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ABSTRACT

A new 3,800 -flavanone-flavonol dimer gnidiflavanone-flavonol (1)
and 10 known compounds (2–11), including four rare primulatype flavones 2–5, were isolated from the roots of Gnidia apiculata. Compounds 2–5 and 7 were reported for the first time from
the plant family Thymelaeceae. Structures of the isolated compounds were established by spectroscopic data, including 1D and
2D NMR (COSY, HMBC, HSQC and ROESY) and mass spectrometry,
as well as by the comparison with literature data. The crude roots
extract and isolated compounds were evaluated for antimicrobial
and antiplasmodial activities. Among isolated compounds, 6hydroxyflavone (4) and 6-O-acetylflavone (4a) showed antiplasmodial activity against chloroquine-sensitive (D6) and chloroquineresistant (W2) strains of Plasmodium falciparum.
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1. Introduction
Gnidia is the largest genus of the plant family Thymelaeaceae, with about 140–160
species, distributed mostly in Southern and tropical East Africa (Rogers 2009). Plants of
this genus are used in folk medicine to manage fever, cancer, snake bites, pulmonary
tuberculosis, toothache and other ailments (Bhandurge et al. 2013). Previous phytochemical studies on this genus have reported daphnane-type diterpenoids with ring-C
orthoesters (De Mieri et al. 2015; Kalbessa et al. 2019). Other classes of compounds
including primula-type flavonoids, bi-flavonoids (Ferrari et al. 2003; De Mieri et al.
2015; Kalbessa et al. 2019), benzophenone glycosides (Ferrari et al. 2000), sesquiterpenes (De Mieri et al. 2015), phenylpropanoid glycosides (Munkombwe et al. 2003),
phenylpyranones, biscoumarins (De Mieri et al. 2015) and flavone-coumarin hybrids
(Franke et al. 2002) were also reported from this genus. Some of the diterpenoids isolated from this genus have shown anticancer activities (Bhandurge et al. 2013).
The phytochemical constituents and biological activities of G. apiculata were not
reported previously. Therefore, the roots extract (MeOH:CH2Cl2; 1:1) was subjected to
chromatographic separation which yielded a new flavanone-flavonol dimer (1), rare
primula-type flavones (2–5), and other known compounds 6–11. Compounds 2–5 and
7 have not been previously reported from plant family Thymelaeaceae. The structure
elucidation of Compound 1 was carried out using spectroscopic data and by comparison with previously reported data of an isomeric compound (2R,3S)-buchananiflavonol
(Stark et al. 2013). The crude extracts and isolated compounds were evaluated for antimicrobial and antiplasmodial activities, of which 6-hydroxyflavone (4) and 6-O-acetylflavone (4a) showed inhibitions against chloroquine-sensitive (D6) and chloroquineresistant (W2) strains of Plasmodium falciparum.

2. Results and discussion
Compound 1 (Figure 1) was isolated as yellow powder and found to be dextrorotatory
([a]26D þ 30.3 (c 0.33, MeOH). Its ESI-HRMS (Figure S1) showed a protonated molecular
ion peak at m/z 589.0979 [M þ H]þ, attributed to molecular formula C30H20O13. The UV
spectrum of 1 showed absorption bands at kmax 280 and 380 nm, suggesting a flavone
chromophore, and the FTIR spectrum (Figure S2) displayed bands at  max 3275 and
1601 cm1, attributed to hydroxy and conjugated carbonyl groups, respectively. The
13
C NMR data (Table S1 and Figure S3) of Compound 1 revealed 30 signals between
dC 50.4 and 198.1, which were assigned to 2 carbonyls (dC 198.1 and 177.2), 2
methines (dC 50.4, C-3 and 82.8, C-2) typical of a flavanone moiety, and 26 sp2 hybridized carbon atoms (9 hydrogenated, 12 oxygenated and 5 quaternary carbons). The
1
H NMR spectrum (Table S1 and Figure S5) revealed two doublets at dH 5.73
(J ¼ 15.0 Hz, H-2) and dH 4.83 (J ¼ 15.0 Hz, H-3), suggesting a trans arrangement
between H-2 and H-3 protons for a C-3 substituted flavanone skeleton (Ito et al. 1999).
In addition, two deshielded intramolecular hydrogen bonded peaks were observed at
dH 12.2 (C-5-OH) and 12.6 (C-500 -OH), characteristic for hydroxyl groups. These data so
far suggested a dimer, comprising of a flavanone unit linked to a flavonol moiety.
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Figure 1. Structures of Compounds (1–11) isolated from roots of G. apiculata.

The spectral data of Compound 1 were closely comparable to two corresponding
diastereomeric dimers [(2R,200 R, 3S,300 R)-300 ,3000 ,40 ,4000 ,5,500 ,5000 ,7,700 -nonahydroxy-3,800 -biflavonol and (2S,200 R, 3 R,300 R)-300 ,3000 ,40 ,4000 ,5,500 ,5000 ,7,700 -nonahydroxy-3,800 -biflavonol], isolated from the aerial parts of Gnidia involucrata (Ferrari et al. 2003). The difference was
that, unlike these diastereomers, Compound 1 had unsaturated bond at C-200 /C-300 as
shown from the 13C NMR for two sp2 hybridized carbons at dC 147.7 and 137.0, which
were assigned to C-200 and C-300 , respectively, by the evidence of HMBC correlations
(Figures S8 and S9). The unsaturation of the C-200 /C-300 bond in Compound 1 was further supported by the significantly shielded carbonyl carbon at C-400 (dC 177.2), compared to that of the diastereomers (dC 197.8 ppm) (Ferrari et al. 2003). The
unsaturation in Compound 1 at C-200 /C-300 allows vinylogous electronic transmission,
from the oxygen atom at position-1 to the carbonyl group C-400 through the conjugated system leading to a more shielded carbonyl carbon.
Further examination of the spectroscopic data of Compound 1 revealed that it was
closely related to the dimer (2R,3S)-buchananiflavonol (Stark et al. 2013). The two compounds have a total of nine hydroxylated carbon atoms and unsaturation at C-200 /C300 . The difference was that Compound 1 had a single hydroxyl group in ring I-B and
three hydroxyl groups in ring II-B, while (2 R,3S)-buchananiflavonol had two hydroxyl
groups in both rings. This difference was observed from their respective NMR data.
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The 1H-NMR data of (2R,3S)-buchananiflavonol had three sets of signals at dH 6.70 (s,
2H), 6.73 (d, J ¼ 8.0 Hz, 2H) and 6.56 (d, J ¼ 7.8 Hz, 2H), each two protons were assigned
to H-20 /2000 , H-50 /5000 and H-60 /6000 , respectively. However, in Compound 1, an AA0 XX0
spin system was observed for the two doublets at dH 7.13 (d, J ¼ 10.0 Hz, 2H) and dH
6.38 (d, J ¼ 10.0 Hz, 2H) (Table S1 and Figure S5), which were assigned to H-20 /60 and
H-30 /50 of the symmetric ring I-B. This was consistent with the HMBC spectrum, which
showed correlations between H-C20 /60 and C-2, C-10 and C-40 (Figures S8 and S9).
Furthermore, a sharp singlet at dH 7.24 (s, 2H) was assigned to two aromatic protons
H-2000 /6000 of the trisubstituted ring II-B. The relative configuration of Compound 1 was
determined by analysis of its ROESY spectrum (Figure S6). No ROESY cross peak was
observed between H-2 and H-3, which was consistent with a trans arrangement of
ring I-B and flavonol substituents. This was in agreement with the trans configuration
deduced from the coupling constant of H-2 and H-3 (J ¼ 15.0 Hz). Based on the foregoing evidence, Compound 1 was assigned to a positional isomer of the previously
known dimer (2R,3S)-buchananiflavonol. Therefore, 1 was established as trans-2-(4hydroxyphenyl)-2,3-dihydro-30 -5,50 -7,70 -pentahydroxy-20 -(3,4,5-trihydroxyphenyl)-[3,80 -bi1-benzopyran]-4,40 -dione, a new dimer named gnidiflavanone-flavonol.
In addition, 10 known compounds were isolated and identified as 6-methoxyflavone
(2) (Freeman et al. 1981; Zhang et al. 2019), 20 /60 -methoxyflavone (3) (Budzianowski
et al. 2005), 6-hydroxyflavone (4) (Ren et al. 2010; Singh et al. 2017), unsubstituted flavone (5) (Colombo et al. 2014), genkwanin (6) (Li et al. 2013), chlorantene A (7) (Yuan
et al. 2008), pentacosanyl caffeate (8) (Freire et al. 2007), stigmasterol (9) and b-sitosterol (10) mixture (Chaturvedula and Prakash, 2012), and stigmast-4-en-3-one (11) (Su
et al. 2009). In addition, 6-hydroxyflavone (4) was acetylated to its corresponding 6acetoxyflavone (4a) (Table S5 and Figures S30–32).
The crude roots extract of G. apiculata, Compounds 1–11 and 4a were tested for
in vitro antimicrobial and antiplasmodial activities against selected bacteria, fungi and
Plasmodium falciparum. All the isolated compounds were found inactive towards bacteria and fungi. However, 6-hydroxyflavone (4) and its acetylated derivative 4a showed
activities against chloroquine-sensitive (D6) and -resistant (W2) strains of P. falciparum.
Compound 4 exhibited IC50 values of 4.6 and >4.7 mg/mL against D6 and W2 strains,
respectively, while 4a had IC50 values of 3.4 and 4.6 mg/mL against D6 and W2, compared to reference standards chloroquine and artemisinin (IC50 0.02, 0.16, and IC50
0.005 and 0.003 mg/mL, respectively).

3. Experimental
3.1. General experimental procedures
R IV polarimeter. The UV spectra were
Optical rotation was determined by AUTOPOLV
recorded using Shimadzu UV-VIS spectrophotometer and the IR spectra were measured by Shimadzu (IRAfinity-1S) FTIR spectrophotometer. The 1H- and 13C NMR spectra
were recorded on a Bruker Avance 400 or 500 MHz spectrometers. HMBC, HSQC and
ROESY were measured on an Agilent DD2-500 NMR spectrometer. The ESI-HRMS spectral data were obtained by utilizing an Agilent 6545 LC/Q-ToF system. LC/MS data was
measured using Agilent 1290 Infinity series UHPLC instrument, coupled to an Agilent
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6120 quadrupole mass spectrometer with a dual ESI and APCI interface. TLC analysis
was done using analytical silica gel 60 PF254 þ 366 pre-coated alumina plates (Merck,
0.25 mm thick). CC was done on Silica Gel (Loba Chemie, 70-230 mesh) or (CDH, 60120 mesh) and sephadex LH-20 (Merck). Solvents for extraction and CC were distilled
before use.

3.2. Plant material
The roots of G. apiculata were collected from Machakos County, about 40 km from
Nairobi city, Kenya, and a voucher specimen (RWK 2017/03) was deposited in the
University herbarium in the Department of Botany, University of Nairobi.

3.3. Extraction and isolation
The plant material (2 kg) was air dried, ground to fine powder and extracted by cold
percolation with MeOH:CH2Cl2 (1:1) for 24 h ( 3) to yield 160 g of crude extract. A
150 g of the extract was fractionated by column chromatography using a gradually
increasing polarity of EtOAc/n-C6H14 solvent mixture which yielded six combined fractions (labelled as IA-IF). Further analysis was not done on fraction IA (2.01 g) because
it contained oils with poor TLC separations. The mixture of Compounds 9 and 10
(20 mg, Rf 0.39 (10% EtOAc/n-C6H14) was obtained from crystallization of the second
major fraction IB. The mother liquor of fraction IB (1.14 g) was subjected to column
chromatography using CH2Cl2/:n-C6H14 to yield 7 (15 mg), as a white solid (Rf 0.42,
70% CH2Cl2/C6H14), and 11 (15 mg), as a colorless oil (Rf 0.25, 80% CH2Cl2/:n-C6H14).
The third major fraction (IC, 4.6 g) was further separated using EtOAC/n-C6H14 with
gradually increasing polarity to yield subfractions IIA-IIC. Crystallization of subfraction
IIB in CH2Cl2/n-C6H14 afforded 8, as a yellow powder (20 mg, Rf ¼ 0.28; 2% MeOH/
CH2Cl2). Also, crystallization of RWK55C yielded another yellow powder (6; 18 mg, Rf ¼
0.26, 30% EtOAc/n-C6H14). Chromatography of mother liquor of RWK55C (0.5 g) using
CH2Cl2/:n-C6H14, followed by crystallization yielded white needles (5, 28 mg, Rf ¼ 0.28,
1% MeOH/CH2Cl2).
A 4.9 g fraction (1D) from the major column was chromatographed repeatedly using
MeOH/CH2Cl2 mixtures to yield a yellow solid (2, 12 mg, Rf ¼ 0.37, 1% MeOH/CH2Cl2),
followed by a mixture of 2 and 3 (20 mg, Rf ¼ 0.22, 30% EtOAc/n-C6H14). The last
major fraction (IE, 7 g) was subjected to chromatography using EtOAc/n-C6H14 solvent
mixture to yield 4 and 1. Compound 4 (9 mg, Rf 0.32, 5% MeOH/CH2Cl2), brown crystals, was obtained from crystallization of the second subfraction IIIB. Finally, chromatographic separation of subfraction IIIC over sephadex, using MeOH/CH2Cl2 (1:1) as
eluent, yielded 1 (30 mg, Rf 0.41, 20% MeOH/CH2Cl2).
Gnidiflavanone-flavonol (1): Yellow powder; [a]26D þ 30.3 (c 0.33, MeOH); ESI-HRMS
m/z 589.0979 [M þ H]þ (calculated for m/z 589.0977, [C30H21O13]þ) (Figure S1); UV
(MeOH): kmax (log e) 380 (3.19), 280 (4.00) nm; IR (neat) mmax 3275, 1601, 1319, 1161,
1028, 829 cm1 (Figure S2); 1H-NMR (500 MHz, DMSO); dH 12.6 (1H, s, 500 -OH), 12.2 (1H,
s, 5-OH), 7.24 (2H, s, H-2000 , 6000 ), 7.13 (2H, d, J ¼ 10.0 Hz, H-20 , 60 ), 6.38 (2H, d,
J ¼ 10.0 Hz, H-30 , 50 ), 6.20 (1H, s, H-600 ), 5.95 (2H, m, H-6, 8), 5.73 (1H, d, J ¼ 15.0 Hz, H-
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2), 4.83 (1H, d, J ¼ 15.0 Hz, H-3), 3.41(brs, 300 ,3000 , 40 , 4000 , 5000 , 7, 700 ,-OH) (Table S1, Figure
S5); 13C-NMR (125 MHz, MeOD); dC 198.1 (C-4), 177.2 (C-400 ), 168.2 (C-7), 165.7 (C-900 ),
164.9 (C-5), 162.8 (C-700 ), 161.8 (C-500 ), 158.5 (C-40 ), 156.1 (C-9), 147.7 (C-200 ), 146.6 (C3000 , 5000 ), 137.0 (C-300 ), 137.0 (C-4000 ), 130.4 (C-10 ), 129.5 (C-20 , 60 ), 122.9 (C-1000 ), 115.5 (C30 , 50 ), 108.5 (C-2000 , 6000 ), 104.1 (C-1000 ), 103.2 (C-10), 101.4 (C-800 ), 99.0 (C-600 ), 97.3 (C-6),
96.4 (C-8), 82.8 (C-2), 50.4 (C-3) (Table S1 and Figure S3).

3.4. O-Acetylation of 6-hydroxyflavone (4)
The acetylation of Compound 4 was performed using acetic anhydride (Ranu et al.
2003). A neat mixture of Compound 4 (10 mg) and acetic anhydride (12 mL) was
placed in a 100 mL round bottomed flask and heated at 100  C with constant stirring
for 2 hours. Progress of the reaction was monitored by TLC analysis. The product was
extracted with CH2Cl2 followed by crystallization, to yield a white solid of 6-O-acetylflavone (4a) (Table S5 and Figures S30–32) in 98% yield (9.8 mg, Rf ¼ 0.35 under 1.5%
MeOH/CH2Cl2).

3.5. Antimicrobial assay
The in vitro antimicrobial activity of crude extract and pure compounds was determined against selected standard ATCC organisms (bacteria and fungi) from ATCC,
using protocol as described in literature (Kumarihamy et al. 2021). The crude extract
was tested at 200 mg/mL, while the pure compounds were dissolved to make a stock
solution of 2 mg/mL. The pure compounds were tested at concentrations of 20, 4 and
0.8 mg/mL and the respective IC50’s determined. The IC50 values were calculated using
XLFit software. Amphotericin B (92% pure, MP Biomedical, CA, USA) and vancomycin
(90% pure, from Sigma-Aldrich, MO, USA) were used as positive controls against fungi
and bacteria, respectively.

3.6. Antiplasmodial assay
The in vitro antiplasmodial activity of the crude extract and pure compounds was
done by parasite Lactate Dehydrogenase Assay (Nogueira and Rosario 2010) on chloroquine -resistant W2 and -sensitive D6 strains of Plasmodium falciparum (Kumarihamy
et al. 2021). The compounds were dissolved in dimethyl sulfoxide and pre-diluted in
RPMI 1640 medium to make concentrations between 528.9 to 4760 ng/mL.
Chloroquine and artemisinin were used as positive controls. The percent inhibition of
the parasites by the phytochemicals was determined from the absorbance at 650 nm,
shown by SpectraMAX ELISA Reader. The XLFit software was used to calculate IC50;
the concentration of the sample that caused inhibition of 50% of the tested parasites.

Conclusions
Phytochemical investigation of G. apiculata led to the isolation of a new 3,800 -flavanone-flavonol dimer, trans-2-(4-hydroxyphenyl)-2,3-dihydro-30 -5,50 -7,70 -pentahydroxy-20 -
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(3,4,5-trihydroxyphenyl)-[3,80 -bi-1-benzopyran]-4,40 -dione (1), and ten previously
reported compounds (2-11). Compounds, 2–5 and 7 are reported for the first time in
the family Thymelaeceae. Therefore, these findings have enriched the chemical diversity of genus Gnidia.
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