed mucilage, consisting of rhamnose, galactose,
arabinose, glucose, and xylose [44].

3.4. Monosaccharides composition

The results of the GC-MS analysis of selected polysaccharide fractions revealed the presence of neutral and acidic sugars, including
rhamnose, fucose, arabinose, galactose, glucose, galacturonic acid and glucuronic acid as shown in supplementary data (S1, S2, S3 and
S4). Among the tested fractions, F53 contained the highest percentage of galacturonic acid which accounted for 73.21 % of the total
sugar followed by glucose (8.61 %), rhamnose (5.61 %) and glucuronic acid (5.41 %) as shown in Table-2. Similarly, fraction F52
composed of 63.21 % galacturonic acid, 11.67 % glucose, 7.13 % glucuronic acid, 5.21 % galactose, 4.53 % arabinose, 2.13 % xylose
and 2.09 % fucose. In polysaccharide fractions F22 and F18, galacturonic acids was the main monosaccharide constituent, comprising
of 36.32 % and 48.21 % of it, respectively. Notably, galacturonic acid was found to be the prominent acidic monosaccharide in almost
all fractions along with glucuronic acid which indicated the presence of pectin-like and other acidic polysaccharides in each fraction.
Uronic acid was the most abundant monosaccharide unit in Corchorus olitorius L. mucilage followed by rhamnose, galactose and

Fig. 1. carbohydrate in Bio-Gel-P = 10 fractions obtained from cress seed mucilage.
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arabinose [45]. The monosaccharides composition analysis showed that Opuntia ficus-indica mucilage was primarily composed of
fucose, arabinose, xylose, mannose, glucose, galactose and galacturonic acid [46]. Also, polysaccharides extracted from Lepidium
perfoliatum seed gum were mainly made of rhamnose (3.40 ± 0.21), followed by galactose (12.77 ± 0.01), arabinose (31.99 ± 0.48),
glucose (7.15 ± 0.33), and xylose (44.66 ± 0.37) [44].

3.5. DPPH radical scavenging potential

DPPH free radical scavenging analysis is extensively used for estimating the free radical stabilizing potential of natural extracts
[47]. The antioxidant potential of EPF polysaccharides from cress seed mucilage obtained through GPC were determined using DPPH

Fig. 2. Quantification of monosaccharides components present in polysaccharides fractions obtained from cress seed mucilage. EPF stands for
ethanol precipitated fraction; F18-F53 are collected fractions through Bio-Gel-P-10.

Table 2
Validation of monosaccharides in cress seed mucilage polysaccharide fractions using GC-MS.

TYPES OF MONOSACCHARAIDES F18 F22 F52 F53

Neutral Monosaccharaides Arabinose 4.96 11.67 4.53 3.12
Fucose 0.54 4.56 2.09 1.96
Xylose traces 8.73 2.13 traces
Galactose 5.12 13.27 5.21 2.06
Glucose 14.23 21.21 11.67 8.61
Rhamnose 11.71 4.03 5.61
Sucrose 4.27 9.28 7.32 3.16
Maltose 4.29 0.7 1.31 2.67

Acidic Monosaccharaides Galacturonic Acid 42.21 26.34 54.58 67.38
Glucuronic Acid 12.67 4.24 7.13 5.43

Fig. 3. Percent scavenging of the DPPH free radical activities of polysaccharides fractions extracted from cress seed mucilage. EPF stands for ethanol
precipitated fraction; Bl stands for blank; SD stands for standard drug (ascorbic acid); F18-F53 are collected fractions through Bio-Gel-P-10. The data
are presented as mean along with standard error values. Means represented with different letters (i.e., a, b, c ….) are significant from each other at P
= 0.05.
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free radical assay. The antioxidant effect of each polysaccharide fraction was expressed in percent radical scavenging activities. Fig. 3
shows that different polysaccharides fractions exhibited significant antioxidant potential and an increase was observed while
increasing their concentration when compared to ascorbic acid, which served as reference. At 200 μg/mL, the highest radical scav-
enging potential was observed in fraction F53, which scavenged the DPPH free radical by 93.83 ± 1.06 %, followed by F20 (91.95 ±

0.12 %) and F52 (84.27 ± 0.88 %). These values were comparable to ascorbic acid, which scavenged the DPPH radical by 95.01 ±

2.08 % at 100 μg/mL. The EPF inhibited the DPPH free radical by 11.17 ± 1.12 % at 50 μg/mL, 33.12 ± 0.89 % at 100 μg/mL, and
48.31 ± 2.23 % at 200 μg/mL. The 50 % DPPH radical inhibitory concentration (EC50), often used to compare the DPPH stabilization
potential of antioxidant compounds indicated that lower EC50 values represent stronger antioxidant and free radical stabilizing po-
tential. Table-3 shows the EC50 values of the polysaccharide fractions. Among all the fractions, the most effective EC50 value was
recorded for fraction F53 (57.41 ± 1.34 μg/mL), followed by F20 (69.19 ± 0.61 μg/mL) and F52 (75.06 ± 0.45 μg/mL). The anti-
oxidant mechanism of polysaccharides can be determined through various assays, including free radical scavenging, reducing power,
chain initiation blocking, peroxide degradation, continuous hydrogen abstraction and transition metal catalysis binding [48–50].
DPPH is a relatively stable free radical commonly used to evaluate the antioxidant capability of polysaccharides. Fractionated poly-
saccharides from cress seed mucilage effectively reduced DPPH free radicals by converting highly reactive unpaired electrons to stable
electron pairs. One possible mechanism for antioxidants is the conversion of free unpaired electrons to paired ones [51]. Poly-
saccharide fractions obtained from cress seed mucilage demonstrated their potential to probably scavenge hydrogen or donate an
electron, thereby stabilizing free radicals. The ethanol precipitated extract of L. sativum was previously reported to inhibit DPPH free
radicals by 2.69 % in stems, 10.21% in leaves, 11.63% in seeds, and 12.19% in the whole plant [52]. Although these previous findings
are not consistent with our results, it is worth noting that the extract in our study mainly consists of carbohydrates in the form of
mucilage. DPPH, a compound possessing a proton free radical, can be readily stabilized when exposed to proton donors [53]. Poly-
saccharides composed of monosaccharide units have a strong proton-donating ability, which is why the findings of our study are more
significant. In a separate study, the methanolic and ethanolic extracts of L. sativum seeds exhibited strong antioxidant potential, with
calculated EC50 values of 119.4 μg/mL and 134.7 μg/mL, respectively. Among the two extracts, the methanolic extract of L. sativum
showedmore promising reducing activity and radical stabilizing properties compared to the ethanol extract [54]. Our study found that
the antioxidative effect of cress seed-coat mucilage polysaccharide fractions was dose-dependent and correlated with the mono-
saccharide composition. Fractions having highest uronic acid content showed notable free radical stabilization potential compared to
those having less uronic acid content. Previous literature suggests that the DPPH free radical scavenging potential of polysaccharides is
mainly dependent on its uronic acid contents [55]. Another study reported that polysaccharides extracted from Amana edulis exhibited
strong antioxidant potential [56]. The DPPH free radical scavenging activity of the hot buffer soluble solids (HBSS) was 98%, chelating
agent soluble solids (CASS) was 97 %, dilute alkaline soluble solids (DASS) was 56.1 %, and concentrated alkaline soluble solids
(CHSS) was 50.9 % [56]. In the present study, the polysaccharide fractions that were obtained through gel permeation chromatog-
raphy was having higher antioxidant potential compared to ethanol precipitated fraction which suggests that low molecular weight
polysaccharides may exhibit stronger proton or electron donating ability and stabilize the free radicals.

3.6. H2O2 radical scavenging activity

The polysaccharide fractions of cress seed mucilage, including EPF and fractions obtained through GPC, exhibited significant
potential in stabilizing the H2O2 free radical, as shown in Fig. 4. Among all the fractions screened, F53 was found to be the most
effective, stabilizing the H2O2 free radical by 86.54 % at 200 μg/mL. This was followed by F23 (86.36 %), F20 (81.43 %), and F52
(75.58 %). The half maximal effective concentration (EC50) values also reflected the effectiveness of the fractions, with F53 having the
most prominent EC50 value of 45.19 ± 0.18 μg/mL, followed by F23 (54.69 ± 0.77 μg/mL) and F52 (74.25 ± 1.23 μg/mL). On the
other hand, F25 exhibited the least effectiveness with an EC50 value of 209.01 ± 3.41 μg/mL, as shown in Table-3. Hydroxyl radicals,
such as H2O2, are highly toxic to living organisms and have the potential to cause severe damage to various biological molecules,
including DNA, lipids, and proteins. Therefore, scavenging these radicals is essential for the continuation of vital life processes [57].

Table 3
Half-maximal effective concentration in μg/mL required to stabilize the free radical production by 50 %.

Fractions DPPH FR H2O2 FR LPO FR

EPP 204.3 ± 1.48k 168.5 ± 0.93i 165.0 ± 2.21k
F18 113.7 ± 1.12g 107.4 ± 0.64e 125.5 ± 1.98i
F20 69.2 ± 0.61b 89.6 ± 0.88d 57.7 ± 1.60c
F21 79.3 ± 2.66d 121.5 ± 0.32g 81.7 ± 0.97d
F22 122.4 ± 1.32h 111.7 ± 1.98f 97.0 ± 0.33f
F23 87.6 ± 1.87e 54.7 ± 0.77b 112.1 ± 0.59g
F24 132.6 ± 0.42i 160.1 ± 0.23h 93.9 ± 1.38e
F25 142.4 ± 0.67j 209.0 ± 3.41k 155.3 ± 2.13j
F26 109.0 ± 0.93f 192.9 ± 1.09j 117.6 ± 0.17h
F52 75.1 ± 0.45c 74.3 ± 1.23c 52.6 ± 0.89b
F53 57.4 ± 1.34a 45.2 ± 0.18a 46.6 ± 0.91a

EPF stands for ethanol precipitated fraction; F18-F53 are collected fractions through Bio-Gel-P-10; FR = free radicals; LPO = lipid
peroxides. The data are presented as mean along with standard error values. Means followed by different letters (i.e., a, b, c ….) are
significant from each other at P = 0.05.
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Polysaccharides have been found to possess electron and hydrogen donating abilities, allowing them to readily scavenge free radicals
[58]. In our study, almost all the polysaccharide fractions from cress seed mucilage effectively stabilized the H2O2 free radical in a
dose-dependent manner. This finding is in accordance with the previous study [59], which showed that polysaccharides extracted from
Ginkgo biloba can scavenge hydroxyl radicals in a dose-dependent manner.

3.7. Inhibition of lipid peroxidation

The polysaccharide fractions extracted from cress seed mucilage were further evaluated for their potential to decrease lipid per-
oxidation using the thiobarbituric acid reactive substance (TBARS) assay [33]. The results showed that these polysaccharide fractions
significantly decreased the levels of lipid peroxides in the liver of mice, as shown in Fig. 5. Among all the screened fractions, F53
exhibited the highest percent inhibition, inhibiting the TBARS free radicals by 94.54 ± 2.33 % at 200 μg/mL. The IC50 values, rep-
resenting the minimum concentration required to inhibit 50 % of lipid peroxide radical production, were found to be the smallest for
F53 with an IC50 of 46.64 ± 0.91 μg/mL. This was followed by F52 (52.61 ± 0.89 μg/mL), F20 (57.72 ± 1.60 μg/mL), F21 (81.70 ±

0.97 μg/mL), F24 (93.88± 1.38 μg/mL), and F22 (96.99± 0.33 μg/mL), as shown in Table-3. The TBARS assay is known to be a highly
accurate and effective method for quantifying lipid peroxides [60]. In TBARS method, malonaldehyde (MDA), which is produced as
byproduct, reacts with thiobarbituric acid (TBA) to produce MDA-TBA2 dimer. This dimer has pink color which can be observed at
532 nm [60]. One possible mechanism through which polysaccharides can reduce lipid peroxidation is by increasing the efficiency of
antioxidative enzymes. For example, polysaccharides extracted from Lycium barbarum were found to have prominent antioxidant

Fig. 4. H2O2 free radical activities of fractionated polysaccharides from cress seed mucilage. EPF stands for ethanol precipitated fraction; Bl stands
for blank; SD stands for standard drug (ascorbic acid); F18-F53 are collected fractions through Bio-Gel-P-10. The data are presented as mean along
with standard error values. Means represented with different letters (i.e., a, b, c ….) are significant from each other at P = 0.05.

Fig. 5. Percent inhibitory potential of lipid peroxidation in liver homogenate of Balb/C mice of polysaccharides extracted from cress seed mucilage.
EPF stands for ethanol precipitated fraction; Bl stands for blank; SD stands for standard drug (ascorbic acid); F18-F53 are collected fractions through
Bio-Gel-P-10. The data are presented as mean along with standard error values. Means represented with different letters (i.e., a, b, c ….) are sig-
nificant from each other at P = 0.05.
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activity in aged mice, where they decreased levels of MDA and inhibition of lipid peroxide production [61]. Similarly, polysaccharides
extracted from mushrooms exhibited significant antioxidant effects [62]. In comparison to these findings, the polysaccharide fractions
from cress seed mucilage, that contain uronic acid, pentoses, and hexoses as their monomeric units, also exhibited a dose-dependent
inhibition of lipid peroxide production.

3.8. HRBCs membrane stabilization activity

Inflammation is a natural immune response to harmful stimuli, but dysregulation of this response can lead to acute or chronic
inflammation, causing various diseases [1]. During inflammation, the activation of COX-1 and COX-2 enzymes results in the pro-
duction of prostaglandins and lysosomal enzymes, which contributes to tissue damage and the progression of chronic and acute
inflammation [63]. Therefore, inhibiting their activities can alleviate symptoms of inflammation including fever and pain. Further-
more, stabilization of lysosomal membrane restricts the release of lysosomal enzymes that induces inflammation. The
anti-inflammatory mechanism involves activation of various enzymatic and signaling transcription factors that stabilizes lysosomal
membrane and control the progression of inflammation [64]. Erythrocytes membrane stabilization assay is well-established method to
screen the membrane stabilization potential of synthetic and natural products [65]. The anti-inflammatorymechanism of non-steroidal
anti-inflammatory drugs (NSAIDs) is associated with either stabilization of lysosomal membrane or restricting the release of lysosomal
enzymes [66]. In vitro anti-inflammatory effect of selected cress seed mucilage EPFs was determined at three different concentrations
(200 μg/mL, 100 μg/mL, and 50 μg/mL) and the EC50 value was calculated for each fraction as shown in Table-4. The results
demonstrated that at 200 μg/mL, fraction F53 significantly stabilized human red blood cell (HRBC) membranes by 90.59 %, followed
by fraction F23 (86.43 %), fraction F52 (82.26 %), and fraction F18 (78.60 %), whereas the fraction F26 showed the least significant
activity (60.37 %) in stabilization of HRBC membranes. Similarly, at 100 μg/mL, fraction F53 exhibited excellent activity, stabilizing
HRBC membranes by 78.76 %, followed by fraction F52 (68.28 %), fraction F23 (67.94 %), and fraction F24 (54.37 %), while fraction
F26 showed the lowest anti-inflammatory activity of 34.31 %. Furthermore, at the lowest concentration of 50 μg/mL, fraction F53
again displayed the highest anti-inflammatory activity of 56.20 %, followed by fraction F52 (48.13 %), and fraction F23 (44.80 %).
Regarding the EC50 value, which represents the half maximal effective concentration, fraction F53 showed the most effective value of
36.23 μg/mL, followed by fraction F52 (51.74 μg/mL), and fraction F23 (57.95 μg/mL). These findings revealed that fraction F53 was
the most effective as it showed maximum anti-inflammatory activity in a dose-dependent manner along with an effective EC50 value
which was followed by fraction F52 and F23. Previous literature reported that potent anti-inflammatory effect of mushroomwas due to
the presence of glucan polysaccharides [67]. In our study, the polysaccharide fractions extracted from cress seed mucilage were found
to prevent hypotonic hemolysis in HRBCs. The possible mechanisms of membrane stabilization by the plant extracts include increasing
the surface area-to-volume ratio and stabilizing tropomyosin [68].

3.9. Carrageenan induced paw edema

The induction of 50 μL of 1 % carrageenan in the right hind paw of mice results in a severe inflammatory reaction characterized by
redness and swelling. The paw edema was treated with different concentrations of ethanolic polysaccharide fractions extracted from
cress seed mucilage. The results demonstrated that the polysaccharide fractions effectively reduced the paw edema volume in the
experimental mice at a dosage of 50 mg/kg, showing a significant difference compared to the untreated group (p< 0.001), as shown in
Fig. 6. Fraction F52 at a dosage of 100 mg/kg demonstrated the highest reduction in paw edema volume, significantly decreasing it by
90.28 % (p < 0.0001) after 5 h of treatment. Following this, fraction F53 reduced the volume by 84.15 % (p < 0.05) (Fig. 7). On the
contrary, the highest percentage reduction in paw edema volume was observed for fraction F53 at 200 mg/kg, which significantly
reduced the volume by 98.10 % (p< 0.0001) after 5 h of treatment. This was followed by fraction F52 with a reduction of 92.60% (p<

0.05), fraction F20 with a reduction of 89.60 % (p < 0.001), and fraction F23 with a reduction of 86.68 % (p < 0.05) (Fig. 8). On the

Table 4
Human RBCs membrane stabilization potential of polysaccharides fraction of cress seed mucilage.

Percent membrane stabilization along with their EC50 value in μg/mL

50 μg/mL 100 μg/mL 200 μg/mL EC50 μg/mL

EPF 12.5 ± 0.78a 34.8 ± 0.34a 67.5 ± 1.23b 159.1 ± 2.13i
F18 29.2 ± 0.12d 51.5 ± 0.27cd 78.6 ± 0.91f 91.6 ± 1.61e
F20 23.1 ± 0.23c 49.6 ± 0.61c 75.6 ± 0.53d 101.2 ± 3.54f
F21 22.7 ± 0.56c 39.1 ± 0.83b 74.9 ± 0.87d 129.3 ± 1.62h
F22 18.1 ± 0.34b 39.4 ± 1.54b 70.5 ± 0.34c 121.4 ± 2.23g
F23 44.8 ± 0.12e 68.0 ± 1.48f 86.4 ± 0.32h 58.0 ± 1.67c
F24 31.5 ± 0.23d 54.4 ± 0.91e 78.4 ± 0.51f 86.9 ± 4.12d
F25 23.9 ± 0.18c 54.1 ± 2.76de 75.5 ± 0.83e 96.9 ± 2.89f
F26 17.7 ± 1.09b 34.3 ± 0.87a 60.4 ± 0.23a 161.3 ± 3.91i
F52 48.1 ± 0.89f 68.3 ± 1.82f 82.3 ± 0.56g 51.7 ± 1.98b
F53 56.2 ± 1.82g 78.8 ± 0.73g 90.6 ± 0.52i 36.2 ± 1.21a

EPF stands for ethanol precipitated fraction; F18-F53 are collected fractions through Bio-Gel-P-10. The data are presented as mean along with
standard error values. Means followed by different letters (i.e., a, b, c ….) are significant from each other at P = 0.05.
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other hand, the lowest percentage reduction in edema volume was observed in the group treated with ethanol-precipitated poly-
saccharides, which reduced the volume by 60.09 % (p < 0.0001). After 5 h of treatment, the group treated with diclofenac sodium
(150 mg/kg) reduced the paw edema volume by 91.46 % (p < 0.001). These results indicate that polysaccharides derived from cress
seed mucilage, fractionated through size exclusion chromatography, significantly reduced the edematogenic responses in mice
induced by carrageenan administration. These findings are consistent with the study by Silva et al. [69], where they reported that a
polysaccharide fraction from Thuja occidentalis significantly reduced paw edema volume in carrageenan-induced mice by 76.5 % after
3 h of treatment. Carrageenan-induced paw edema is considered as a biphasic process. Initially, fluid accumulation and vasodilation
can be arbitrated by the release of inflammatorymediators (histamine, serotonin, and prostaglandins), reaching tomaximum in the 6-h
of carrageenan induction [70,71]. The possible mechanisms involved in stabilizing the paw edema volume include inhibiting the
generation of inflammatory mediators, blocking receptor actions, and modulating interactions between inflammatory mediators and
their respective receptors [70,72]. Inappropriate or excessive production of pro-inflammatory cytokines can lead to tissue damage and
increased inflammation. Therefore, suppressing these pro-inflammatory cytokines is considered an active approach in managing
various pathological disorders [72]. Currently available anti-inflammatory drugs often carry severe side effects that limit their
long-term use [73]. Medicinal plants offer alternative therapies for inflammatory diseases due to their abundant bioactive molecules
with promising therapeutic potential [74–76]. The present study concludes that polysaccharide fractions derived from cress seed

Fig. 6. Reduction in paw edema volume treated with 50 mg/kg of polysaccharides fractions of cress seed coat mucilage. EPF stands for ethanol
precipitated fraction; DS stands for diclofenac sodium; UT stands for untreated rat; F18-F53 are collected fractions through Bio-Gel-P-10. The data
are presented as mean along with standard error values. Means represented with different letters (i.e., a, b, c ….) are significant from each other at P
= 0.05.

Fig. 7. Reduction in paw edema volume treated with 100 mg/kg of polysaccharides fractions of cress seed coat mucilage. EPF stands for ethanol
precipitated fraction; DS stands for diclofenac sodium; UT stands for untreated rat; F18-F53 are collected fractions through Bio-Gel-P-10. The data
are presented as mean along with standard error values. Means represented with different letters (i.e., a, b, c ….) are significant from each other at P
= 0.05.
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mucilage significantly reduced the inflammatory effects by inhibiting edematogenic effects in classic experimental models of
inflammation. A previous study demonstrated that the leaf extract of L. sativum significantly influenced the expression of several genes
associated with inflammation, including endothelial growth factor, tumor necrosis factor-alpha, and α-reductase type II in cultured
human keratinocyte cells [77]. The L. sativum seed coat mucilage has been best known for its high anti-inflammatory effect as it
significantly reduced edema in mice model. Maximum inhibitory effect was measured after 5 h of treatment of each extract which may
be related to the production of prostaglandin. Though, it may not be the only reason of percent inhibition in edema, despite the fact
that mucilage is capable of inhibiting the inducers of inflammation. Inflammation is a natural phenomenon that occurs in response to
damage caused by pathogens or chemicals. Inflammation is useful as it responds to harmful stimuli and protects the body against their
hazardous effects [78]. Plants have been utilized as a medicine for the management of many diseases as a whole in the form of crude or
extracts. An extensive research has been carried out to determine the therapeutic potential of plants in terms of identification and
characterization of potent constituents accountable for the therapeutic effects. The anti-inflammatory effect of medicinal plants are
mainly due to the presence of secondary metabolites [79]. The phytoconsituent secreted by plant as secondary metabolites include
flavonoid, polyphenolic, proanthocyanidin, alkaloid, terpenoid that accounts for anti-inflammatory effects [80].

4. Conclusion

Cress seed mucilage is a natural hydrocolloid that releases mucilage containing bioactive compounds when soaked in water. The
present study concludes that ethanol precipitated fractions (EPF) of cress mucilage consisted of potent bioactive saccharides. The EPF
inhibited the DPPH free radical even at 50 μg/mL, however at 200 μg/mL the inhibition was about 48.3 %. Further fractionation of EPF
on Bio-Gel P-10 column separated antioxidant compounds with anti-inflammatory activity. Among the fractions from Bio-Gel P-10,
fractions 20, 23 and 53 were found to be the most potent. Fraction 53 scavenged the DPPH free radical by 93.8 %, whereas F20
scavenged 92 %. Similarly, at 200 μg/mL fraction 53 stabilized H2O2 free radical by 87 % and fraction 20 and 23 by 81 and 86 %,
respectively. Moreover, fraction 53 inhibited TBARS free radicals by 95 % and stabilized 91 % of human red blood cells (HRBC)
membranes. Fraction 53 and 20 also reduced 98 % and 90 %, respectively, of paw edema volume in rats within 5 h of treatment. These
results suggest that EPF from cress seed mucilage consisted of potent bioactive saccharides with no side effects. The purification and
characterization of these antioxidant and anti-inflammatory compounds can play vital role in developing effective drugs.
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[24] C. Panagiotopoulos, R. Sempéré, Analytical methods for the determination of sugars in marine samples: a historical perspective and future directions, Limnol
Oceanogr. Methods 3 (2005) 419–454.

[25] N. Blumenkrantz, G. Asboe-Hansen, New method for quantitative determination of uronic acids, Anal. Biochem. 54 (1973) 484–489.
[26] Z. Dische, Sugars in polysaccharides, Methods Biochem. Anal. 2 (1963) 313–358.
[27] L. Slobodianiuk, L. Budniak, H. Feshchenko, A. Sverstiuk, Y. Palaniza, Quantitative Analysis of Fatty Acids and Monosaccharides Composition in Chamerion

Angustifolium L. By GC/MS Method, 2022.
[28] C.C. Banfield, J. Pausch, Y. Kuzyakov, M.A. Dippold, Microbial processing of plant residues in the subsoil–The role of biopores, Soil Biol. Biochem. 125 (2018)

309–318.
[29] S. Marchyshyn, L. Budniak, L. Slobodianiuk, Chemical composition of the garden nasturtium essential oil and antibacterial activity of fresh juice of the herb,

Pharmacologyonline 3 (2021) 1463–1473.
[30] L. Budniak, L. Slobodianiuk, L. Kravchuk, T. Kalynyuk, Investigation of antibacterial and antifungal activities of the herb of Tropaeolum majus L,

Pharmacologyonline 3 (2021) 937–947.
[31] F. Xiao, T. Xu, B. Lu, R. Liu, Guidelines for antioxidant assays for food components, Food Frontiers 1 (2020) 60–69.
[32] R.J. Ruch, S.-j. Cheng, J.E. Klaunig, Prevention of cytotoxicity and inhibition of intercellular communication by antioxidant catechins isolated from Chinese

green tea, Carcinogenesis 10 (1989) 1003–1008.
[33] K.O. Karigidi, C.O. Olaiya, In vitro antidiabetic, antioxidant and anti-lipid peroxidative activities of corn steep liquor extracts of Curculigo pilosa and its solvent

fractions, J. Herbs, Spices, Med. Plants 25 (2019) 377–388.
[34] G. Shailesh, K. Seema, S. Dwivedi, In-Vitro anti-inflammatory activity of Sarcostemma acidum Wight. & Arn, Indian herb by Human red blood cell membrane

stabilization method 2 (2011) 184–188.
[35] W.-H. Zhang, J. Wu, L. Weng, H. Zhang, J. Zhang, A. Wu, An improved phenol-sulfuric acid method for the determination of carbohydrates in the presence of

persulfate, Carbohydr. Polym. 227 (2020) 115332.
[36] S. Nazir, I.A. Wani, F.A. Masoodi, Extraction optimization of mucilage from Basil (Ocimum basilicum L.) seeds using response surface methodology, J. Adv. Res.

8 (2017) 235–244.
[37] H. Cakmak, H. Ilyasoglu-Buyukkestelli, E. Sogut, V.H. Ozyurt, C.E. Gumus-Bonacina, S. Simsek, A review on recent advances of plant mucilages and their

applications in food industry: extraction, functional properties and health benefits, Food Hydrocolloids for Health 3 (2023) 1–15.
[38] R. Ghadermazi, A.K. Asl, F. Tamjidi, Optimization of whey protein isolate-quince seed mucilage complex coacervation, Int. J. Biol. Macromol. 131 (2019)

368–377.
[39] S.S. Jangra, V.K. Madan, Phytochemical and nutritional composition of different parts of garden cress (Lepidium sativum L.), International Journal of Current

Microbiolology and Applied Sciences 7 (2018) 1136–1145.
[40] F. Yue, J. Zhang, J. Xu, P. Niu, X. Lu, M. Liu, Effects of monosaccharide composition on quantitative analysis of total sugar content by phenol-sulfuric acid

method, Front. Nutr. 9 (2022) 1–10.
[41] M.M. Tosif, A. Najda, A. Bains, R. Kaushik, S.B. Dhull, P. Chawla, M. Walasek-Janusz, A comprehensive review on plant-derived mucilage: characterization,

functional properties, applications, and its utilization for nanocarrier fabrication, Polymers 13 (2021) 1–24.
[42] M. Nazari, S. Riebeling, C.C. Banfield, A. Akale, M. Crosta, K. Mason-Jones, M.A. Dippold, M.A. Ahmed, Mucilage polysaccharide composition and exudation in

maize from contrasting climatic regions, Front. Plant Sci. 11 (2020) 587610.
[43] C.-F. Chiang, L.-S. Lai, Effect of enzyme-assisted extraction on the physicochemical properties of mucilage from the fronds of Asplenium australasicum (J. Sm.)

Hook, Int. J. Biol. Macromol. 124 (2019) 346–353.
[44] A. Koocheki, M.A. Hesarinejad, M. Mozafari, Lepidium perfoliatum seed gum: Investigation of monosaccharide composition, antioxidant activity and

rheological behavior in presence of salts, chemical and biological technologies in agriculture 9 (2022) 1–14.
[45] S. Oh, D.-Y. Kim, Characterization, antioxidant activities, and functional properties of mucilage extracted from corchorus olitorius L, Polymers 14 (2022) 2488.
[46] G. Ginestra, M.L. Parker, R.N. Bennett, J. Robertson, G. Mandalari, A. Narbad, R.B. Lo Curto, G. Bisignano, C.B. Faulds, K.W. Waldron, Anatomical, chemical,

and biochemical characterization of cladodes from prickly pear [Opuntia ficus-indica (L.) Mill.], J. Agric. Food Chem. 57 (2009) 10323–10330.
[47] G. Huang, X. Mei, J.J. C.d. t. Hu, The Antioxidant Activities of Natural Polysaccharides, vol. 18, 2017, pp. 1296–1300.
[48] M. Hamed, H. Bougatef, W. Karoud, F. Krichen, A. Haddar, A. Bougatef, A. Sila, Polysaccharides extracted from pistachio external hull: characterization,

antioxidant activity and potential application on meat as preservative, Ind. Crop. Prod. 148 (2020) 112315.
[49] A.S. Volokhova, K.J. Edgar, J.B. Matson, Polysaccharide-containing block copolymers: synthesis and applications, Mater. Chem. Front. 4 (2020) 99–112.
[50] M. Simsek, T.T. Asiyanbi-Hammed, N. Rasaq, A.M. Hammed, Progress in bioactive polysaccharide-derivatives: a review, Food Rev. Int. 39 (2023) 1612–1627.
[51] S. Sundaram Sanjay, A.K. Shukla, Free radicals versus antioxidants, in: Potential Therapeutic Applications of Nano-Antioxidants, Springer, 2021, pp. 1–17.
[52] J. Malar, K. Chairman, A.R. Singh, J.S. Vanmathi, A. Balasubramanian, K. Vasanthi, Antioxidative activity of different parts of the plant Lepidium sativum Linn,

Biotechnology Reports 3 (2014) 95–98.
[53] P. Ionita, The chemistry of DPPH⋅ free radical and congeners, Int. J. Mol. Sci. 22 (2021) 1545.
[54] K. Chatoui, H. Harhar, T. El Kamli, M. Tabyaoui, Chemical composition and antioxidant capacity of Lepidium sativum seeds from four regions of Morocco, Evid.

base Compl. Alternative Med. 2020 (2020).
[55] A. Fuso, W. Dejonghe, L. Cauwenberghs, G. Rosso, F. Rosso, I. Manera, A. Caligiani, DPPH radical scavenging activity of xylo-oligosaccharides mixtures of

controlled composition: a step forward in understanding structure–activity relationship, J. Funct.Foods 101 (2023) 105417.
[56] Y.-H. Ji, A.-M. Liao, J.-H. Huang, K. Thakur, X.-L. Li, Z.-J. Wei, Physicochemical and antioxidant potential of polysaccharides sequentially extracted from Amana

edulis, Int. J. Biol. Macromol. 131 (2019) 453–460.

I.U. Khan et al.

http://refhub.elsevier.com/S2405-8440(24)12828-9/sref13
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref13
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref14
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref14
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref15
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref15
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref16
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref16
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref17
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref17
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref18
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref18
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref19
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref19
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref20
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref20
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref21
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref21
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref22
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref22
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref23
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref23
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref24
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref24
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref25
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref26
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref27
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref27
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref28
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref28
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref29
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref29
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref30
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref30
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref31
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref32
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref32
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref33
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref33
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref34
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref34
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref35
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref35
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref36
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref36
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref37
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref37
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref38
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref38
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref39
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref39
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref40
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref40
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref41
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref41
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref42
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref42
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref43
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref43
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref44
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref44
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref45
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref46
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref46
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref47
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref48
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref48
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref49
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref50
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref51
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref52
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref52
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref53
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref54
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref54
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref55
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref55
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref56
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref56


Heliyon 10 (2024) e36797

15

[57] Y. Su, L.J. C.p. Li, Structural Characterization and Antioxidant Activity of Polysaccharide from Four Auriculariales, vol. 229, 2020 115407.
[58] B. Mohanta, D.J. Sen, B. Mahanti, A.K. Nayak, Antioxidant potential of herbal polysaccharides: an overview on recent researches, Sensors International 3 (2022)

100158.
[59] Q. Ren, J. Chen, Y. Ding, J. Cheng, S. Yang, Z. Ding, Q. Dai, Z.J. I.j. o. b. m. Ding, In vitro antioxidant and immunostimulating activities of polysaccharides from

Ginkgo biloba leaves 124 (2019) 972–980.
[60] J.A.D. De Leon, C.R. Borges, Evaluation of oxidative stress in biological samples using the thiobarbituric acid reactive substances assay, JoVE (2020) e61122.
[61] Y. Niu, G. Zhang, X. Sun, S. He, G. Dou, Distinct role of Lycium barbarum L. Polysaccharides in oxidative stress-related ocular diseases, Pharmaceuticals 16

(2023) 215.
[62] S. Chun, J. Gopal, M. Muthu, Antioxidant activity of mushroom extracts/polysaccharides—their antiviral properties and plausible antiCOVID-19 properties,

Antioxidants 10 (2021) 1899.
[63] A.Z. Adnan, F. Armin, I.R. Sudji, M. Novida, D.I. Roesma, H.A. Ali, A. Fauzana, In vitro anti-inflammatory activity test of tinocrisposide and freeze-dried aqueous

extract of Tinospora crispa stems on human red blood cell by increasing membrane stability experiment, In Vitro 12 (2019) 125–129.
[64] H.A. Saleh, M.H. Yousef, A. Abdelnaser, The anti-inflammatory properties of phytochemicals and their effects on epigenetic mechanisms involved in TLR4/NF-

κB-mediated inflammation, Front. Immunol. 12 (2021) 606069.
[65] C.A. Anosike, O.N. Igboegwu, O.F.C. Nwodo, Antioxidant properties and membrane stabilization effects of methanol extract of Mucuna pruriens leaves on

normal and sickle erythrocytes, Journal of Traditional Complementary Medicine 9 (2019) 278–284.
[66] S. Paul, D. Modak, S. Chattaraj, D. Nandi, A. Sarkar, J. Roy, T.K. Chaudhuri, S. Bhattacharjee, Aloe vera gel homogenate shows anti-inflammatory activity

through lysosomal membrane stabilization and downregulation of TNF-α and Cox-2 gene expressions in inflammatory arthritic animals, Future Journal of
Pharmaceutical Sciences 7 (2021) 1–8.

[67] I. Lavi, L. Nimri, D. Levinson, I. Peri, Y. Hadar, B. Schwartz, Glucans from the edible mushroom Pleurotus pulmonarius inhibit colitis-associated colon
carcinogenesis in mice, J. Gastroenterol. 47 (2012) 504–518.

[68] A.M. Uttra, Assessment of antiarthritic potential of Ephedra gerardiana by in vitro and in vivo methods, Bangladesh J. Pharmacol. 12 (2017) 403–409.
[69] I.S. Silva, L.A. Nicolau, F.B. Sousa, S. de Araújo, A.P. Oliveira, T.S. Araújo, L.K.M. Souza, C.S. Martins, P.E. Aquino, L.L. Carvalho, Evaluation of anti-

inflammatory potential of aqueous extract and polysaccharide fraction of Thuja occidentalis Linn, mice 105 (2017) 1105–1116.
[70] K.H. Kim, H.-W. Im, M.B. Karmacharya, S. Kim, B.-H. Min, S.R. Park, B.H. Choi, Low-intensity ultrasound attenuates paw edema formation and decreases

vascular permeability induced by carrageenan injection in rats, J. Inflamm. 17 (2020) 1–8.
[71] K.R. Patil, U.B. Mahajan, B.S. Unger, S.N. Goyal, S. Belemkar, S.J. Surana, S. Ojha, C.R. Patil, Animal models of inflammation for screening of anti-inflammatory

drugs: implications for the discovery and development of phytopharmaceuticals, Int. J. Mol. Sci. 20 (2019) 4367.
[72] O.O. Ariyo, A.M. Ajayi, B. Ben-Azu, A.O. Aderibigbe, Anti-nociceptive and anti-inflammatory activities of ethanol extract and fractions of Morus mesozygia Stapf

(Moraceae) leaves and its underlying mechanisms in rodents, J. Ethnopharmacol. 259 (2020) 112934.
[73] S. Bindu, S. Mazumder, U. Bandyopadhyay, Non-steroidal anti-inflammatory drugs (NSAIDs) and organ damage: a current perspective, Biochem. Pharmacol.

180 (2020) 114147.
[74] A.H. Viyar, R. Qadri, A. Iqbal, N. Nisar, I. Khan, M. Bashir, F. Shah, Evaluation of unexplored pomegranate cultivars for physicochemical characteristics and

antioxidant activity, J. Food Sci. Technol. 54 (2017) 2973–2979.
[75] G. Rehman, M. Hamayun, A. Iqbal, S. Ul Islam, S. Arshad, K. Zaman, A. Ahmad, A. Shehzad, A. Hussain, I. Lee, In Vitro Antidiabetic Effects and Antioxidant

Potential of Cassia Nemophila Pods, vol. 2018, BioMed Research International, 2018.
[76] N. Khan, A. Iqbal, K.U. Rehman, M. Hamayun, F. Shah, A. Iqbal, A. Hussain, J. Ahmad, I.-J. Lee, Evaluation of antimicrobial, antioxidant and enzyme inhibitory

potential of fixed oil extracted from stem bark of Acacia stenophylla, Fresenius Environ. Bull. 30 (2021) 11002–11008.
[77] M. Turkoglu, S. Kilic, E. Pekmezci, M. Kartal, Evaluating Antiinflammatory and Antiandrogenic Effects of Garden Cress (Lepidium Sativum L.) in HaCaT Cells,

vol. 12, 2018.
[78] N. Hossein-Khannazer, G. Azizi, S. Eslami, H. Alhassan Mohammed, F. Fayyaz, R. Hosseinzadeh, A.B. Usman, A.N. Kamali, H. Mohammadi, F. Jadidi-Niaragh,

The effects of cadmium exposure in the induction of inflammation, Immunopharmacol. Immunotoxicol. 42 (2020) 1–8.
[79] C.d.R. Nunes, M. Barreto Arantes, S. Menezes de Faria Pereira, L. Leandro da Cruz, M. de Souza Passos, L. Pereira de Moraes, I.J.C. Vieira, D. Barros de Oliveira,

Plants as sources of anti-inflammatory agents, Molecules 25 (2020) 3726.
[80] S. Rashid, L.R. Majeed, B. Nisar, H. Nisar, A.A. Bhat, B.A. Ganai, Phytomedicines: diversity, extraction, and conservation strategies, in: Phytomedicine, Elsevier,

2021, pp. 1–33.
[81] Y. Zhao, Z. Wang, R. Fu, R. Xie, B. Wang, Q. Li, Structural characterization and antioxidant activity of processed polysaccharides PCP-F1 from Polygonatum

cyrtonema Hua, Front. Nutr. 10 (2023) 1272977.
[82] Z. Wang, H. Liu, R. Fu, J. Ou, B. Wang, Structural characterization and anti-inflammatory activity of a novel polysaccharide PKP2-1 from Polygonatum

kingianum, Front. Nutr. 10 (2023) 1156798.

I.U. Khan et al.

http://refhub.elsevier.com/S2405-8440(24)12828-9/sref57
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref58
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref58
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref59
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref59
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref60
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref61
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref61
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref62
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref62
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref63
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref63
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref64
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref64
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref65
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref65
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref66
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref66
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref66
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref67
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref67
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref68
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref69
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref69
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref70
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref70
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref71
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref71
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref72
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref72
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref73
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref73
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref74
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref74
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref75
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref75
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref76
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref76
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref77
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref77
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref78
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref78
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref79
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref79
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref80
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref80
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref81
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref81
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref82
http://refhub.elsevier.com/S2405-8440(24)12828-9/sref82

	Unlocking the in vitro and in vivo antioxidant and anti-inflammatory activities of polysaccharide fractions from Lepidium s ...
	1 Introduction
	2 Materials & methods
	2.1 Chemicals & reagents
	2.2 Preparation of polysaccharides extract
	2.3 Gel permeation chromatography
	2.4 Biochemical analysis
	2.5 Determination of monosaccharide composition by GC-MS
	2.5.1 Aldonitrile acetate derivatization for neutral sugars
	2.5.2 Uronic acids derivatization
	2.5.3 GC-MS analysis
	2.5.4 Method validation

	2.6 Biological assays
	2.6.1 Antioxidant assay using DPPH
	2.6.2 Antioxidant via hydrogen peroxide
	2.6.3 Lipid peroxidation assay

	2.7 Anti-inflammatory assay
	2.7.1 In vitro anti-inflammatory assay
	2.7.2 In vivo anti-inflammatory assay
	2.7.3 Statistical analysis


	3 Results & discussions
	3.1 Mucilage extraction and fractionation
	3.2 Total carbohydrates content
	3.3 Biochemical composition
	3.4 Monosaccharides composition
	3.5 DPPH radical scavenging potential
	3.6 H2O2 radical scavenging activity
	3.7 Inhibition of lipid peroxidation
	3.8 HRBCs membrane stabilization activity
	3.9 Carrageenan induced paw edema

	4 Conclusion
	Funding
	Ethical approval
	Consent for publication
	Availability of data and materials
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Supplementary Files
	Appendix A Supplementary data
	References


