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Abstract: Antileishmanial activity guided studies on the methanolic extract of the tubers of
Cyclamen rohlfsianum Asch. resulted in the isolation and characterization of six saponins.
All saponins were established as tri-, tetra-, and pentaglycosidic derivatives of 13f3-28-
epoxy-oleanane-type triterpenic sapogenols. Two of them were found to be newly described
saponins, rohlfsianosides A and B. Their structures were identified as 3-O-B-{[B-D-
xylopyranosyl-(1-2)-f-D-glucopyranosyl-(1-4)]-[ f-D-glucopyranosyl-(1—2)]-«-L-arabi-
nopyranosyl }-133,28-epoxy-16a-hydroxy-30-acetoxy-oleanane (rohlfsianoside A), and 3-O-
B-{{[B-D-xylopyranosyl-(1-2)]-[ 3-D-glucopyranosyl-(1-4)]-[ 8-D-glucopyranosyl-(1-4)
1}-[B8-D-glucopyranosyl-(1-2)]-a-L-arabinopyranosyl } -protoprimulagenin = A (rohlfsia-
noside B), respectively. Additionally, three known compounds, cyclamiretin A (3f,16a-
dihydroxy-133-28-epoxy-oleanan-30-al) glycosides; cyclaminorin, deglucocyclamin and
cyclamen, and protoprimulagenin A (133-28-epoxy-3f3,16a-dihydroxy-oleanane) derivative,
lysikoianoside I, were identified. The structure elucidation of the saponins was established
by means of spectroscopic methods (1D and 2D NMR, HR-MS). All the saponins showed
notable growth inhibitory activity against Leishmania tropica, with ICs, values ranging from
17.5 to 21.9/mL.
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1 Introduction

Neglected tropical diseases (NTDs) are a group of diseases
caused by a variety of pathogens (including viruses, bacteria,
parasites, fungi, and toxins) with devastating health, social,
and economic arabinopyranoconsequences. NTDs mostly
affect poor communities (over 1 billion people) in tropical
regions, although some have a much wider geographical
distribution. The World Health Organization (WHO) defines
NTDs as diseases prevalent in the poorest regions of the
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world, where access to healthcare, sanitation, and safe drink-
ing water is inadequate. During the COVID-19 pandemic,
there has been an increase in mortality from NTDs due to
inadequate support for individuals, often in the most vul-
nerable populations (World Health Organization (WHO),
2025; da Silva et al., 2024).

Leishmaniasis is one of the top ten infectious diseases
among NTDs. It is a vector-borne infectious disease caused
by Leishmania protozoa and affects more than 12 million
people worldwide with 0.9-1.6 million new cases each year
(da Silva et al., 2024). The disease is transmitted by sand
flies (Phlebotomus spp.), and more than twenty Leishmania
species are reported to cause human leishmaniasis (Kose &
Temogin, 2020). The primary reservoir of the parasites in
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nature is dogs and canids. It is also known that mice, foxes,
cats, and humans can be reservoirs for these parasites. The
disease is more common in tropical and subtropical regions
than in other regions, and leishmaniasis cases have been
reported from 98 countries in Europe, Africa, Asia and the
Americas. Leishmaniasis remains an important public health
problem in the Mediterranean basin, the Middle East, India,
and South America (Ruh & Taylan Ozkan, 2019; Giiler et al.,
2021, 2025).

Currently, the most commonly used antileishmanial drugs
are pentavalent antimonials (N-methyl glucamine anti-
monate and sodium stibogluconate/SAG), amphotericin B,
the antibiotic pentamidine, and miltefosine (oral anticancer
drug) (Brindha et al,, 2021). In addition, controlled-release
drug systems developed by nanoparticles are considered as
high-potential tools to improve antileishmanial chemother-
apy (Igbal et al., 2022; Khalid et al., 2022; Dar et al., 2020).
Although SAG and meglumine antimonate are the first-line
drugs for the treatment of leishmaniasis, SAG resistance has
been reported to have become epidemic in some regions
of India (Gtiler et al,, 2021). Most of the drugs used in the
treatment of leishmaniasis have serious side effects, especially
nephrotoxic, hepatotoxic, and teratogenic effects (Direkel
et al., 2016). Therefore, treatment of the disease is limited,
toxic, costly, and inaccessible to patients due to repeated
parenteral administration. Thus, the development of safer
and shorter-term therapies is critical (da Silva et al., 2024).

In many regions where antileishmanial drugs are not
available commercially, medicinal plants are used for treat-
ment. Research has shown that natural products derived
from plants can lead to new and effective compounds for
the treatment of leishmaniasis (Guler et al., 2021). Fur-
thermore, extracts from numerous traditional medicinal
plants have been proven to exhibit inhibitory and even
lethal effects against various pathogens, including Leishma-
nia parasites (Bahmani et al., 2015; Delgado-Altamirano etal.,
2017; Colak, 2025; Passero et al., 2021; Saberi et al., 2024). Ace-
togenins, alkaloids, coumarines, curcumins, essential oils,
flavonoids, neolignans, triglycerides, ursan- and oleanan-
type triterpenes, cycloartenol glycosides are among the
natural products reported for their antileishmanial activities
(CGalig et al., 2006; Guimaraes et al., 2010; Oryan, 2015; Ozipek
et al., 2005).

In this study, C. rohlfsianum was studied for its antileish-
manial activity. C. rohlfsianum is native to a small area of
northeastern Libya, in the Jabal Al Akhdar Mountain near
the coast of Cyrenaica between Benghazi and Derna. It grows
under scrub and in open woodland, on terra rossa over lime-
stone, rocks, and in cavities, at an altitude of approximately
450 m. The tubers of the plants are traditionally used locally
in Libya to treat Leishmania bites on the skin. The plant
species C. rohlfsianum is a member of the Cyclamen genus
and is widespread in regions of North Africa and the Mediter-
ranean. The plant’s medicinal ingredients are traditionally
extracted by boiling its roots or tubers in water. Fomentation
is another traditional use of this preparation, which involves
applying a warm compress soaked in the decoction topically
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to the skin for therapeutic effects (El-Darier & El-Mogaspi,
2009).

Cyclamen L. species are members of Primulaceae together
with Androsace L., Lysimachia Tourn. Ex L., and Primula L.
Ardisia Sw., Maesa Forssk. and Myrsine L. are the members of
family Myrsiniaceae. The common feature of these plants is
the triterpenoid saponins with 13f,28-epoxy-oleanane-type
sapogenols (Foubert et al., 2008). The sapogenol skeleton
undergoes hydroxylation at positions C-3, C-16, C-21, C-
22, and C-28, leading to varying degrees of hydroxylation.
Depending on the number of hydroxyl groups introduced,
these are diols, triols, tetrols, or pentols. The methyl groups
located at C-23, C-29, and C-30 can be found in oxidized
forms, including CH,OH, CHO, and COOH, correspond-
ing to increasing levels of oxidation. It can be suggested
that hydroxylation and oxidation patterns on the oleanane
skeleton, together with the sugar chain glycosylated to C-3,
critically influence the saponin’s physicochemical properties
and bioactivity.

Cyclamen species are mostly used as ornamental flow-
ers in gardens or in pots. On the other hand, they are
used as herbal medicine for various purposes, such as
antioxidant, anti-inflammatory, and anti-cancer activities.
Moreover, antibacterial, antifungal, and uterine contrac-
tive activities, as well as antifertility effects, have also been
reported (Calis et al., 1997a, 1997b).

The crude extract of the tubers of C. rohlfsianum (CR-
Ex), along with the fractions of the crude extract obtained
by Vacuum Liquid Chromatography (VLC) (CR-A-CR-K)
and the saponins isolated from the fractions CR-G, CR-H,
and CR-1 (1-6) (Figure 1) exhibited growth inhibitory activity
against Leishmania tropica with ICs, values ranging from 17.5
to 21.9 pg/mL. Five of the saponins (2-6) were tested against
Leishmania tropica promastigotes.

2 Materials and Methods
2.1 General Experimental Procedures

For VLC, a vacuum pump, and a column (41 mm x
400 mm) packed with LiChroprep RP-18 (Merck, Darm-
stadt) were used for the fractionation process. Silica gel
(0.063-200 uM, Merck), LiChroprep C-18 (0.063-200 uM,
Merck), and Sephadex LH-20 (Supelco) were used as station-
ary phases throughout chromatographic studies. Silica gel
plates (Silica Gel 60 F,54, Merck) were used for Thin Layer
Chromatography (TLC). Optical rotations were measured on
a Schmidt+Haensch Polartronic MHZ-8 polarimeter. NMR
measurements in CD;O0D were performed on a Bruker DRX
500 spectrometer (Bruker, Rheinstetten, Germany) operating
at 500 MHz for 'H and 125 MHz for '*C, respectively, using
the XWIN NMR software package for data acquisition and
processing. The Finnigan TSQ 7000 HR-ESI [Thermo Fisher
Scientific (Bremen) GmbH, Germany] was used in both neg-
ative and positive modes. For lyophlization a CHRIST Alpha
1-4 LD (Martin Christ Gefriertrocknungsanlagen GmbH,
Osterode/Harz, Germany) Plus was used.
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Figure 1. Saponins from the tubers of C. rohlfsianum
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2.2 Plant Material

The plant material of Cyclamen rohfsianum (tubers) was
collected from a region of N.E. Libya, Jabal Al-Akhdar Moun-
tains (altitude 450 m) between Bengazi-Derna and identified
by Prof. Dr. Mohamed Abuhadra and deposited as voucher
specimen (6811) in the Herbarium of the Faculty of Science,
Botany Department, the University of Tripoli in Libya.

2.3 Extraction and Fractionation

The air-dried, ground, underground parts (tubers, 200 g)
of C. rohfsianum (CR) were extracted with 80% EtOH (2 x
800 mL) at 50°C using a rotary evaporator. The combined
ethanolic extracts were evaporated under vacuum at 40°C,
and the viscose residue was diluted with H,O (~400 mL)
and partitioned with n-BuOH three times (each 400 mL). n-
BuOH phases were combined and evaporated until dryness,
then dissolved in water (100 mL) and was lyophilized to give
n-BuOH extract (CR-E: 23.287 g, yield 11.65%). A part of the
n-BuOH extract (10 g) was applied to vacuum liquid chro-
matography (VLC) using LiChroprep-Cl18 as the stationary
phase (100 g; @ 4.1 cm, h = 13.5 cm). For elution, H,O and
H,0-MeOH mixtures with an increasing amount of MeOH
in each 100 mL of the eluent. The first two fractions (frs. 1-
2) were eluted only with H,O (each 100 mL). The following
thirteen fractions (frs. 3-15) were eluted using 10-95% MeOH
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in water (each 100 mL). Finally, only MeOH (100 mL, fr. 16)
was used as an eluent. According to the results of TLC studies,
fractions were combined into eleven fractions (CR A-K: frs.
2-3, 474 mg, A; frs. 4-6, 2158 mg, B; fr. 6, 880 mg, C; fr. 8,
322 mg, D; frs. 9-11, 843 mg, E; fr. 12, 532 mg, F; fr. 13, 2224
mg, G; fr. 14, 688 mg, H; fr. 15, 278 mg, J; fr. 16, 173 mg, K).
Dichloromethan-MeOH-H,O mixtures (80:20:2, 70:30:3 or
61:32:7) were used throughout the TLC studies.

According to the leishmanicidal activity results, frs. G,
H and ] were applied to silica gel column chromatography,
separately, to afford saponin glycosides (1-6).

2.3.1. Isolation of Cyclaminorin (1), Deglucocyclamin (2)
and Cyclamin (3)

A part of fr. G (1000 mg) was applied to a silica gel column
(70 g) using a mixture of DCM-MeOH-H, O with increasing
polarity (80:20:1; 80:20:2; 75:25:2,5; 70:30:3; each 250 mL) as
a solvent system (frs. volume: 13-14 mL). Fr. 35 yielded 1
(3 mg) while frs. 36-39 was a mixture of 1and 2 (205 mg). Frs.
40-44 was pure in saponin 2 (248 mg). Frs. 45-50 was also
rich in 2 (61 mg). Frs. 56-57 (20 mg) and 58-60 (64 mg)
afforded compound 3. The remaining fractions (frs. 61-
57, 134 mg) were a mixture of compound 3 with a more
polar saponin.
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2.3.2. Isolation of Rohlfsianoside A (4)

Fr. H (688 mg) was applied to a silica gel column (70 g)
using a mixture of DCM-MeOH-H, O with increasing polar-
ity (80:20:2;70:30:3; 61:32:7; each 250 mL) as a solvent system.
50 fractions were collected (frs. volume: 13-14 mL). Frs. 1-
32 (73 mg) and 33-36 (113 mg) yielded pure compound
4 (CR-H).

2.3.3. Isolation of Lysikoianoside (5) and Rohlfsianoside
B(6)

Fr. ] (260 mg) was applied to a silica gel column (25 g) using
a mixture of CHCL-MeOH-H,O with increasing polarity
(90:10:1; 80:20:2; 70:30:3; 60:40:4; each 200 mL) as a solvent
system. 63 fractions were collected (frs. volume: 12 mL).
Frs. 8-45 gave compound 5 (67 mg), while frs. 55-61 gave
compound 6 (43 mg).

2.3.4 Cyclaminorin (1)

Colourless amorphous powder; (+)-HR-MS m/z 951.49239
[M+Na]* (calcd. for C47H76NaO;s, Mol. Wt. 951.4929).
Identified by co-chromatography with reference compound,
cyclaminorin isolated from Cyclamen coum var. coum (Calis
et al., 1997b).

2.3.5 Deglucocyclamin (2)

Colourless amorphous powder; (+)-HR-MS m/z 1083.53465
[M+Na]* (caled. for Cs,HgyNaO,,, Mol. Wt. 1083.5352).
'H and *C-NMR (500 MHz and 125 MHz, respectively,
CD;0D) were in accordance with previously reported data
from Cyclamen coum var. coum (Calis et al., 1997b).

2.3.6 Cyclamin (3)

Colourless amorphous powder; (+)-HR-MS m/z 1245.58747
[M+Na]* (calcd. for Cs3Hg4NaO,7, Mol. Wt. 1245.5880).
'H and "*C-NMR (500 MHz and 125 MHz, respectively,
CD;0D) were in accordance with those reported from Cycla-
men coum var. coum (Calis et al.,, 1997b; Reznicek et al.,
1989).

2.3.7 Rohlfsianoside A (4)

Colourless amorphous powder; [a]p?® +50° (c 0.12,
MeOH); (+)-HR-MS m/z 112756086 [M+Na]"; (calcd.
for CssHsgNaO,3, Mol. Wt. 1127.5614). 'H and '*C-NMR
(500 MHz and 125 MHz, respectively, CD;OD) Tables 2A
and 2B.

2.3.8 Lysikokinasoside I (5)

Colourless amorphous powder; (+)-HR-MS m/z 1069.55538
[M+Na]* (calcd. For Cs,HggO,;Na, Mol. Wt. 1069.5559).
'H and "*C-NMR (500 MHz and 125 MHz, respectively,
CD;0D) were in accordance with those reported from Lysi-
machia sikokiana and L. candida (Kohda et al., 1989; Zhang
et al., 1999).
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2.3.9 Rohlfsianoside B (6)

Colourless amorphous powder; [a]p?® -140° (c 0.1,
MeOH); (+)-HR-MS m/z 1231.60820 [M+Nal]* (calcd.
for Cs4HggNaO,3, Mol. Wt. 1231.6088). 'H and '*C-NMR
(500 MHz and 125 MHz, respectively, CD;OD) see Tables 3A
and 3B.

2.4 Leishmania Tropica Strain

In our study, Leishmania tropica strain was used to inves-
tigate in vitro anti-leishmanial activity. The strain was
MHOM/TR/2012/CBCL-LT coded strain stored in a liquid
nitrogen tank nitrogen tank in the Parasite Bank of Manisa
Celal Bayar University, Faculty of Medicine, Tiirkiye.

2.4.1 Culture of Leishmania tropica

Leishmania tropica promastigotes removed from liquid
nitrogen were thawed in a 37°C water bath for two min-
utes. After thawing, they were inoculated into enriched
NNN media and the media were incubated in an incu-
bator at 26°C. The growth status of the promastigotes
was checked every other day by preparing a slide-to-
cover slip. The grown promastigotes were transferred from
NNN medium to RPMI-1640 medium (GibcoTM, Paisley,
Scotland, UK) containing 10% fetal calf serum (FCS), 1%
penicillin/streptomycin, and 1% gentamicin and brought to
the level of 107 promastigote/mL required for the study
(Gtler et al., 2021; Eser & Cavus, 2023).

2.4.2 In Vitro Anti-leishmanial Study

In our study, anti-leishmanial activities of 23 different
cyclamen derivatives (CC-3, CC-4, CC-5, CM-1, CM-3,
CM-4, CM-6, CR-Ex, CR-A, CR-B, CR-C, CR-D, CR-E,
CR-E, CR-G, CR-H, CR-I, CR-3, CR-G3, CR-G2, CR-H]I,
CR-JI, and CR-J2) were investigated. The 96-well cell
culture plates (flat bottom) were used horizontally. Firstly,
100 uL of RPMI-1640 medium (containing 10% FCS, 1%
penicillin/streptomycin, and 1% gentamicin) was transferred
to all wells in triplicate. A different line on the plate was
used as a drug control, and 100 uL Amphotericin B (AmpB)
(0.06 uM) was added to the first well, and serial dilution
was performed again. Then, 100 uL of Leishmania tropica
promastigotes (concentration of 10”7 promostigotes/mL)
was added to each well. In the negative control line, only
100 uL of promastigote suspension was placed, no active
substance was added. After the procedures were completed,
the plates were covered with parafilm and incubated in
a 25°C incubator for 48 hours. XTT (Biotium, Fremont,
CA, USA) (sodium 3,39-[1-(phenylaminocarbonyl)-3,4-
tetrazolium]-bis(4-methoxy-6-nitro) benzene sulphonic
acid monohydrate) cell viability test kit was prepared to
measure absorbance, and, 50 pL of this solution was added
to each well in the plate after incubation. The plates were
incubated again at 37°C for 4 hours, and, then the ICs, values
were determined by reading the absorbance at 450 nM.
Viability percentages (%) for promastigotes were calculated
according to the equation described in the previous study
(Gtiler et al., 2021, 2025; Eser & Cavus, 2023).
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Table 1. Anti-leishmanial activity (ICso in ug/mL) of the crude n-BuOH extract (CR-Ex), fractions of the crude
extracts CR-Ex (CR-A-]) and the saponins 2-6

Code of the samples  Crude extract, Fractions saponins (2-6) ICso pg/mL  ICso mM/mL

CR-Ex (100 mg) Crude extract (n-BuOH) 24.41

CR-A (27 mg) Fraction A 210.9

CR-B (34 mg) Fraction B 132.5

CR-C (24 mg) Fraction C 187.5

CR-D (26 mg) Fraction D 406.3

CR-E (21 mg) Fraction E 82.03

CR-F (23 mg) Fraction F 44.92

CR-G (29 mg) Fraction G 14.16

CR-G2 (5.4 mg) Deglucoyclamin (2) 21.09 1.99
CR-G3 (5.6 mg) Cyclamin (3) 21.88 1.79
CR-H (19 mg) Fraction H 18.56

CR-H1 (5.3 mg) Rohlfsianoside A (4) 20.70 1.87
CR-J (16 mg) Fraction J 15.63

CR-J1 (4.5 mg) Lysikoianoside I (5) 17.58 1.68
CR-J2 (4.9 mg) Rohlfsianoside B (6) 19.14 1.58

AmpB Concentration (uM)
AmpB* 0.063
NC* -

Note: *) Abbreviations: AmpB = Amphotericin B; NC = Negative Control.

3 Results and Discussion
3.1 Antileishmanial Activity

The crude extract of the tubers of C. rohlfsianum (CR-Ex),
and the fractions of the crude extract obtained by VLC (CR-
A-CR-K), as well as the saponins (2-6) isolated from the
fractions CR-G, CR-H, and CR-I (2-6), were evaluated in
parallel for their antileishmanial activity (Table 1). Ampho-
tericin B (AmpB) was used as the reference drug against
Leishmania tropica promastigotes. The reference drug AmpB
inhibited 50% of the promastigotes at a concentration of
0.063 uM in the fifth dilution. CR-Ex, CR-G, CR-H, CR-]
were found to be the most effective against promastigotes
(ICso: 24.41 pg/mL, 14.16 pug/mL, 18.56 pg/mL, 15.63 ug/mL,
respectively). All wells in the Negative Control (NC) line
showed 100% promastigote viability. Isolation studies on the
active fractions resulted in the isolation of the compounds
1-3 from CR-G, compound 4 from CR-H, and compounds
5 and 6 from CR-J. Saponin 1 was not studied due to the
low yield. Saponins 2-6 exhibited growth-inhibitory activity
against Leishmania tropica, with ICs, values ranging from 17.5
to 21.9 pg/mL (Table 1).

3.2 Structure Elucidation

Compound 1 was obtained as an amorphous powder. The co-
chromatography of compound 1 together with the reference
compound of cyclaminorin, isolated in a previous study,
helped identify compound 1 as the same saponin (Calis et al.,
1997b).

Compounds 2 and 3 were obtained as white, amorphous
colourless powders. Based on their HR-MS and 'H and
I3C-NMR data, their structures were established as tetra-
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and pentaglycosidic derivatives of cyclamiretin A (13f3-28-
epoxy-3,16-dihydroxy-olean-30-al), deglucocyclamin and
cyclamin, respectively (Calis et al., 1997a, 1997b; Reznicek
et al., 1989).

Compound 4 was also obtained as an amorphous
colourless powder. Its molecular formula was deduced as
Cs4Hs30,3 by HR-MS showing a sodium adduct ion peak
at m/z 112756086 [M+Na]* (calcd. for Cs4HggNaO,3, Mol.
Wt. 1127.5614). The 'H-NMR spectrum of 4 was consistent
for the presence of a 133-28-epoxy-oleanan-type triterpene
saponin with the existence of signal system observed as an
AB system at § 3.51 and 3.15 (Jap = 7.3 Hz) and the carbon
resonance at ¢ 78.68 (H,-28 and C-28). The proton signals
observed at § 1.06, 0.85, 0.90, 1.15, 1.25 and 0.98 (each
3H, s) together with the corresponding carbon resonances
at § 28.52, 16.85, 16.87, 18.88, 20.14, and 28.86, respectively
(Table 2A). By the help of HSQC and HMBC experiments,
these methyl resonances were assigned to Me-23, Me-24,
Me-25, Me-26, Me-27 and Me-29, respectively. Additionally,
the 'H,’C-long-range correlations from these methyl
resonances to the carbons of the oleanane skeleton allowed
the assignment of all carbon and proton resonances of
the oleanane skeleton (Table 2A). These findings led us
to assign the two remaining methyl groups of the eight
total methyl groups of the oleanane skeleton as a C-28
oxymethylene function and a hydroxymethylene at C-30.
The latter was supported by the proton resonances observed
as a second AB system at § 4.26 and 3.83 (Jup = 11.2 Hz)
and the corresponding carbon resonances at § 69.09 (C-
30). In addition to these two oxygen-bearing methylene
functionalities, two geminal protons on the oxygenated
carbon atoms were observed at § 3.15 and 3.94 and attributed
to the H-3 and H-16, respectively. In the HSQC experiment,
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Table 2A. The 'H and '>C-NMR data for the aglycone of rohlfsianoside A, 4 (6 500 MHz; éc 125 MHz, CD;OD, ppm)

Rohlfsianoside A (4)
C/H dc DEPT dc, J (Hz) HMBC
1 40.37 CH, 1.78%/0.98%
2 27.38 CH, 1.871/1.77%
3 91.52 CH 3.15t
4 40.76 C -
5 56.98 CH 0.72d (10.2)
6 18.88 CH, 1.53%
7 35.28 CH, 1.56%/1.24+
8 43.49 C -
9 51.77 CH 146t
10 37.98 C -
1 20.14 CH, 1.631/1.48%
12 33.36 CH, 2.12%/1.35%
13 88.45 C -
14 45.41 C -
15 37.19 CH, 2.111/1.24%
16 78.22 CH 3.94%
17 45.28 C -
18 51.51 CH 1.26
19 34.34 CH, 1.991/1.29%
20 36.13 C -
21 33.32 CH, 2.121/1.38t
22 32.01 CH, 1.811/1.51%
23 28.52 CH; 1.06s C-3,C-5,C-24
24 16.85 CH; 0.85s C-3,C-5,C-23
25 16.87 CH; 0.90s C-1, C-5,C-8,C-9
26 18.88 CH; 115s C-7,C-8
27 20.14 CH; 1.25s C-8, C-13, C-14, C-15
28 78.68 CH, 3.51d/3.15d Jag =73
29 28.86 CH; 0.98 s C-19, C-20, C-21, C-30
30 69.09 CH, 4.26d/3.83d Jag =11.2 C-29
C=0 173.13 C - C-30, CO CH,
CO CH; 20.89 CH; 2.07 s

the 'H,*C short-range correlations with these protons
established the C-3 and C-16 resonances at ¢ 91.52 and 78.22,
respectively. These findings strongly supported the presence
of a 133-28-epoxy-3,16,30-trihydroxy-oleanane skeleton as
aglycone. The 'H and '*C-NMR resonances attributed to the
sapogenol moiety were in good agreement with those of the
sapogenol moiety of ardisicrenosides A, B (Jia et al., 1994),
ardisianosides E-G (Chang et al., 2007) and ardisiacrispin E
(Yin et al., 2022). Significant differences were observed in the
chemical shifts of H,-30 (6 4.26 and 3.83 d, J4g =11.2 Hz) and
C-30 (8 69.9). The presence of an acetyl group was supported
by the signal at § 2.07 (3H, s) and carbonyl resonance &
173.13. Thus, the downfield shift for the H,-30 and C-30
resonances was predictive for the site of esterification, which
was confirmed by the long-range correlations from H,-30
and acetyl signals to the carbonyl resonance at § 173.13
in the HMBC experiment. Based on these observations,
the structure of the sapogenol moiety of compound 4 was

6

established as 3f,16a-dihydroxy-30-acetoxy-13/3-28-epoxy-
oleanane. Four anomeric protons were observed at § 4.40
(d, ] = 6.4 Hz, H-1'), 4.69 (d, J = 77 Hz, H-1"), 4.51 (d, ] =
7.6 Hz, H-1"") and 4.50 (d, ] = 7.8 Hz, H-1"""). The proton
signals in the same spin systems of each anomeric protons
were established by COSY experiments, and corresponding
carbon resonances were identified with the help of HSQC
experiment. Finally, interglycosidic linkages between the
sugar units and sapogenol moiety were consistent with the
presence of a similar tetraglycosidic oligoholoside moiety
consisting of an a-L-arabinose (8 4.40, d, ] = 6.4 Hz, H-1'),
B-D-xylose (8 4.50, d, ] = 7.8 Hz, H-1""), and two B-D-
glucose (6 4.69, d, ] = 7.7 Hz, H-1"; 4.51, d, ] = 7.6 Hz, H-1""")
units similar to the those of deglucocyclamin. Based on these
results, the structure of the compound 4 was determined
as 3-O-B-{[f-D-xylopyranosyl-(1-2)-f-D-glucopyranosyl-
(1-4)]-[B-D-glucopyranosyl-(1-2)]-«a-L-arabinopyranosyl } -
133,28-epoxy-16a-hydroxy-30-acetoxy-oleanane. This is a

http://doi.org/10.25135/rnp.2509.3646
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Table 2B. The 'H and "*C-NMR data of the sugar moiety of rohlfsianoside A, 4 (IH—NMR: 500 MHz; "*C-NMR:

125 MHz, CD;OD, ppm)

Rohlfsianoside A (4)
C/H oc DEPT oy ppm, J (Hz) HMBC
Ara-C(3)-Agly
I 104.52 CH 4.40d (6.4) C-3
2 79.56 CH 3.81F
3 74.46 CH 3.82F
4 80.35 CH 3.90t
5 65.87 CH, 4.22 dd (12.6/3.2)/3.55% c-1
Glc;-C(2')-Ara
1" 105.74 CH 4.69d (7.7) Cc-2
2" 76.18 CH 3.21%
3" 78.21 CH 3.30%
4" 72.14 CH 3.19%
5" 78.06 CH 3.93F
6"’ 63.45 CH, 3.86 dd/3.60
Glc,-C(3')-Ara
1 104.95 CH 4.51d (7.6) C-4
2 85.29 CH 3.42
3" 7779 CH 3.40
4" 71.26 CH 3.37
5" 77.99 CH 3.31
6" 62.72 CH, 3.86 1 3.70 dd (12.0/6.6)
Xyl-(C-2"")-Gle,
1" 107.48 CH 450 d (7.8) c-2"
20 76.06 CH 3.29
3 77.74 CH 3.40
4" 71.12 CH 3.55
51 67.57 CH, 3.99 dd (11.4/5.3) 3.34 + c-1"

Note: Abbreviations: Agly, aglycone; Ara, arabinose; Glc, Glucose; Xyl, xylose.

t Signal pattern unclear due to overlapping.

newly described 13,28-epoxy-oleanane-type saponin and
was named rohlfsianoside A.

Compound 5 was obtained as a colourless amorphous
compound. The HR-MS spectrum showed the sodium
adduct ion peak at m/z 1069.55538 [M+H]*, corresponding
to the molecular formula of Cs;HggNaO,; (Mol. wt.
1069.5559). Contrary to the NMR spectra of the saponins 1-4,
the 'H-NMR spectrum of 5 exhibited seven tertiary methyl
signals at § 1.23, 1.16. 1.06, 0.95, 0.91, 0.906 and 0.85 (each
3H, s). The proton signals arising an AB system at ¢ 3.12 and
3.50 (Jag = 7.5 Hz, H,-28) and a corresponding methylene
carbon at § 78.44 (C-28) were consistent with the existence
of a 13[3,28-epoxy functionality in 5. These findings together
with other resonances arising from the sapogenol moiety
indicated that the sapogenol moiety was protoprimulagenin
A (Calis et al.,, 1992; Mua et al.,, 2010). Moreover, the signal
arising from the tetraglycosidic oligosaccharide moiety was
in accordance with those of deglucocyclamin (2) (Calis
et al., 1997a), and as well as rohlfsianoside A (4). Based on
these results, the structure of 5 was determined as 3-O-
B-{[B-D-xylopyranosyl-(1-2)-f3-D-glucopyranosyl-(1-4)]-
[8-D-glucopyranosyl-(1-2)]-a-L-arabinopyranosyl }-proto-
primulagenin A. This compound was first reported from

http://doi.org/10.25135/rnp.2509.3646
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another member of the family Primulaceae, Lysimachia
species and named as lysikokinasoside I (Kohda et al.,
1989; Zhang et al., 1999). This compound has also been
isolated from Cyclamen repandum (DallAcqua et al., 2010).
Compound 6 was obtained as a colourless amorphous
compound. The positive ion HR-MS showed the sodium
adduct ion peak at m/z 1231.60820 [M+Na]*, which indi-
cated a molecular formula of C53HggNaO,4 (calcd. mol. wt.,
1231.6088). The assignments of all proton and carbon reso-
nances were based on 2D-NMR (COSY, HSQC, and HMBC).
Seven tertiary methyl signals and the protons at dy 3.50
and 3.12 (AB system, Jap = 7.7 Hz, H,-28) and the car-
bon resonance d¢ 78.89 (C-28) supported the presence of a
13/3,28-epoxy bridge (Table 3A) revealing protoprimulagenin
A as the sapogenol as observed for saponin 5. On the other
hand, the 'H- and *C-NMR spectra of 5 were predictive
of the presence of sugar units: 6y 4.39, d, ] = 6.4 Hz; ¢
105.61 (H-1" and C-1’ of the sugar attached to the aglycone,
a-L-arabinose); 0y 4.69, d, ] = 7.7 Hz; 8¢ 104.42 (H-1" and
C-1” of B-D-glucose); 8y 4.53, d, ] = 8.0 Hz; 8¢ 105.05 (H-
1" and C-1"" of the inner S-D-glucose); 8y 4.72, d, ] = 7.9
Hz; 8¢ 105.71 (H-1""" and C-1"""" of the terminal 3-D-xylose);
Oy 4.65, d, ] = 8.0 Hz; §c 104.42 (H-1""" and C-1"""" of
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Table 3A. The 'H and "> C-NMR data for the aglycone of rohlfsianoside B (6) (1 H-NMR: 500 MHz; '*C-NMR: 125 MHz, CD;0D,

ppm).
Rohlfsianoside B (6)

C/H Atom Sc DEPT e, J (Hz) HMBC
1 39.94 CH, 2.38 br dd (14.0/12.0)/1.20 C-25
2 27.39 CH, 1.86 br dd (12.9/4.4)
3 91.51 CH 3.17 dd (9.0/8.0) Cc-1
4 40.77 C -
5 56.99 CH 0.72 dd (11.4/1.2)
6 18.88 CH, 1.50F
7 35.31 CH, 1.531/1.22%
8 43.42 C -
9 51.53 CH 1.26F
10 37.99 C -
1 20.02 CH, 1.62 dd (12.9/4.4)/1.24+
12 33.46 CH, 2.041/1.28%
13 88.52 C -
14 45.44 C -
15 37.51 CH, 2.10/1.17
16 78.22 CH 3.89t C-18,C-17
17 45.53 C -
18 52.51 CH L51F
19 40.39 CH, 1.761/0.97%
20 32.55 C -
21 37.20 CH, 1.21t
22 32.31 CH, 1.78%/1.52%
23 28.51 CH; 1.06's C-4,C-5,C-24
24 16.90 CH; 0.85s C-4,C-5,C-23
25 16.86 CH; 0.90 s C-5,C-9,C-10
26 18.96 CH; 116 s C-7,C-8,C-9,C-14
27 20.06 CH; 1.23s C-8,C-13,C-14
28 78.89 CH, 3.50d/3.12d (Jag = 7.7) C-17, C-18
29 34.06 CH; 0.95s C-19, C-20, C-21, C-30
30 25.09 CH; 0.91s C-19, C-20, C-21, C-29

Note: t Signal patterns unclear due to overlapping.

Table 3B. The 'H and '*C-NMR data of the sugar moiety of rohlfsianoside B, 6 (H-NMR: 500 MHz; *C-NMR: 125 MHz,

CDsOD, ppm)

Rohlfsianoside B (6)

C/H DEPT S e, J (Hz) HMBC

Ara-C(3)-Agly

I CH 105.61 4.39d (6.4) C-3

2 CH 79.50 3.78%

3 CH 74.35 3.79%

4 CH 80.52 3.88+

5 CH, 65.74 4.21dd (12.6; 2.7)/3.52+ C-1
Gl -C(2)-Ara

1’ CH 104.42 4.69d (7.7) Cc-2

2" CH 75.71 3.19%

3" CH 78.16 3.40-3.25

http://doi.org/10.25135/rnp.2509.3646
Rec. Nat. Prod. 2026, 20(1):225093646


http://www.acgpubs.org/journal/records-of-natural-products
http://www.acgpubs.org/
http://doi.org/10.25135/rnp.2509.3646

Records of Natural Products

www.acgpubs.org

ORIGINAL ARTICLE

Table 3B. (Continued)

Rohlfsianoside B (6)

C/H DEPT Sc dc, J (Hz) HMBC
4" CH 71.20 3,517
5" CH 78.03 3.40-3.25
6" CH, 62.52 3.871/3.65+
Glc,-C(3')-Ara
1" CH 105.05 453d (8.0) c-4
2 CH 82.09 3.58%
3" CH 87.39 3.70t
4" CH 71.96 3171
5" CH 77.48 3.40-3.25
6" CH, 63.30 3.861/3.64t
Xyl-(C-2"")-Glc,
1" CH 105.71 4.72.d (79) c-2"
21 CH 76.08 3.18¢%
3" CH 78.07 3.40-3.25
4" CH 69.90 3.40t
5" CH, 6718 3.98 dd (11.7; 5.4)/3.28+ Cc-1""
G1C3 - (C-3’”) -G1C2
i CH 104.42 4.65d (8.0) C-3"
2 CH 75.35 3.25%
3 CH 78.20 3.88%
4" CH 71.54 3.30%
5 CH 7778 3.40-3.25
6" CH, 62.52 3.871/3.65%

Note: Abbreviations: Agly, aglycone; Ara, arabinose; Glc, Glucose; Xyl, xylose.

the terminal $-D-glucose) (Table 3B). The chemical shifts
of the anomeric carbons indicated the pyranose forms of all
sugar units.

The chemical shifts attributed to the penta-glycosidic
oligosaccharide moiety, as well as the site of inter-glycosidic
linkages were found to be the same as those of cyclamin (3).
Significant 'H,!*C long-range correlations were observed
from H-1' (8y 4.69) of the arabinose to C-3 (8¢ 91.51) of
the protoprimulagenin A, from the anomeric proton (H-1”,
On 4.53) of one of the two terminal glucose units to C-2’
(8c 79.50) of arabinose, from the anomeric proton of the
inner glucose (H-1"', 8y 4.53) to the C-4' (8¢ 79.50) of
arabinose, from the anomeric proton of the terminal xylose
unit (H-1"", 6y 4.53) to the C-2""" (8¢ 82.09) of the inner
glucose, and finally from the anomeric proton (H-1""",
Oy 4.65) of the second terminal glucose unit to the C-3""
(8¢ 87.39) of the inner glucose unit confirming the same
glycosidation pattern to those of cyclamin (3). Based on this
evidence the structure of the saponin 6 was established as
3-O-B-{{[B-D-xylopyranosyl-(1-2)]-[ 3-D-glucopyranosyl-
(1-4)]-[B-D-glucopyranosyl-(1-4)] } -[ 3-D-glucopyranosyl-
(1-2)]-a-L-arabinopyranosyl } -protoprimulagenin A which
was named rohlfsianoside B as a newly described saponin.

4 Conclusion
Bioactivity-guided studies have shown that the antileish-
manial compounds in Cyclamen rohlfsianum tubers are

http://doi.org/10.25135/rnp.2509.3646
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triterpenic saponins (1-6). All the saponins have 133,28-
epoxy-oleanane-type sapogenols and tri- (1), tetra- (2,
4, 5), and pentaglycosidic (3 and 6) monodesmosidic
structures. Saponins (2-6) tested for antileishmanial activ-
ity exhibited notable growth inhibitory activity against
Leishmania tropica, with ICsy values ranging from 175 to
219 pg/mL. Our findings are consistent with the results
obtained with previously studied 13[3,28-epoxy-oleanane-
type saponins (Maes et al., 2004a, 2004b; Foubert et al,
2009; Vermeersch et al., 2009). According to these stud-
ies, 13,28-epoxy-oleanane triterpene saponins demonstrate
potent and selective antileishmanial activity. On the other
hand, the mechanism of action of the saponins can be
attributed to their dual amphiphilic properties. Since the
use of C. rohlfsianum tubers locally, saponins may interact
with the membrane sterols of the promastigotes. As is well
known, sterols play a crucial role in maintaining the func-
tional integrity of cell membranes. Thus, saponins may act
non-specifically and damage parasite cell membranes. Their
local applications help concentrate their effect on the infected
site, as reported by local users, meaning that the local use of
C. rohlfsianum tubers may cause minimal systemic toxicity.
Additionally, a recent study performed on the aerial parts of
the same plant reported the isolation and characterization
of flavonoids (genistein, kaempferol, hesperetin, and 7,8,4'-
trihydroxyflavone), and a triterpene, oleanolic acid (Elabbar
et al., 2014).
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