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ARTICLE INFO ABSTRACT
Keywords: Acute respiratory distress syndrome (ARDS), a serious manifestation of acute lung injury (ALI), is a debilitating
Acute lung injury inflammatory lung disease that is caused by multiple risk factors. One of the primary causes that can lead to ALI/

Oxidative stress

ARDS is cigarette smoke (CS) and its primary mode of action is via oxidative stress. Despite extensive research,
Pro-inflammatory cytokines

RAW 264.7 macrophage no appropriate therapy is currently available to treat ALI/ARDS, which means there is a dire need for new

Lipoxygenase pathway potential approaches. In our study we explored the protective effects of 70 % methanolic-aqueous extract of

NF-kB p65 Ipomoea nil (Linn.) Roth, named as In.Mcx against CS-induced ALI mice models and RAW 264.7 macrophages
because Ipomoea nil has traditionally been used to treat breathing irregularities. Male Swiss albino mice (20-25
+ 2 g) were subjected to CS for 10 uninterrupted days in order to establish CS-induced ALI murine models.
Dexamethasone (1 mg/kg), In.Mcx (100 200, and 300 mg/kg) and normal saline (10 mL/kg) were given to
respective animal groups, 1 h before CS-exposure. 24 h after the last CS exposure, the lungs and bronchoalveolar
lavage fluid (BALF) of all euthanized mice were harvested. Altered alveolar integrity and elevated lung weight-
coefficient, total inflammatory cells, oxidative stress, expression of pro-inflammatory cytokines (IL-1f and IL-6)
and chemokines (KC) were significantly decreased by In.Mcx in CS-exposed mice. In.Mcx also revealed signifi-
cant lowering IL-1p, IL-6 and KC expression in CSE (4 %)-activated RAW 264.7 macrophage. Additionally, In.Mcx
showed marked enzyme inhibition activity against Acetylcholinesterase, Butyrylcholinesterase and Lip-
oxygenase. Importantly, In.Mcx dose-dependently and remarkably suppressed the CS-induced oxidative stress via
not only reducing the MPO, TOS and MDA content but also improving TAC production in the lungs. Accordingly,
HPLC analysis revealed the presence of many important antioxidant components. Finally, In.Mcx showed a
marked decrease in the NF-kB expression both in in vivo and in vitro models. Our findings suggest that In.Mcx
has positive therapeutic effects against CS-induced ALI via suppressing uncontrolled inflammatory response,
oxidative stress, lipoxygenase and NF-kB p65 pathway.
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1. Introduction

Acute respiratory distress syndrome (ARDS) is a collection of path-
ophysiologic aberrations of the lungs and is initiated by various inciting
factors. ARDS is manifested by increased alveolar-capillary membrane
permeability, neutrophil aggregation, compromised surfactant forma-
tion and edema that leads to reduced respiratory compliance and life-
threatening hypoxemia [1]. ARDS complications include pulmonary
hypertension, intravascular coagulation, cognitive problems, muscle
weakness [2], and cardiovascular diseases [3]. The mortality rate is high
(26-61.5 %) [4] and no specific therapeutic agents exist to treat this
disorder effectively.

One of the major risk factors in the development of ARDS remains
cigarette smoke (CS). Free radicals including alkyl, nitric oxide, peroxyl,
semi-quinone, superoxide anion, and several others are present in CS. CS
exposure leads to oxidative alteration of the lung’s structural compo-
nents because of the presence of its free radicals or direct activation of
macrophages. Activated macrophages stimulate neutrophils and pro-
duce cytokines such as interleukins (IL-1f, IL-6 and IL-8) and tumor
necrosis factor-a (TNF-a) that are transcribed by NF-xB [5]. Neutrophils
release toxic mediators and reactive oxygen species. Subsequently, the
equilibrium between oxidants (either endogenous or exogenous) and
lungs’ antioxidants is altered [6] which results in increased pulmonary
and endothelial permeability [7], encouraging infiltration of inflam-
matory cells.

The lipoxygenase enzyme (LOX), which is expressed in macrophages,
neutrophils, and bronchial epithelial cells, produces proinflammatory
leukotrienes (LTs) from free arachidonic acid (AA) in collaboration with
the 5-lipoxygenase activating protein (FLAP). 5-LOX enzymes are
known to have a role in the pathogenesis of various diseases and allergic
responses by stimulating the proinflammatory cascade [8]. Leukotriene
B4 (LTB4 is chemotactic for neutrophils and also promotes IL-6
expression by upregulating its gene transcription [9]. The exaggerated
inflammatory response leads to acute lung injury, poor lung compliance,
and hypoxemia [10].

Nuclear factor-kappa B (NF-kB), a heterodimer consisting largely of
P50 and P65, is a redox-sensitive inflammatory transcription factor. In
unstimulated cells, NF-kB remains inactive in the cytoplasm due to the
activity of an inhibitory protein IkB, particularly IxBa [11,12]. IkB is
quickly phosphorylated by IB kinases (IKK) in response to inflammatory
stimuli like CS, and then ubiquitinated and degraded by the proteasome.
Subsequently, released NF-kB complex is translocated into the nucleus,
where it stimulates the transcription of numerous pro-inflammatory
cytokines (TNF-a, IL-1f, IL-6, IL-8) and other inflammatory mediators
(PGDy/E; and nitric oxide), which may have a role in CS-induced airway
inflammation [13,14]. NF-kB signaling is influenced by oxidative stress
and inflammatory cytokines, both of which are present in or produced
by tobacco smoke. Evidence has revealed that inhibiting NF-kB not only
reduced the oxidative stress and production of pro-inflammatory cyto-
kine but also reduced pulmonary oedema and neutrophil influx, both of
which are hallmarks of ALI [15,16].

Recovery from ALI requires proper inflammatory regulation. The
cholinergic anti-inflammatory pathway (CAP) dampens the oxidative
stress and inflammation [17,18]. Acetylcholine (ACh), produced in
response to vagus nerve stimulation, restrict the expression of proin-
flammatory cytokines [19,20] by inhibiting NF-xB and Janus kinase
(JAK-2) / signal transducer activator of transcription (STAT-3) / sup-
pressor of cytokine signaling (SOCS-3) pathway [21]. Cholinesterases
(ChEs) are carboxylesterase family of enzymes and cleave ACh into
choline and acetic acid and decreasing its concentration in the synaptic
cleft. There are two important types of ChEs; acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE) /pseudocholinesterase and
these are widely expressed in all tissues. The inhibition of AChE and
BuChE improves cholinergic function and reduces pulmonary inflam-
mation [22].

Over the millennia, there have been several instances of humans
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using indigenous plants as an alternative therapeutic option for reasons
such as cost, lower adverse effects and other therapeutic constraints of
conventional medicines. Ipomoea nil (Linn) Roth (Convolvulaceae)
locally known as morning glory is found in residential home gardens,
meadows, and along the sides of roads [23]. The seeds of Ipomoea nil are
known as kala’danah or Takhum-e-Nilopaich. Various phytochemicals
including; polyphenols, alkaloids, flavonoids, mucilage, saponins, tan-
nins, terpenoids and psychoactive agents such as chanoclavine, elymo-
clavine, isopenniclavine, lysergol and penniclavine have been identified
in the seeds of Ipomoea nil [23]. Theseare traditionally used to treat
edema, bronchitis, gastroenteritis, cephalalgiaand skin diseases [24].
Several pharmacological activities particularly, antifungal [25], anti-
oxidant [26,27], anti-inflammatory [28], cytotoxic [29], hep-
atoprotective [30], antimicrobial [21,24,31,32], anticonvulsant,
aphrodisiac [33], antitumor [34,35], anti-nephrotoxic [36], anticancer
[37] and antihypertensive activities [38] have been confirmed. How-
ever, there are a lack of studies that have focused on its protective effect
against CS-induced ALI is missing. In our study, we aimed to examine the
protective effect of Ipomoea nil (seeds) against ALI using CS-induced ALI
murine models and CSE-stimulated RAW 264.7 macrophages cell line.

2. Materials and methods
2.1. Chemicals and kits

All the chemicals utilized in the present research study were of
research-grade quality. The chemicals includedl,1-diphenyl-2-
picrylhydrazyl radical (DPPH), 2,2-azinobis (3-ethylbenzo-thiazoline-
6-sulphonicacid)/ABTS",2/,7’-dichlorodihydrofluorescein diacetate
(DCFH-DA), acetate buffer, acetonitrile (ACN), dexamethasone, ethanol,
ethylenediaminetetraacetic acid (EDTA), formalin (10 %), hematoxylin
and eosin (H &E) stain, heparin, methanol, sodium phosphate buffers
(NagHPOy), wright-giemsa stain, phosphate buffered saline (PBS) and
trolox (analogue of vitamin E) were bought from Sigma Chemical Co.
(St. Louis, MO, USA). Ethyl acetate and hydrochloric acid (HCl) were
acquired from Merck (Darmstadt, Germany). ELISA kits of IL-6, and IL-
1p were obtained from Multi-sciences Biotech Ltd. (Hangzhou, China).
Keratinocyte chemoattractant (KC; mouse homolog of IL-8) ELISA kit
was procured from 4 A Biotech Co. Ltd. (Beijing, China). ROS and MPO
determination kits were purchased from Jiancheng Bioengineering
Institute of Nanjing (Nanjing, China). Thermo Fisher Scientific (Wal-
tham, MA, USA) supplied the penicillin/streptomycin antibiotic. RPMI-
1640 medium was purchased from GE Healthcare Life Sciences
(HyClone Laboratories, Utah, USA).

2.2. Plant material

Kala’danah or dried seeds of Ipomoea nil (2 kg) were purchased from
Lahore’s historic herbal market, Pakistan. The sample was handed over
to the Hortussiccus of Pharmacology research laboratory, Faculty of
Pharmacy, The Islamia University of Bahawalpur (IUB), Pakistan, after
being certified by an expert botanist as per macroscopic and microscopic
peculiarities, and a voucher number was allocated; i.e., IN-SD-
08-21-194.

2.3. Extract preparation

Adulterants were initially isolated from seeds by handpicking. Seeds
were wiped with a sterile soft cloth to remove dirt or debris before being
ground into a coarse powder (#40) using an electronic blender. The
coarse powder was macerated in 70 % methanolic solution (MeOH), at
ambient temperature for 72 h. The filtration was first made with a sterile
muslin cloth to avoid dregs, and then filtered using Whatmann-1 filter
paper. The remnant was re-soaked in 70 % MeOH to enhance the ex-
tract’s yield, and the process was done twice. Filtrates were collected
and stored in a jar of amber glass. The extract was concentrated in a
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rotary evaporator (Heidolph, Germany) at a speed of 90-120 rpm while
maintaining the pressure and temperature (—760 mmHg and 40-45 °C),
then preserved at — 4 °C [24].

2.4. HPLC characterization

Acidic hydrolysis of In.Mcx was carried out using the previously
published method [39]. In short, the solution comprising In.Mcx (50
mg) and methanol (24 mL) was made, followed by the addition of pu-
rified water (16 mL). Then the solution was processed with 6 M HCI (10
mL) and incubated for 2 h at 95 °C. A 0.45 um nylon filter (Biotech,
Germany) was used to filter the mixture before proceeding with the
HPLC to avoid impurities. HPLC (SPD-10AV, SHIMADZU, JAPAN) was
performed using 250 mm x 4.6 mm, 5 um, shim-pack CLC-ODS (C-18)
column. The gradient HPLC with mobile phase; solvent A (Water: Acetic
acid [94:6, at 2.27 pH]), solvent B (acetonitrile [100 %]) was done for
phenolic compounds and quercetin. The gradient was set as; 0-15 min
(15 % B), 15-30 min (45 % B) and 35-45 min (100 % B) with 1
mL/minute of flow rate. To separate kaempferol, the isocratic HPLC was
conducted with a mobile phase acetonitrile: dichloromethane: methanol
(60:20:20). A UV /visible HPLC detector was exploited to determine the
eluted phenolic components. The retention time and peak areas of iso-
lated components were then matched with the reference standards to
identify these components.

2.5. Invitro antioxidant activity (DPPH assay)

The exploration of the free radical scavenging potential of In.Mcx
was based on the previously published method with minor modifications
[40]. In a 96-well microtitre plate, a 0.1 pM solution having DPPH and
methanol was made then incubated for 30 min at 37 °C. Afterwards, a
multiplate ELISA reader (Spectra MAX-340, Molecular Devices) was
utilized to measure the absorbance (517 nm). Quercetin was used as a
reference drug.

2.6. In vitro enzyme inhibitory activity

2.6.1. Acetylcholinesterase (AChE) assay

The colorimetric approach of Ellman was slightly modified to assess
AChE inhibition activity [41]. 10 uL. AChE was added into the 100 pL
solution having 60 pL of 50 mM Nay,HPO4 buffer and 10 pL of In.Mcx,
then incubated at 37 °C for 10 min. The reaction was initiated by adding
10 uL of 0.5 mM acetylthiocholine iodide (substrate) and 10 pL 5,
5’-dithiobis-2-nitrobenzoic acid (DTNB). Subsequently, the solution was
incubated for 30 min, and absorbance was measured at 405 nm by a
96-well plate reader (Synergy HT, Biotek, USA). Eserine was employed
as a positive control. All tests were done in triplicate along with their
controls.

2.6.2. Butyrylcholinesterase (BuChE) assay

The activity of BuChE inhibitory enzyme was determined by a
slightly modified form of the Ellman’s outlined method [41]. 10 pL of
BuChE (Sigma Inc.) was added to the 100 pL solution having pre-mixed
60 pL NagHPO4 buffer and 10 uL of In. Mcx. The solution was pre-read at
405 nm by a 96-well plate reader (Synergy HT, Biotek, USA) and
pre-incubated for 10 min at 37 °C. The reaction was catalyzed by adding
10 pL of 0.5 mM butyrylthiocholine iodide 10 pL. DTNB, then incubated
at 37 °C for a further 30 min and absorbance was taken at 405 nm. All
tests were performed in triplicate with corresponding controls, and
Eserine was employed as a positive control.

2.6.3. Lipoxygenase (LOXs) assay

The LOXs activity was analyzed by adapting the previously reported
method [42]. The 200 uL LOXs assay solution, containing 140 pL
NayHPO4 buffers, 20 pL In.Mcx and 15 pL purified LOXs (Sigma Inc.) was
pre-incubated (at 25 °C) for 10 min. The reaction was started after
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adding 25 pL substrate solution, and then absorbance was measured at
234 nm by a 96-well plate reader (Synergy HT, Biotek, USA). This
analysis, included both positive (Baicalein) and negative controls, was
performed in triplicate.

2.7. Extract solutions

The required amount of In.Mcx was adjusted using an analytical
weighing balance, then promptly dissolved in normal saline (NS) to
achieve the final concentrations of 100 200, and 300 mg/mL. The
standard dose volume was 10 mL/kg; thus, the desired volume was
calculated based on body weight for an individual mouse.

2.8. Mice ethicality and handling

Mice were handled ethically for the experimental purposeafter
approval from the Animals Research Ethics Committee, Department of
Pharmacology, Faculty of Pharmacy, IUB, Pakistan. Six to seven-week-
old, healthy Swiss albino male mice (20-25 + 2 g) were confined in
aerated wooden boxes at experimental zone II of the Faculty of Phar-
macy, IUB, Pakistan. Mice were kept in thesame warm (24 °C + 2),
humid (40-60 %) conditions, 12 h light/12-hours dark cycle, with free
access to water and healthyfood.All of these were attuned before the
experiment, and their overall health and body weight were monitored
regularly. Six groups of mice were planned, five mice per group, and
each group was accurately marked. 1) Control/healthy/ambient air-
exposed, 2) CS exposed or model group, 3) Dexa (1 mg/kg), 4) 100
mg/kg of In.Mcx (In.Mcx-1); 5) 200 mg/kg ofIn.Mcx (In.Mcx-2), and 6)
300 mg/kg of In.Mcx (In.Mcx-3).

2.9. CS-induced ALI models

Models of CS-induced ALI were established in line with the previ-
ously reported approach [43]. Dexa (1 mg/kg) and In.Mcx (100 200 300
mg/kg) were administered by oral feeding needle to the corresponding
groups. One hour after dosing, all groups (besides the healthy controls)
were subjected to mainstream CS generated by 3R4F research-grade
cigarettes (possessing nearly 29.9 mg nicotine/m® and 600 mg
TPM/m3) in a polycarbonate chamber (65 x50 x45 cm). Mice were
confronted with 10 cigarettes each day (1 cigarette after six minutes).
The procedure was repeated for ten consecutive days. All of mice were
euthanized by cervical dislocation 24 h following the last CS exposure in
order to harvest BALF and lungs.

2.10. Measurement of oxygen saturation

After a 24-hr of the last CS-exposure, oxygen saturation (SOs) of all
the mice was measured by using a moor VMS-OXYTM monitor (Moor
Instruments, United Kingdom) that measured the oxygenated/deoxy-
genated Hb concentration and percentage oxygen saturation in the
microcirculation at a wavelength range of 500-650 nm.

2.11. Acquisition of BALF and inflammatory cell counts

After euthanizing all of the mice, the trachea and thoracic cavity
were surgically exposed, and the right lungs were ligated to prevent fluid
flow. The left lung was infused with pre-cooled sterile NS (0.4 mL)
having 1 % FBS and 5000 IU/L heparin. The fluid was then retrieved
carefully to prevent shearing force and lavage 3 times [44]. Inflamma-
tory cells were counted in the freshly collected BALF via the Neubauer
chamber (Labor Optik, Friedrichsdorf, Germany). The remaining BALF
was promptly centrifuged (1000g; 4 °C) for 10 min, and the collected
supernatant was maintained at —80 °C for subsequent investigation. To
obtain the smears, cell pellets were spread on a microscopic slide. After
Wright-Giemsa staining, 200 cells (x10*/mL BALF) were quantified by
two experts [45].



L.-H. Zeng et al.
2.12. Albumin assay

Albumin assay of the supernatant of BALF was performed using al-
bumin determination kits at a wavelength of 628 nm. The albumin
concentration ratio not only exhibits the effused albumin levels but also
indicates the pulmonary microvascular permeability.

2.13. Estimation of the Lung weight coefficient (LWC)

To evaluate the extent of pulmonary edema [46], LWC was esti-
mated. The excised right lungs were aspirated for removal of blood, and
then weighed using an analytical weighing scale.

2.14. In vivo assessment of cytokines

The expression of pro-inflammatory cytokines (IL-1p and IL-6) and
chemokine (KC) in the preserved supernatant was evaluated using
respective ELISA kits in a manner consistent with the manufacturer’s
guidelines.

2.15. Lung histopathology

The lower lobes of mice’s right lungs were fixed in 10 % formalin
(neutral) at room temperature and subsequently fixed with paraffin in
histology cassettes. Afterward, the fixed lungs were rinsed with water
for 2-3 h before being dehydrated with a series of graded alcohols and
xylene. Later, the lungs were infiltrated in stainless steel molds stuffed
with molten paraffin wax and let it solidifiedon the cold plate, then
sectioned (4 um) by a slicer. Leave the sections dry upright on the
charged glass slides to facilitate adhesion, afterward maintained at 60 °C
for overnight. Afterward, hematoxylin-eosin (H&E) staining was per-
formed to evaluate the infiltration of neutrophils and inflammatory cells
under a Polarized Light Microscope (Olympus BX50). Subsequently,
images were captured using an Olympus BX 50 at 20 X and 40 X and the
results were processed using Image J software version 1.53 (NIH). Pa-
thologists used the 5-point grading system in order to measure alveolar
edema, the severity of the injury, and the presence of inflammatory cells
[47]. The extent of lung injury was graded on a scale from 0 (normal) to
5 (severe), and the cumulative mean of all variables was derived.
Scoring was performed in a minimum of 3 different fields for an indi-
vidual lung section and mean scores were derived from the 5 mice.

2.16. Analysis of oxidative stress markers

Since excessive ROS generation generated by CS is a key and direct
source of oxidative stress, thus, we also examined the effect of Ipomoea
nil on ROS levels via ROS assay kit. In brief, lung tissues were snap frozen
on dry ice and preserved at — 80 °C before being sliced into small sec-
tions then homogenized with lysis solution (5x RIPA buffer) on ice. The
homogenized sample was centrifuged at 2000 rpm for 10 min and the
harvested supernatant was kept on ice. ROS assay kit was used in
accordance with the manufacturers’ instructions to detect the ROS via
oxidant-sensitive fluorescent dye (DCFH-DA) method. The data was
obtained using a fluorescent plate reader (BioTek, USA) that operated at
wavelengths of 484 nm (excitation) and 530 nm (emission). Further-
more, for the testing of MPO contents and MDA activity, the lungs of
individual mice were homogenized and centrifuged at 4500g for 10 min
and the supernatant was collected to measure the MPO and MDA ac-
tivity by using the relevantassay kits. All that testing was performed
according to the criteria and instructions of the manufacturer. Addi-
tionally, respective ELISA kits were used to measure the TAC and TOS
contents from BALF. In short, acetate buffer and ABTS (as reagents one
and two respectively) were applied for the measurement of TAC. The
method developed by Erel [48] was applied and the absorbance was
measured by using a semi-auto biochemistry analyzer — Biosystem
BTS-330 [49]. While for checking the TOS, the method developed by
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Erel [50] using o-dianisidine (10 mM), ferrous iron (45 pL in Clark and
Lubs solution as reagent 1 and H2O5 (7.5 mM) in Clark and Lubs solution
as reagent 2. While the spectrophotometric analysis was performed
using the same semi-auto biochemistry analyzer (Biosystem BTS-330).

2.17. Preparation of cigarette smoke extract (CSE)

The previously reported methodology was used in preparing the CSE
for in vitro analysis [43], whereby PBS (50 mL) was used to filter
mainstream smoke from 3R4F research-grade cigarettes over five mi-
nutes. After extracting five cigarettes, the CSE was collected. The iden-
tical procedure was followed in the formation of the positive control
with the exception that there was no cigarette.

2.18. Cell culture and assessment of cell viability

RAW 264.7 macrophage cells, obtained from American Type Culture
Collection (ATCC, Manassas, VA, USA), were used to culture mouse
leukemic monocyte-macrophage. These cells were grown in RPMI-1640
medium supplemented with 10 % fetal bovine serum (FBS) in the
presence of 100 pg/mL streptomycin and 100 U/mL penicillin. The
methylthiazol-tetrazolium (MTT) test was performed, as per the manu-
facturer’s specifications, to evaluate the cytotoxicity of In.Mcx (0-100
pM) alone and subsequently combined with CSE (1-10 %). In brief, RAW
264.7 macrophages (4 x 10° cells/mL) were plated for 24 h in 96-well
plates. Consequently, treated with In.Mcx (0-100 pM) and incubated
at 37 °C for 1 h. Cells were further incubated with CSE (4 %) for 24 h,
followed by the addition of MTT (5 mg/mL), and constantly monitored
for another 4 h at 37 °C. Eventually, supernatants were substituted with
200 uL/well of DMSO, and optical densities at 570 nm wavelength were
determined.

2.19. Invitro cytokines assay via ELISA

To perform an in vitro cytokine assay using ELISA, RAW 264.7
macrophage were seeded to 12-well plates and then culture medium of
these plates was replaced with a serum-free RPMI-1640 medium for a
duration of 10-12 hrs. After that, RAW 264.7 macrophages were
exposed to In.Mcx (10 and 100 pM) for 1 h. After one hour, 12-well
plates were exposed to CSE (4 %) for 24 h. After exposure to CSE (4
%), the supernatant was collected and protein levels of IL-1p and IL-6
and KC were measured using ELISA kits according to the manufac-
turer’s protocols.

2.20. Determination of p65-NF-«xB by ELISA

ELISA Kit was used (ab176648, abcam) to explore p65-NF-kB. RAW
264.7 macrophages were acclimated to 12-well plates at 70-80 %
confluence and then culture medium of these plates was replaced with a
serum-free RPMI-1640 medium for a duration of 10-12 h. After that,
RAW 264.7 macrophages were exposed to In.Mcx (10 and 100 pM) for 1
h. After one hour, 12-well plates were exposed to CSE (4 %) for 24 h.
After treatment, media was removed, followed by washing twice by PBS.
Then, the cells were solubilized by using cell extraction buffer and NFkB
p65 was measured in these cell lysates using ELISA. Additionally, tissue
lysates were typically prepared by homogenization of preserved lungs
that is first minced and thoroughly rinsed in PBS to remove blood and
centrifuged at 18 000 x g for 20 min at 4 °C to collect supernatants.
Absorbance was measured by a plate reader at 450 nm.

2.21. Statistical analysis

The results were presented as means =+ standard error mean (SEM).
The GraphPad Prism statistical program (version 8.4.2) was used to
perform all the analyses and compare p-values. One-way ANOVA was
performed in order to estimate the p-value. p < 0.05 (*), p < 0.01 (**), p
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Fig. 2. HPLC chromatogram of kaempferol identified in In.Mcx.
Table 1

List of HPLC-identified compounds in the In.Mcx.

Sr # RT (min) Area (mV.s) Quantity (ppm) Mol. mass (g/mol) Possible Compound Mol. formula
1 14.533 106.659 11.30 122.12 Benzoic acid CgHsCO-H
2 12.947 93.496 4.30 180.16 Caffeic acid CoHgO4

3 186.657 15.360 14.55 354.31 Chlorogenic acid C16H1809
4 22.207 509.700 36.69 194.18 Ferulic acid C10H1004
5 4.453 220.962 7.95 170.12 Gallic acid C;HeOs

6 3.070 2403.527 961.24 286.23 Kaempferol C15H1006
7 20.300 2092.083 25.10 164.16 m-Coumaric acid CoHgO3

8 17.840 85.135 1.10 164.04 p-Coumaric acid CoHgO3

9 3.040 167.334 8.86 302.23 Quercetin Ci5H1007
10 16.540 283.627 7.09 198.17 Syringic acid CoH100s
11 13.167 32.729 2.02 168.14 Vanillic acid CgHgO4

< 0.001 (***) was regarded as significant, highly significant and
extremely significant in contrast to the model group respectively
whereas p < 0.05(*) was considered as significant in comparison to
healthy or control group.

3. Results
3.1. HPLC-based characterization of In.Mcx

The HPLC is suitable for both qualitative and quantitative analysis of
naturally  occurring  compounds. Column  chromatographic

characterization and quantitative modeling were performed on In.Mcx.
Flavonoids, including quercetin and kaempferol, along with phenolic
acids such syringic acid, ferulic acid, vanillic acid, caffeic acid, coumaric
acid, gallic acid and chlorogenic acid were identified in the HPLC
analysis. Fig. 1 shows the chromatograms for quercetin and phenolic
acidswhile Fig. 2 shows chromatograms for kaempferol. Table 1 lists the
quantity of components in ppm.

3.2. In.Mcx’s radical scavenging potential

The In.Mcx revealed -concentration-dependent free radical
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Fig. 3. In.Mcx inhibited AChE, BuChE and LOXs. All the tests were performed in triplicate and results are expressed as mean + SEM.
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Fig. 4. In.Mcx reduced oxygen saturation (SO,). SO, of all mice was monitored
24 hrs after last CS exposure using the moor VMS-OXYTM monitor (Moor In-
struments, United Kingdom). #*#p < 0.01 vs. control group; * p < 0.05 and
**p < 0.01 vs. model group. The results are expressed as the mean + SEM;
n =5 (each group).

scavenging activity, with the highest inhibition of 88.29 + 0.15 % re-
ported at 500 pg/mL, comparable to Quercetin that showed 93.21
=+ 0.97 % inhibitions of DPPH radicals at 0.3 mM.

3.3. In.Mcx inhibited AChE, BuChE and LOXs

The cholinergic anti-inflammatory pathway (CAP) provides protec-
tion from both oxidative stress and inflammation [51]. The percentage
AChE inhibitory activity of In.Mcx was 41.16 + 0.45 with ICsy 17.99
=+ 0.77 umol (p < 0.001) as compared to 91.29 + 1.17 with ICsq of 0.04

=+ 0.01 umol for of serine (Fig. 3A). While the percentage BuChE inhi-
bition activity of In.Mcx was 72.52 +0.39 with ICso 118.02

+ 0.02 pumol (p < 0.001) as compared to 82.82 + 1.09 with IC5y of
0.85 + 0.01 umol with for serine (Fig. 3B). LOXs inhibition reduces
inflammation in lung damage [52,53]. The percentage inhibitory
response of In.Mcx against LOXs was 21.79 + 0.74 with ICsy 154.21

+ 0.07 umol (p < 0.001) while that of baicalein was 93.79 + 1.27 with
ICsp of 22.4 + 1.3 umol (Fig. 3C). In.Mcx inhibited lipid peroxidation
dose-dependently, confirming its antioxidant action towards lipid per-
oxidation in CS-induced ALI

3.4. In.Mcx lowered CS-induced hypoxemia

As expressed in Fig. 4, mice belonging to the CS-groups were pre-
sented with hypoxemia (lowered SO2) while In.Mcx at 300 mg/kg
remarkably lowered the CS-induced hypoxemia (elevated SO2) in a
dose-dependent manner (p < 0.01).

3.5. In.Mcx suppressed CS-induced pulmonary edema and lung
permeability

CS robustly produced oxidative stress by enhancing microvascular
permeability and edema, culminating in acute lung injury. Measurement
of CS-induced lung permeability and pulmonary edema by measuring
the albumin contents and lung weight coefficient respectively revealed a
higher albumin contents and lung wet weight coefficient in the CS-
treated group than in the fresh air-exposed group (p < 0.01). Pre-
treatment with In.Mcx effectively and dose-dependently decreased the
albumin contents (p < 0.01) (Fig. 5A) and lung wet weight coefficient
(p < 0.01) (Fig. 5B).
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Fig. 5. In.Mcxameliorated the CS-induced lung edema and lung permeability. (A) Using albumin measurement kits, the concentration of albumin in BALF was
determined. (B) The lung weight coefficient was calculated by dividing each rat’s lung weight by its overall body weight, after the removal of surface blood from
dissected lung tissues. *#p < 0.01 vs. control group; * p < 0.05 and * * p < 0.01vs. model group. The results are expressed as the mean + SEM; n = 5 (each group).
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3.6. In.Mcx attenuated CS-elicited inflammatory cell infiltration

Cellular infiltration into the lungs is a major event in the pathogen-
esis of ALL Cell counts (mainly neutrophils) increased significantly
(p < 0.01) after exposure to CS in the CS-exposed group in contrast to

Lymphocytes

the control group. CS inhalation led to a surge of neutrophils in the
alveoli, which had been evacuated in the BALF, while pre-treated ani-
mals had less neutrophils in their BALF, as shown in Fig. 6A and B. The
total number of cells in groups pre-treated with Dexa (p < 0.001) and In.
Mcx (p < 0.01) differed significantly from the CS exposed group. This
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Fig. 7. In.Mcx tapered the CS stimulated expression of pro-inflammatory mediators. ELISA kits were used to evaluate the expression of cytokines. *#p < 0.01 in
comparison to the control group; * p < 0.05, ** p < 0.01 and *** p < 0.001 when compared to the CS exposed group. The values are represented as mean + SEM;

n =5 (each group).
revealed that In.Mcx might be capable of ameliorating CS-induced ALIL
3.7. In.Mcx impaired CS-induced cytokines expression in vivo

The predominant biomarkers of ALI, such as pro-inflammatory cy-
tokines (especially IL-1f, IL-6) and the chemoattractant (KC), were
analyzed with relevant ELISA kits. The expression of IL-1p (Fig. 7A), IL-6
(Fig. 7B), and KC (Fig. 7C) in the model or CS-exposed group was
significantly higher (p < 0.01) than the control group. Conversely,
expression of these markers wasabridged in a dose-dependent manner in
the Dexa and In.Mcx groups (p < 0.01) relative to model group. These
findings suggest that In.Mcx prevented CS-induced ALI against pulmo-
nary damage by suppressing the production of IL-1f, IL-6, and KC.

3.8. In.Mcx ameliorated CS-mediated morphological changes

The effectiveness of In.Mcx in CS-induced ALI was assessed histo-
pathologically via H&E staining of paraffin-embedded lungs. Tissues of
fresh air-exposed group demonstrated normal alveolar architecture
while the tissues of CS-exposed group revealed peculiar features
including increased infiltration of inflammatory cells, neutrophils and
macrophages into the alveolar spaces (Fig. 8A). Mice pre-treated with
Dexa and In.Mcx had better aeration and less neutrophilsin relation to
CS exposed group. The mean pathological index reflected the severity of
the damage, inflammatory cell infiltration, and pulmonary edema. The
model group had a higher mean pathological score (p < 0.01) than the
mean of the control group (Fig. 8B) whereas Dexa (p < 0.001) and In.
Mcx (p < 0.01) treated groups had lowered mean pathological scores
when compared to CS-exposed mice. Histopathology and mean patho-
logical score indicated that In.Mcx considerably alleviated the severity

of ALL
3.9. In.Mcx mitigated CS-induced oxidative stress

The CS-induced oxidative stress overwhelms the endogenous anti-
oxidants, exacerbating pulmonary damage. The degree of expression of
biological markers such as ROS, MPO, MDA, TOS and TAC indicates the
presence of oxidative stress in the lung. CS exposure stimulated the
generation of ROS, MPO, MDA and TOS while depleting the levels of
TAC. Oxidative stress was substantially higher in the CS-exposed groups
(p < 0.01) than in the control groups as depicted in Fig. 9. However, In.
Mcx, in a dose-dependent way attenuated CS-stimulated ROS, MPO,
MDA, and TOS and augmented TAC. Pretreatment with Dexa and In.Mcx
(300 mg/kg) considerably reduced oxidative stress by not only reducing
the ROS (Fig. 9A), MPO activity of lungs (Fig. 9B), MDA (Fig. 9C) and
TOS (Fig. 9D) expression but also enhanced TAC (Fig. 9E). A substantial
difference (p < 0.001) was noticed in both groups (Dexa and In.Mcx) as
compared to the model group. These data showed that In.Mcx exhibits
antioxidant potential against oxidative stress in CS-induced ALI

3.10. In.Mcx modulated CS-induced cytokines expression from
RAW264.7 macrophages

Based on remarkable in vivo outcomes, we further explored whether
antioxidant effect of In.Mcx could prevent the production of cytokines
from CSE-stimulated RAW 264.7 macrophages. The MTT assay indicated
that exposure of RAW 264.7 macrophages to CSE (4 %) plus In.Mcx up to
dosage of 100 pM were not toxic (data not shown).

ELISA was used to assess the effects of In.Mcx on the expression of
pro-inflammatory cytokines and chemokines. CSE (4 %) exposure of
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Fig. 8. In.Mcx ameliorated CS-mediated
morphological changes and mean pathological
score. Lung tissues immersed in paraffin wax

Fresh Air CS subsequently sectioned to a thickness of 4 ym,
followed H&E staining. Histopathological

Vehicle Vehicle In.Mcx (100 mg/kg) assessment was made to validate the invasive-

f e et o s . ness of neutrophils and inflammatory cells (A),
% %, which was also evaluated quantitatively by two

expert pathologists (B). Tissues of control
(exposed to fresh air) groups are showing the

normal architecture of the alveoli while the
tissues of the model (CS-exposed group) groups

are revealing increased infiltration of neutro-
phils, macrophages and inflammatory cells into
the alveolar spaces. *#p < 0.01 as opposed to
control group; *p < 0.05, **p < 0.01 and
***p < 0.001 compared to CS exposed group.
The outcomes are stated as the mean + SEM;
n =5 (each group).
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RAW 264.7 macrophages led to dramatically increased expression of IL-
1p, IL-6, and KC (p < 0.001). Meanwhile pretreated of In.Mcx (10 and
100 pM) drastically decreased (p < 0.001) the levels of IL-1p (Fig. 10A),
IL-6 (Fig. 10B), and KC (Fig. 10C) produced by CSE-stimulated RAW
264.7 macrophages in a dose dependent pattern. Hence, obtained in
vitro results (Fig. 10) were consistent with the in vivo findings (Fig. 7)
implying that In.Mcx effectively reduced the production of pro-
inflammatory cytokines and chemokines from CSE (4 %)-activated
RAW 264.7 macrophages.

3.11. In.Mcx reduced CSE-induced p65-NF-kB activation in vitro and in
vivo

ELISA was used to investigate the mechanism by which In.Mcx re-
duces CS-induced ALL In this research, effect of In.Mcx on CS-induced

NF-kB pathway activation was focused because NF-kB is necessary for
the activation of pro-inflammatory mediators, neutrophil infiltration,
changes in pulmonary vascular permeability and oxidative stress. As
shown in Fig. 11, expression levels of p65-NF-kB were significantly up-
regulated in CS-exposed lung tissues and RAW 264.7 macrophages as
compared to vehicle treatment. Consequently, In.Mcx treatment at 100
200, and 300 mg/kg in ALI animals and at 10 and 100 uM in RAW 264.7
macrophages dose-dependently decreased CS-induced p65-NF-kB acti-
vation (p < 0.01) (Fig. 11A and B). Thus, In.Mcx protected against CS-
induced ALI by inhibiting the p65-NF-kB signalling pathway.

4. Discussion

ARDS was originally known as “shock lung” almost half a century
ago. ARDS leads to severe hypoxemia and respiratory failure due to
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Fig. 9. In.Mcx mitigated CS-induced oxidative stress.The effect of In.Mcx and Dexa on reactive oxygen species (ROS) (A), myeloperoxidase (MPO) (B), malon-
dialdehyde (MDA) (C), total oxidative stress (TOS) (D) and total antioxidant capacity (TAC) (E) was measured by respective ELISA kits and standard curves were
determined by xMark™ Microplate Absorbance spectrophotometer. *#p < 0.01 against control group; * p < 0.05, ** p < 0.01 and *** p < 0.001 versus model group.

The findings of these assay are presented as mean + SEM; n = 5 (each group).

pulmonary edema, inflammatory cell infiltration, and oxidative stress
[1]. Many studies have been conducted to understand the pathogenesis
of ARDS and explore various treatment strategies but no promising
agents have been discovered. This suggests that safe and effective agents
are urgently needed against ARDS. Ipomoea nil is a potent antioxidant;
however, its effect against CS-induced ALI remains undefined and under
explored. This research study was designed to assess the impact of Ipo-
moea nil on ameliorating ALI resulting from CS in both in vivo and in
vitro models.

Cigarette smoking kills over 3 million people worldwide, even those
in developed countries per year. Preclinical and clinical research is
increasingly pointing towards CS’s detrimental health effects. Smokers,
on average, have a 14-year shorter life expectancy than that of non-
smokers. CS alone is responsible for higher morbidity and mortality
rates than all other combined factors (alcohol intake, accidents, HIV,
and illicit drug use). Aside from the direct effect of the toxins (in
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cigarettes) on the lung, oxidative stress induced by CS perpetuates in-
flammatory reactions. The mechanisms include 1) Activated macro-
phages and compromised endothelium (first line of defense) increasing
the surface expression of binding molecules and fostering neutrophils’
infiltration. 2) Mediating the production of chemokines and pro-
inflammatory cytokines, activated macrophages augment the ingress
of neutrophils [54]. 3) Having a detrimental effect on neutrophil
deformability, stemming their recruitment in the pulmonary microcir-
culation, a major hallmark of ALI [47].

The antioxidant activity of Ipomoea nil has been linked to its various
phytochemicals, as shown in various studies [26]. Extensive studies
have attempted to investigate the biological properties of polyphenols.
Flavonoids (quercetin and kaempferol) are ubiquitously present in
fruits, vegetables, and other plants. Flavonoids prevented ALI in mice in
many previous studies [55]. Phytochemical study revealed the occur-
rence of carbohydrates, phenolic substances, glycosides, alkaloids and
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Fig. 10. In.Mcx modulated CS-stimulated cytokines expression from RAW 264.7 macrophages. RAW 264.7 macrophages, pretreated with In.Mcx for 24 hrs, were
incubated for 24 hrs with CSE (4 %). The collected supernatant was then subjected to measure the protein expression of IL-1p (A), IL-6 (B) and KC (C) using respective
ELISA kits. *#p < 0.01 versus control group; ** p < 0.01, and *** p < 0.001 as opposed to model group. Findings are communicated as mean + SEM; n = 3

(each group).

tannins [24]. The presence of polyphenols in In.Mcx was also validated
by HPLC.

Acetylcholine, also known as Vagusstoff, has an anti-inflammatory
effect because it binds to N-shaped acetylcholine receptors (a7nAchR)
expressed on neutrophils and macrophages, preventing TNF-a, IL-1 and
IL-18 production by inhibiting Nuclear factor-kappaB (NF-kB) and Janus
kinase (JAK-2)/signal transducer activator of transcription (STAT-3)/
suppressor of cytokine signaling (SOCS-3) pathways [21]. AChE, a
cholinergic synaptic cleft enzyme, catalyzes the conversion of ACh into
acetate and choline, restricting its magnitude and duration of the post
synaptic potential. AChE has been related to cholinergic activity and
neuronal degeneration, as well as regulating proliferation, differentia-
tion, and susceptibility of cells to diverse stimuli such as stress. BuACh
also known as pseudocholinesterase is distinguished from AChE by its
catalytic preference for butyrylcholine over acetylcholine degradation.
It catalyses a greater variety of substrates than AChE. Both (AChE and
BuACh) are expressed by the lung’s epithelial cells [22]. While
increasing the level of ACh, the lung injury could be reduced, as shown
in many preclinical studies [51]. In.Mcx significantly antagonized AChE
and BuChE, thus dampening the lung inflammation. These results pro-
vide insight on the role of ACh in the recovery from ALI Furthermore,
Lipoxygenases (LOXs) are dioxygenases that produce leukotrienes (LTs)
from AA. They are nonheme-iron containing dioxygenases. 12(S)-HETE,
15-HETE, and LXs are formed during the metabolism and these metab-
olites are essential mediators in signal transduction pathways and gene
regulation [56]. Leukotrienes play a critical role in inflammation by
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variety of ways, such as neutrophil recruitment, mucus buildup, smooth
muscle constriction, and the development of lung edema. Elevated
leukotriene levels due to CS have been evident in several inflammatory
disorders and ARDS. Inhibition of their formation could reduce lung
inflammation [52,53] and In.Mcx significantly inhibited LOXs. How-
ever, further research is required to explore the relation between
oxidative stress and inhibition of AChE and LOXs.

Early and sufficient migration of neutrophils and macrophages is
crucial for eliminating alveolar debris and harmful substances. CS or
oxidative stress impairs their phagocytic potential resulting in severe
pulmonary inflammation. Various investigations have been made to
attenuate the neutrophilic inflammation in CS-induced lung damage
[57]. CS exposure markedlyamplified the cell count, especially neutro-
phils following CS challenge, in line with previous studies[43,57,58].
Meanwhile, In.Mcx greatly decreased the cell count in a dose-dependent
fashion.During ALI/ARDS, pro-inflammatory cytokines and chemo-
kinesare increased in the lungs [43,59]. IL-1B, released by macrophages,
may promote cellular differentiation and thereby reinforce the immune
activity. However, elevated levels of IL-1p directly affect vascular and
epithelial membranes, thus triggering the inflammatory cascade [60].
In.Mcx attenuated cytokines by restricting macrophage and neutrophil
infiltration into the lungs, thus, mitigating the damage. The outcomes
are consistent with the previous studies where genus Ipomoea suppresses
inflammatory response by modulating the pro-inflammatory cytokines
[61].

CS-induced oxidative stress causes alveolar edema and protein
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Fig. 11. In.Mcx inhibited the activation of the p65-NF-kB signalling pathway in lungs and RAW 264.7 macrophages in response to CS stimulation. Preserved lung
tissues were homogenized and centrifuged at 18,000g for 20 min and the supernatant was collected to measure the expression of p65-NF-kB activation by using the
relevant ELISA kit (A). RAW 264.7 macrophages were pretreated with In.Mcx for 1 hr and further treated with CSE (4 %) for 24 hr, and then solubilized cell lysate
was collected from the treated RAW 264.7 macrophages for the determination of p65-NF-kB by ELISA (B). *#p < 0.01 versus control group; * * p < 0.01, and

**% p < 0.001 as opposed to model group. Findings are communicated as mean + SEM; n = 3 (each group).

leakage, contributing to hypoxemia. Pulmonary edema increased
significantly after CS challenged in CS exposed group [62]. The In.
Mcx-treated groups reduced LCW dose-dependently than that of
CS-exposed groups. ROS impairs structural integrity to the alveoli,
causing significant lung injury. Short-term CS exposure promotes
edema, wall thickening, and inflammatory cell invasion, mainly by the
neutrophils. Histopathological study and further lung injury score sug-
gested that pre-treatment with In.Mcx reduced the inflammation, alve-
olar wall damage, and neutrophil intrusion.

Inhalation of CS alters antioxidant activity, resulting in oxidative
damage to macromolecules including DNA, lipids and proteins. Oxida-
tive stress may anticipate the advent of inflammation. Thus, oxidative
stress markers (namely MDA and MPO) along with ROS, TAC and TOS
levels were determined. The uncontrolled neutrophil derived ROS for-
mation, culminating in protein and DNA damage by lipid peroxidation,
is considered a key and direct source of oxidative damage to cellular
membranes, which are significantly increased in CS exposed group and
decreased in In.Mcx pretreated groups. MPO, a proteolytic enzyme,
produced by active neutrophils, predicts inflammatory cell adhesion and
invasion [63]. MPO activity was greater in CS exposed group [64] while
reduced in groups pre-treated with In.Mcx, indicating In.Mcx beneficial
effect against pulmonarydamage.The oxidants may trigger lipid perox-
idation, resulting in MDA formation (a lipid peroxidation marker) [65].
MDA level was considerably higher in CS-exposed mice, supporting the
results of previous studies [66,67]. In.Mcx significantly decreased MDA
levels, showing its ability to inhibit lipid peroxidation in CS-induced ALI
[68]. The lung defensive system should regulate oxidants with endog-
enous antioxidants (e.g., molecules, inflammatory cells, and enzymes).
Since the study of the discrete antioxidant component is impractical and
their antioxidant activity is cumulative, the overall activity of these
antioxidants represents the TAC. CS may cause significant reductions in
TAC due to the loss of several antioxidant components. TAC increased
significantly in In.Mcx, suggesting that In.Mcx may have antioxidant
potential. While TOS in CS-exposed mice was significantly high, and this
suggests a lack of effectiveness in antioxidative defense systems [57].
However, In.Mcx greatly reduces TOS, confirming its anti-ROS activity.
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Polyphenol protects in various mechanisms, mostly by downregulating
enzymes and sequestering metal cations. According to HPLC analysis, In.
Mcx contains a high proportion of polyphenols, and the aforementioned
data clearly indicates that In.Mcx potentially acts as a free radical
quencher in CS-induced ALL The in vitro DPPH assay validated In.Mcx’s
antioxidant activity, as backed by previous studies [26,27].

Following in vivo findings, effects of In.Mcx on RAW 264.7 macro-
phages using CSE were evaluated in vitro. CSE-activated macrophages
have a pathophysiology similar to ALI, making them attractive models
for testing anti-inflammatory drugs and finding mediators of pro-
inflammatory cytokines and chemokines. In.Mcx (100 uM) consider-
ably decreased cytotoxicity, demonstrating that it may be efficacious in
preventing ALL The ELISA results indicated that CSE-stimulated mac-
rophages produced more IL-6, IL-1p, and KC [69], while these were
successfully decreased by In.Mcx treatment, proving the therapy’s
efficacy.

The transcriptional regulation of various redox-sensitive inflamma-
tion-related genes is regulated by NF-kB. Under normal circumstances,
NF-kB is usually sequestered in the cytoplasm in inactive form while
upon exposure to stimuli like CS or LPS, NF-kB is activated in the nucleus
[12]. Elevated NF-kB levels have been reported in CS-exposed ALI mu-
rine models [70-72] while targeting NF-kB pathway potentially allevi-
ated lung inflammation by inhibiting pulmonary vascular permeability,
reducing pro-inflammatory mediator production, attenuating oxidative
stress and improving histopathologic changes [69,70]. Inhibition of
NF-kB activation also suppresses the oxidative stress [73]. However, to
explore the possible underlying mechanism by which Ipomoea nil re-
duces the oxidative stress and attenuates the generation of pro-i-
nflammatory mediators, effects of Ipomoea nil on CS-induced NF-«kB
activation were studied at both in vivo and in vitro levels. The results
revealed that CS-exposure significantly strengthened the IkBa and
increased the phosphorylation of NF-kBp65 in the lung tissues and RAW
264.7 macrophages while, as expected and in consistent with previous
studies [74-76], the activation of NF-kBp65 signalling was significantly
and dose-dependently reduced by Ipomoea nil pretreatment. Taken
together, Ipomoea nil significantly reduced the unchecked inflammatory
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response and excessive oxidative stress in the CS-induced ALI by
attenuating the activation of the NF-xB pathway.

5. Conclusion

It can be inferred, Ipomoea nil has significant potential to inhibit the
CS-induced ALI by suppressing the pulmonary infiltration of macro-
phages and neutrophils, reducing pulmonary edema, attenuating the
secretion of proinflammatory chemokines and cytokines in the BALF,
alleviating the MPO, MDA, TOS and improving histopathological
changes and TEAC expression at both in vitro and in vivo levels. This
effect significant may arise through anti-inflammatory and anti-oxidant
properties of the Ipomoea nil via possibly inhibiting the NF-kB signalling
pathway. This means that Ipomoea nil has the potential to be employed
as a novel pharmacotherapeutic agent for the prevention and treatment
of ALI/ARDS. However, future large-scale studies are required to
confirm the effects observed and to develop this into a valid therapeutic
option.
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