In vitro assessment of antiprotozoal and antimicrobial activities of fractions and isolated compounds from Pallenis hierochuntica
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Abstract

The antiprotozoal and antimicrobial properties of the extract and fractions of the whole plant of Pallenis hierochuntica were investigated against a panel of pathogenic organisms. Fractionation of the methanol extract of the whole plant of Pallenis hierochuntica using reverse-phase chromatography gave 28 fractions and led to the isolation of 2 new bisabolone hydroperoxides, 6,10 β,11-trihydroxy-bisabol-2-ene-1-one (1a), 6,10 α,11-trihydroxy-bisabol-2-ene-1-one (1b) and also 6,10 β-dihydroxy-bisabol-2,11-diene-1-one (2). They were characterised by extensive spectrometric analysis. Anti-infective investigations of the fractions revealed that 22 to 26 possessed significant antimalarial activity against the D6 and W2 strains of Plasmodium falciparum with IC50 = 7.62 – 9.91 µg/mL and 5.49 – 6.08 µg/mL, respectively, and SI>6.0 on average. Fractions 7, 16 to 24 exhibited good activity against Leishmania donovani promastigotes (IC50 = 6.71 – 18.77 µg/mL). Fractions 25 to 28 were active against T. brucei trypomastigotes, 25 being the most potent (IC50 = 4.13 µg/mL). Only 11 to 13 were active against Aspergillus fumigatus (IC50 = 13.406 µg/mL). 1a and 2 were not promising against the organisms tested. 1a and 1b were characterised for the first time. 
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1. Introduction
Medicinal plants have been a major reservoir of unique and chemically diverse molecules and a large pool of novel drug leads. Plants are known to synthesise potent molecules that exhibit anticancer, anti-infective, anti-inflammatory, antiviral and antiprotozoal activities. Today, many drugs in clinical use are either directly obtained from natural sources or natural products derived. A study conducted by Newman et al. revealed that over 35 per cent of drugs approved by the United States in the past four decades are either natural products or their derivatives.1
The genus Pallenis (synonym: Asteriscus) is known to express biologically valuable compounds, especially those with humulene and bisabolone skeletons. Extracts, fractions and isolated compounds from members of this genus have been shown to exhibit different pharmacological activities: antibacterial and antileishmanial.2,3; anticancer and phytotoxicity4 and antioxidant activity.5 Phytochemical studies of some species of this genus have resulted in the isolation and characterisation of bioactive humulene skeleton sesquiterpene lactones: Asteriscunolides A-D6-9, steriscanolide and aquatolide sesquiterpene lactones.9 Flavonoids, bisabolone hydroperoxides and farsenol derivatives.10,3,11 Others include sesquiterpene alcohol, germacrane and deoxygenated germacrane 12,13; Naupliolide, a novel tetracyclic skeleton.14
This study investigated the antiprotozoal and antimicrobial activity of fractions of Pallenis hierochuntica (Michon) Greuter, family Asteraceae. Herein we report the isolation, characterisation, and structure elucidation of three compounds (two of these are new) from the methanol extract of the whole plant and their antiprotozoal and antimicrobial activities.
2.  Materials and Methods
2.1.  General: see supplemental
2.2.  Plant Material
The whole plant of Pallenis hierochuntica was collected from the Mediterranean coastal area of Egypt in 2015, and the plant was identified at the Pharmacognosy Department, Mansoura University, Egypt, where a voucher specimen (AH-14-PD) was deposited. 




2.3.  Extraction and Isolation: see supplemental material
Compound 1a (6, 10 β, 11-trihydroxy-bisabol-2-ene-1-one), white needles from sub-fraction AH6 (0.7 mg), HRESIMS [M+Na]+ at m/z293.1694, corresponding to the molecular formula C15H26O4Na (calcd. 293.1729). 1H and 13C-NMR data are shown in Table 1  
Compound 1b (6, 10 α, 11-trihydroxy-bisabol-2-ene-1-one), white needles from sub-fraction AH6 (0.7 mg), HRESIMS [M+Na]+ at m/z293.1694, corresponding to the molecular formula C15H26O4Na (calcd. 293.1729). 1H and 13C-NMR data are shown in Table 1. 
 Antiprotozoal and Antimicrobial Assays: See supplemental material
3. Results and Discussion
3.1. Characterisation of compounds 1a and 1b
Compounds 1a and 1b were purified from compound 1 (2.4 mg) which showed a clear molecular ion peak [M+Na]+ at m/z 293.1696, corresponding to the molecular formula C15H26O4Na (calcd. 293.1729) from its HRESIMS spectrum. However, careful examination of the 1H and 13C-NMR spectra of 1 (Figure S19), revealed the presence of double peaks, suggesting a mixture of two bisabolone-type sesquiterpenoids3, a feature  usually associated with closely related compounds (mixtures).

		
Figure 1. Molecular structures of compounds 1a and 1b
[bookmark: _Hlk63159134][bookmark: _Hlk63158614][bookmark: _Hlk63158772][bookmark: _Hlk63162741]As such, compound 1  was subjected to further purification to give two compounds of the same molecular weight, 1a (0.8 mg) and 1b (0.7 mg). The 1H-NMR spectrum of 1a in CD3OD (Table 1) displayed an olefinic proton signal at δ 5.84 (1H, dq, J = 2.4, 1.1 Hz), a doublet at δ 1.01 (3H,d, J = 6.7 Hz), a singlet at δ (6H,s, 1.12), a singlet at δ1.99 (3H,s) and methine proton at δ 3.15 (dd, J = 9.3, 2.4 Hz). The 13C-NMR spectrum (Figure S3) revealed the presence of characteristic signals; a carbonyl carbon at δ 204.1, olefinic methine at δ 124.5 and quaternary olefinic carbon at δ 165.5, together with the olefinic proton signal at δ 5.84 (1H,dq, J = 2.4, 1.1 Hz), indicated the presence of monosubstituted α, β-unsaturated carbonyl groups. The DEPT experiment (supplemental material Figure S4) showed the presence of four methylene carbons at δ 31.6, 29.1, 28.9 and 29.3. The HMQC (supplemental material, Figure S7) revealed their connectivities with the proton signals at δ (2.24, 2.28), (1.29, 1.40), (1.06, 1.27), and (2.42, 2.44), respectively. The correlations observed in HMBC spectrum (supplemental material, Figure S8) between the proton at δ 2.36 with carbon signals at δ 125.0, 165.5, 32.9, and 78.1 (quaternary carbon), together with the correlations between the protons at δ2.24 with 78.1 (quaternary carbon), 202.6 and 29.1, and between the proton at δ 5.84 with 78.1 and 29.1, are consistent with the cyclic (six-carbon ring) unsaturated ketone with branching at the oxygenated quaternary carbon (δ 78.1). The side chain consists of eight carbon atoms discriminated by DEPT experiment into three methyls (δ 24.3, 23.5 and 12.6), two methylene (δ 28.7.0 and 27.4), one quaternary (δ 72.4), and one methine (δ 78.8). Careful examination of all correlations in 1H-1H COSY, HMQC and HMBC confirmed the proposed identity of the structure, which is a bisabolone-skeleton with an OH at C-10 (δ 78.8) and C-11 (δ 72.4) (Figure 1). The relative configuration of 1a was established through the analysis of cross-peaks observed in the NOESY spectrum (supplemental material, Figure S6), which displayed a correlation of H-15 (s, 1.99, 3H) with both H-14 (d, 1.01, 3H) and H-4 (2.44), correlation of H-10 (dd, 3.16) with H-14 (d, 1.01, 3H), indicated the β-oriented H-14 and H-10. Therefore, the structure of compound 1a was determined to be 6, 10 β,11-trihydroxy-bisabol-2-ene-1-one. The other compound,1b, was of the same structure with a slight deviation in the NMR values (Table 1, supplemental material, Figures S12-S18). The differences resulted from the hydroxyl orientation at C-10. Upon careful analysis of the NOESY (supplemental material, Figure S17) spectrum of 1b, the correlation of H-15 (s, 1.99, 3H) with both H-14 (d, 1.02) and H-4 (2.44), and the correlation of H-10 (dd, 3.15) with H-7 (m, 1.91), indicated that the 10-OH is α-oriented. The structure of 1b was concluded to be 6, 10 α, 11-trihydroxy-bisabol-2-ene-1-one.
3.2.	Characterisation of compound 2
Compound 2 (Figure S1) was obtained as fine white needles. HRESIMS showed a clear molecular ion peak [M+Na]+ at m/z 275.1594 (calc. C15H24O3Na, 275.1623). The 1H and 13C-NMR spectra of 2 revealed the same skeleton as compound 1a, a bisabolone-type sesquiterpene, with the disappearance of the one methyl and oxygenated quaternary carbon at δ 72.5 which was assigned for C-11 of 1a and 1b, and the appearance of one olefinic methylene group and quaternary olefinic carbon. The 1H-NMR spectrum of 2 showed two olefinic protons at δ 4.86 (p, J = 1.6 Hz) and 4.87 (dt, J = 1.9, 0.9 Hz) (Table S2) assigned to C-12 explain the absence of a methyl group. The 13C-NMR displayed a hydroxylation at C-10, the same as compound 1a, and the H-10 chemical shift at δ3.94 together with the coupling value (t, J = 6.7 Hz) is in full agreement with the β-oriented C-10 hydroxyl group. The chemical structure of 2 was deduced as 6,10 β-dihydroxy-bisabol-2,11-diene-1-one (Figure S1). Compound 2 was previously reported as a reduction product of 10-peroxy derivatives3, but this is the first time it was isolated directly from a natural source.
3.3    In vitro Antiparasitic Screening of fractions and isolated compounds
The results of the antimalarial screening of the fractions against the two strains of Plasmodium falciparum (D6 and W2) are shown in Table S2 (supplemental material). Similarly, the antileishmanial, antitrypanosomal results of the fractions are shown in Table S3 (supplementary material), and the antimicrobial activity of the fractions are reported in Table S4. Results of the in vitro antimalarial, antileishmanial, antitrypanosomal and antimicrobial activities of compounds 1a and 2 are presented in Tables S5 to S7 (supplemental material).
According to the WHO report of 2019, it was estimated that there were 229 million cases of malaria worldwide, resulting in 409,000 deaths, most of whom are children under five, especially in Sub-Saharan Africa, making a major global health problem.15 Several researchers have reported the antimalarial effects of plant extracts and fractions.16-18 According to the WHO, about 80% of people depend on herbal products as their primary healthcare source(s).15

Table 1. 13C and 1H-NMR data for compound 1a and 1b (CD3OD at 125 and 400 MHz, respectively).
	Carbon
No.
	1a
	
	1b
	

	
	δH (ppm), 
Multiplicity, J (Hz)
	13C
	DEPT
	δH (ppm),
Multiplicity, J (Hz)
	13C
	DEPT

	1
	--
	204.1
	C
	--
	204.0

	C

	2
	5.84 (dq, J = 2.4, 1.1 Hz)
	123.2
	CH
	5.83 (dq, J = 2.4, 1.1 Hz)
	124.6

	CH

	3
	--
	163.9
	C
	--
	165.2

	C

	4
	2.42
2.44
	29.3
	CH2
	2.36
2.44
	30.5
	CH2

	5
	2.24(ddd, J = 5.0, 3.3, 1.7Hz)
2.28
	31.6
	CH2
	2.23(ddd, J = 5.0, 3.3, 1.7 Hz)
2.28
	33.1
	CH2

	6
	--
	78.1
	C
	--
	78.5

	C

	7
	1.91, m
	35.4
	CH
	1.91, m
	37.3

	CH

	8
	1.06
1.27
	28.9
	CH2
	1.07
1.26
	29.0
	CH2

	9
	1.29
1.40
	29.1
	CH2
	1.29
1.40
	30.8
	CH2

	10
	3.15 (dd, J = 9.3, 2.4 Hz)
	78.8
	CH
	3.15 (dd, J = 9.3, 2.4 Hz)
	80.3

	CH

	11
	--
	72.5
	C
	--
	74.0

	C

	12
	1.12, s
	24.3
	CH3
	1.14, s
	25.9
	CH3

	13
	
	
	CH3
	
	
	CH3

	14
	1.01(d, J = 6.7 Hz)
	12.5
	CH3
	1.02 (d, J = 6.7 Hz)
	14.1

	CH3

	15
	1.99, s
	23.5
	CH3
	1.97, s
	23.9

	CH3



The result of the antimalarial screening of the fractions of Pallenis hierochuntica is shown in Table S2 (supplemental material). In the primary screening experiment, the two strains (D6 and W2) of P. falciparum were tested against the fractions at concentrations range of 47.6–5.28 μg/mL. Only fractions that showed antimalarial activity (≥50%) in this screening were investigated in the secondary antimalarial screening to determine their IC50 values. From the table, fractions AH11-AH12 and AH14-AH28 exhibited significant antimalarial activity against the chloroquine-sensitive (D6) and resistant (W2) strains of P. falciparum with IC50 values ranging from 7.62–30.33 μg/mL and 5.49–25.49μg/mL, respectively. Fractions AH23–AH27 were particularly effective against the two strains of PF with IC50 = 5.49–9.19 μg/mL. As such, these fractions are classified as having promising antimalarial activity. Their IC50 values were, however, higher than those obtained for Artemisinin and chloroquine (IC50 ˂ 0.026 – 0.202) μg/mL standard antimalarial drugs used as positive control drugs. They also showed better selectivity indices (SI = > 5.2 - > 8.7). Our report is the first of this plant in vitro antimalarial activity. There is a lack of information on the antimalarial activity of the Pallenis genus.
Similarly, Leishmaniasis and trypanosomiasis (sleeping sickness) affect humans and livestock in the tropics and subtropical countries of Africa, Asia and South America. It has been estimated that over 70 million and 350 million people worldwide are at risk of trypanosomiasis and leishmaniasis respectively, with attendant annual deaths of 14,000 to 70,000.19 In our continued investigation of medicinal plants for antiprotozoal metabolites, fractions of Pallenis hierochuntica were subjected to in vitro screening against Leishmania donovani (promastigotes, axenic amastigotes, and intracellular amastigotes in THP1 cells) and blood-stage promastigotes of Trypanosoma brucei. The result of this screening is shown in Table S3 (supplemental material). From the result, fractions AH-1 and AH-3 showed activity against T. brucei, IC50 = 11.33 and 12.50 μg/mL, respectively. Fraction AH-7 was active against L. donovani promastigotes and axenic amastigotes with IC50 and IC90 values of 12.03 – 19.47 μg/mL and also against T. brucei (IC50 = 13.6 μg/mL). Fractions AH-12, AH-16 to AH-18, and AH-24 were also effective against the promastigotes of L. donovani. While fractions AH-25 to AH-28 were active against T. brucei blood-stage trypomastigotes with IC50 values of 4.13–13.48 μg/mL and IC90 values of 11.46–19.28 μg/mL. All the fractions at 20–8 μg/mL test concentrations did not show activity against intracellular amastigotes in THP1 cells. The positive control drugs, Pentamidine and DMFO, possess better activity against these protozoa except fraction AH-25, which showed better activity (IC50 = 4.13 μg/mL) than DMFO (IC50 = 6.25 μg/mL) against T. brucei. Several studies have highlighted the activity of plant extracts and fractions against leishmaniasis and trypanosomiasis.20,19,21 Further purification of these extracts and fractions has led to the isolation of potent compounds exhibiting significant leishmanicidal and trypanocidal effects against these pathogenic protozoal.22-24 In a related study, the ethyl acetate extract of Asteriscus graveolens exhibited potent activity against both promastigote and amastigote forms of L. infantum and L. major with IC50 value of 22.93 ± 0.39 µg/mL and 131.6 ± 0.21 µg/mL against L. infantum. Also, the hydroethanolic extract of the plant inhibited L. major and L. infantum parasites with IC50= 33.64 ± 0.46 µg/mL and 143.4 ± 0.28 µg/mL, respectively.2 An in vitro antiprotozoal activity of crude methanol extract of Pallenis hierochuntica (Asteriscus hierochuntica) was reported by Zaki et al.25, in which the extract showed promising, and good antitrypanosomal activity against the promastigotes of T. brucei with IC50 and IC90 values were 1.18 and 1.89 µg/mL, respectively. Our study is the first report of the antileishmanial and antitrypanosomal activity of the fractions of Pallenis hierochuntica.
In the antimicrobial screening experiment, twenty-eight fractions (AH-1 to AH-28) were subjected to in vitro antimicrobial evaluation against a panel of pathogenic microorganisms (fungi and bacteria) (Table S4). The fractions were tested at a 200 – 8 µg/mL concentration range. From the results of our study, only fractions AH-11 to AH-13 exhibited significant activity against Aspergillus fumigatus with IC50 values of 13.406 (AH-11), 88.607 (AH-12) and 130.228 µg/mL (AH-13), respectively. Other studies reported the antimicrobial activities of members of the genus Asteriscus. Ramdane et al. reported the antimicrobial activity of the ethyl acetate fractions of A. graveolens against L. monocytogenes (MIC = 0.312 mg/mL), S. aureus and B. cereus (MIC = 0.625 mg/mL), but the fractions show no activity against E. Coli (ATCC 35214) and P. aeruginosa (ATCC 27853).2 Also, Medimagh et al. evaluated the root oil of Asteriscus maritimus (L.) for antimicrobial activity against some pathogenic fungi, including Aspergillus flavus, A. niger, Botrytis cinerea and Penicillium sp. The zones of inhibition range from 8.3 mm to 10.3 mm. However, the oil was not active against the bacteria isolates tested.26 The oil of A. graveolens was also reported to significantly (p˂0.05) inhibit the mycelial growth of some pathogenic fungi (Alternaria sp., P. expansum, and R. stolonifer) at different concentrations.27	
3.4	In vitro Antimalarial and Antimicrobial activities of compounds 1a and 2
The in vitro antimalarial, antileishmanial, antitrypanosomal and antimicrobial screening of compounds 1a and 2 are reported in Tables S5 – S7 (supplemental material). They were screened against the different pathogenic organisms mentioned in 2.3 above. The study results showed that the compounds exhibited no significant activity against tested organisms at the concentrations tested.
4. Conclusion
In the present study, two new compounds with bisabolone skeleton and a known compound were isolated and identified as 6,10 β,11-trihydroxy-bisabol-2-ene-1-one, 6,10 α,11-trihydroxy-bisabol-2-ene-1-one, and 6,10 β-dihydroxy-bisabol-2,11-diene-1-one, respectively. These compounds hold no promising antiprotozoal and antimicrobial activities. The fractions of Pallenis hierochuntica show significant activity against Plasmodium falciparum, L. donovani promastigotes, axenic amastigotes and trypomastigotes of T. brucei. This plant holds potential for further investigation for lead compounds as antiprotozoal agents.
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