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A B S T R A C T

A detailed phytochemical investigation of rhizomes and roots of Ruscus aculeatus led to the isolation of fifteen 
pure compounds, belonging to the furostanol and spirostanol glycoside classes. Among them, one novel furo
stanol saponin (1) was identified, alongside twelve known furostanol (2–8) and spirostanol (11–15) saponins and 
two sulphated glycosides (9–10). Structural elucidation of all isolated compounds was accomplished through 
comprehensive 1D and 2D NMR spectroscopic analyses, complemented by mass spectrometry. The CHCl3 extract 
of Ruscus aculeatus and its major metabolite, the spirostanol derivative (12), exhibited a weak antimicrobial 
activity. Of particular interest, compound 12 when co-administered with voriconazole (VRC) showed a signifi
cant inhibitory effect against the azole-resistant Candida albicans ATCC 10231 strain, demonstrating a synergistic 
effect that underscores its potential to restore antifungal efficacy and combat resistance mechanisms.

These findings highlight compound 12 as a promising adjuvant candidate in antifungal therapy, particularly 
against resistant Candida strains.

1. Introduction

Terrestrial organisms represent an extraordinarily rich source of 
active secondary metabolites, which often possess complex and unique 
chemical scaffolds. These molecules are an important resource and 
models for the development of rationally designed multi-target drugs. 
Several kinds of plant-derived ingredients have a vast variety of bio
logical activities. Our research focuses on the discovery of natural 
molecules able to interact with specific pharmacological targets; thus, 
accordingly, we conducted the isolation of individual secondary me
tabolites from the hydroalcoholic extract of Ruscus aculeatus to identify 
potential new antimicrobial agents.

Ruscus aculeatus, commonly known as butcher’s broom and 

belonging to the Asparagaceae family, is native to Mediterranean 
Europe, the northern parts of Africa (Morocco, Algeria, Tunisia, and 
Libya) and often grow in well-shaded areas such as woodlands, hedge
rows, and coastal cliffs [1]. This evergreen shrub typically grows to a 
height of 60–80 cm and bears distinctive red berries. The stems are rigid 
and bear spine-tipped triangular leaves which are reduced cladodes. 
Since the Middle Ages, the underground parts of Ruscus aculeatus L., 
particularly the roots and rhizomes, have been widely used in traditional 
medicine as phytotherapeutic and phlebotherapeutic agents [2].

Ruscus aculeatus extracts have demonstrated a broad spectrum of 
biological activities. Among their most well-known traditional applica
tions, the hydroalcoholic extract of rhizomes, has been traditionally 
used in Europe as a vascular tonic and preventive agent, in the treatment 
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of venous insufficiency, capillary fragility, and varicose veins [3,4].
Traditional uses include also the treatment of urinary disorders, 

kidney stones, and abdominal pain [2]. Decoctions prepared from the 
roots and rhizomes have been recommended for alleviating symptoms 
such as venous insufficiency, edema, eczema, premenstrual syndrome, 
inflammation, and hemorrhoids [2,5,6]. Furthermore, extracts have also 
been used as a preventive of atherosclerosis and circulatory insufficiency 
[2,6,7].

In 2019, Chakuleska et al. explored for the first time the in vitro ef
fects of R. aculeatus extracts on the proliferation of human osteoblast- 
like SaOS-2 cells and on bone structure in estrogen-deficient rats. The 
results suggest that R. aculeatus extracts could be promising candidates 
for the prevention of postmenopausal osteoporosis [7].

The antioxidant properties of R. aculeatus extracts have been attrib
uted in part to the presence of phenolic compounds such as p-coumaric 
acid, caffeic acid, and rutin. Additionally, crude steroidal saponin mix
tures extracted from the rhizomes have demonstrated a notable anti- 
inflammatory effect. In some cases, this activity was even more pro
nounced than that of the reference non-steroidal anti-inflammatory drug 
(NSAID), diclofenac (20 mg/kg). The underlying mechanism appears to 
involve the inhibition of prostaglandin synthesis, similar to conven
tional NSAIDs [8].

The antibacterial activity of Ruscus extracts and their isolated com
pounds was also evaluated, with the ethyl acetate (EtOAc) fraction of 
aerial parts showing the highest efficacy. Among the isolated com
pounds, rutin, p-coumaric acid, and caffeic acid showed notable anti
bacterial effects. Both the EtOAc fraction and rutin exhibited 
bacteriostatic activity against Staphylococcus aureus comparable to 
standard antibiotics, while rutin and p-coumaric acid demonstrated 
bactericidal activity against Escherichia coli, Pseudomonas aeruginosa, 
Salmonella typhimurium, and Enterobacter cloacae [9]. Notably, Ruscus 
aculeatus extracts have demonstrated significant antifungal activity, 
with activity in some cases exceeding that of conventional drugs such as 
streptomycin, ampicillin, bifonazole, and ketoconazole [10].

Considering the rise of antimicrobial resistance, a critical challenge 
in modern medicine represents the discovery of novel therapeutic stra
tegies. One of the most promising approaches is the use of combination 
therapy, where a natural compound that may have weak activity on its 
own can synergistically enhance the efficacy of a conventional drug, 
overcoming resistance and reducing required dosages.

As part of our ongoing interest in identifying potential new bioactive 
molecules from plants [10,11], we studied the hydroalcoholic extract 
obtained from rhizomes and roots of Ruscus aculeatus, to determine its 
secondary metabolite profile and, more importantly, to investigate the 
potential of its isolated compounds to act as synergistic partners for 
voriconazole against Candida albicans and oxacillin against Staphylo
coccus aureus. These studies led to the identification of deglucoruscin, a 
spirostanol saponin, previously isolated from Ruscus aculeatus, which 
acts as a synergistic agent when combined with known antimicrobial 
drugs.

2. Materials and methods

2.1. General experimental procedures

ESI-MS spectra were performed on a mass spectrometer LTQ-XL.
NMR spectra were obtained on a Bruker Avance NEO 400 spec

trometer (400 and 700 MHz for 1H, 100 and 175 MHz for 13C, respec
tively), recorded in CD3OD (δH = 3.31 and δC = 49.0 ppm). J are in Hz, 
and chemical shifts (δ) are reported in ppm and referred to CHD2OD as 
internal standard; multiplicities are given as s (singlet), br s (broad 
singlet), d (doublet), dd (double doublet) or m (multiplet) and the 
coupling constants J are in Hz.

Droplet counter current chromatography (DCCC) was carried out 
using a DCC-A apparatus (Tokyo Rikakikai Co., Tokyo, Japan) equipped 
with 250 glass-columns (internal diameter 3 mm).

HPLC was performed using a Waters 510 pump equipped with Wa
ters Rheodyne injector and a Waters 401 differential refractometer as 
detector, using a reverse phase Nucleodur 100–5 C18 column (5 μm; 4.6 
mm i.d. x 250 mm; flow rate 1 mL/min), eluting in isocratic mode with 
different MeOH/H2O mixtures. The purity of all compounds was 
determined to be greater than 95 % by HPLC, MS and NMR.

The GC/MS analysis was carried out with an Agilent Technologies 
6890 N gas chromatograph coupled to an Agilent Technologies 5973 N 
quadrupole mass selective spectrometer and provided with a split/ 
splitless injection port. Helium was used as carrier gas at a linear ve
locity of 40 cm/s.

Specific rotations were measured on a Perkin Elmer 343B 
polarimeter.

2.2. Plant material

Indena, the leading company dedicated to the identification and 
production of active principles derived from plants for use in the phar
maceutical and health food industries, has provided us the hydro
alcoholic extract obtained from rhizomes and roots of Ruscus aculeatus.

2.3. Extraction and isolation

A modified Kupchan partitioning procedure [12] afforded three ex
tracts: n-hexane, CHCl₃, and n-BuOH. Subsequent purification of the 
CHCl₃ and n-BuOH extracts resulted in the isolation of a new furostanol 
saponin (1), twelve known furostanol and spirostanol saponins (2–8, 
11–15), and two sulphated glycosides (9, 10) (Tables S1 and S2).

Table 1 
NMR spectral data (CD3OD, 700 MHz) of compound 1.

Aglycone mojety Sugar portion

α-L-Ara
position δH δC position δH δC

1 3.39 ovl 84.1 1 4.33 d (7.7) 100.5
2 2.09 m, 1.69 m 36.9 2 3.71 dd (9.4, 

7.7)
75.3

3 3.35 ovl 69.2 3 3.84 dd (9.4, 
3.6)

74.3

4 2.20 m 43.4 4 5.02 m 74.1
5 – 139.4 5 3.88 ovl, 3.57 

d (12.9)
64.6

6 5.56 br d (5.7) 125.5 α-L-Rha
7 1.97 m, 1.51 ovl 32.7 1 5.29 br d (1.3) 101.1
8 1.55 ovl 34.1 2 3.88 ovl 72.1
9 1.25 ovl 51.2 3 3.68 dd (9.3, 

3.2)
71.9

10 43.2 4 3.40 ovl 73.9
11 2.56 m, 1.49 ovl 24.8 5 4.08 m 69.5
12 1.65 m, 1.20 m 41.0 6 1.25 d (6.1) 18.0
13 – 43.7 β-D-Glc
14 1.04 ovl 56.2 1 4.27 d (7.8) 102.6
15 – 2 3.21 t (9.0) 74.9
16 4.70 m 85.7 3 3.34 ovl 77.9
17 2.49 d (10.1) 65.6 4 3.29 t (9.0) 71.5
18 0.72 s 14.4 5 3.25 m 77.7
19 1.10 s 14.6 6 3.87 ovl, 3.66 

d (12.0)
62.6

20 – 105.2 HMP
21 1.61 s 11.4 1 – 179.8
22 – 152.1 2 4.07 d (12.8) 76.4
23 2.27 m 25.0 3 1.88 m 40.1
24 2.26 m 31.3 4 1.64 m, 1.30 m 25.0
25 – 146.3 5 0.95 t (7.5) 11.5
26 4.33 d (12.6), 4.11 

d (12.6)
72.7 6 1.01 d (6.8) 15.3

27 5.09 br s, 4.93 br s 112.3

Coupling constants in parentheses (J in Hz); 1H and 13C assignments aided by 
1H–1H COSY, HSQC, and HMBC experiments. Ovl: overlapped with other sig
nals; HMP = 2-hydroxy-3-methylpentanoyl mojety.
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2.3.1. Acid hydrolysis of deglucoruscin 12 to obtain the aglycone 
neoruscogenin (12a)

Deglucoruscin (20 mg) was hydrolysed with 2 N H2SO4 (2 mL) at 
reflux for 2 h. After cooling, the solution was diluted with NaHCO3 
satured solution (5 mL) and extracted with AcOEt (3 × 2 mL). The 
organic layer was evaporated to dryness under reduced pressure and the 
residue was purified with HPLC using MeOH/H2O (88:12) as eluent to 
give 3.4 mg of neoruscogenin (12a) (tR 17.6 min).

2.3.2. Characteristic data for Neoruscogenin (12a)
Selected 1H NMR (400 MHz, CD3OD): δH 5.55 (1H, br d, J = 5.2 Hz, 

H-6), 4.77 (1H, br s, H-27a), 4.74 (1H, br s, H-27b), 4.45 (1H, m, H-16), 
4.27 (1H, d, J = 12.3 Hz), 3.82 (1H, d, J = 12.3 Hz), 3.41 (2H, m, H-3, H- 
6), 1.04 (3H, s, H3–19), 0.94 (3H, d, J = 6.9 Hz, H3–21), 0.84 (3H, s, 
H3–18). 13C NMR (100 MHz, CD3OD): δC 145.2, 140.1, 125.8, 110.7, 
108.9, 82.5, 78.9, 68.9, 65.8, 64.1, 57.9, 52.1, 44.1, 43.2, 42.8, 42.4, 
41.3, 41.1, 34.0, 33.9, 32.9 (2C), 29.5, 24.8, 16.9, 14.9, 13.8.

2.3.3. 26-O-β-D-glucopyranosyl-furosta-5,20(22),25(27)-triene-1β,3β,26- 
triol 1-O-α-L-rhamnopyranosyl-(1 → 2)-4-[(2S,3S)-2-hydroxy-3- 
methylpentanoyl]-α-L-arabinopyranoside (1)

Amorphous solid. [α]25
D − 16.4 (c 0.05, MeOH); ESI-MS m/z 1005.5 

[M + Na]+. The 1H and 13C NMR spectral data are listed in Table 1.

2.3.4. Sugar analysis for compound 1
Compound 1 (0.5 mg) was dissolved in anhydrous 2 N HCl-MeOH 

(0.5 mL) and heated at 80 ◦C in a stoppered reaction vial. After 2 h, 
the reaction mixture was cooled, neutralized with Ag2CO3, and centri
fuged. The supernatant was taken to dryness under a stream of N2. The 
residue was reacted with 0.1 M L-cysteine methyl ester hydrochloride in 
anhydrous pyridine (200 mL) for 2 h at 80 ◦C. 1-(Trimethylsilyl)imid
azole in pyridine was added and the thiazolidine derivatives analyzed by 
GC–MS. L-Rhamnose, L-arabinose and D-glucose were confirmed in 1 by 
comparison of the retention times of their derivatives with those of 
standards.

2.3.5. 26-O-β-D-glucopyranosylfurosta-5,20(22),25(27)-triene-lβ,3β,26- 
triol 1-O-{O-α-L-rhamnopyranosyl-(1 → 2)-α-L-arabinopyranoside}(2)

Amorphous solid. [α]25
D − 19.7 (c 0.08, MeOH); ESI-MS m/z 891.4 

[M + Na] +. The 1H and 13C NMR spectral data are consistent with the 
published data [13].

2.3.6. 26-O-β-D-glucopyranosyl-22-O-methylfurosta-5,25(27)-diene- 
1β,3β,22ε,26-tetrol 1-O-{O-α-L-rhamnopyranosyl-(1 → 2)-3-O-acetyl-4-O- 
[(2S,3S)-2-hydroxy-3-methylpentanoyl]-α-L-arabinopyranoside} (3)

Amorphous solid. [α]25
D − 17.8 (c 0.10, MeOH); ESI-MS m/z 1023.5 

[M - H]− . The 1H and 13C NMR spectral data are consistent with the 
published data [14].

2.3.7. 1-O-[α-L-rhamnopyranosyl-(1 → 2)-α-L-arabinopyranosyl (1)]-1β, 
3β, 22α, 26-tetrahydroxy-furosta-5(6), 25(27)-dien-26-β D- 
glucopyranoside or Ruscoponticoside E (4)

Amorphous solid. [α]25
D − 30.5 (c 0.15, MeOH); ESI-MS m/z 909.4 

[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [15].

2.3.8. 1-O-[β-D-glucopyranosyl-(1 → 3)-α-L-rhamnopyranosyl-(1 → 2)- 
α-L-arabinopyranosyl (1)]-1β, 3β, 22α, 26-tetrahydroxy-furosta-5(6), 25 
(27)-dien-26-β D-glucopyranoside or Ruscoside (5)

Amorphous solid. [α]25
D − 30.7 (c 0.28, MeOH); ESI-MS m/z 1071.5 

[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [16,17].

2.3.9. 26-O-β-D-glucopyranosyl-22-O-methyl-furosta-5,25(27)-diene- 
1β,3β,22α,26-tetrol 1-O-[α-L-rhamnopyranosyl-(1 → 2)-α-L- 
arabinopyranoside] (6)

Amorphous solid. [α]25
D − 33.1 (c 0.27, MeOH); ESI-MS m/z 923.5 

[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [18].

2.3.10. 26-O-β-D-glucopyranosyl-22-O-methyl-furosta-5,25(27)-diene- 
1β,3β,22α,26-tetrol 1-O-[α-L-rhamnopyranosyl-(1 → 2)-4-O-[(2S,3S)-2- 
hydroxy-3-methylpentanoyl]-α-L-arabinopyranoside] (7)

Amorphous solid. [α]25
D − 32.8 (c 0.04, MeOH); ESI-MS m/z 1037.5 

[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [14,19].

2.3.11. 26-O-β-D-glucopyranosyl-22-O-methyl-furosta-5,25(27)-diene- 
1β,3β,22α,26-tetrol 1-O-[α-L-rhamnopyranosyl-(1 → 2)-3-O-acetyl-4-O- 
[(2S,3S)-2-hydroxy-3-methylpentanoyl]-α-L-arabinopyranoside] (8)

Amorphous solid. [α]25
D − 27.0 (c 0.13, MeOH); ESI-MS m/z 1057.6 

[M + H]+. The 1H and 13C NMR spectral data are consistent with the 
published data [14,20].

2.3.12. (25S)-furost-5,20(22)-diene-1β,3β-diol 1-sulfate 26-O-β-D- 
glucopyranoside or Nolinofuranoside G). (9)

Amorphous solid. [α]25
D − 28.1 (c 0.07, MeOH); ESI-MS m/z 671.3 [M 

- H]− . The 1H and 13C NMR spectral data are consistent with the pub
lished data [20].

2.3.13. [(25R),26-O-β-D-glucopyranosyl-22-O-methyl-furost-5-ene- 
1β,3β,22α,26-tetraol 1-O-sulphate] (10)

Amorphous solid. [α]25
D − 29.2 (c 0.10, MeOH); ESI-MS m/z 703.3 [M 

- H]− . The 1H and 13C NMR spectral data are consistent with the pub
lished data [21].

2.3.14. 1-O-[α-L-arabinopyranosyl-(1)]spirosta-5(6),25(27)-diene-1β, 
3β-diol or Desglucodesrhamnoruscin (11)

Amorphous solid. [α]25
D − 37.7 (c 0.22, MeOH); ESI-MS m/z 583.3 

[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [22].

2.3.15. 1-O-[α-L-rhamnopyranosyl-(1 → 2)-α-L-arabinopyranosyl (1)]- 
spirosta-5(6),25(27)-diene-1β, 3β-diol or Deglucoruscin or 
Ruscoponticoside C (12)

Amorphous solid. [α]25
D − 61.1 (c 0.10, MeOH); ESI-MS m/z 729.4 

[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [21,23].

2.3.16. 4’-O-(2-hydroxy-3-methylpentanoyl)-deglucoruscin (13)
Amorphous solid. [α]25

D − 22.3 (c 0.10, MeOH); ESI-MS m/z 843.4 
[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [24].

2.3.17. 1-O-[β-D-glucopyranosyl-(1 → 3)-α-L-rhamnopyranosyl-(1 → 2)- 
α-L-arabinopyranosyl (1)]-spirosta-5(6), 25(27)-dien-1β, 3β diol or Ruscin 
or ruscoponticoside D (14)

Amorphous solid. [α]25
D − 27.6 (c 0.10, MeOH); ESI-MS m/z 891.4 

[M + Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [23].

2.3.18. [(25R)-3β-hydroxyspitost-5-en-1β-yl O-α-L-rhamnopyranosyl- (1 
→ 2)-β-D-glucopyranoside] (15)

Amorphous solid. [α]25
D − 28.0 (c 0.06, MeOH); ESI-MS m/z 761.4[M 

+ Na]+. The 1H and 13C NMR spectral data are consistent with the 
published data [25].
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2.4. Antibiotics and strains

Vancomycin and oxacillin were purchased from Sigma-Aldrich 
(Milan, Italy). S. aureus ATCC 29213, S. aureus ATCC 43300 (S. aureus 
methicillin resistant - MRSA), E. coli ATCC 25922, C. albicans ATCC 
10231 (an azole resistant strain) were obtained from the American Type 
Culture Collection (Rockville, MD).

2.5. Antibacterial susceptibility testing

Antimicrobial susceptibility testing Minimal Inhibitory Concentra
tions (MIC) of the compounds were determined in Mueller–Hinton me
dium (MH) by the broth microdilution assay, following the procedure 
already described [27]. The compounds were added to bacterial sus
pension in each well yielding a final cell concentration of 1 × 106 CFU/ 
mL and a final compound concentration ranging from 16 to 128 μg/mL. 
Negative control wells were set to contain bacteria in Mueller–Hinton 
broth plus the amount of vehicle (DMSO) used to dilute each compound. 
Positive controls included vancomycin (VAN-2 μg/mL) and oxacillin 
(OXA-2 μg/mL), tobramycin (TOB-2 μg/mL). All antibiotic concentra
tions reported are according to breakpoint values reported in the 
EUCAST v.12.0 (The European Committee on Antimicrobial Suscepti
bility Testing. Breakpoint Tables for Interpretation of MICs and Zone 
Diameters. Version 12.0, 2022). The MIC was defined as the lowest 
concentration of the drug that caused a total inhibition of microbial 
growth after 24 h incubation time at 37 ◦C. Medium turbidity was 
measured by a microtiter plate reader (Thermo Scientific Multiskan GO, 
Waltham, MA, United States) at 595 nm. Minimum bactericidal con
centration (MBC) was defined as the concentration that caused ≥3log10 
reduction in colony count from the starting inoculum plated on TSA, 
incubated for 24 h at 37 ◦C.

2.6. Antifungal susceptibility testing

The antifungal activity of compounds was determined on C. albicans 
by using a standardized broth microdilution method (Clinical and Lab
oratory Standards Institute (CLSI), Performance Standards for Anti
fungal Susceptibility Testing of Yeasts. third ed. CLSI supplement 
M27M44S, 2022). Briefly, the cell suspension was adjusted to 3 × 103 

CFU/mL in RPMI 1640 medium (Sigma) supplemented with 0.2 % (w/v) 
glucose. One hundred microliter aliquots of these cell suspensions were 
dispensed into 96-well microtiter plates. Compounds were serially 
diluted using RPMI1640 medium and added to the wells at a final 
concentration ranging from 16 to 128 μg/mL, and the plate was incu
bated for 48 h at 37 ◦C. Amphotericin B (AMB, 2 μg/mL) and VRC (0.12 
μg/mL for C. albicans ATCC 10231) were chosen as the positive controls. 
The minimal inhibitory concentration (MIC) was defined as the lowest 
concentration of the compound that resulted in 100 % growth inhibition 
after 24 h of incubation.

2.7. Checkerboard method

The interaction between compound 12 and oxacillin or voriconazole 
against MRSA and C. albicans ATCC10231, respectively, was evaluated 
by the checkerboard method in 96-well microtiter plates containing the 
specific broths. Briefly, the tested compounds were serially diluted along 
the y and x axes, respectively. The final concentration ranged from 0.06 
to 32 μg/mL (0.06, 0.12, 0.25, 0.5, 1, 2, 4, 8, 16, 32) for antibiotics and 
from 4 to 128 μg/mL (4, 8, 16, 32, 64, 128) for compound 12. The 
checkerboard plates were inoculated with bacteria at an approximate 
concentration of 105 × CFU/mL, and 3 × 103 CFU/mL for yeasts, and 
incubated at 37 ◦C for 24 h (48 h for yeasts), following which microbial 
growth was assessed visually and the turbidity measured by microplate 
reader at 595 nm. The FIC index for each combination was calculated as 
follows: FIC index = FIC of compound 12 + FIC of antibiotics, where FIC 
of compound 12 (or antibiotics) was defined as the ratio of MIC of 12 (or 

antibiotics) in combination and MIC of 12 (or antibiotics) alone.
The FIC index values were interpreted as follows: ≤0.5, synergistic; 

>0.5 to ≤1.0, additive; >1.0 to ≤2.0, indifferent; and > 2.0, antago
nistic effects [28].

2.8. Statistical analysis

All the tests were conducted at least three times using independent 
cell suspensions. Arithmetic means and standard deviations were 
calculated. Student’s t-test was used to determine statistical differences 
between group means. A p-value ≤0.05 was indicative of a significant 
difference.

2.9. MTT assay

Human HaCaT keratinocyte cells, sourced from the American Type 
Culture Collection (ATCC, Manassas, VA, USA), were cultivated in 
Dulbecco’s Modified Eagle Medium (DMEM; Sigma-Aldrich, Milan, 
Italy, cat. no. D6546), enriched with 10 % fetal bovine serum (FBS; 
Gibco, Milan, Italy, cat. no. A4736301), 100 U/mL penicillin and 100 
μg/mL streptomycin (cat. no. 30–002-CI), 2 mmol/L L-glutamine (cat. 
no. 25–005-CI), and 0.01 M HEPES buffer (cat. no. 25–060-CI) (all 
supplied by Corning, Manassas, VA, USA). Cultures were maintained at 
37 ◦C in a humidified environment with 5 % CO₂. Cells were plated in 
96-well plates at a density of 3 × 103 cells per well and allowed to adhere 
overnight. Subsequently, compound 12 was administered at concen
trations of 5, 10, 15, 30, 100, and 128 μg/mL, with exposure times of 24 
and 48 h. After treatment, 100 μL of MTT solution (3-(4,5-dimethylth
iazol-2-yl)-2,5-diphenyltetrazolium bromide; Merck, Italy; cat. no. 
M5655) was added per well at a final concentration of 0.25 mg/mL in 
DMEM and incubated for 3 h at 37 ◦C. The resulting formazan crystals 
were dissolved in 100 μL of DMSO, and absorbance was recorded at 540 
nm using a Thermo Scientific Multiskan GO plate reader (Thermo Fisher 
Scientific, Waltham, MA, USA).

The results are expressed as mean ± SEM of n = 3 experiments. The 
data were analyzed using GraphPad Prism 5.0 software (San Diego, CA, 
USA). Statistical significance was assessed using one-way ANOVA.

3. Results and discussion

3.1. Phytochemical analysis of hydroalcoholic extract

Ruscus spp. are a rich source of steroidal saponins that can be clas
sified in two classes: pentacyclic furostanol saponins featuring a hemi
ketal function at C-22 and a glucose unit at C-26, and hexacyclic 
spirostanol saponins featuring a ketal at C-22. Both classes have a var
iable number of sugar residues at different positions of the aglycone, the 
most common of which are arabinose, rhamnose and glucose [2]. In our 
study, the hydroalcoholic extract obtained from rhizomes and roots of 
Ruscus aculeatus was subjected to extraction and chromatographic 
analyses.

In particular, the dry extract (33 g), subjected to a modified Kup
chan’s partitioning procedure [13], was dissolved in MeOH:H2O con
taining 10 % H2O and partitioned against n-hexane (3 × 800 mL) to give 
200 mg of the crude hexanic extract. The water content (% v/v) was 
adjusted to 30 % and partitioned against CHCl3, to give 3.6 g of crude 
extract. The aqueous phase was concentrated to remove MeOH and then 
extracted with n-BuOH yielding 19.2 g of glassy material. 2 g of CHCl3 
extract was then subjected to a droplet counter-current chromatography 
(DCCC) using CHCl3/MeOH/H2O (7:13:8) in the ascending mode (the 
lower phase was the stationary phase), flow rate 7 mL/min.

Fractions were monitored by TLC on SiO2 with CHCl3/MeOH/H2O 
(80:18:2) as eluent and combined on the basis of their similar TLC 
retention factors, obtaining 12 fractions.

Purification of the CHCl3 fractions 2–5, 7 and 9 by HPLC on a 
Nucleodur 100–5 C18 column (5 μm, 4.6 mm i.d x 250 mm; flow rate 1 
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mL/min) gave the pure compounds 1–4, 7, 8, 11, 12, 14 and 15 (Figs. 1 
and 2).

The n-BuOH extract (2.0 g) was submitted to DCCC with n-BuOH/ 
Me2CO/H2O (3:1:5) in the descending mode (the upper phase was the 
stationary phase). The obtained fractions were monitored by TLC on 
Silica gel plates with n-BuOH/AcOH/H2O (12:3:5) and CHCl3/MeOH/ 
H2O (80:18:2) as eluents.

Six fractions A-E were obtained and purified by HPLC on a Nucleodur 
100–5 C18 column (5 μm, 4.6 mm i.d x 250 mm; flow rate 1 mL/min) to 
give the pure compounds 5, 6, 9, 10 and 13 (Figs. 1 and 2).

The furostanol saponins share as a common structural feature a 
double bond at C-25-C-27 positions and differ each other for the pres
ence of a Δ20(22) unsaturation (1–3) or for a hydroxy (4–5) or methoxy 
(6–8) group at C-22.

Additionally, the arabinose unit often bears a (2S,3S)-2-hydroxy-3- 
methylpentanoyl moiety (HMP) at C-4 or/and an acetyl group at C-3 
such as in compounds 1, 3, 7 and 8. (Fig. 1).

Compound 6 is the 22-methoxyfurostanol analogue of compound 4, 

which we previously isolated in 2012 [22]. The presence of the methoxy 
group was supported by 1H NMR and 13C NMR signals.

As reported in literature, compounds 6–8 and 10 may be considered 
artefacts of the extraction and isolation procedure, since interconversion 
between 22-hydroxy and 22-methoxy furostanol oligosides is known to 
occur [22,29,30].

The spirostanol saponins 11–15 (Fig. 2) are characterized by the 
presence of the typical spiroketal system in the aglycone moiety. These 
compounds differ mainly in their sugar chain composition and substi
tution pattern. Notably, compound 12 emerged as the major metabolite 
from the CHCl3 extract.

Structural elucidation of all isolated compounds was performed by 
NMR spectroscopic analysis (1D and 2D experiments), mass spectro
metric data (ESI-MS) and comparison with previously reported litera
ture values.

Compound 1, the only novel metabolites identified, showed a 
pseudomolecular ion peak at m/z 981.5 [M-H]− in the negative ESI-MS 
spectrum. Significant fragment ion was observed at m/z 867, 

Fig. 1. New compound (1), known furostanol saponins (2–8) and sulphated furostanol saponins (9, 10) isolated in this study.

Fig. 2. Known spirostanol saponins (11–15) isolated in this study.
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corresponding to the loss of a 2-hydroxy-3-methylpentanoyl (HMP) unit, 
and m/z 721 resulting from combined loss of the HMP group and a 
deoxyhexose unit.

The 1H NMR spectrum of the aglycone portion revealed signals for 
three tertiary methyl groups at δH 1.61 (s), 1.10 (s) and 0.72 (s), an 
exomethylene group at δH 5.09 (br s) and 4.93 (br s), and an olefinic 
proton at δH 5.56 (br d, J = 5.7 Hz).

Additionally, an AB system at δH 4.33 and 4.11 (each 1H, d, J = 12.6 
Hz) revealed the presence of an isolated oxygenated methylene.

A detailed interpretation of HSQC and HMBC correlations supported 
the presence of a furostanol-type skeleton in compound 1 [15] (Table 1). 
In particular, we disclosed the presence of two oxygenated methines 
(CH-1 at δH 3.39 and δC 84.1 and CH-3 at δH 3.35 and δC 69.2), an 
oxygenated methine of the tetrahydrofuran ring (CH-16 at δH 4.70 and 
δC 85.7). The presence of two quaternary olefinic carbons at δC 152.1 
and 105.2 and the downfield shift of the methyl group at C-21, suggested 
the replacement of the C-22 hemiketal moiety [20] with a Δ20(22) double 
bond.

This structural feature was confirmed based on key HMBC correla
tions between the Me-21 (δH 1.61) and C-20 (δC 105.2) and C-22 (δC 
152.1). In addition to the signals of the aglycone, the 1H NMR spectrum 
showed signals which suggested the presence of a (2S,3S)-2-hydroxy-3- 
methylpentanoyl unit (HMP), often found in saponins isolated from 
Ruscus. In particular, in the 1H NMR spectrum we observed two methyl 
groups at δH 1.01 (d, J = 6.8 Hz) and 0.95 (t, J = 7.5 Hz), a methylene at 
δH 1.64 (m) and 1.30 (m), a methine at δH 1.88 (m), a hydroxy methine 
at δH 4.07 (d, J = 12.8 Hz) and in the 13C NMR spectrum a carbonyl ester 
at δC 179.8. As concerning the saccharide portion, the 1H NMR spectrum 
showed signals for three anomeric protons at δH 4.33 (d, J = 7.7 Hz), 
5.29 (br d, J = 1.3 Hz) and 4.27 (d, J = 7.8 Hz), which were correlated in 
the HSQC spectrum with the anomeric carbons at δC 100.5, 101.1 and 
102.6 respectively. The three sugar units were identified as β-D-gluco
pyranose (Glc), α-L-arabinopyranose (Ara) and α-L-rhamnopyranose 
(Rha), after the acidic hydrolysis of 1 and GC analysis. The assignment of 
all proton and carbon chemical shifts of the sugar moieties was per
formed through a detailed analysis of 2D NMR spectra (COSY, HMBC 
and HSQC) (Table 1).

The glycosidic linkages were deduced based on characteristic 
glycosylation-induced carbon shifts observed at C-1 and C-26 of the 
aglycone (δC 84.1 and 72.7, respectively) and C-2 and C-4 of the arab
inose unit (δC 75.3 and 74.1, respectively), as well as through key HMBC 
cross-peaks. Specifically, long-range correlations were observed be
tween H-1ara and C-1agly, H-26agly and C-1glc, H-1rha and C-2ara, and 
H-4ara and C-1HMP (Fig. 3).

Based on these data, compound 1 was identified as 26-O-β-D-gluco
pyranosyl-furosta-5,20(22),25(27)-triene-1β,3β,26-triol 1-O-α-L-rham
nopyranosyl-(1 → 2)-4-[(2S,3S)-2-hydroxy-3-methylpentanoyl]-α-L- 
arabinopyranoside.

3.2. Antimicrobial activity evaluation

The medicinal properties of Ruscus aculeatus extract, particularly 
vasoprotective, anti-inflammatory, and venotonic effects, are well- 
documented in literature [1–3]. Several studies have also reported 
antimicrobial activity of its aqueous and hydroethanolic extracts against 
multidrug-resistant bacteria [30], and fungi [10]. However, the anti
microbial potential of its individual components has remained poorly 
understood. This study focuses on deglucoruscin (12) (also known as 
ruscoponticoside C), a spirostanol glycoside and identified in this study 
as the major compound in R. aculeatus hydroalcholic extract. While 
deglucoruscin (12) is believed to play a key role in the extract’s vascular 
and anti-inflammatory effects [25]—such as improving venous tone and 
lymphatic drainage—its specific contribution to antimicrobial activity 
has never been directly investigated.

Given the urgent global health threat posed by antimicrobial resis
tance (AMR), the search for new agents, including plant-derived com
pounds, is critical. Deglucoruscin (12) may offer antimicrobial 
properties on its own or act synergistically with conventional drugs. This 
study aims to fill the current knowledge gap by evaluating, for the first 
time, the antimicrobial activity of isolated deglucoruscin (12), with the 
goal of better understanding its potential therapeutic role and its rele
vance in combating resistant infections.

Resistance leads to longer and more severe illnesses, higher risk of 
transmission, and reliance on more expensive or toxic second- and third- 
line treatments.

Deglucoruscin (12) exhibited only modest standalone antimicrobial 
activity but showed strong synergistic effects when combined with 
conventional drugs.

This is especially useful in treating tough or resistant infections like 
those caused by Candida albicans and Staphylococcus aureus. In clinical 
settings, synergistic drug combinations improve effectiveness, lower 
drug doses, reduce toxicity, and help prevent resistance [26]. Under
standing and applying synergism is essential for optimizing antimicro
bial therapy and improving patient out-comes. The CHCl3 extract of 
Ruscus aculeatus was evaluated for its antimicrobial activity against two 
Gram positive strains of S. aureus ATCC 29213 and S. aureus ATCC 
43300, one Gram-negative strain of E. coli ATCC 25922, and the yeast 
C. albicans ATCC 10231, showing a mild activity against both strains of 
S. aureus and C. albicans (Table 2).

Therefore, we investigated whether the major component (12) of the 
CHCl3 extract of Ruscus was responsible for the observed activity, also 
evaluating the activity of its closely related derivatives, such as com
pounds 11 and 14, bearing respectively one or three sugar units, as well 
as the corresponding aglycone (12a), obtained by acidic hydrolysis. 
Only compounds 12 showed a weak activity, reducing of about 30 % the 
growth of S. aureus ATCC 29213, and 36 % the growth S. aureus ATCC 

Fig. 3. Key HMBC correlations for new compound 1.

Table 2 
In vitro antimicrobial activity for CHCl3 extract, and compounds 11, 12, 12a and 
14. The number in bracket showed the percentage of cell growth reduction.

Compounds S. aureus 
ATCC 29213

S. aureus 
ATCC 43300

E. coli 
ATCC 25922

C. albicans 
ATCC 10231

CHCl3 Extract 128 (20 %) 128 (25 %) >128 128 (20 %)
11 >128 >128 >128 >128
12 128 (30 %) 128 (36 %) >128 64 (31 %)
12a >128 >128 >128 >128
14 >128 >128 >128 >128
DMSO >128 >128 >128 >128
VAN 2 2 ND ND
OXA 2 ≥2 (R) ND ND
TOB ND ND 2 ND
AMB ND ND ND 2
VRC ND ND ND ≥0,12 (R)

Conventional OXA (oxacillin), VRC (voriconazole), VAN (vancomycin), TOB 
(tobramycin) and AMB (amphotericin B) were used as positive control of anti
microbial activity. Concentrations reported μg/mL.
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43300 at a concentration of 128 μg/mL. Similarly, compound 12 
reduced by 31 % the growth of C. albicans strain at 64 μg/mL. None of 
the compounds were effective against E. coli (Table 2).

To test the ability of compound 12 to work in combination with 
oxacillin (OXA) or voriconazole (VRC), antimicrobial synergy studies 
were performed by applying the checkerboard method (Table 3). This 
assay is used to determine the impact of the combination of anti
microbics on their potency in comparison to their individual activities. 
The Fractional Inhibitory Concentration (FIC) index value considers the 
combination of antibiotics that produces the greatest change from the 
individual antibiotic’s MIC. Oxacillin was tested in association with 
compound 12, against S. aureus ATCC 43300, using different concen
trations of both compounds. A complete absence of growth was observed 
only when compound 12 at 32 μg/mL was combined with OXA at 0.5 
μg/mL, whose MIC is 10 μg/mL on S. aureus ATCC 43300. The FIC index 
value of 0.3 suggested a synergistic interaction between compound 12 
and OXA. The same assay was performed to test the synergistic inter
action of compound 12 with VRC. A complete absence of C. albicans 
growth was observed when compound 12 at 4 μg/mL was combined 
with VRC at 0.125 μg/mL, whose MIC is 30 μg/mL.

The FIC index value of 0.035 suggested a strong synergistic inter
action between compound 12 and VRC. Finally, we tested the bacte
riostatic or fungistatic activity of the synergistic drug combinations.

We observed bacteriostatic or fungistatic activity in both combina
tions. This result is of strong interest since antibiotics can cause a se
lective pressure by killing susceptible microorganisms, allowing 
antibiotic-resistant bacteria or yeasts to survive. By completely or 
partially inhibiting the growth of wild-type microorganisms, antibiotics 
cause a selective pressure that will increase the prevalence of resistance. 
HaCaT keratinocytes were used as human in vitro model to evaluate the 
cytotoxic properties of compound 12.

The results showed that compound 12 was not cytotoxic at the 
concentrations used in the checkerboard assay (≤ 20 μg/mL) that were 
effective in reducing the MIC of voriconazole against Candida albicans 
ATCC 10231. Conversely, at higher concentrations (≥ 30 μg/mL), 
compound 12 exhibited cytotoxic activity on HaCaT cell line (IC50 32.3 

μg/mL at 24 h and 27.6 μg/mL at 48 h), falling within the range of its 
anti-MRSA activity (Fig. 4).

To the best of our knowledge, this is the first study reporting a syn
ergistic effect of deglucoruscin (12). In a previous work, we demon
strated that this molecule targets the F₀F₁-ATP synthase, a key enzyme in 
cellular energy production [24]. Inhibition of ATP synthesis can induce 
a severe energy crisis in Candida albicans, thereby potentiating the ac
tivity of voriconazole.

Under these conditions, the pathogen would be simultaneously 
deprived of the ATP required for essential repair mechanisms, stress 
response pathways, and survival processes, ultimately resulting in more 
rapid and effective cell death. The synergistic interaction observed be
tween deglucoruscin and voriconazole against Candida albicans is a key 
finding of this study opening the way to further investigations.

4. Conclusions

This study provides the first direct evidence that deglucoruscin (12), 
a known spirostanol saponin and the main metabolite in the CHCl3 
extract of Ruscus aculeatus, is responsible for the synergistic antimicro
bial effects previously attributed to the plant’s crude extracts. Deglu
coruscin alone exhibited modest inhibitory activity against S. aureus and 
C. albicans; however, when combined with standard drugs-oxacillin 
(OXA) or voriconazole (VRC) it significantly reduced the MIC values 
of both drugs against resistant strains. These synergistic effects occurred 
at non-cytotoxic concentrations, supporting the potential of deglucor
uscin as a safe and effective adjuvant in antimicrobial therapy.

Importantly, the concentration of compound 12 used in this syner
gistic combination falls below the cytotoxic threshold, as confirmed by 
MTT assay, highlighting its potential safety for therapeutic application. 
In addition to this biological insight, the study also led to the isolation 
and full structural characterization of a new furostanol saponin (com
pound 1), enriching the phytochemical profile of R. aculeatus.

Together, these findings not only validate the traditional medicinal 
use of Ruscus aculeatus but also open new avenues for the development 
of plant-derived molecules to combat antimicrobial resistance. This 
work represents a valuable contribution to natural product research and 
supports further exploration of deglucoruscin and related saponins as 
resistance-modifying agents.
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Marchianò: Validation, Investigation. Stefano Fiorucci: Supervision. 
Angela Zampella: Supervision. Elisabetta Buommino: Validation, 
Investigation, Conceptualization. Simona De Marino: Writing – review 
& editing, Supervision, Funding acquisition, Conceptualization.

Table 3 
Synergistic activity of compound 12 in combination with standard drugs.

Strains Compound 12 
concentration

Drug Drug 
MIC

FIC 
Index

Interaction

S. aureus 
ATCC 
43300

32 OXA 
(0.5)

10 0.3 Synergistic

C. albicans 
ATCC 
10231

4 VRC 
(0.125)

30 0.035 Strongly 
synergistic

OXA = oxacillin; VRC = voriconazole; MIC = minimum inhibitory concentra
tion; FIC = fractional inhibitory concentration index. Concentrations reported 
μg/mL.

Fig. 4. MTT assay on HaCaT cell lines treated with compound 12 following 24 h and 48 h (A and B, respectively) of incubation.
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