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ABSTRACT: The pharmacological properties of seaweeds are diverse. No
studies have been conducted on the protective effect of Galaxaura oblongata
(GOE) against lippopolysaccharide (LPS)-induced inflammation in the brain.
This study is divided into three phases, the first of which is the initial phase. In
vitro study includes antioxidant, radical scavenging, and anti-inflammatory
activities, including cyclooxygenase-1 (COX1), COX2, NO, acetylcholine
inhibition, sphingosine kinase 1, tumor necrosis factor α (TNF-α), and
interleukin-6, as well as antioxidant and radical-scavenging activities, including
2,2-diphenyl-1-picrylhydrazyl and 2,2′-azinobis(3-ethylbenzothiazoline)-6-sul-
fonic acid. Using LPS-induced acute inflammation, the second phase was
conducted in vivo. Antioxidant and anti-inflammatory assays were performed to
investigate the protective role of GOE. In addition to the phytochemical analysis,
the bioactive content of GOE was also investigated. In vitro results demonstrated
the potential of GOE as an antioxidant, anti-inflammatory, and neuroprotective agent. A study using LPS as an induced lung injury
and neuroinflammation model confirmed the in vitro results. The GOE significantly reduced inflammatory, oxidative, and
neurodegenerative biomarkers based on histopathological and immuno-histochemistry results. Based on computational drug design,
four target proteins were approved: nuclear factor κB, mitogen-activated protein kinases, TNF-α, and NLRP3. Using polyphenolic
compounds in GOE as ligands demonstrated good alignment and affinity against the three proteins. Finally, the current study offers a
new approach to developing drug leads considering GOE’s protective and curative roles.

■ INTRODUCTION
Infections caused by bacteria are most often associated with
respiratory disorders, such as acute lung injury (ALI), acute
respiratory distress syndrome (ARDS), and acute exacerba-
tions of chronic obstructive pulmonary disease (COPD).
Additionally, COVID-19-infected β-coronaviruses cause ex-
treme acute respiratory syndrome.1 Lipopolysaccharides (LPS)
are the most dangerous cell wall part among Gram-negative
bacteria. Cell wall membranes of Gram-negative bacteria
contain the biologically active endotoxin LPS found on their
surface.2 LPS are integral to almost all Gram-negative bacteria’s
outer surface membrane composition anchored by poly-
saccharide cores and carbohydrate chains. Lipid A is
responsible for the potent immunostimulatory property of
LPS.3

LPS may stimulate toll-like receptor 4 (TLR4) trans-
membrane proteins.4 TLRs are responsible for key inflamma-
tory responses. To display signaling pathways that activate
other molecules, including IRAK1, IRAK4, TBK1, and Ikki
protein kinases, the LPS pathogenicity mechanism binds to
TLR4, which then forms transient ternary complexes with
three distinct extracellular proteins, namely, LBP, CD14, and
MD-2. Enhancing the production of free radicals, cytokines,

and other pro-inflammatory mediators in brain, blood, and
other tissues will enhance the signal in the tissue and the
downregulation or upregulation of genes that orchestrate the
inflammatory response.5 LPS acts as a pro-inflammatory
molecule that stimulates innate immune cells. In different
cell types, TLR4 stimulates the release of interleukin 8 and
other inflammatory cytokines, leading to an acute inflamma-
tory response to pathogens. The expression of TLRs, as well as
localization, is regulated in response to specific pathogens or
damaged molecules. To develop a strategy for therapeutic
modulation, it is crucial to understand the pro-inflammatory
cytokine signaling pathways involved in controlling a
pathogen.6

LPS is one of the most important ways to induce
inflammation. A Gram-negative bacteria’s outer membrane
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contains LPS. It primarily targets TLR4 but also acts on other
receptors. LPS recruits downstream adapters that are crucial to
signaling TLR4 upon activation. This recruitment of adaptors
can trigger downstream pathways and transcription factors,
activating pro-inflammatory genes.4 It is predominantly
expressed in glial cells, mainly microglia, but neurons also
express TLR4. Upon activation of this receptor, neurons
release different inflammatory mediators. Many in vitro and in
vivo experiments use LPS.3

TLR4 responses are triggered when adaptor proteins activate
TLR signaling. A major step in regulating gene expression is
mediated through the transduction pathways activated by NF-
κB and AP-1 signals.7 Inflammatory models have extensively
used bacterial LPS because they replicate many cytokines that
cause inflammation, including TNF-α, IL-1, and IL-6. As a
result of LPS signaling, TLR4 is responsible for transmitting it.
By binding to TLR4, LPS activate MyD88 and IL-1R kinases,
activating NF-κB. (IRAK). The transcription of genes in innate
immunity and inflammation is controlled by multiple path-
ways, including TNF-associated factor 6 (TRAF-6) and
NADPH oxidase (NOX) NF-kB. Several studies have shown
that reactive oxygen species modulate lung and monocyte
immunity.8 Phosphoinositide 3-kinase is essential for reducing
inflammation in several studies looking for new anti-
inflammatory drugs. There are numerous habitats and endemic

species in Egyptian marine ecosystems (17% in the Red Sea),
revealing high marine biodiversity (approximately 5000
species) due to the vast areas covering more than 3000 km
of distinguished coastlines with rich and diverse habitats. In
Red Sea habitats, many marine organisms are exposed to
extreme conditions,9 producing unique and novel bioactive
compounds with potent pharmacological properties. The Red
Sea marine environment is a unique and rich natural resource
for many bioactive substances with unique structural features
due to its phenomenal biodiversity. Marine bioactive
compounds, including marine plants, macro- and microalgae,
microorganisms, and sponges, can be derived from various
sources containing their own unique set of biomolecules.10−17

Macroalgae, or seaweed, are found in tropical waters and
intertidal regions. They are rich in interesting bioactive
components, including vitamins, hormones, carotenoids, etc.,
showing potential positive uses in healthcare.18−22 The study
aims to investigate the protective effect of Galaxaura oblongata
(G. oblongata; GOE), as a new marine species not investigated
before, on the lung and brain using several in vitro and in vivo
studies supported by histopathology and immuno-histochem-
istry study, and all that was confirmed using broad in silco
study on several proteins.

Figure 1. (A) Phytochemical analysis of the GOE. (B) HPLC chromatogram of GOE.
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■ RESULTS
Phytochemical Analysis. The phytochemical analysis of

GOE is shown in Figure 1A). The polyphenolic constituents
were 3.83 and 0.4 mg/mL for phenolics and flavonoids,
respectively. Furthermore, the total carotenoids were found to
be 0.25 mg/mL.

HPLC Analysis. The HPLC analysis of GOE (ethyl
acetate) revealed the presence of gallic acid (3.01 mg/kg),
chlorogenic acid (1.45 mg/kg), quinol (2.42 mg/kg),
rosmarinic acid (112.1 μg/g), and amphorae (22.5 mg/kg),
as shown in Figure 1B, Figure 2, and Table 1.

GC-MS Analysis. The GOE’s lipidomics profile resulted in
various fatty acids (saturated and unsaturated). The unsatu-
rated fatty acids were cis-13,16-docasadienoic acid, methyl 20-
methylheneicosanoate, cis-11,14-eicosadienoic acid, methyl
eicosanoate, linoleic acid, methy l,9-octadecenoate, and cis-
10-heptadecenoic acid, with 22.39725309, 25.61323055,
5.774410003, 7.453204915, 1.98853199, 23.87146368, and
197.8621685 ppb, respectively, while the saturated fatty acids
were methyl 20-docosanoate, methyl tetracosanoate, methyl
heneicosanoate, cis-9,10-epoxystearic acid, stearic acid, methyl
14-methyl hexadecanoate, hexadecanoic acid (palmitic acids),
octadecenoic acid (oleic acid), pentadecanoic acid, methyl
myristate, myristic acid, lauric acid, tridecanoic acid,
undecanoic acid, decanoic acid (capric acid), methyl-trans-
tetradecanoate and octanoic acid (caprylic acid) with
11.55903959, 10.93611393, 5.590166622, 0.993889671,
176.0288411, 197.8621685, 0.658142466, 8.270176484,
7.65510775, 24.97676353, 10.85595195, 14.349048557,
755440442, 22.48978612, 2.244112595, 71.07185414,
59.77704892, 22.39725309, 25.61323055, 5.774410003,

7.453204915, 1.98853199, 23.87146368 and 197.87 ppb,
respectively. Additionally, the saturated fatty acid content
was 94 5% in the GOE at 633.1 ppb and the unsaturated fatty
acid content was 6% at 40.71 ppb (Figure 3).

Antioxidant Capacity. The total antioxidant capacity of
GOE using DPPH is shown in Figure 4A). GOE gave higher
activity, with 83.01% DPPH at 10 mg.

Interleukin and Inflammatory Biomarkers. The activity
of the anti-inflammatory profile of the GOE was investigated
using TNF-α, COX1, and COX2 at 81%, 88%, and 83.75%,
respectively, at 25 mg. Additionally, the anti-inflammatory
biomarker NO was investigated using different concentrations
from 10 to 1 mg, as shown in Figure 4B. The GOE gave a
higher inhibition ratio of 74.5% at 10 mg of GOE.

Antiviral Activity. The antiviral activity of GOE using the
reverse transcriptase enzyme was 94.5% at 25 mg of GOE
(Figure 4C).

Anticancer Activity. The anticancer activity of GOE was
examined using PTK inhibition. The anticancer activity was
85.70% at 25 mg of GOE (Figure 4C).

Anti-Alzheimer’s Activity. The bioactivity of GOE
against acetylcholinesterase was investigated at different
concentrations from 1 to 10 mg. The extract of GOE exhibited
higher inhibition at 10 mg (98.25%) of GOE (Figure 4D).

Impacts of GOE on the Lipid Profile Status. GOE
altered the lipid profile (triglycerides and cholesterol) in the
toxicity group (induction second group) and all experimental
groups (Figure 5). The triglyceride was reported to be
increased markedly in the second group by 91.3% compared to
that of the first group (93.67 ± 4.80 vs 178.32 ± 23.88; *, p <
0.001). Administration of GOE in the fourth group dropped
markedly in triglycerides by 40.9% with respect to that of
group II (induction group) (178.32 ± 23.88 vs 114.85 ± 6.80;
*, p < 0.001). In addition, the administration of GOE in the
fourth group resulted in a nonsignificant reduction in the
triglyceride level from 93.67 ± 4.80 to 91.39 ± 6.45. The total
cholesterol levels were markedly increased in the second group
by 77.9% compared to that of the control (53.56 ± 12.05 vs
242.57 ± 35.64). Administration of GOE in the third group
revealed a marked diminished total cholesterol level by72.5%
compared to that in group II (from 242.57 ± 35.64 to 66.60 ±
16.36). Furthermore, the administration of GOE alone in
group IV revealed a nonmarked decrease compared to that of
group I (−ve control) (53.56 ± 12.05 vs 54.27 ± 2.83), the
same results for LDL and VLDL. In contrast, the results of
HDL in the induction group decreased significantly compared
with those of the control.

Impacts of GOE on the LPS Oxidant/Antioxidant
Status. Figure 6 displays the impact of GOE on the lung LPO
level and the induced toxicity group’s total antioxidant
biomarker activities (TAOs). The levels of LPO were
significantly elevated in mice from group II by 23.28%
compared to animals from group I (0.56 ± 0.05 vs 0.73 ±
0.04; *, p < 0.001). In comparison with that of the second
group, the administration of GOE in group III demonstrated a
significant reduction in LPO of 24.6% (0.55 ± 0.03 nmol/(g of
liver) vs 0.73 ± 0.04 nmol/(g of liver); *, p < 0.001). In
addition, the administration of GOE alone in group IV resulted
in a little but insignificant rise in the LPO level in the lung,
which went from 0.56 ± 0.05 (vs 0.73) to 0.57 ± 0.04.
Compared to those found in group I, the levels of lung
antioxidant biomarkers reduced after LPS treatment (group
II), going from 0.46 ± 0.05 to 0.21 ± 0.06, respectively.

Figure 2. Structures of various compounds in the GOE extract.

Table 1. HPLC Chromatogram of GOE for Polyphenolic
Compounds (Phenolics and Flavonoids)

Compound Retention Time (min) Amount (mg/kg)

Quinol 3.147 2.41807
Gallic acid 3.662 3.01185
Chlorogenic acid 9.216 1.45409
Rosmarinic acid 21.024 112.16214
Kaempferol 24.980 22.50129
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Figure 3. GC-MS analysis of GOE. (A) Total content of fatty acids. (B) Different constituents of fatty acids.

Figure 4. (A) Total antioxidant capacity of GOE using DPPH. (B) Anti-inflammatory activity of GOE using NO. (C) Anticancer (PTK), anti-
inflammatory (COX1, COX2, and TNF), and antiviral (RTE) activity of inhibition. (D) Anti-Alzheimer activity of GOE using acetylcholinesterase
enzyme (ACEI).
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Compared to those in group II, the total antioxidant capacity
of group III mice dramatically increased by 64.4% when GOE
was given to the mice before they were injected with LPS.

Impacts of GOE on Inflammatory Biomarkers. SAA
Biomarkers. The role of GOE on the activities of SAA (lung)
in the LPS-treated mice group (second) relative to other
experimental groups (first, third, and fourth) is represented in
Figure (7). In the LPS-treated mice group (second), the
activity of SAA (19897.39 ± 3493.32) increased significantly in
comparison with the control group (first group) (9620.68 ±
447.00). In contrast, the pretreatment GOE (group IV) had a
considerably lower SAA by 24.6.5% (25344.5 ± 2733.5)
compared to that of group II.
NF-κB Biomarkers. The effect of GOE on the activities of

NF-κB in (lung) in the LPS-treated mice group (second) in
comparison to other experimental groups (first, third, and
fourth) is shown in Figure 7. The activity of NF-κB in group II
(12.93 ± 2.73) was significantly increased by 76.1% (6.43 ±
0.41) compared with that of the first group. In contrast,
compared to group II, pretreatment with GOE (group IV)

significantly reduced NF-κB by 35% (8.25 ± 1.03). Addition-
ally, the NF-κB expression showed a nonmarked change in the
other group.
MPO Biomarkers. The GOE effect on MPO activity (lung)

in mice treated with the LPS group (second) compared to
other experimental groups (I, III, and IV) is shown in Figure 7.
In the treated mice with the LPS group (second), the activity
of MPO (0.56 ± 0.12) was markedly increased by 76.1% (0.10
± 0.03) compared with that of the −ve group I. In contrast,
the GOE treatment (group IV) had significantly lower MPO
by 67.8% (0.18 ± 0.05) compared to that of group II. MPO
activity showed a nonmarked change in other groups.

Impacts of GOE on LPS Phosphorylation Status Using
PTK. The effects of GOE on the hepatic PTK level in (lung) in
the LPS-treated mice group (second) are shown in Figure 7.
The PTK levels in the lung were markedly increased in the
second group (LPS) by 50.1% compared to group I (18.30 ±
3.26 vs 36.70 ± 7.33, *, p < 0.001). Administration of GOE in
group III reduced markedly in PTK by 44.4% compared to that
in group II (induction group) (20.39 ± 2.13 vs 36.70 ± 7.33;

Figure 5. Effect of GOE on the lipid profiling levels, i.e., (A) TG, (B) HDL, (C) VLDL, (D) LDL, and (E) CH.
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*, p < 0.001). The administration of GOE alone in group IV
(+ve control group) resulted in a nonsignificant decrease in the
PTK levels from 18.30 ± 3.26 to 17.51 ± 3.48. The values of
PTK activities showed a nonmarked change in other groups.

Effect of GOE on LPS-Induced Histopathology. Under
a light microscope, the lung tissues from the control group
showed a normal structure. No histological alterations were
observed (Figure 8). However, GOE dramatically reduced the
extent of pathogenic alterations brought on by LPS (Figure 8).
However, compared to the GOE group, LPS severely damaged

the lungs’ histological alterations (Figure 8). The scores for
histological lung damage are shown in Figure 8. GOE had
varied inflammatory effects on the lung tissue of mice exposed
to LPS. Mice from the control, LPS, and LPS + GOE groups
were used to study representative lung histological changes.
H&E staining was used to detect pathological alterations in
lung tissues (light microscopy, 200X); more details about
Figure 8 are described in the Supporting Information.

Effect of GOE on Expression of TNF-α against LPS.
The current study revealed that LPS markedly elevated the
synthesis and expression of the inflammatory cytokine TNF-α
(Figure 9) compared to the control group treated with GOE. A
200 mg/kg amount significantly diminished both inflammatory
cytokine parameters compared to the LPS group (Figure 9).
Interestingly, GOE at 200 mg/kg doses significantly modulated
the reduction in TNF-α and expression levels in the tissue
compared to the LPS group. More detail is described in Figure
9 in the Supporting Information.

Docking Study Results. Results of the docking experi-
ments of 4DN5 (NF-κB) have significant effects that ensure
that the best-docked poses of the lead compounds are aligned
with catechol, chlorogenic acids, gallic acid, hydroquinone,
kaempferol, and rosmarinic acid, with target protein with
affinity values of −5, −6.8, −6.1, −4.9, −9.8, and −8.3 kcal/
mol, respectively, which indicate experiment validity, showing
the superior activities of kaempferol and rosmarinic acid with
free binding energies equal to −9.8 and −8.3 kcal/mol,
respectively. The establishment of five types of contacts,
conventional hydrogen bonds (LEU A:472, SER A:476, LYS
A:429), π-anion (ASP A:534), π-sulfur (CYS A:533), π-σ
(VAL A:414), and π-alkyl (ALA A:427, LEU A:406, LEU
A:522), with the active site residues (amino acids) might
explain the solid binding of rosmarinic acid to the active site of
4DN5. For example, kaempferol’s strong binding at the active
site of 4DN5 might be explained by the formation of four

Figure 6. (A) Effect of GOE on the lung LPO level. (B) Total
antioxidant biomarker activities (TAOs).

Figure 7. Effects of GOE on SAA (A), NF-κB (B), and MPO (C) inflammatory biomarkers in mouse lungs and on (D) PTK in lungs.
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contacts, conventional hydrogen bonds (LYS A:429, ASP
A:519, ASP A:534, LEU A:472), π-σ (VAL A:414, LEU
A:522), π-sulfur (MET A:469), and π-alkyl (ALA A:427, LEU
A:406, CYS A:533), as shown in Figure 10A).
Results of the docking experiments of 6MC1 (MAPK) have

significant results that ensure that the best-docked poses of the
lead compounds are aligned with catechol, chlorogenic acids,
gallic acid, hydroquinone, kaempferol, and rosmarinic acid,
with the target protein with affinity values of −5, −5.6, −5.6,
−4.8, −7.7, and −7.2 kcal/mol, respectively, which indicate
experiment validity, showing the superior activity of kaempfer-
ol and rosmarinic acid with free binding energies equal to −7.7
and −7.2 kcal/mol, respectively. The establishment of three
types of contacts, conventional hydrogen bond (ASN A:448,
THR A:417), π-stacked (TYR A:435), and π-alkyl (MET
A:452, MET A:431, ILE A:420) contacts with the active site
residues (amino acids) might explain the solid binding of
rosmarinic acid to the active site of 6MC1 (MAPK). For,
Kaempferol’s strong binding at the active site of 6MC1
(MAPK) might be explained by the formation of 8
conventional hydrogen bonds THR A:417, carbon hydrogen
bond MET A:452, TYR A:435, π-donor hydrogen bond MET
A:452, TYR A:435, π-σ PRO A:447, π-sulfur MET A:452, π-π-
stacked SER A:446, amide-π-stacked (TYR A:435), π-alkyl
(MET A:452), as shown in Figure 10B.
Results of the docking experiments of 6NPY (NLRP3) have

significant results that ensure that the best-docked poses of the
lead compounds are aligned with catechol, chlorogenic acids,
gallic acid, hydroquinone, kaempferol, and rosmarinic acid,
with the target protein with affinity values of −4.9, −8.7, −6.1,
−5.3, −8.5, and −8.9 kcal/mol, respectively, which indicate the
experiment validity, showing superior activity to kaempferol
and rosmarinic acid with free binding energies equal to −7.7
and −7.2 kcal/mol, respectively. The establishment of three

types of conventional hydrogen bond (ASN A:448, THR
A:417), π-stacked (TYR A:435), π-alky with the active site
residues (amino acids), might explain the solid binding of
rosmarinic acid to the active site of 6MC1 (MAPK).
Kaempferol’s strong binding at the active site of 6MC1
(MAPK) might be explained by the formation of five
conventional hydrogen bonds THR A:167, ARG A:165,
carbon hydrogen bond (MET A:452, TYR A:435), π-donor
hydrogen bond ILE A:232, TTRP A:414), π-σ ILE A:232, π-π-
stacked TRP A:414, π-alkyl PRO A:410, as shown in Figure
10C).
Results of the docking experiments of 7KP9 (TNF-α) have

significant results that ensure that the best-docked poses of the
lead compounds are aligned with catechol, chlorogenic acids,
gallic acid, hydroquinone, kaempferol, and rosmarinic acid,
with the target protein with affinity values of −4.1, −6.2, −4.9,
−3.8, −6.4, and −6.1 kcal/mol, respectively, which indicate the
experiment validity, showing superior activity to kaempferol
and chlorogenic acids with free binding energies equal to −6.4
and −6.2 kcal/mol, respectively. The establishment of 3 types
of conventional hydrogen bond (GLN C:47, ASN C:46), π-
anion (GLU C:135), and π-alkyl (PRO C:139) contacts with
the active site residues (amino acids) might explain the solid
binding of kaempferol to the active site of 7KP9 (TNF-α).
Chlorogenic acids’ strong binding at the active site of 7KP9
(TNF-α) might be explained by forming 3 conventional
hydrogen bonds THR C:77, THR C:79, LEU C:26, ASN C:46
and π-donor hydrogen bond LEU C:26 and π-alkyl, as shown
in Figures 10D and Table 2.

■ DISCUSSION
Both lung and brain diseases are strongly induced by the LPS
model. Besides use in lung studies, LPS is also useful for
studying neuroinflammation in neurodegenerative diseases. It

Figure 8. Impacts of GOE on alleviating LPS-induced histopathological changes in the lungs. (A) Control, (B) induction, (C) extraction, and (D)
protection.
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is widespread to use LPS in vivo as well as in vitro. The CNS
and peripheral nervous systems can be stimulated by single or
multiple injections of this compound. Several fundamental
connections exist between the brain and lungs. A vicious cycle
is triggered when the brain−lung interaction is seriously
compromised in patients with traumatic brain injury. Although
the mechanisms of the interaction are not fully understood,
several hypotheses, namely, the “blast injury” theory or “double
hit” model, have been proposed, forming the basis of its
development and progression.23 In addition to communicating
between the brain and the lungs, the lungs communicate with
the brain via complex pathways. Among pulmonary disorders
accompanying brain injuries, neurogenic pulmonary edema,
acute respiratory distress syndrome, and ventilator-associated
pneumonia are the most common, while hypoxia in the brain
and intracranial hypertension are the most common brain
disorders following lung injuries.24

A higher concentration of oxygen and reactive oxygen is
contained within the lungs, making them the first frontier
between the entry of oxygen and its delivery to the
mitochondria.25 Disruption of normal oxidative balance has
been reported to be significant in the progression of the

inflammatory response in several lung diseases caused by
infection pathogenesis; there are many examples, such as ALI,
acute ARDS, and COPD.26 COVID-19 infection and the
complications of those infections, resulting in ALI and/or
ARDS, are also a severe problem that is an emerging target for
developing new drug entities with little or no side effects.27

Administration or exposure to LPS causes various symptoms,
such as in patients with ALI, ARDS, and sepsis, and also
increases the risk for Alzheimer’s disease.28 The development
of such exposure causes a pro-inflammatory response in cells,
hepatocytes, and Kupffer cells. NF-κB is a severe inflammatory
cytokine and is a biomarker for several diseases, such as
respiratory and Alzheimer’s diseases; LPS induces the
expression and locations of NF-κB.29 The maximum immune
response peak of the NF-κB serum was reported as early as
0.5−2 h after LPS injection.
In rodent animal models, the exposure of LPS induces NF-

κB and ROS expression, which has been shown to stimulate
NF-κB signaling through the classical IKK-structured pathway,
to prompt infection to affect diverse organs, for example, the
kidneys and liver, and to have a great effect on the brain also.30

They investigated the LPS oxidative stress and the protecting

Figure 9. Impacts of GOE in alleviating the expression of TNF-α against LPS-induced immuno-histochemistry changes in the lungs. (A) Control,
(B) induction, (C) extraction, and (D) protection.
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Figure 10. continued
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Figure 10. continued
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function of GOE. They revealed that GOE had an antioxidant
impact on cytotoxicity raised by LPS by decreasing the extent
of NF-κB expression and the level of different inflammatory
biomarkers. Activation of NF-κB in the liver results in elevated

levels of TNF-α, IL-1, and IL-631 expression. Marine organisms
are a wealthy supply of anti-inflammatory, biologically
bioactive lipids.10−16,29 The current study confirmed the
ability of GOE as a potent antioxidant and anti-inflammatory

Figure 10. 2D structure of the different polyphenolic compounds against (A) 4DN5 (NF-κB), (B) 6MC1 (MAPK), (C) 6NPY (NLRP3), and (D)
7KP9 (TNF-α).
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agent. It examined the bioactive secondary metabolite contents
of polyphenolic compounds and fatty acids through an
investigation for anti-inflammatory by inhibiting the manu-
facturing of NO, ACHI, (TNF-α) in LPS-induced lung mouse
tissues.31 GOE revealed the presence of excessive quantities of
fatty acids that notably inhibit the synthesis of NO and TNF-α,
which agrees with previous studies that confirmed red algae’s
ability against TNF-α and NO.32 Marine algae comprise a large
variety of extraordinarily energetic bioactive compounds,
especially anti-inflammatory compounds, that also have been
seen in GOE; the current study confirmed the presence of a
variety of bioactive molecules, along with phenolics, flavonoids,
tannins, carotenoids, and sulfated polysaccharide total
contents, and discovered the existence of plenty of those
compounds. Various huge biochemical and pharmaceutical
applications have been reported for red algae due to their

antioxidant capacity and anti-inflammatory as well as
anticancer properties, which proposed GOE as a strong
candidate for antioxidant, anti-inflammatory, and anticancer
drugs.33,34 Fatty acids are an essential bioactive anti-
inflammatory compound consisting of omega-3 polyunsatu-
rated fatty acids (n-3 PUFAs); hence, their extracts may be
potent as nutritional substances in chronic metabolic diseases
such as inflammatory diseases and Alzheimer’s. These
compounds were notably examined for their activity as an
anticancer against different cancerous cell lines.18−22 However,
there is no prior study concerning the effect of red algae,
specifically GOE.
Against acute lung injury as a possible drug candidate

(protect, prevent, and treat), LPS induced ALI and its possible
pathways. The study confirmed that GOE possesses an
effective protecting agent against LPS destructive effects. It

Table 2. Affinity (kcal/mol) Score of Polyphenolic Compounds in GOE Extracts against Different Target Proteins

Compounds
4DN5
(NFKB)

Affinity
(kcal/mol)

6MC1
(MAPK)

Affinity
(kcal/mol)

6NPY
(NLRP3)

Affinity
(kcal/mol)

(7KP9)
TNF

Affinity
(kcal/mol)

Catechol LEU 406 −5 SER 413 −5 THR 167 −4.9 VAL 17 −4.1
VAL 414 ALA 416 LEU 169 GLN 149
ALA 427 THR 417 ILE 232 VAL 150
LEU 472 ILE 445 PRO 410
LEU 522 ASN 448

Chlorogenic acids LEU 406 −6.8 GLU 321 −5.6 GLU 150 −8.7 LEU 26 −6.2
ARG 408 LEU 322 THR 167 ASN 46
VAL 414 THR 323 GLY 227 THR 77
SER 476 ASN 333 ILE 232 THR 79
ASP 519 ARG 442
LEU 522

Gallic acid LEU 406 −6.1 THR 417 −5.6 ARG 165 −6.1 THR 77 −4.9
VAL 414 TYR 435 THR 167 THR 79
GLU 470 SER 446 ILE 232 SER 81
LEU 472 PRO 447 TYR 379 ASN 92
GLY 475 ASN 448 TRP 414 GLU 135
GLN 479 MET 452
LEU 522

Hydroquinone LEU 406 −4.9 ALA 416 −4.8 ALA 439 −5.3 THR 79 −3.8
VAL 414 THR 417 VAL 442 SER 81
ALA 427 ILE 420 PHE 577 LYS 90
MET 469 ASN 92
LEU 472
LEU 522

Kaempferol LEU 406 −9.8 THR 417 −7.7 ARG 165 −8.5 ASN 46 −6.4
VAL 414 TYR 435 THR 167 GLN 47
ALA 427 SER 446 ILE 228 GLU 135
LYS 429 PRO 447 ILE 232 PRO 139
MET 469 MET 452 PRO 410
LEU 472 TRP 414
ASP 519
LEU 522
CYS 533
ASP 534

Rosmarinic acid LEU 406 −8.3 UNK 0 −7.2 UNK 0 −8.9 UNK 0 −6.1
VAL 414 THR 417 ARG 165 HIS 15
ALA 427 ILE 420 ILE 232 TYR 59
LYS 429 MET 431 TYR 379 GLN 61
LEU 472 TYR 435 PRO 410 LEU 120
SER 476 PRO 447 GLY 121
LEU 522 ASN 448
CYS 533 MET 452
ASP 534
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substantially reduced pulmonary edema because of vastly lower
lung pathological LPS harmful effects. Also, GOE inhibited and
suppressed inflammation infiltration by LPS into the lung
tissue and attenuated myeloperoxidase in the lung34 (Figure
10C).
GOE significantly improved the histopathological lesions

induced by LPS.35 Pretreatment with GOE decreases markedly
the oxidative stress induced by LPS and increases tissue’s total
antioxidant capacity (lung; Figure 6). The role of GOE as an
anti-inflammatory against LPS-induced ALI, was evident
through the attenuation of pro-inflammatory cytokine levels,
i.e., TNF -α and IL-6, NF-κB. Likewise, GOE inhibited the
LPS-induced increase of pro-apoptotic proteins Bax and
caspase-3. Collectively, GOE exerted protective activity against
ALI induced by LPS via antioxidant, anti-inflammatory, and
anti-apoptotic pathways36 According to recent studies, people
with chronic inflammatory illnesses are more inclined to look
for natural anti-inflammatory drugs to reduce the adverse
effects of using steroids and NSAIDs for an extended time.
Therefore, creating novel, safer anti-inflammatory nutraceut-
icals is clinically relevant and may greatly impact treating
inflammatory responses. Marine extracts and functional foods
are comparatively undiscovered sources of potential anti-
inflammatory compounds.37 Different polyphenolic com-
pounds were found in the extracts, such as chlorogenic acid,
one of the world’s most abundant polyphenols. Accumulated
evidence has shown that chlorogenic acid possesses multiple
biological activities, including antibacterial, antioxidant, anti-
Alzheimer’s, and anticarcinogenic. Chlorogenic acid inhibits
the production of staphylococcal exotoxins IL1β, TNFα, IL6,
interferon (INFγ), MCP l, PIMlα, and MIPlβ in human
peripheral blood mononuclear cells.38

Moreover, Shan et al.39 found that chlorogenic acid regulates
inflammation cytokines in LPS-activated macrophages. Studies
suggest that chlorogenic acid plays a role in the pathogenesis of
autoimmune disorders. LPS-induced lung injury has been
linked to inflammatory cytokines, and chlorogenic acid may
also have anti-inflammatory properties useful in treating ALI
and ASDR. Several mediators mediate the inflammation caused
by lung injury, but TNF-α plays a key role.40 It has been
reported that TNF-α is a highly pro-inflammatory cytokine
initiator of inflammatory reactions and induces apoptosis of
the lung.41 Previous research had proven that injection of
chlorogenic acid before LPS assignment notably inhibited the
transcriptional expression of TNF-α, which will be partly
responsible for the protecting consequences of chlorogenic
acid.
Further research has shown that chlorogenic acid affects

TLR4, one of the TLR proteins, and is essential in the LPS-
mediated signaling process.42 Treatment with chlorogenic acid
inhibited the transcription of TLR4 to the basal level, which
could result in the inhibition of LPS-induced NF-κB activity
(Figure 7B). Previously, this was found to be true. The results
suggest chlorogenic acid reduces inflammation by reducing
each NF-κB downstream signaling pathway mRNA expression
and phosphorylation. Figure 7D shows that total protein
tyrosine kinase activity decreased in the current study.43

Rosmarinic acids (RAs) also possess comparable anti-
inflammatory and antioxidant effects. Many pathophysiological
pathways contribute to inflammation, but the interaction of
RAs with the complementary system has the most notable
effect on infection. RA blocks complement activation by
interacting covalently with the active complement element

C3b at the infection site.44 According to Scheckel et al.,45 RA
may be a potent inhibitor of the pro-inflammatory gene COX2,
which is supported by the current study’s finding that GOE in
vitro analysis of COX1 and COX2 revealed strong anti-COX1
and -COX2 activity.33

As a result of oxygen−glucose deprivation, RA inhibits
apoptosis and cytotoxicity.33 In an experimental rat model of
sepsis, Luo et al.46 studied the effects of RA on cultured
RAW264.7 cells. The RA reduced inflammation caused by LPS
in RAW264.7 cells by activating TNF-α, IL-6, and high-
mobility group protein 1. This suggests that the antiseptic
properties of RA are mediated by a reduction in inflammatory
mediators, both locally and systemically. According to a recent
study, hemodialysis fluid is supplemented with RA, reduces
inflammation, and is biocompatible. By supplementing
HUVECs with RA, researchers found that LPS-induced nitric
oxide production decreased and nitric oxide synthase
expression was downregulated. RA reduces pro-inflammatory
mediator production in HUVECs by Wang et al.47 RA was
studied for its antiviral properties. The antiviral effects of RA
have shown a significant decrease in mortality rates in mice
infected with the Japanese encephalitis virus. A significant
difference between inflamed RA-handled animals and non-
treated inflamed animals regarding viral virulence and pro-
inflammatory cytokines was observed. It is widely known that
kaempferol (KF) has bioactive properties. It is an important
natural flavonoid aglycone, especially in fruits and vegetables.
In molecular survival and apoptosis, protein kinase B (PKB),
also known as AKT, plays an important role. As a result of
treatment, PI3K was inhibited and Akt phosphorylated in
K562 and U937 cells. Cells treated with KF de-phosphorylate
Akt at Ser 473 and Thr 308.48

Activation of caspase-3, caspase-7, caspase-9, and PARP
occurs when KF is present. In addition, KF inhibits PI3K and
AKT phosphorylation triggered by LPS and ATP in cardiac
fibroblasts, protecting them from inflammation.48 In response
to LPS, KF and its glycosides can also significantly reduce NO
and TNF-α production in RAW 264.7 cells. They also inhibit
the nuclear translocation of NF-κB and p65, which are
inhibited by TNF-α and interleukin-1 (IL-1). In response to
GA, caspase-3 and -9 are expressed, Bcl-2/Bax ratios are
altered, tyrosine phosphorylation via BCR/ALB kinase is
inhibited, and COX2 is decreased. Figure 4C shows that GA
inhibits COX1 and COX2 activity, indicating its anti-
inflammatory properties. The increased expression of COX2
causes most cancer cases to progress by triggering cell division
and inhibiting apoptosis.49,50 Because of its role in gene
expression, it is important in treating inflammatory conditions.
Maximum anti-inflammatory capsules inhibit pro-inflammatory
cytokines by inhibiting the activation of NF-B.51 Several
reports found that selective inhibitors inhibit the production of
NOS, COX2, TNF-α, and IL-1. NF-κB-structured p65
acetylation and inflammatory markers are inhibited by GA,
according to Desai et al.52 Additionally, acetylation of p65
stimulates transcription activation, DNA binding, and binding
of IBB to DNA. It is well established that the low acetylation
price of p65 results in the complete absence of NF-B
characteristics, indicating that acetylation is vital for NF-κB-
mediated signaling.53

When included in a proper diet, polyunsaturated fatty acids
(PUFAs) may also have numerous beneficial fitness effects
compared to saturated fats.54 Since the human body cannot
synthesize PUFAs bigger than 18 carbons, it relies on meals for
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long-chain PUFAs. Marine lipids are the main source of
biologically active PUFAs, omega-3, α-linolenic, and omega-6
linoleic PUFAs (Figure 3). These have shown that PUFAs
reduce chronic inflammation, cancer, cardiovascular disease,
and so on. This is accomplished by using substances that
compete with arachidonic acid or indirectly affect transcription
factors or nuclear receptors, which are important for
inflammatory genes.55,56 Nutritional PUFAs have been
important in preventing persistent inflammatory diseases,
such as arthritis, bronchial allergies, and neuroinflammatory
diseases. Because of the amount and type of eicosanoids they
produce, docosahexaenoic acid (DHA; C22:6) and eicosate-
traenoic acid (C20:5) play crucial roles in infection. Huerta-
Yeṕez et al.57 report that this interaction impairs intracellular
signaling pathways, transcription factors, and gene expression
mechanisms. There is convincing evidence that DHA migrates
into and protects against stages of pro-inflammatory cytokines
(IL-1β, IL-6, and TNF-α). Moreover, numerous fitness
problems, which include extended inflammatory processes,
poor fetal development, and high-risk factors for Alzheimer’s
disease, have been related to low eicosapentaenoic acid and
DHA PUFA diets.58 The bioactive polyphenol chlorogenic
acid possesses a high level of biological activity.
For example, chlorogenic acids (CA.) has a wide variety of

biologically active properties, including antibacterial, antiox-
idant, and anticarcinogenic properties.59 As Naeed et al.,60

demonstrated, CA. inhibits the biosynthesis of interferons
(INFs; IL-1, TNF -α), IL-6, and interferons caused by
staphylococcal exotoxins. It also regulates the expression of
inflammatory cytokines in macrophages activated by LPS. An
LPS-binding protein called SAA limits the pro-inflammatory
effects of LPS in mice with acute lung injury. Several
inflammatory factors have been recently used as biomarkers,
including SAA and CRP.61 Moreover, they can serve as
biomarkers during the pathogenesis of COVID-19 and
estimate the degree of illness. In terms of host immunity and
protection, SAA’s role is unclear. Even though its structure
differs from chemokines and other common chemoattractants
like C5a, it has been shown to attract monocytes, lymphocytes,
and granulocytes.62 SAA causes various leukocytes to release
cytokines, including IL-1, IL-6, and TNF-α, according to in
vitro study.63 Due to its acute-phase role as a mediator of the
local effector Th17 reaction stimulated by the intestinal
microbiome, SAA was cautiously tested for its cytokine-like
activity, tissue expression profile, signaling properties, and in
vivo capabilities in host protection and infection.40,64 As a
protein with multiple functions, SAA may be associated with
neurodegenerative diseases such as Parkinson’s disease. In
addition to its role in inflammation, tumorigenesis, skin
homeostasis, and accumulation as misfolded AA-amyloid
proteins, SAA also contributes to immunity. In patients
suffering from lung cancer and obstructive and restrictive
lung diseases (COPD, connective tissue lung diseases, and
sarcoidosis), SAA levels were measured in their biological
fluids. A traumatic brain injury results in the liver producing a
high level of SAA protein. An accurate and direct measurement
of the severity of traumatic brain injury can be made using liver
protein levels when pathological symptoms or neuroimaging
analysis are not able to provide this information.65,66 In
simulated physiological conditions, all plasma lipoprotein
subclasses of LPS sequester in HDL, as HDL binds LPS very
strongly and redistributes it to LDL and VLDL. While the
process and outcome of LPS binding to LDL and VLDL are

unknown, HDL appears to be the first line of defense against
persistent LPS cell immunity.67

The immune-stimulatory action of LPS is reduced when
Gram-negative bacteria are infected by binding and trans-
location to certain lipoproteins. HDL is the number one
endotoxin-scavenging lipoprotein in blood or plasma (ex vivo),
and a time-dependent transfer of HDL-related LPS to LDL
and VLDL has been established.68

As a result of adipose tissue lipolysis, plasma or serum
triglyceride levels increased, resulting in increased de novo
synthesis of hepatic fat and reduction in the level of fatty acid
oxidation. As a result of reduced lipoprotein lipase and apo E
levels in VLDL, the clearance of VLDL decreases with severe
infection. Increasing hepatic LDL cholesterol synthesis and
reduced LDL clearance, conversion to bile acids, and secretion
of LDL cholesterol cause hypercholesterolemia in rodents.
Various adjustments in proteins essential to HDL metabolism
result in an increase in the transport of LDL cholesterol to
immune cells and a reduction in opposite LDL cholesterol
delivery.69

LDL and VLDL oxidation will rise even though HDL is a
pro-inflammatory molecule. Sphingomyelin, ceramide, and
glucosylceramide are added to lipoproteins to enhance their
absorption by macrophages. At some time during the infection,
early and ongoing metabolic alterations raise blood triglyceride
(TG) levels, which are characterized by an increase in very low
density lipoprotein (VLDL) levels. Through a variety of
mechanisms, including many cytokines, the APR period causes
hypertriglyceridemia. Whether the rise in glucocorticoid levels
during infection significantly influences lipid metabolism is
unclear.70 Previous studies have shown that Gram-positive or
Gram-negative bacterial illnesses and viral infections raise
serum TG levels. Hypertriglyceridemia is caused by either an
infection with Gram-negative germs or by Gram-positive
microorganisms’ lipoteichoic acid (LTA) molecular wall
component.71 Within 2 h of injection, the effect of LPS on
cytokines and lipids causes an increase in several cytokines in
serum TG levels and hypertriglyceridemia, which is maintained
for at least 24 h. The doses of LPS or cytokines that cause
hypertriglyceridemia in rodents are similar to those that cause
anorexia and fever and alter acute-phase protein synthesis,
indicating that hypertriglyceridemia is an entirely physiological
and sensitive aspect of the host’s response to infection rather
than a sign of toxicity.72 Increased VLDL results from either
better VLDL synthesis or decreased VLDL clearance, depend-
ing on the dosage of LPS. Due to increased hepatic fatty acid
(FA) synthesis, adipose tissue lipolysis, and suppression of FA
oxidation and ketogenesis, VLDL synthesis will rise at low
dosages.73

Research has focused primarily on the NLRP3 inflamma-
some, a sensor molecule. When the homeostatic state of a cell
is disturbed, the stress sensor NLRP3 picks it up. The
traditional inflammasome activation and noncanonical path-
ways are viable options for NLRP3 activation. It takes two
distinct and concurrent processes, priming (transcription) and
activation, to set off the NLRP3 inflammasome (oligomeriza-
tion). Step one involves innate immune signaling via the TLR-
adaptor protein MyD88 and/or cytokine receptors like the
tumor necrosis factor (TNF-α) receptor, which activates
nuclear factor-B (NF-κB) and boosts pro-IL-1 and NLRP3
transcription. In the second step, the NLRP3 inflammasome
oligomerizes and activates caspase-1, processing and releasing
IL-1 and IL-18. It has been found that many polyphenols can
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ameliorate CNS diseases by blocking the critical TRL-MyD88-
NF-κB pathway of NLRP3 inflammasome activation. Previous
studies have shown that polyphenolic therapy effectively
promotes antiaging, pro-anti-inflammatory, antioxidant, and
anti-apoptotic effects by inhibiting NF-κB/NLRP3 signaling.
Evidence shows polyphenols stimulate the anti-inflammatory
AMPK, Sirt1, and PPAR-γ pathways (PGC-1).74
Several diseases are reported to be connected to the NLRP3

inflammasome, for example, diabetes, cardiovascular disease,
neurodegenerative, and atherosclerosis, prompting therapeutic
interest in NLRP3 inflammasome inhibitors. Several studies
have validated many inhibitors of the NLRP3 inflammasome
signal pathway.75 Some of these inhibitors target NLRP3;
direct targeting of NLRP3 prevents off-target immunosup-
pressive effects and limits tissue death. Polyphenolics are one
of the most promising inhibitors of NLRP3. The current study
investigates in silco screening showing good affinity from
catechol, chlorogenic acids, gallic acid, hydroquinone,
kaempferol, and rosmarinic acid toward NLRP3, with
rosmarinic acid and kaempferol having affinities −8.9 and
−85 kcal/mol, respectively; the type of bond reveals the
interactions between ligand and the target protein as shown in
Figure 10.
This effect may aid in further reducing the NLRP3 activity.

Polyphenols decrease the progression of inflammation by
interfering with three distinct pathways: inflammatory,
oxidative, and apoptotic. Polyphenols influenced inflammation
through the MAPK pathway and were demonstrated in the
current study as we observed high affinity of the MAPK with
possible inhibitors effect according to the type of bone and
residues of amino acids as shown in Table 2. The kaempferol
and rosmarinic acid showed higher activity with affinities of 7.7
and 7.2 kcal/mol, respectively. They are also anti-inflammatory
since they can inhibit pro-inflammatory signaling pathways
such as NF-κB and MAPK stimulation. According to several
studies, TNF-α, IL-1, and IL-6 are pro-inflammatory cytokines
implicated in the modulation of the immune response in
inflammatory diseases and are associated with inflammatory
processes. Mitogen-activated protein kinases (MAPK) control
the generation of pro-inflammatory cytokines that cause several
joint inflammations and lead to stimulating the destruction
process. The current study investigated the role of poly-
phenolics as promising natural inhibitors using in silco

screening; the results of the docking studies for TNF-α and
NF-κB are presented in Figure 10 and Table 2, showing that
kaempferol and rosmarinic acid have higher affinities with −9.8
and −8.3 kcal/mol, respectively, for NF-κB. In comparison, for
TNF-α, the catechol and rosmarinic acids have higher affinities
with 6.2 and 6.4 kcal/mol, respectively.

■ CONCLUSION
As part of a search for a novel marine bioactive that can
prevent inflammation in general and LPS, GOE extracts were
evaluated by using various assays and techniques (in vitro, in
vivo, and in silco). The present study demonstrated that GOE
has a more significant inhibitory potential against biomarkers
(inflammatory, cancer-related, viral, and oxidative). In
addition, in vivo studies confirmed the results of the in vitro
studies, as biochemical results showed great improvements in
the extract group compared to the group induced by LPS. The
present study improved the protection of GOE against lung
and brain inflammation. Further studies should explore its
other possible effects.

■ MATERIAL AND METHODS
Area of Study. The Red Sea has a unique geography.

Almost entirely enclosed by land, the Red Sea is one of the
world’s most important marine biodiversity repositories
(Figure 11).
Its biological variety is incredibly diverse, with more than

1000 invertebrate species and more than 1200 species of fish
and coral reefs, mangroves, and seagrasses.76−78 Hurghada is
located along the western edge of the northern Red Sea and
stretches for approximately 60 km along the Red Sea coast
(Figure 11).

Seaweed’s Collection. GOE samples were collected from
Hurghada-Sheraton at latitude 27 11 37.5 and longitude 33 50
48.4 during spring 2019 (Figure 1) and transported in sterile
polyethylene bags preserved in an icebox at 0 °C to the
laboratory. The NIOF team carried out the identification of
the sample.

Instruments. HPLC (Agilent), GC-MS (Thermo, USA),
and multimode reader were used.

Chemicals and Solvents. All chemicals were purchased
from Sigma-Aldrich.

Figure 11. Location of the sampling area at Hurghada on the Egyptian Red Sea coast.
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GOE Extraction of Bioactive Compounds. The
extraction of bioactive secondary metabolites from GOE was
performed according to Nabil-Adam et al.79

Qualitative Determination of Phytochemical Bioac-
tive Compounds. Total phytochemical screening of GOE
assessed different bioactive classes (phenolic, flavonoids, and
carotenoids) according to Nabil-Adam et al.14−16

Phytochemical Screening of GOE Using GC-MS. GC-
ITQ-MS analyzed GOE according to the method described in
Nabil-Adam et al.14−16

Identification of Phytocompounds. Identifying and
interpreting the GC-MS mass spectra GOE compounds was
carried out using the National Institute of Standard and
Technology (NIST) database.80

HPLC Analysis for Polyphenolic Screening. The
identification of the polyphenols profile of the GOE
compounds using HPLC was performed according to Uddin
et al.81

Total Antioxidant and Anti-Alzheimer’s Assessment
of GOE. DPPH and ABTS+ radical-scavenging assay of the
GOE was carried out according to Amarowicz et al.82 and
Chakraborty and Paulraj et al.83 The anti-Alzheimer’s assess-
ment of the GOE was investigated using inhibition of AChE by
GOE by Moyo et al.84

Determination of Anticancer and Anti-inflammatory
Assessment of GOE. We used Takara Cat. No. MK410
Tyrosine Kinase Assay Kit, nonradioactive, for the test. GOE’s
inhibitory activity against sphingosine kinase 1 was measured
with a colorimetric Cayman sphingosine kinase 1 inhibitor
screening kit. An Ovine COX (Cayman) screening kit was
used for determining anti-inflammatory properties (cyclo-
oxygenase inhibitory activity). TNF-α inhibitory activity of
GOE was determined using the KOMA BIOTECH Inc.
colorimetric kit.

Antiviral Activity of GOE. The antiviral activity of GOE
using reverse transcriptase (RT) inhibitory activity was done
with a Roche colorimetric kit according to Fonteh et al.,85.

Experimental Animals. The Theodor Bilharz Institute in
Egypt provided 40 BALB/C mice weighing 30 and 40 g for this
study. A protocol for the study was approved by the Ethics
Committee of Alexandria University’s Faculty of Medicine in
accordance with ARRIVE guidelines.

Experimental Design. The animals were assigned into
four groups (10 mice in each group), and each group was
placed in two cages as follows in Table 3.
The tissue samples were collected from each group of mice

after being sacrificed at the end of each week of treatment, as
described by Enkhmaa et al.86 and Kumar et al.87 Following

sacrifice of the mice, Lee et al.88 performed the histopatho-
logical examination of each lung mouse group.

Tissue Preparation. The lung tissues were weighed,
washed free of the blood, and adhered to using cold saline.
The preparation was performed according to Abdel El Moniem
et al.89−91 There were raw liver homogenates for malondialde-
hyde (MDA), total antioxidant capacity, MPO, and PTK.

Blood, Liver, and Kidney Assays. According to Reitman
and Frankel,92 AST was determined, the albumin levels were
determined using the Doumas et al.93 methods, total bilirubin
levels were determined using the Walters and Gerade
method,94 and total proteins were determined using the Biuret
reaction as described by Gornall et al.95 Henry et al.96

developed a method to determine creatinine levels. The
modified Berthelot reaction described by Patton and Crouch97

determined urea concentrations enzymatically. The methods of
Zollner and Kirsch98 were used to determine the lipid levels.
This study determined triglycerides and cholesterol enzymati-
cally using the Bucolo and David method99 and Allain et al.100

Determination of Total Antioxidant Assay. According
to Kovacevic et al.,101 total antioxidant capacity was
determined. The absorbances of blank (A) and sample A
against water at 510 nm were determined.

Pro-inflammatory Biomarkers. Myeloperoxidase
(MPO). The activity was performed according to Pulli et
al.;102 NF-kB and SAA were tested according to the method
described in the commercial kit (Invitrogen, Camarillo, CA,
USA).

Histology and Immuno-histochemistry Study. Based
on Griffith and Farris,103 we performed histopathological
analysis of the lungs and, also by the technique of Wang et
al.104 For assessing TNF-α expression in lung tissue samples,
this was used.

In Silico Screening Approach. Molecular docking drug
screening of natural compounds and crystal structure using
AutoDock Vina experiments four the main inflammatory
proteins were induced due to LPS induction. The target
proteins were NF-κB, MAPK, NLRP3, and TNF-α with ID.
4DN5, 6MC1, 6NPY, and 7Kp9, respectively.

Preparation of Target Protein for In Silco Study. The
protein structure is the crystal structure of 4DN5, NF-kB-
inducing kinase (NIK), 6MC1 (MAPK), and the structure of
MAP kinase phosphatase 5. 7KP9, TNF-α, and the proteins
were retrieved from the Protein Data Bank. Ligands were
removed from the proteins using PyMol. InPyMol is saved in
PDB format for docking analysis.105

Preparation of Polyphenolics Ligand for In Silco
Study. 3D (polyphenolic) structures were retrieved from the
ZINC database. Results from an HPLC examination of GOE
extract were used to inform the selection of natural
compounds; the zinc ID is listed in a table in the Supporting
Information (S1).

ADME Analysis (Pharmacodynamics and Pharmaco-
kinetics) of the Polyphenolics. An ADME study was
carried out to assess the medicinal chemistry, pharmacoki-
netics, and drug-likeness of the found polyphenolic com-
pounds. Lipinski’s rule106 of five was used to guide the analysis
using the open-source server SwissADME.107 This study
excluded constituents in the database that satisfied fewer
than three criteria from further analysis.
Autodocking Using Natural Polyphenolic Compounds

against Different Inflammatory Biomarkers Proteins. The
docking experiment software Auto Dock Vina 1.0 was used in

Table 3. Different Groups of the GOE Experiment

Group Treatment

Group I (control group) Received saline solution with intraperitoneal
(i.p.) application and was considered a
negative group (control); for 1 week

Group II (induction group) Received i.p. 5 [mg/(kg of body weight)]/
day LPS and served as induction
(inflammatory group)

Group III (extract group) Received i.p. 200 (mg/kg)/day GOE and
served as an extract group.

Group VI (protected) Received i.p. GOE (200 mg/kg)was
administered for 2 h before treatment with
LPS+ algal extract and consider a protected
group
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this investigation. Using Auto Dock Tools 1.5.6, the grid box
that was used to pinpoint the active site in the protein pocket
was produced. The autodocking settings for each protein are
displayed in the Supporting Information Table S2. All of the
program’s other settings are left at their default values. PyMol
pogroms and BIOVINA Discovery Studio Visualizer 4.0 were
used to create visual representations of the docking data.108

The Grid parameters of each protein are listed in
supplementary data.

Statistical Analysis. An experiment’s average and standard
deviation (SD) are expressed as an average and standard
deviation. Using Duncan’s test, we performed the following
analysis of variance: 0.05 was set as the significance level.
GraphPad Prism 5 was used to create all graphs.
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