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Abstract

Background: Tumour necrosis factor ligand superfamily member 8 (TNFL8) is a cytokine that plays vital roles in
immune activations and inflammatory responses through its interaction with the tumour necrosis factor superfamily
member. Despite multiple studies on the involvement of its receptor in the inflammatory response, there is limited
information on the molecular characterization and structural elucidation of the cytokine. Considering the
significance of the cytokine, the three-dimensional structure of TNFL8 model was generated by homology
modelling through the Iterative Threading ASSEmbly Refinement (I-TASSER) server and validated through
PROCHECK and Qualitative Model Energy Analysis (QMEAN) servers.

Results: The predicted structure has 90.00% of residues in the most favoured region of the Ramachandran
plot while the QMEAN value gives − 3.06. The sequence and structural alignment between the generated
model of the cytokine and template (1XU2) reveal that similar active site residues such as ILE-142, THR-175,
GLU-178, and PHE-228 could be involved in binding pocket formation. However, docking studies of the 3D
model of TNFL8 with eight phytochemicals from the extract of Xylopia aethiopica (Dunal) A. Rich revealed
the phytochemical bound to two different binding sites which could be the active regions of the cytokine
that could be essential for inhibition. More so, the docking analysis showed most of the
phytochemicals have good binding affinity to the cytokine with ellagic acid showing the highest affinity
with a binding energy of − 6.58 ± 0.18 kcal/mol.

Conclusion: The proposed model may shed light on the mechanisms of TNFL8 binding and provide
insights into the identification of potential molecular targets for the development of the novel compound
for the regulation of the functional activities of the cytokine.
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Background
Tumour necrosis factor ligand superfamily member 8
(TNFL8) is a cytokine that plays modulatory roles on the
biologic activities of tumour necrosis factor superfamily
member 8 (TNFRSF8). Interaction of TNFL8 with cells
expressing TNFRSF8 could induce cell proliferation or cell
death [1]. TNFRSF8 (also known as CD30) is an inducible
transmembrane receptor expressed on activated T cells,
NK cells, B cells, and macrophages. It is also a known
tumour marker usually expressed on many kinds of
lymphoma and subsets of hyperactive T- and B-cell neo-
plasms [2, 3]. The receptor contains an extracellular do-
main through which the TNFL8 binds and an intracellular
domain responsible for mediation of various cellular re-
sponses, such as proliferation, differentiation, and apop-
tosis through recruitment of the TNFR-associated factor
family of intracellular adapter molecules and subsequent
activation of downstream protein kinase cascades and
transcription factors such as the NF-κB and AP-1 family
[4, 5]. Tumour necrosis factor superfamily (TNFSF) li-
gands have been associated with costimulatory signals that
regulate cell survival, cell proliferation, and cell differenti-
ation. Thus, they play important roles in the pathogenesis
of chronic inflammatory diseases such as atopic derma-
titis, lupus erythematosus, rheumatoid arthritis, and
asthma [6, 7]. Furthermore, TNFRSF8 is assumed to play
an immunomodulatory role in the development of normal
T cell through the elimination of autoreactive T cells and
negative selection of CD4+/CD8+ thymocytes [8]. Clinical
significance of the cytokine has been associated with the
monitoring of immune activations and elevated levels are
found in patients with chronic infection [9]. Therapeutic
compounds targeting the TNFRSF8/TNFL8 system have
been reported to be effective therapies against the devel-
opment of chronic inflammatory diseases [6]. Brentuxi-
mab vedotin (Fig. 1), an antibody drug conjugate
consisting of combinations of a cytotoxic compound and
a selective monoclonal antibody, is an example of such
compounds. This agent has been used clinically for the
treatment of various types of lymphoma [11].
Despite the assumed clinical importance of TNFL8, its

molecular mechanism of action of the ligand is less
understood. This could probably be related to slow pro-
gress in solving the TNFL8 structures. The knowledge of

any protein structure underscores the understanding of
the molecular functions of such a protein and its adapta-
tion for drug design [12]. Over the past decades,
computer-based methods have been developed for pre-
dicting the three-dimensional structure of a protein
through algorithms to understand the details of a spe-
cific protein. These methods construct models based on
the evolutionary relationship between the target se-
quence and a related template structure [13]. These
computational tools are usually employed to predict the
probable properties of proteins vis-à-vis the physico-
chemical, functional, and structural proprieties of the
protein, and their interactions with biomolecule in a liv-
ing cell [14]. Thus, the current study aimed at predicting
the structural modelling and functional properties of
TNFL8 as this could also enhance research into the
modulatory mechanisms of TNFRSF8/TNFL8 interac-
tions and signal mediation.

Methods
Data retrieval and structural modelling
The primary sequence of human tumour necrosis factor
ligand superfamily member 8 was retrieved from the
UniProt database (https://www.uniprot.org/) with Uni-
ProtKB ID P32971. SOPMA was used for the prediction
of the cytokine’s secondary structure (https://npsa-prabi.
ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_
sopma.html) [15]. The I-TASSER server (https://
zhanglab.ccmb.med.umich.edu/I-TASSER/) was used in
modelling the tertiary structure [16, 17]. The predicted
model of the protein was refined through the GalaxyRe-
fine web server (http://galaxy.seoklab.org/cgi-bin/submit.
cgi?type=REFINE2) [18]. The structural characterization
of the cytokine was carried out through the Ramachan-
dran plot as obtained using the PROCHECK server
(https://servicesn.mbi.ucla.edu/PROCHECK/) [19, 20]
and also through the Qualitative Model Energy Analysis
(QMEAN) using QMEAN Version 4.1.0 through the
Swiss Model server (https://swissmodel.expasy.org/
qmean/) [21]. After validation of the 3D structure of the
protein, further ligand-binding sites were analysed using
COFACTOR (https://zhanglab.ccmb.med.umich.edu/
COFACTOR/) [22].

Fig. 1 Structure of brentuximab vedotin [10]
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Cytokine-ligand docking and molecular dynamics
The structures of xylopic acid, caffeic acid, chlorogenic
acid, ellagic acid, apigenin, rutin, kaempferol, and quer-
cetin (PubChem CID: 354614, 689043, 1794427, 5281855,
5280443, 5280805, 5280863, and 5280343, respectively)
were obtained from PubChem (https://pubchem.ncbi.nlm.
nih.gov/) (Fig. 2) [23]. Open Babel was used to generate
the pdbqt files [24]. Molecular docking studies were car-
ried out in Auto Dock Vina [25]. The docking was per-
formed within a restricted search space with centre set at
X, 57.9893; Y, 67.4664; and Z. 61.7083 and dimension (A°)
set at X, 25.0000; Y, 25.0000; and Z, 25.0000. PyMOL ver.
1.1eval (De Lano Scientific LLC, CA, USA) was used for
the visualization and graphical representations. The iden-
tification of non-covalent interactions between the model
cytokine and the selected ligands was carried out by
Protein-Ligand Interaction Profiler (https://projects.biotec.
tu-dresden.de/plip-web/plip) [26]. The molecular dynam-
ics simulations were carried out using the CABS-flex 2.0
server to evaluate the cytokine structural flexibility and
stability of the cytokine-phytochemical complexes [27].

The root-mean-square fluctuations (RMSF) were obtained
based on the MD trajectory or NMR ensemble with the
default options.

Results
Data retrieval and structural modelling
The primary sequence of TNFL8 obtained from the Uni-
Prot database with accession no. P32971 and analysed
through the ProtParam web server indicates that the
cytokine contains 234 amino acids residues (Fig. 3). The
analysis of the secondary structure was performed using
SOPMA. The cytokine was predicted to exist in four
states with 25.64% alpha-helix, 29.49% extended strand,
5.98% beta-turn, and 38.89% random coil (Fig. 4). The
first five models predicted as 3D coordinate files from
the I-TASSER server using the template sequences iden-
tified by LOMETS (Table 1) are presented in Fig. 5 with
their respective c-scores. The resulted overall quality
scores for all the models ranged from 41.6 to 50.7% as
the percentage of the amino acid residues in the most
favoured regions of the Ramachandran plot and − 18.03

Fig. 2 Depiction of chemical structures of the selected compounds as obtained from the PubChem database

Fig. 3 Primary sequence of TNFL8
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to − 14.42 QMEAN4 value (Fig. 6). The quality assess-
ment of the selected model through the Ramachandran
plot and QMEAN Z-scores obtained when refined
through GalaxyRefine server showed 90.00% of the
amino acids were under favoured region (red area), 8.6%
was under the allowed region (yellow area), and 1.4%
was observed under the disallowed region (Fig. 7) while
the qualitative model energy analysis showed a QMEAN
Z-scores value of − 3.06 (Fig. 8). The biological annota-
tions of the cytokine based on the refined I-TASSER
predicted structure deduced the ligand-binding site resi-
dues are ILE-142, THR-175, GLU-178, and PHE-228 as
analysed via COFACTOR based on 1XU2 (the PDB Hit)
as the template protein (Fig. 9).

Cytokine-ligand docking and molecular dynamics
The results of the respective binding energies and mo-
lecular interactions of the compounds identified from
the fruit of X. aethiopica with the predicted model are

presented in Table 2 and Fig. 10. The results of the com-
parative analysis reveal that the binding affinity of the
compounds ranged from − 5.22 ± 0.26 to − 6.58 ± 0.18
kcal/mol with ellagic acid having the highest binding-
free energy followed by rutin (− 6.30 ± 0.24 kcal/mol),
while caffeic acid had the least binding-free energy. The
molecular illustrations of the interaction of the predicted
model with the compounds are shown in Fig. 10 along
with their corresponding interacting residues identified.
The two noticeable binding sites were identified in the
model structure through which the phytochemicals
interacted with the ligand (Fig. 11). The investigations of
interactions of the selected compounds with the ligand
based on molecular dynamics are presented in Fig. 12.
The RMSF graphs showed the flexibility of the amino
acids were relatively low for the structures with bound
phytochemicals compared to the wild-type TNFL8 with-
out bound phytochemicals.

Discussion
The secondary structure reveals the recurring arrange-
ments in space of adjacent amino acid residues in the
cytokine. The proportion of the coil region demonstrates
the stability of the protein [28]. The corresponding
amino acid sequence was submitted to I-TASSER server
to generate an ensemble of structural conformations
when matched with template sequences identified by
LOMETS, a meta-server containing multiple threading
programs, from the PDB library (Table 1). The templates
are experimentally determined protein structures with
maximum similarity with the submitted sequence
aligned through TM-align structural alignment program
algorithms [16]. The templates of the highest signifi-
cance in the threading alignments measured by the Z-
score were used. The generated ensemble of structural
conformations, called decoys, were clustered through the
SPICKER program based on the pair-wise structure
similarity to predict the top five models ranked based on
their corresponding C-scores (Table 2, Fig. 5). The re-
spective quality of the tertiary structures of the predicted

Fig. 4 The predicted secondary structure of TNFL8. h= alpha-helix; e= extended strand; t= beta-turn; c= random coil

Table 1 Top 10 threading templates used by I-TASSER

Rank PDB Hit Iden1 Iden2 Cov Norm. Z-score

1 4msvA 0.20 0.18 0.57 1.27

2 4msvA 0.19 0.18 0.56 1.91

3 4msvA 0.21 0.18 0.56 1.71

4 3it8 0.22 0.15 0.59 2.77

5 3it8 0.23 0.15 0.59 2.06

6 4msvA 0.19 0.18 0.56 1.76

7 2re9 0.21 0.17 0.57 3.00

8 2e7aA 0.23 0.14 0.58 1.83

9 6iy9A 0.20 0.25 0.89 0.87

10 2re9A 0.22 0.17 0.56 3.75

Ident1 percentage sequence identity of the templates in the threading aligned
region with the query sequence, Ident2 percentage sequence identity of the
whole template chains with query sequence, Cov the coverage of the
threading alignment and is equal to the number of aligned residues divided
by the length of query protein, Norm. Z-score normalized Z-score of the
threading alignments. Alignment with a normalized Z-score > 1 mean a good
alignment and vice versa
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Fig. 5 Top 5 final models predicted by I-TASSER ① model 1, ② model 2, ③ model 3, ④ model 4, and ⑤ model 5

Fig. 6 Quality of ① model 1, ② model 2, ③ model 3, ④ model 4, and ⑤ model 5 predicted by I TASSER showing a the Ramachandran plots
showing the percentage of the residues in most favoured regions (RMFR) and b QMEAN showing the sequence coloured by local quality with
the colour gradient ranges from orange (low quality) to blue (high quality) and QMEAN4 value

Oso et al. Future Journal of Pharmaceutical Sciences           (2021) 7:116 Page 5 of 12



Fig. 7 Ramanchandran plot showing the residues in most favoured regions [A,B,L] = 188, residues in additional allowed regions [a,b,l,p] = 18,
residues in generously allowed regions [~a,~b,~l,~p] = Nil, residues in disallowed regions = 3, number of non-glycine and non-proline residues =
209, number of end-residues (excl. Gly and Pro) = 2, number of glycine residues (shown as triangles) = 12, and number of proline residues = 11

Fig. 8 Qualitative model energy analysis showing the a Global Quality Score, b local quality estimate, c comparison with a non-redundant set of
PDB structures, d predicted 3d structure, and e sequence coloured by local quality. The local quality increases with the colour gradient from
orange (low quality) to blue (high quality)
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models from I-TASSER was assessed through the Rama-
chandran plots obtained from PROCHECK, a server that
determines the stereochemical quality of protein struc-
tures and QMEAN, an accuracy prediction score [20–
22]. The obtained values were lower than the acceptable
values of the respective analysis whereas an acceptable
protein model would be predictable to have over 90% in
the most the favoured regions in the Ramachandran plot
based on an analysis of 118 structures of resolution of at
least 2.0 Å and the QMEAN4 value must be around zero
and not below − 4.0 as an indication of the degree of na-
tiveness of the model to an experimental structure of
similar size [21]. Thus, further refinements of the pre-
dicted models were performed to minimize the probable
errors in the predicted structures via the GalaxyRefine2
server and ranked based on their respective Galaxy ener-
gies. The server adopts an iterative optimization ap-
proach for refining proteins and generates several
models with more structural deviations from the submit-
ted model. The iteratively refined models were further
validated through Ramachandran plots obtained from
PROCHECK and QMEAN [19–21]. The best model was

selected objectively based on the quality of the protein
structure. The Ramachandran plot obtained for the qual-
ity assessment of the selected model showed that 90.0%
of the structure was under favoured region (red area),
8.6% was under the allowed region (yellow area), and
1.4% was observed under the disallowed region, signal-
ling a high quality of the predicted structure (Fig. 7).
The amino acid residues in the disallowed region are
VAL-27, ALA-28, and ASN-109. Additionally, the quali-
tative model energy analysis showed a QMEAN Z-scores
value of − 3.06, which is an acceptable score as the value
is greater than − 4.0 (Fig. 8a) [21]. This indicates the
homology model has a good agreement with the experi-
mental structures of similar size. The predicted Z-score
compares the interaction potential between Cβ-
interaction energy, all atoms pair-wise energy, the solv-
ation potential, and the torsion angle potential [29]. The
estimate of the local quality (Fig. 8b) shows a larger pro-
portion of the residues (x-axis) of the model have high
quality in comparison with the native structure (y-axis)
with scores above 0.6 (Fig. 8c). The comparison with the
non-redundant set of PDB structures relates the quality
scores of the model with obtainable scores for experi-
mental structures of similar size. This showed the model
has a normalized QMEAN4 score within 1.0 and 2 of
the standard deviation of the mean of z score (|Z-
score|). This is also indicated by the sequence coloured
by local quality (Fig. 8d, e).
Activation of TNFR in response to TNFL8 stimulation

induces the recruitment of signalling proteins that medi-
ate signal transduction events which are capable of eli-
citing stimulatory signals such as the production of the
pro-inflammatory chemokine [30] Targeting TNFRSF8/
TNFL8 interactions has been reported to be a useful
mechanism in the regulation of pathophysiologic roles of
TNFRSF8/TNFL8 activities mostly in oncology and
chronic inflammatory diseases [6]. Therapeutic anti-
bodies targeting the TNF family members have been
found to exert antagonist signalling effects on the
physiologic functions of TNFRSF8 by blocking TNFR
SF8/TNFL8 interactions. Moreover, therapeutic agents
derived from natural sources have been reported to pos-
sess the ability to suppress the expression and signalling
of TNF family members [31]. Furthermore, consumption
of strawberry significantly decreased soluble TNFR in a
randomized cross-over double-blind placebo-controlled
trial [32]. The predicted binding sites (Fig. 9) identified
through COFACTOR could be targets of potential sub-
strates or inhibitor. The conformational analysis of the
cytokine with ligands was simulated through molecular
docking to analyse the molecular interaction of the bio-
active compounds from Xylopia aethiopica (Dunal) A.
Rich fruit with the selected model. The ligands selected
were based on a previous report on the interaction of

Fig. 9 Predicted ligand-binding sites
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TNFL8 with the extracts of X. aethiopica [33]. X. aethio-
pica is a spice that has been used in orthodox medicine
for the management of various diseases associated with
a dysfunctional inflammatory response in various regions
of West Africa [34]. The pharmacologically active com-
pounds present in the fruit include L-pinocarveol, 13-
epimanoyl oxide, 4-terpineol, apigenin, caffeic acid,
chlorogenic acid, cis-α-copaene-8-ol, cumic alcohol, el-
lagic acid, eudesma-1,3-dien-11-ol, kaempferol, linoleic
acid, linolenic acid, myrtenol, o-cymene, oleic acid, pal-
mitic acid, palmitoleic acid, quercetin, rutin, stearic acid,
xylopic acid, α-pinene, α-terpineol, 1,8-cineole, and β-
pinene [33, 35, 36].
Different therapeutic compounds could induce dis-

tinctive pharmacodynamic responses based on variability
in their binding modes and binding affinities. The
binding-free energies reflect the respective binding affin-
ity of the eight phytochemicals to the model. The results
showed that the cytokine interacted favourably with the
selected phytochemicals with ellagic acid having the
highest binding affinity since it possesses the least
binding-free energy followed by rutin and apigenin as
presented in Table 2, while caffeic acid was the least
among the eight phytochemicals with the binding energy
of −n5.22 ± 0.26 kcal/mol. This indicated the bioactive
compounds from the fruit Xylopia aethiopica could

impair the functionality of the cytokine as presented
through the in vivo study. These phytochemicals have
earlier been reported by different studies to downregu-
late many degenerative processes particularly those that
are related to inflammatory responses [34, 37].
The prediction of binding sites and visualization of

relevant non-covalent interactions in the 3D structures
were carried out via the PLIP server to understand the
biochemical functionality vis-à-vis the responses of the
protein to drugs (Table 2, Fig. 10). Xylopic acid and
quercetin formed common hydrophobic interaction pat-
terns with PRO-69 and a hydrogen bond to ASP-66 via
their carboxyl groups. All the selected ligands interacted
with the TNFL8 through hydrophobic contacts and
hydrogen bindings. Caffeic acid, chlorogenic acid, and el-
lagic acid formed salt bridges with some amino acid resi-
dues of the cytokine via their carboxyl groups. Individual
interaction sub-patterns were identified among the li-
gands with one of the most unique interaction patterns
revealed in the complex with ellagic acid and rutin,
where analogous π-stacking with HIS-122 and π-cation
interactions with ARG-64 occurred. π-Stacking which
indicates the non-covalent interactions between aro-
matic rings and π-cation interactions have long been
known as major constituents of ligand-protein interfaces
[38, 39]. Furthermore, the interactions of the

Table 2 Binding energy and non-covalent interaction of TNFL8 with the selected phytochemicals

Ligands PubChem
ID

Binding
energy
(kcal/mol)

Non-covalent interaction

Hydrophobic interactions Hydrogen bond Salt bridges π-Stacking π-Cation interactions

Xylopic acid 354614 − 5.76 ± 0.39 VAL-62
PRO-69

THR-65
ASP-66

- - -

Caffeic acid 689043 − 5.22 ± 0.26 PRO-69
LYS-117

ASN-70 LYS-117 - -

Chlorogenic acid 1794427 − 5.86 ± 0.45 ARG-64
ILE-68
PRO-72
PHE-95

ASN-70
GLY-123

ARG-64
HIS-122

- -

Ellagic acid 5281855 − 6.58 ± 0.18 VAL-61 ARG-64
ASN-70
GLY-123

ARG-64
HIS-122

HIS-122 ARG-64

Apigenin 5280443 − 6.18 ± 0.15 VAL-61
THR-65
ASN-70
PRO-72

ARG-64
LEU-121

Rutin 5280805 − 6.30 ± 0.24 PHE-95
TRP-99

ASN-70
LEU-121
GLY-123

- HIS-122 ARG-64
HIS-122

Kaempferol 5280863 − 6.12 ± 0.10 LYS-117 SER-71
PRO-76
ASP-118
GLY-119

- - -

Quercetin 5280343 − 6.12 ± 0.15 PRO-69
LYS-117

ASP-66
SER-71
ASP-118
GLY-199

- -
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Fig. 10 The identification of non-covalent interactions between TNFL8 and the selected ligands a xylopic acid, b caffeic acid, c chlorogenic acid,
d ellagic acid, e apigenin, f rutin, g kaempferol, and h quercetin

Fig. 11 Two binding pockets (A and B) for the phytochemicals a full and b close up
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phytochemicals with the cytokine were found to occur
in two binding pockets for the different ligands. The li-
gands found in pocket A are chlorogenic acid, apigenin,
rutin, and ellagic acid, while those in pocket B are xylo-
pic acid, caffeic acid, quercetin, and kaempferol (Fig. 11).
This implies that the binding of phytochemicals could
induce allosteric modulation which could thus regulate
the physiological functions of the cytokine [40]. Com-
mon residues found in pocket A where chlorogenic acid,
apigenin, rutin, and ellagic acid bound include ARG-64
and ASN-70 whereas PRO-69 was common in pocket B
where xylopic acid, caffeic acid, quercetin, and kaemp-
ferol are present. This study indicates that the selected
bioactive compounds most especially ellagic acid, api-
genin, and rutin which demonstrated the highest dock-
ing interaction energies toward the cytokine could have
sufficient specificities and potencies to bind and modu-
late the function of TNFL8. Moreover, ASN-70 and
ARG-64 in pocket A to which the phytochemicals
with lower binding energies anchored could be the
key residues at the active site of the cytokine.

Notably, the interaction model proposed corroborated
a previously available study on the inhibition of the
expressions of splenic TNFRSF8 by ethanolic extract
of X. aethiopica [37].
The flexibility of the cytokine and its complexes with

the selected phytochemicals were simulated using an on-
line tool (CABS-flex 2.0 server) [41]. The cytokine-
phytochemical interactions generated RMSF graphs were
evaluated based on the RMSF. The protein structural
simulation generated RMSF graphs showed the flexibility
of the amino acids were relatively low for the complexes
while compared to the wild-type TNFL8 without bound
phytochemicals. Caffeic acid had relatively higher fluctu-
ations compared to the other phytochemicals. The
changes in the fluctuations of the residues at the pockets
where the phytochemical binding occurred indicate the
interactions of the selected phytochemicals at the active
sites of TNFL8 could enhance the rigidity of the amino
acids in the active sites. Thus, the binding of the phyto-
chemicals with TNFL8 could influence the TNFL8/
TNFRSF8 interactions and subsequence biologic

Fig. 12 Molecular dynamics simulation showing the RMSF of a the wild-type TNFL8 and the complexes between TNFL8 and b xylopic acid, c
caffeic acid, d chlorogenic acid, e ellagic acid, f apigenin, g rutin, h kaempferol, and i quercetin
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functions and the innate capability to initiate cellular re-
sponses. This could corroborate the therapeutic actions
of these compounds to disorders that are associated with
inflammatory responses [34, 37].

Conclusion
The study provides an alternative to the experimental
structure determination of TNFRSF8 through an array
of independent algorithms. Besides, the results of the
molecular docking analysis were consistent with the pre-
viously reported in vivo activity of an extract containing
the selected phytochemicals on TNFL8 in Wistar rat
model. The structural model could provide a detailed
understanding of molecular processes useful in the de-
velopment of therapeutics in inflammatory disorders.
However, experimental techniques such as X-ray crystal-
lography and nuclear magnetic resonance are recom-
mended to corroborate the changes in structure and
dynamics between the free and bound forms of TNFL8.
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