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Abstract
Ten sesquiterpene lactones isolated from Anvillea garcinii (Burm.f.) DC ethanolic extract were assessed
for their anti-inflammatory potential by myeloperoxidase (MPO) activity assignment, and ‎mice paw
swelling model. 3α,4α-10β-trihydroxy-8α-acetyloxyguaian-12,6α-olide (1), epi-vulgarin (3), 9a-
hydroxyparthenolide (4), garcinamine C (7), garcinamine D (8), garcinamine E (9), and 4, 9-
dihydroxyguaian-10(14)-en-12-olide ‎(10) showed explicit ‎anti-inflammatory activity in rodent paw oedema
and MPO assignment.

The findings of this study showed that the α-methylene γ-lactone moiety does not always guarantee an
anti-inflammatory effect, but the presence of proline at the C3 of the lactone ring improves the binding of
sesquiterpene lactones with MPO isoenzymes, resulting in a more potent inhibition.

Introduction
Natural remedies and knowledge of their therapeutic potential have been used in nations for a long time,
and these natural-based medications have been used to treat various diseases (Hamedi et
al.2017a,Hamedi et al.2017b,Seri et al.2017). Based on evidence-based therapeutical findings in treating
non-communicable diseases, interest in identifying natural bioactive metabolites and designing modern
synthetic lead molecules based on them has grown in recent years. According to statistical data, more
than 70% of the population in various countries currently uses natural remedies alone or in combination
with official drugs (Gurib-Fakim.2006,Ríos et al.2015). Surveys of traditional Middle Eastern medicines
revealed that a dozen of this region's medicinal plants are members of the Asteraceae family (Abu-
Odeh;Talib.2021,Bahmani et al.2014,Michel et al.2020). Anvillea is a well-known Asteraceae genus that is
widely distributed in Western Asia. Aerial parts of it are used by regional populations in various forms
(infusions, decoctions, or tropical) to treat various ailments such as swelling, skin joint inflammation,
arthritis, sore throats, chest colds, gastrointestinal disorders, and pulmonary disorders
(Hammiche;Maiza.2006,Jamila;Mostafa.2014). Many studies have revealed the abundance of
sesquiterpenes in these genera. For example, 9α-hydroxyparthenolide and 8α, 9α-epoxyparthenolide were
isolated from A. radiata aerial parts, and garcinamine E, 4α,9α,10α-trihydroxyguaia11(13) en-12,6α-olide,
germacrene, and 9β-hydroxyparthenolide-9-O-β-D-glucopyranoside were isolated from A. garcinii
(Kandouli et al.2017,Perveen et al.2020). In addition to phytochemical studies, numerous studies have
discovered that sesquiterpene lactones have anti-inflammatory activity via various mechanisms,
including NO production and TNF-α inhibition. For instance, cynaropicrin, helenalin, tricarabrols A–C,
budlein A, 8α-hydroxyhirsutinolide, 8α-hydroxyl-1-O-methylhirsutinolide, and many others (Cho et
al.2000,Lyss et al.1997,Valério et al.2007,Youn et al.2012,Yuan et al.2020). The aim of this study is to
evaluate the anti-inflammatory potential of ten sesquiterpene lactones isolated from, A. garcinia.

Materials And Methods

Plant Material
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During the flowering stage of the plants, leaves of A. garcinia (Asteraceae) were collected in Riyadh
(Saudi Arabia) in March 2020 and identified in the College of Pharmacy, King Saud University, with
voucher number KSU-21599. This sample was placed in the King Saud University Herbarium (Department
of Pharmacognosy), Riyadh, Saudi Arabia.

Extraction and purification of sesquiterpene lactones
The extraction, isolation, and structure elucidation methods have been the same as published earlier (Aati
et al.2021,Perveen et al.2018a,Perveen et al.2020,Perveen et al.2019,Perveen et al.2018b). One kg of A.
garcinia dried leaves ‎was extracted three times with 15 L of 80 percent methanol, and the filtrate was
concentrated by a rotary evaporator under reduced pressure. This crude extract (100 g) was suspended in
1 L H2O and then subsequently fractionated by chloroform, n-butanol, and residual water. The n-butanol
fraction was subjected to silica gel column chromatography and eluted with a gradient chloroform:
methanol (9.5:0.5→1.0:9.0) as mobile phase. Nine sub-fractions (sub-fr1–9) were afforded for further
purification, which was completed by using silica gel (with gradient mixtures of chloroform /methanol
and dichloromethane/ methanol) and C-18 reverse phase column chromatography (with a gradient
mixture of water/methanol). Silica gel F254 precoated plates (E. Merck, Darmstadt, Germany) were used
for future purification. For compound detection, a ceric sulfate spray was applied at 254 nm.

Based on these procedures, ten known sesquiterpene lactone molecules (1–10) ‎were yielded from A.
garcinia, and their structures were identified based on various ‎1D and 2D-NMR ‎ spectroscopic methods.
The proton and carbon 1D and 2D-NMR data were gathered with a Bruker AMX-500 spectrometer [1H
NMR, TOCSY and ROESY, HSQC, COSY, NOESY, and Carbon-13 (125 MHz)]. Chemical shifts (δ; in ppm,
relative to tetramethyl silane (TMS) as standard) and coupling constants (J; in Hertz scale (Hz)) are
reported.

The purified sesquiterpene lactones were identified as 3α,4α-10β-trihydroxy-8α-acetyloxyguaian-12,6α-
olide (1), 3α,4α-10β-trihydroxy-guaian-12,6α-olide (2), epi-vulgarin (3), 9a-hydroxyparthenolide (4), 9b-
hydroxyparthenolide (5), 9α-hydroxyparthenolide-9-O-β-D-glucopyranoside (6), garcinamine C (7),
garcinamine D (8), 4,9-dihydroxyguaian-10(14)-en-12-olide (9), and garcinamine E (10) (Fig. 1). The
spectral data is attached as a supplementary file.

Experimental animals

Male BALB/c mice (weighing 25–30 g) were kept in a standard environmental condition with 12–12
hours of the light-dark cycle at 23 ± 1ºC, 40% relative humidity, and a standard cereal-based diet. All
experimental procedures were conducted based on Shiraz University of Medical Science guidelines about
the use and care of laboratory animals under the institutional ethics committee
(IR.SUMS.REC.1399.1352). Investigating paw inflammation in the current study also complies with the
ARRIVE guidelines (Kilkenny et al.2010). The animals were divided into 13 groups (n = 5 per group). Acute
carrageenan paw oedema was used as an inflammation model, with 200 µL carrageenan solution (1%
w/v) injected into the right plantar tissue of the hind paw. Indomethacin (5 mg/kg, i.p., as a standard anti-
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inflammatory drug) and isolated compounds (10 mg/kg, i.p.) were injected one hour before the paw
edema inflammation initiation. It should be noted that due to the small amount of purified molecules
(approximately 10 mg), we could use one dose of this substance in animal studies. The anti-
inflammatory potential of isolated compounds was then evaluated 3.5 hours after carrageenan-induced
inflammation (Sharma et al.2004).

Assessment of paw edema
A volume displacement plethysmometer (Ugo Basile, Italy) was used to measure mice paw swelling 1
hour before oedema initiation and 3.5 hours after treatments. The anti-inflammatory potential of each
compound was calculated based on the hind paw swelling inhibition according to the previously reported
equation: % Inflammation = (A-B/B) × 100. In this formula, A is carrageenan-induced hind paw thickness
after 3.5 h, and B is early hind paw thickness before carrageenan injection (Sharma et al.2004).

Myeloperoxidase (MPO) activity assignment
Following deep anesthesia (thiopental, 80 mg/kg, i.p), ‎100 mg‎ of each paw tissue was homogenized in a
hexadecyl-trimethyl-ammonium bromide (HTAB) solution prepared by dissolving 0.5% w/v HTAB in 50
mM potassium phosphate buffer; pH = 6 at 4°C. Samples were centrifuged (3000 g, 20 min, 4°C), and 100
µL, the supernatants were added to 2.9 mL of potassium phosphate buffer (50 mM) containing O-
dianisidine hydrochloride (16.7 mg/100 mL) and 0.0005% hydrogen peroxide. After 5 min incubation of
samples at 25°C by adding 100 µL of 1.2 M hydrochloric acid, any possible reaction was stopped, and
each sample absorbance was measured by an EPOCH® plate reader at 400 nm (Liu et al.1999).

Preparation of ligands and receptor
The myeloperoxidase crystal protein structures (7LAE, 7LAG, and 7LAN) were collected from the RCSB
protein database. Chem3D 17.1 was used to perform 3D energy minimizations on all isolated
sesquiterpenes using the MM2 method. For ligand docking, visualization, and any ligand-receptor binding
interaction, iGEMDOCK Version 2.1 (http://gemdock.life.nctu.edu.tw/dock/) was used. Several
parameters contribute to the iGEMDOCK function scoring, including hydrogen bonding, electrostatic
bonding, Van der Waals, and steric energies (Vishvakarma et al.2019,Ya-Di et al.2011). This software
automatically selects the receptor active box center and ligand binding site space before computing the
ligand-receptor conformational binding interaction based on a generic evolutionary method. An accurate
docking mode was run with the following parameters: binding site size of 8, Å, the population size of n = 
800, generations n = 80, and the number of solutions n = 10. Co-crystallized ligands were used to ensure
docking study validation (ligand orientation and position).

Control docking results showed a very good alignment between the original orientation of co-‎crystallized
ligands and the experimental orientation of the docked compounds in active boxes (Yang;Chen.2004).

Based on the total minimum binding energy, the scores of all compounds were considered for further
screening of myeloperoxidase activity inhibitory potential (kilocalories per mole). The ligands' geometries,
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as well as cavities' box cavities and amino acid interactions, were analyzed using iGEMDOCK Version 2.1
and Discovery Studio visualizer Version 16. 1.0. 15350 (Sharma;Raghav.2021).

ADME properties
Studies on the absorption, distribution, metabolism, and elimination (ADME) of molecule properties are
beneficial in new compound prediction for drug-likeness, membrane permeability, absorbance,
metabolism, and other necessary parameters (Lipinski.2004,Veber et al.2002). In this study, various
biological, chemical, and drug-likeness factors were calculated using an online server,
https://admetmesh.scbdd.com/, and http://swissadme.ch/ (Satpathy et al.2021,Wang et al.2022).

Statistical analysis
The mean ± standard deviation (SD) of at least 5 experiments was applied for all materials. The anti-
inflammatory activity of the paw edema and MPO inhibitory results were calculated using GraphPad
Prism version 7 (GraphPad Prism Software, San Diego, CA). A one-way analysis of variance (ANOVA) was
used to compare all groups statistically. The significant level was set at p ≤ 0.05.

Results And Discussion
An earlier study on the n-butanol fraction of an ethanolic extract of A. garcinii aerial parts revealed a high
concentration of sesquiterpenoids in this plant. Various chromatographic approaches yielded ten known
compounds (1–10) (Fig. 1) (Aati et al.2021,Perveen et al.2020). The compounds' structures were
determined using one- and two-dimensional NMR spectroscopy and electrospray ionization mass
spectrometry (ESI-MS). The following ten molecules were identified: 3α,4α-10β-trihydroxy-8α-
acetyloxyguaian-12,6α-olide (1), 3α,4α-10β-trihydroxy-guaian-12,6α-olide (2), epi-vulgarin (3), 9a-
hydroxyparthenolide (4), 9b-hydroxyparthenolide (5), 9α-hydroxyparthenolide-9-O-β-D-glucopyranoside (6),
garcinamine C (7), 9-garcinamine-D (8), 4,9-dihydroxyguaian-10(14)-en-12-olide (9) and garcinamine E
(10) (Fig. 1).

The paw edema anti-inflammatory assay on compounds (1–10; 10 mg/kg, i.p) revealed that the
following five compounds (1, 4, 7, 8, and 10) had the best effect, though there was only a very slight
difference between these compounds and indomethacin as the standard. Similarly, compounds 1, 4, 7, 8,
and 10 exhibited significant anti-inflammatory effects in the MPO assay (Figs. 2 and 3). In this case, the
aforementioned compounds outperformed their better potential.

In conclusion, based on our findings, garcinamine C-E had the best anti-inflammatory effect in this study.
According to these findings and computational predictions, it appears that certain structural
compartments play an essential role in the anti-inflammatory effects of these compounds (Fig. 1).
Although it seems that the green highlighted part is a fundamental element for any anti-inflammatory
effect, the proline or other substituents (highlighted in red) attached to this fundamental part play a
booster role; some of the less effective parts in chemical structures are also determined by yellow color.
Previous studies have confirmed our findings about these structural compartments of sesquiterpene
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lactones. For example, saussureamines A and B (two prolinated sesquiterpene lactones isolated from
Saussurea lappa Clarke roots) have significant inhibitory potential on NO production in
lipopolysaccharide (LPS)-activated mouse peritoneal macrophages. Pulchellamin G, a powerful anti-
inflammatory sesquiterpene lactone with anti-inflammatory effects on nitric oxide (NO), PGE2, TNF-α, and
IL-1β, is another example (Lee et al.2013,Matsuda et al.2000). Similar outcomes were also reported for
helenalanprolines A and B, which inhibited NO production in LPS macrophages with IC50 values of 15.8
and 13.5 µM, respectively (Cai et al.2020). Matsumoto et al. have reported the anti-inflammatory potential
of some amino acid-sesquiterpene lactones, including cynaropicrin, 11β,13-dihydrocynaropicrin, 3β-
hydroxy8α-[(S)-3-hydroxy-2-methylpropionyloxy] guaia4(15),10(14),11(13)-trien-1α, 5α, 6β-H 12,6-olide,
and 3β-hydroxy-8α-[2-methoxymethyl-2-propenoyloxy] guaia4(15),10(14),11(13)-trien-1α, 5α, 6β-H-12,6-
olide from artichoke leaves (Matsumoto et al.2021). In other studies, the anti-inflammatory potential of
other amino acid-sesquiterpene lactones such as tectroside, xanthatin-13-(pyrrolidine-2-carboxylic acid)
was also reported: (Idres et al.2021,Kim et al.2013).

Different physicochemical parameters could affect the biological potential of molecules; additionally, an
assessment of these factors may provide a valuable guide for any future drug development strategy.
Lipophilicity, solubility, topological polar surface area, hydrogen-bond acceptor, and blood-brain barrier
permeability are among the factors that have a significant impact on molecule activities. Molecule
lipophilicity has been considered one of the most important factors in drug development, which is
measured by the octanol/water partition coefficient, and in an ideal situation, it should be ˂5. Other
valuable parameters include the solubility of the molecule logS (should not be ˃ 6), the hydrogen-bond
donor (HBD; should be ˂5), and the hydrogen-bond acceptor (HBA; should be ˂10). In addition to the
previous items, we also used topological polar surface area (TPSA; should be ˂130 Å2) which is an
essential item in ligand transport properties (Veber et al.2002,Vishvakarma et al.2019). Similar
parameters were also included: gastrointestinal absorption (GI), blood-brain barrier permeability (BBB),
permeability glycoprotein (P-gp), cytochrome P450 isoenzymes inhibition (CYP), molinspiration based
Log P (miLog P; positive values are biologically active), and Lipinski’s rule. The results showed that the
TPSA, GI, and miLog P of the top compounds (compounds 1, 4, 7, 8, and 10) are within the range
predicted by experimental and computational results. Docking binding energy and the active box amino
acid cavity residue interactions (for the top molecules) showed promising results (Table 1, Fig. 4).
Crystallographic studies of some MPO inhibitors' binding profiles in enzyme active sites revealed an
important role for Hem 601 residue in ligand-protein interaction, as well as Arg 127, His 95, Glu 130, Phe
254, 295, and Pro 108 (Hu et al.2021). Different interactions, such as hydrogen bonding, π-stacking, and
cation-π bounding were reported to be consistent with our computational findings based on the ligand
structures (Forbes et al.2013,Shaw et al.2020). A molecular docking study between compounds (1, 4, 7, 8,
and 10) with a grid activity site showed that Arg 127, Phe 99, His 95, Pro 108, and Hematin (Hem) 605
have significant roles in active box interactions. More computational analysis was showed proline and
acetyl moieties in structures caused enhance ligand‎-active pocket interaction although presence of large
more polar group such as glucose in compound 6 reduced active box ‎amino acids interconnection with
ligand through chemical space hindering. The presence of a small polar moiety at the C3 of the lactone
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ring improves the binding of sesquiterpene lactones with MPO isoenzymes, resulting in stronger
inhibition.

Abbreviations
ADME: absorption, distribution, metabolism, and elimination; BBB: blood-brain barrier permeability; CYP:
cytochrome P450 isoenzyme inhibition; ESI-MS: electrospray ionization mass spectrometry; GI:
gastrointestinal absorption; HBA: hydrogen-bond acceptor; HBD: hydrogen-bond donor; HTAB: hexadecyl-
trimethyl-ammonium bromide; LPS: lipopolysaccharide; MPO: myeloperoxidase; NO: nitric oxide; TNF-α:
tumor necrosis factor alpha; TPSA: topological polar surface area

Declarations
Acknowledgments

SP and JP are supported by the FDA grant 75F40119C10147; AP is supported by Shiraz University of
Medical Sciences (grant no. 26099).

Competing Interests

The remaining authors have no competing or conflicts of interest to declare.

 

References
1. Aati HY, Perveen S, Orfali R, Al-Taweel AM, Peng J, Tabassum S, Abdel-Kader MS, Yusufoglu HS,

Taglialatela-Scafati O (2021) Phytochemical Analysis of Anvillea garcinii Leaves: Identification of
Garcinamines F–H and Their Antiproliferative Activities. Plants 10 (6):1130

2. Abu-Odeh AM, Talib WH (2021) Middle East Medicinal Plants in the Treatment of Diabetes: A Review.
Molecules 26 (3):742

3. Bahmani M, Karamati SA, Hassanzadazar H, Forouzan S, Rafieian-Kopaei M, Kazemi-Ghoshchi B,
Asadzadeh J, Kheiri A, Bahmani E (2014) Ethnobotanic study of medicinal plants in Urmia city:
identification and traditional using of antiparasites plants. Asian Pac J Trop Dis 4:S906-S910

4. Cai Y-S, Wu Z, Zheng X-Q, Wang C, Wang J-R, Zhang X-X, Qiu G, Zhu K, Cao S, Yu J (2020)
Spiroalanpyrroids A and B, sesquiterpene alkaloids with a unique spiro-eudesmanolide–pyrrolizidine
skeleton from Inula helenium. Org Chem Front 7 (2):303-309

5. Cho JY, Baik KU, Jung JH, Park MH (2000) In vitro anti-inflammatory effects of cynaropicrin, a
sesquiterpene lactone, from Saussurea lappa. Eur J Pharmacol 398 (3):399-407

6. Forbes LV, Sjögren T, Auchère F, Jenkins DW, Thong B, Laughton D, Hemsley P, Pairaudeau G, Turner
R, Eriksson H (2013) Potent reversible inhibition of myeloperoxidase by aromatic hydroxamates.



Page 8/15

Journal of Biological Chemistry 288 (51):36636-36647

7. Gurib-Fakim A (2006) Medicinal plants: traditions of yesterday and drugs of tomorrow. Mol Aspects
Med 27 (1):1-93

8. Hamedi A, Moheimani SM, Sakhteman A, Etemadfard H, Moein M (2017a) An overview on
indications and chemical composition of aromatic waters (hydrosols) as functional beverages in
Persian nutrition culture and folk medicine for hyperlipidemia and cardiovascular conditions. Journal
of Evidence-Based Complementary and Alternative Medicine 22 (4):544-561

9. Hamedi A, Pasdaran A, Zebarjad Z, Moein M (2017b) A survey on chemical constituents and
indications of aromatic waters soft drinks (hydrosols) used in Persian nutrition culture and folk
medicine for neurological disorders and mental health. Journal of Evidence-Based Complementary
and Alternative Medicine 22 (4):744-752

10. Hammiche V, Maiza K (2006) Traditional medicine in Central Sahara: pharmacopoeia of Tassili
N’ajjer. J Ethnopharmacol 105 (3):358-367

11. Hu CH, Valente MWN, Halpern OS, Jusuf S, Khan JA, Locke GA, Duke GJ, Liu X, Duclos FJ, Wexler RR
(2021) Small molecule and macrocyclic pyrazole derived inhibitors of myeloperoxidase (MPO).
Bioorganic and Medicinal Chemistry Letters 42:128010

12. Idres YA, Tousch D, Cazals G, Lebrun A, Naceri S, Bidel LP, Poucheret P (2021) A Novel Sesquiterpene
Lactone Xanthatin-13-(pyrrolidine-2-carboxylic acid) Isolated from Burdock Leaf Up-Regulates Cells’
Oxidative Stress Defense Pathway. Antioxidants 10 (10):1617

13. Jamila F, Mostafa E (2014) Ethnobotanical survey of medicinal plants used by people in Oriental
Morocco to manage various ailments. J Ethnopharmacol 154 (1):76-87

14. Kandouli C, Cassien M, Mercier A, Delehedde C, Ricquebourg E, Stocker P, Mekaouche M, Leulmi Z,
Mechakra A, Thétiot-Laurent S (2017) Antidiabetic, antioxidant and anti inflammatory properties of
water and n-butanol soluble extracts from Saharian Anvillea radiata in high-fat-diet fed mice. J
Ethnopharmacol 207:251-267

15. Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG (2010) Improving bioscience research
reporting: The ARRIVE guidelines for reporting animal research. PLoS Biol 8 (6):e1000412.
doi:10.1371/journal.pbio.1000412

16. Kim S-B, Kang O-H, Joung D-K, Mun S-H, Seo Y-S, Cha M-R, Ryu S-Y, Shin D-W, Kwon D-Y (2013) Anti-
inflammatory effects of tectroside on UVB-induced HaCaT cells. Int J Mol Med 31 (6):1471-1476

17. Lee D-S, Choi H-G, Wan Woo K, Kang D-G, Lee H-S, Oh H, Ro Lee K, Kim Y-C (2013) Pulchellamin G, an
amino acid-sesquiterpene lactone, from Saussurea pulchella suppresses lipopolysaccharide-induced
inflammatory responses via heme oxygenase-1 expression in murine peritoneal macrophages. Eur J
Pharmacol 715 (1):123-132. doi:https://doi.org/10.1016/j.ejphar.2013.05.033

18. Lipinski CA (2004) Lead-and drug-like compounds: the rule-of-five revolution. Drug Discov Today
Technol 1 (4):337-341

19. Liu SF, Ye X, Malik AB (1999) Pyrrolidine dithiocarbamate prevents I-κB degradation and reduces
microvascular injury induced by lipopolysaccharide in multiple organs. Molecular Pharmacology 55



Page 9/15

(4):658-667

20. Lyss G, Schmidt TJ, Merfort I, Pahl HL (1997) Helenalin, an anti-inflammatory sesquiterpene lactone
from Arnica, selectively inhibits transcription factor NF-κB. Biol Chem 378 (9):951-962

21. Matsuda H, Kageura T, Inoue Y, Morikawa T, Yoshikawa M (2000) Absolute stereostructures and
syntheses of saussureamines A, B, C, D and E, amino acid–sesquiterpene conjugates with
gastroprotective effect, from the roots of Saussurea lappa. Tetrahedron 56 (39):7763-7777

22. Matsumoto T, Nakashima S, Nakamura S, Hattori Y, Ando T, Matsuda H (2021) Inhibitory effects of
cynaropicrin and related sesquiterpene lactones from leaves of artichoke (Cynara scolymus L.) on
induction of iNOS in RAW264. 7 cells and its high-affinity proteins. J Nat Med 75 (2):381-392

23. Michel J, Abd Rani NZ, Husain K (2020) A review on the potential use of medicinal plants from
Asteraceae and Lamiaceae plant family in cardiovascular diseases. Front pharmacol 11:852

24. Perveen S, Al-Taweel AM, Yusufoglu HS, Fawzy GA, Foudah A, Abdel-Kader MS (2018a)
Hepatoprotective and cytotoxic activities of Anvillea garcinii and isolation of four new secondary
metabolites. J Nat Med 72 (1):106-117

25. Perveen S, Alqahtani J, Orfali R, Aati HY, Al-Taweel AM, Ibrahim TA, Khan A, Yusufoglu HS, Abdel-
Kader MS, Taglialatela-Scafati O (2020) Antibacterial and Antifungal Sesquiterpenoids from Aerial
Parts of Anvillea garcinii. Molecules 25 (7):1730

26. Perveen S, Alqahtani J, Orfali R, Al-Taweel AM, Yusufoglu HS, Abdel-Kader MS, Taglialatela-Scafati O
(2019) Antimicrobial guaianolide sesquiterpenoids from leaves of the Saudi Arabian plant Anvillea
garcinii. Fitoterapia 134:129-134

27. Perveen S, Fawzy GA, Al-Taweel AM, Orfali RS, Yusufoglu HS, Abdel-Kader MS, Al-Sabbagh RM
(2018b) Antiulcer activity of different extracts of Anvillea garcinii and isolation of two new secondary
metabolites. Open Chem 16 (1):437-445

28. Ríos JL, Francini F, Schinella GR (2015) Natural products for the treatment of type 2 diabetes
mellitus. Planta Medica 81 (12/13):975-994

29. Satpathy S, Patra A, Hussain MD, Kazi M, Aldughaim MS, Ahirwar B (2021) A fraction of Pueraria
tuberosa extract, rich in antioxidant compounds, alleviates ovariectomized-induced osteoporosis in
rats and inhibits growth of breast and ovarian cancer cells. PLOS ONE 16 (1):e0240068

30. Seri A, Khorsand M, Rezaei Z, Hamedi A, Takhshid MA (2017) Inhibitory effect of bunium persicum
hydroalcoholic extract on glucose-induced albumin glycation, oxidation, and aggregation in vitro.
Iranian Journal of Medical Sciences 42 (4):369

31. Sharma JN, Samud AM, Asmawi MZ (2004) Comparison between plethysmometer and micrometer
methods to measure acute paw oedema for screening anti-inflammatory activity in mice.
Inflammopharmacology 12 (1):89-94

32. Sharma K, Raghav N (2021) Curcumin analogs as anti-cathepsins agents: Designing, virtual
screening, and molecular docking analysis. Comput Toxicol 19:100174

33. Shaw SA, Vokits BP, Dilger AK, Viet A, Clark CG, Abell LM, Locke GA, Duke G, Kopcho LM, Dongre A
(2020) Discovery and structure activity relationships of 7-benzyl triazolopyridines as stable, selective,



Page 10/15

and reversible inhibitors of myeloperoxidase. Bioorganic and Medicinal Chemistry Letters 28
(22):115723

34. Valério DA, Cunha TM, Arakawa NS, Lemos HP, Da Costa FB, Parada CA, Ferreira SH, Cunha FQ, Verri
Jr WA (2007) Anti-inflammatory and analgesic effects of the sesquiterpene lactone budlein A in
mice: inhibition of cytokine production-dependent mechanism. Eur J Pharmacol 562 (1-2):155-163

35. Veber DF, Johnson SR, Cheng H-Y, Smith BR, Ward KW, Kopple KD (2002) Molecular properties that
influence the oral bioavailability of drug candidates. J Med Chem 45 (12):2615-2623

36. Vishvakarma VK, Shukla N, Kumari K, Patel R, Singh P (2019) A model to study the inhibition of
nsP2B-nsP3 protease of dengue virus with imidazole, oxazole, triazole thiadiazole, and thiazolidine
based scaffolds. Heliyon 5 (8):e02124

37. Wang L, Zhang Y, Johnpaul IA, Hong K, Song Y, Yang X, Lv C, Ma C (2022) Exploring two types of
prenylated bitter compounds from hop plant (Humulus lupulus L.) against α-glucosidase in vitro and
in silico. Food Chem 370:130979

38. Ya-Di L, Frenz CM, Mian-Hua C, Yu-Rong W, Feng-Juan L, Cheng L, LIANG N, Hua Y, Chang-Lu W
(2011) Primary virtual and in vitro bioassay screening of natural inhibitors from flavonoids against
COX-2. Chin J Nat Med 9 (2):156-160

39. Yang JM, Chen CC (2004) GEMDOCK: a generic evolutionary method for molecular docking. Proteins:
Struct Funct Genet 55 (2):288-304

40. Youn UJ, Park E-J, Kondratyuk TP, Simmons CJ, Borris RP, Tanamatayarat P, Wongwiwatthananukit S,
Toyama O, Songsak T, Pezzuto JM (2012) Anti-inflammatory sesquiterpene lactones from the flower
of Vernonia cinerea. Bioorg Med Chem Lett 22 (17):5559-5562

41. Yuan J, Wen X, Ke C-Q, Zhang T, Lin L, Yao S, Goodpaster JD, Tang C, Ye Y (2020) Tricarabrols A–C,
three anti-inflammatory sesquiterpene lactone trimers featuring a methylene-tethered linkage from
Carpesium faberi. Org Chem Front 7 (11):1374-1382

Table 1



Page 11/15

Figures



Page 12/15

Figure 1

Chemical structure of Ten sesquiterpene lactones isolated from A. garcinia. The interactions of different
molecular compartments with MPO isoenzymes are shown: the fundamental element (green highlighted),
the booster element (red highlighted), and the less effective parts (yellow highlighted).
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Figure 2

MPO inhibition potential and paw edema anti-inflammatory potential of compounds 1-10. a Significantly
different with carrageenan p ≤ 0.0001; b Significantly different with indomethacin p ≤ 0.0001; c

Significantly different with indomethacin p ≤ 0.05 (n=5).
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Figure 3

Microscopic evaluation of garcinamine C (7) and epi-vulgarin (3) anti-inflammatory effect in carrageenan-
induced paw edema model. (a) paw tissue exposed to carrageenan after 3 hours. (b)post-treated paw
tissues with garcinamine C. (c) post-treated paw tissues with epi-vulgarin. (d) post-treated paw tissues
with indomethacin.
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Figure 4

The top selected compounds [1 (A), 4 (B), 7 (C), 8 (D), 10 (E)] in the center of the binding pocket of ‎7LAG‎;
docked compounds (violet part) showed in the binding site.
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