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Abstract

Plants from the Randia genus (Rubiaceae) are used in Mexican traditional medicine, where
diseases as diabetes, cancer, and chronic inflammation are treated with these plants. Par-
ticularly, Randia echinocarpa Sessé & Moc. ex DC (endemic in Mexico) is used in the north-
ern region to treat kidney diseases and stomach disorders, while in the central area, this
plant is used to treat circulatory and lung diseases, cancer, diabetes, and malaria. Previous
research on this plant has suggested the antibacterial potential of extracts from leaves and
stems, and nematicidal and antioxidant activities for fruit extracts. Phytochemical studies
of this plant have been poorly explored, where the presence of mannitol, triterpene, and
phytosterol compounds as main components in extracts from fruits was described. In this
research, the chemical study of leaves and fruits of R. echinocarpa is described. The pres-
ence of gardenoside as the main component of the methanolic extract from leaves was
determined after a phytochemical analysis. This compound could be directly related to
the use of R. echinocarpa in traditional medicine since scientific reports suggested its po-
tential as an anti-inflammatory and pain suppressor, as well as its inhibitory effect on free
fatty acids (FFA)-induced cellular steatosis. In addition, f-gardiol was isolated from fruit
extract. A chemical correlation of f-gardiol with gardenoside was done by enzymatic hy-
drolysis. Other components, including ursolic acid, stigmasterol, sitosterol, and D-manni-
tol, were also identified. All compounds were characterized by their physical and spec-
troscopic data.
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1. Introduction

The Randia genus comprises around 160 species, which are concentrated in tropical
and subtropical regions of the American Continent [1]. The ethnomedicinal background
of species from the Randia genus is well known. Several diseases, including circulatory
and lung diseases, cancer, diabetes, and malaria, are treated with these plants [2—4], and
their biological potential as nematicidal, antioxidant, and antimicrobial agents has been
scientifically described [5-7]. Several of these species grow in the Mexican territory, of
which 44 species are endemic, including R. echinocarpa [8], whose traditional use in med-
icine is to treat kidney and stomach diseases by using the fruits [9], while the leaves are
used to treat circulatory and lung diseases, as well as cancer, diabetes, and peptic ulcers
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[7,10]. Phytochemical studies on fruits from R. echinocarpa described the presence of D-
mannitol, triterpenes, and phytosterol compounds as main components [9]. Due to the
biological importance of this plant, research aimed at determining the phytochemical
composition of R. echinocarpa becomes pertinent. Thus, in this paper, the isolation and
structural characterization of the main components from the leaves and fruits of R. echi-
nocarpa are described. Herein, gardenoside (1) resulted as a major component from leaves.
The presence of D-mannitol, S-sitosterol, stigmasterol, and ursolic acid was also deter-
mined in leaf extracts. For its part, f-gardiol (2) was the main component of fruits. All
compounds were characterized by their physical and spectroscopic data. The biological
potential of compounds 1 and 2, previously described, could be related to the ethnome-
dicinal use of this plant.

2. Materials and Methods

2.1. General Procedures

Melting points (uncorrected) were measured on a Fisher-Johns apparatus. Optical
rotations were determined on a Perkin-Elmer 341 polarimeter. UV-vis spectra were meas-
ured on a Genesys 10S spectrophotometer. IR spectra were measured using a Thermo Sci-
entific Nicolet IS10 spectrophotometer with the ATR technique. The NMR spectra were
acquired on a Varian Mercury 400 spectrometer from CDCls solutions using TMS as the
internal reference. Column chromatography was performed using Merck silica gel 60
(230-400 mesh), and the solvents used as the mobile phase were distilled before their use.

2.2. Plant Material

Leaves and fruits of Randia echinocarpa Moc. & Sessé ex DC. were collected in the
municipality of Huetamo de Nuifiez, Michoacan, Mexico (18°45'52.7” N, 100°59'01.0"” W)
at 540 m above sea level in November 2022. The plant material was dried in the shade and
identified by Prof. Rosa Isabel Fuentes Chavez and Norma Patricia Reyes Martinez from
the Herbario de la Facultad de Biologia (EBUM) at UMSNH, where a specimen was de-
posited with voucher number EBUM-3648.

2.3. Extraction and Isolation

A batch of leaves (365 g) and fruits (1.5 kg) were separately macerated in MeOH (8 L
each) for three days at room temperature. Each extract was individually filtered and evap-
orated to yield 46 g of leaf extract as a green, viscous material and 130 g of fruit extract as
a bluish, viscous material. In addition, bipartition of both extracts was separately
achieved; thus, a batch of leaves or fruit extract (20 g) was suspended in H20 (200 mL)
and extracted with EtOAc (3 x 200 mL). After evaporation of the organic layer, 1 g of green
oil was obtained in each case.

2.4. Gardenoside (1)

Isolated from MeOH extract from leaves (20 g) by column chromatography using
CH:Cl>-MeOH-H20 mixtures (76:24:0.05; 74:26:0.05; 70:30:0.05; 200 mL each) as the eluent
and collecting fractions of 15 mL each. This procedure yielded 5.6 g of 1 as a yellowish oil.
[a]p = -106 (c 0.7, MeOH) Lit. [11] [a]p —84.6 (c 0.52, MeOH); IR vmax (cm™): 3345, 2927,
1689, 1638, 1291, 1072, 863; UV (MeOH) Amax (log €) nm: 236 (3.95); 'H and *C NMR are
concordant with the literature [12,13] (see Table S1 and Figures S1-S5).

2.5. B-Gardiol (2)

Isolated from the EtOAc fraction from fruits (3 g) after column chromatography us-
ing CH2CL-EtOAc mixtures in an ascending order of polarity (100 mL each) as the mobile
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phase, collecting fractions of 10 mL each. In fractions 1:1, 2:3, 3:7, 1:4, and 1:9, compound
2 was obtained as colorless needles (190 mg). m.p. 125-127 °C (lit. [14] 122 °C); [a]o =+212
(c 0.5, MeOH), Lit. [14] [a]p = +209 (¢ 0.07, MeOH)), Lit. [15] +211 [a]p + (¢ 0.3, MeOH); H
and *C NMR are concordant with the literature (Table S1 and Figures S6 and S7) [11,14].

2.6. D-Mannitol

Isolated as a precipitate (25 g) from the MeOH extract from leaves before evapora-
tion. White amorphous solid. Crystallization with EtOAc-MeOH yielded colorless nee-
dles; m.p. 163-164 °C (lit. [16] 167-170 °C). The 'H and *C NMR data are consistent with
the literature [17].

2.7. Mixture of B-Sitosterol and Stigmasterol

Isolated from the EtOAc fraction (3 g) from leaves after column chromatography us-
ing CH2CL-EtOAc mixtures in an ascending order of polarity (100 mL each) as the mobile
phase, collecting fractions of 10 mL each. Fraction 9:1 yielded a mixture of g-sitosterol and
stigmasterol (50 mg) as yellow crystals. m.p. 136-138 °C (lit. [16] 136-138 °C). 'H NMR
data are concordant with the literature [18].

2.8. Ursolic Acid

Isolated from the EtOAc fraction (3 g) of the leaves after column chromatography
using hexanes-EtOAc mixtures in an ascending order of polarity (200 mL each) as the mo-
bile phase, collecting fractions of 10 mL each. In fractions 4:1 and 7:3, ursolic acid was
obtained as an amorphous solid. m.p. 233-235 °C (80 mg). '"H NMR data are concordant
with the literature [19].

2.9. Enzymatic Hydrolysis of Gardenoside (1)

A batch of 1 (100 mg) was dissolved in H20 at 37 °C and stirred for 15 min. After, 6.6
mg of f-glucosidase enzyme from almonds (Aldrich) was added and stirred for two hours.
After H20 was evaporated and the crude reaction was column chromatographed using
silica gel as the stationary phase and a CHCl3-MeOH-H20 mixture (95:5:0.05, 500 mL) as
the eluent, collecting fractions of 10 mL each. Fractions 21-34 yielded compound 2 (16 mg)
as colorless needles.

3. Discussion

Gardenoside (1) (Figure 1) was isolated from leaves of R. echinocarpa as a yellowish
oil with a levogyre optical activity of [a]o = =106 (c 0.7, MeOH). In the IR spectrum, two
intense vibrational bands were highlighted at 1689 and 1291 cm~ which were attributed
to C=0 and C-O vibrations, suggesting an oxidized natural product. The 'H NMR spec-
trum showed three signals from vinyl protons. The first one (H-3) was observed as a dou-
blet (J=1.4 Hz) at 0 7.38 assigned to a vinyl proton at S-position from a captodative system,
as well as two doublet of doublets signals at 8 6.15 (J =5.7, 2.8 Hz) and  5.73 (/= 5.7, 1.7
Hz) assigned to H-6 and H-7, respectively. A doublet signal was observed at 5 5.79 (J=2.5
Hz), which was attributed to the acetal proton H-1. A resonance at 0 4.64 as a doublet (J =
7.9 Hz) was attributed to the anomeric proton (H-1") from a glycosidic portion. The reso-
nance pattern observed in the range of 0 3.88-3.18 suggested the presence of glucose as
the sugar moiety [20,21]. A multiplet at d 3.69 was observed and assigned to the allylic
proton H-5. An AB spin system (J = 12.0 Hz) was observed at 0 3.57 and attributed to the
CH>-10. In the aliphatic region, two signals were observed, including a singlet at & 3.70
from the -OCHs moiety and a doublet of doublets at d 2.61 (J = 8.5, 2.5 Hz) from the H-9
proton. The ¥C NMR showed 17 signals, suggesting the presence of a glucosylated
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monoterpenoid compound. A carbonyl carbon from an ester group was observed at o
168.8. Four resonances from vinyl carbons were observed at 6 151.9 (C-3), 135.8 (C-7), 135.6
(C-6), and 111.5 (C-4). The resonance of the acetal carbon (C-1) was observed at d 94.2. In
contrast, the anomeric carbon appeared at d 99.8, and the remaining carbon signals from
a glucose motif were observed at 0 78.3 (C-3'), 77.9 (C-5'), 74.6 (C-2’), 71.5 (C-4’), and 62.7
(C-6"). An OH-based carbon was observed at 0 86.2 (C-8). The signal attributed to CH2-10
was observed at d 67.0. The resonances at d 52.3 and 38.8 were related to the bridgehead
carbons C-9 and C-5, respectively. The -OCHs carbon signal was observed at 6 51.7. The
assignment of the 'H and °C signals suggested the presence of the glucoside iridoid 1 and
was supported by 2D NMR experiments (see supplementary material). Additionally, the
experimental data agreed with those previously described for compound 1 [11-13], which
was previously isolated from Gardenia jasminoides [22], Rothmannia wittii [23], Genipa amer-
icana [24], Randia spinosa [12], and Xeromphis nilotica [11]. The described biological poten-
tial of compound 1 involves the inhibitory capabilities of COX-2, iNOS, and IL-6 [25],
thereby indicating its potential as an anti-inflammatory and pain suppressor [26]. Addi-
tionally, its inhibitory effect on free fatty acids (FFA)-induced cellular steatosis has been
described [27]. According to these backgrounds, compound 1 could be directly related to
the use of R. echinocarpa in traditional medicine.

Figure 1. Structures of gardenoside (1) and -gardiol (2).

Column chromatography of the extract from fruits allowed the isolation of -gardiol
(2) (Figure 1) as colorless needles (m.p. 125-127 °C) with [a]p = +212 (c 0.5, MeOH). The
H NMR spectrum exhibited two resonances as a doublet of doublets at 65.91 (] =5.6, 2.2
Hz) and 5.74 (] = 5.6, 2.0 Hz) from the vinylic protons H-6 and H-7, respectively. A signal
from the acetal proton (H-1) was observed at 6 5.49 (d, ] = 5.8 Hz). In addition, three reso-
nances from OH-basis protons were observed and included the assignment to H-3 at o
5.35 (d, ] =2.4 Hz), as well as those doublet signals (J = 9.4 Hz) from CH>-10 at & 3.77 and
3.52. These signals, together with those observed at d 3.50 (m) and 2.64 (dd, ] =9.2, 5.8 Hz)
from bridgehead protons H-5 and H-9, respectively, suggested an iridoid skeleton, as that
determined for compound 1. In addition, the resonance of H-4 was observed as a doublet
of doublets (J =9.2, 2.4 Hz), and a resonance as a singlet was observed at 0 3.72, which was
assigned to a -OCHs moiety. The 3C NMR spectrum exhibited eleven signals, suggesting
the presence of a functionalized iridoid. Herein, a C=O signal from an ester moiety was
observed at 0173.0 (C-11), while the resonances from the vinylic C-6 and C-7 were ob-
served at d 138.0 and 135.4, respectively. The acetal carbon resonance (C-1) appeared at d
101.2, while the rest of the oxygen-bearing carbons were observed at d 93.8 (C-8), 90.2 (C-
3), and 75.0 (C-10), respectively. The -OCHs carbon signal appeared at d 52.3, the C-4 signal
was observed at d 49.0, while the resonances from bridgehead carbons C-9 and C-5 were
observed at 0 48.8 and 40.4, respectively. These data agreed with those previously de-
scribed for f-gardiol (2) [11,14,15]. Compound 2 has been identified in Rothmannia globosa
[15], Burchellia bubaline [14], Rothmannia wittii [28], and Xeromphis nilotica [11]. The
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antimicrobial potential of 2 against Cladosporium cladosporioides and C. sphaerospermum [29]
and as an anticancer agent was previously described [30].

A chemical correlation of compound 2 with iridoid 1 was achieved enzymatically.
Herein, f-glucosidase, as the hydrolytic enzyme of compound 1, was used. After the re-
action, extraction, and column chromatography purification processes, colorless needles
were obtained whose physical and spectroscopic data agreed with those obtained herein
for compound 2; thus, the close structural relationship between these compounds was
evidenced.

In addition, the isolation of D-mannitol was feasible by precipitation from the meth-
anolic extract of leaves as a white precipitate, whose crystallization with EtOAc-MeOH
gave colorless needles with m.p. 163-164 °C (lit. [16] 167-170 °C). The 'H and C NMR
patterns agreed with the literature [17]. Also, the isolation of the mixture of $-sitosterol
and stigmasterol as yellow crystals. m.p. 136-138 °C (lit. [16] 136-138 °C) was feasible after
column chromatography from the EtOAc fraction of the methanolic extract of leaves as
previously described [18]. Ursolic acid was isolated from this fraction as an amorphous
powder. The 'H and '*C NMR patterns of these compounds agreed with the literature [19].
Together with compounds 1 and 2, these compounds may be related to the ethnomedici-
nal use of R. echinocarpa as the potential of D-mannitol as a hypotensive agent in the brain
and eyes [31]. For its part, p-sitosterol and stigmasterol are described as anti-inflammatory
compounds, while the antimicrobial, anticancer, anti-inflammatory, and antiviral activi-
ties of ursolic acid have been described [32-34].

4. Conclusions

The chemical study of R. echinocarpa enabled the isolation of two iridoids (1 and 2),
which have known biological potential and are directly related to the ethnomedicinal uses
of this plant. As seen, the chemical composition of fruits and leaves from R. echinocarpa
involves secondary metabolites as the main components with directly related biosynthetic
pathways. Considering the abundance of compounds 1 and 2 in R. echinocarpa, these iri-
doids represent an interesting option for future research aimed at the preparation of de-
rivatives of chemical and biological interest, as well as a deeper biological exploration of
1 and 2 to increase the knowledge about their medicinal potential.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1. '"H NMR spectrum of gardenoside (1) in CDsOD (400 MHz); Fig-
ure S2. COSY NMR spectrum of gardenoside (1) in CDsOD (400 MHz); Figure S3. NOESY NMR
spectrum of gardenoside (1) in CDsOD (400 MHz); Figure S4. 1*C NMR spectrum of gardenoside (1)
in CDsOD (100 MHz); Figure S5. HETCOR NMR of gardenoside (1) in CDsOD (400/100 MHz); Fig-
ure S6. 'H NMR spectrum of (3-gardiol (2) in CDsOD (400 MHz); Figure S7. 3C NMR spectrum of 8-
gardiol (2) in CDsOD (100 MHz); Figure S8. "H NMR spectrum of D-mannitol in D20 (400 MHz);
Figure S9. BC NMR spectrum of D-mannitol in D20 (100 MHz); Figure S10. 'H NMR spectrum of 8-
sitosterol and stigmasterol in CDCls (400 MHz); Figure S11. 'H NMR spectrum of ursolic acid in
DMSOds (400 MHz); Figure S12. 3C NMR spectrum of ursolic acid in DMSOds (100 MHz); Table S1.
NMR data for compounds 1 and 2.
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