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Abstract

Genus Hedera is considered an important component of European and Asian woodlands, accounting for a large proportion of
the forest understory, particularly in the British Isles. Hedera L.; the ivy genus, Family Araliaceae, consists of approximately
15 species. Among these, most of the detailed phytochemical and pharmacological reports are available on only a few species
of the genus. Despite the long traditional and commercial use of Hedera helix L., the most renowned species of the genus,
other species in this genus have not been reviewed properly. This review comprises the phytoconstituents, pharmacological
activities and therapeutic applications of the different species of genus Hedera. The purpose of this work is to provide a
holistic updated compile of the phytoconstituents and biological diversity of all species of genus Hedera, not just the well-
known H. helix, to act as a guide for future research and pharmaceutical prospects.

Keywords: Hedera, Phytoconstituents; Triterpene saponins;a-hederin;in vitro pharmacological activities in vivo pharmacological activities.

1. Introduction

Since ancient times, humans have relied on plants
and herbal drugs to treat many diseases and ailments.
People from different civilizations have utilized
plants in deliberate, researched ways over time. They
possessed their own Planta Medica, as did the ancient
Egyptians, Greeks, Romans, Chinese, and Indians.
Herbal medicine has grown at an exponential rate
over the last few decades. spreading widely in both
developing and developed countries for a variety of
reasons including: its natural origin, fewer side
effects as well as its low cost. Many metabolites are
naturally produced by plants and are commonly
incorporated as: agrochemicals, flavours and colours,
biopesticides, food additives as well as in the
pharmaceutical industry [7].

Hedera L., the ivy genus, (Family Araliaceae)
consists of approximately 15 species distributed
throughout North Africa, Asia, Macaronesia and
Europe[2]. Members of the genus are highly valued
as ornamentals and are frequently wused in
landscaping and indoors. Triterpene glycosides and
phenolic compounds are the main phytoconstituents
reported in species of genus Hedera, with numerous
biological activities reported for Hedera species
including molluscicidal, antibacterial, antiviral,
antioxidant, cytotoxic, antidiabetic, hepatoprotective
and anti-inflammatory activities. Because of its
spasmolytic and expectorant properties, Hedera helix
L. (Ivy leaf) was traditionally used to treat upper
respiratory tract infection symptoms,[95] with several
well-established formulations of the leaf extract
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available commercially [171]. Furthermore, the
German Commission E, the European Scientific
Cooperative on Phytotherapy (ESCOP), and the
Committee on Herbal Medicinal Products (HMPC),
all have issued monographs on H. helix[21, 40, 41]
and approved it for treatment of symptoms of chronic
inflammatory bronchial conditions as well as catarrhs
of the respiratory tract. Currently, as cough is one of
the early most common signs of Covid-19 infections
[148], Hedera helix is highlighted and investigated to
establish  potential applications in Covid-19
infections, with several recent studies suggesting that
levels of evidence and safety margins reported for
Hedera helix can merit its repurposing and
prospective use as an adjuvant in the management of
early and mild cases of COVID-19 [151, 166].

Herein, our review highlights the phytoconstituents
and pharmacological actions reported on the
differentspecies of genus Hedera, not just the
infamous H. helix species. The purpose of this review
is to lure the attention of researchers to the vast
phytochemical content and medicinal potential of the
genus Hedera and to aid in the future utilization of its
various species.

2. Search Strategy

The literature was searched electronically using
Pubmed, Web of Science and Google Scholar until
June 2022. Search terms included the keywords
“Hedera”, “ivy”, “phytochemical”,
“pharmacological” and “a-hederin”. There were no
language restrictions during our search. For this
review, phytochemical as well as in-vitro and in-vivo
pharmacological studies were given priority.
Searched reports are herein listed in alphabetical
order of Hedera species names followed by a
chronological order for each species.

3. Taxonomy

Despite the presence of several plant species known
as Ivy e.g. Poison Ivy or Boston Ivy, the name is
commonly understood to refer to plants of genus
Hedera (Family Araliaceae), particularly the English
Ivy, H. helix[167]. The genus comprises about 15
species, and in spite of its vast medicinal and
economic importance, its taxonomy and classification
lack consensus and are considered problematic, with
numerous studies attempting to distinguish between
different species and to evaluate their phylogenetic
relationships [2]. In this review, all species reported
are considered accepted species and are recognized in
the World Checklist and Bibliography of Araliaceae,
published by the Royal Botanic Gardens, Kew [45].
Reported species in this review include: Hedera
canariensisWilld., known as Canary ivy; native to the
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Canary Islands, Hedera colchica K. Koch. (Colchis
ivy), mainly growing in Georgia and Turkey, Hedera
helix, known as Common Ivy or English ivy and
widely distributed throughout the world, Hedera
nepalensis K. Koch known as Chinese or Himalayan
Ivy which is distributed in China, Nepal and the
Himalayas, Hedera rhombea Bean. (Kizuta in
Japanese) known as the Japanese ivy growing in
Japan, Korea and Taiwan, Hedera scotica A. Cheval.
(Syn. H. helix var. hibernica, H.helix var. scotica)
known as Scottish or Irish ivy; a species that grows in
Ireland and Scotland and finally Hedera taurica
(Hibberd) Carr. known as Crimean ivy.

4. Phytoconstituents in Genus Hedera

A wide range of phytoconstituents were reported in
genus Hedera. Triterpene saponins and phenolic
compounds are among the predominant reported
elements, in addition to volatile oils, polyacetylenes,
norsesquiterpene glycosides, sterols, and fatty acids.
Reviewed phytoconstituents in different Hedera
species are herein presented classified according to
their chemical nature.

4.1. Triterpenes

Triterpene glycosides are recognized as complex
mixtures of compounds with similar chromatographic
mobilities. A single organ of the plant (leaves, stems,
roots, etc.) may sometimes contain several dozen
glycosides.

Triterpene glycosides, present in almost all species of
genus Hedera, comprises a large percentage of its
chemical profile mostly belonging to the oleanane-
type triterpenoid saponins with several reported
dammarane triterpene saponins.

Alpha-hederin is considered one of the most
commonly isolated triterpene glycosides from
different Hedera species. It was isolated from Hedera
canariensis  Willd.,H. caucasigena Pojark., H.
colchica K. Koch., H. helix L., H. nepalensis K.
Koch., H. pastuchovii Woronow., H. rhombea (Miq.)
Siebold ex Bean.,H. scotica A. Cheval.,, and H.
taurica (Hibberd) Carr. [190].

Structures of reported triterpene glycosides are
presented in Table 1 and illustrated in Figs. 1-3.
Isolated compounds were identified using chemical
transformations including acid or alkaline hydrolysis
with identification of the decomposition products, in
addition to extensive spectroscopic techniques
including 1D and 2D 'H and *CNMR spectroscopy,
mass spectrometry (ESI-HR-MS) as well as literature
data used to determine their structures and absolute
configuration.
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Table 1

Triterpene saponins identified in different species of Genus Hedera

Plant Species Plant Part

Compound Refs

Hedera
canariensis Leaves
Willd

Oleanolic acid 3-O-a-L-arabinopyranoside (1),
Echinocystic acid 3-O-a-L-arabinopyranoside (2),
Hederagenin 3-O-a-L-arabinopyranoside (3),

Oleanolic acid 3-O-[O-a-L-rhamnopyranosyl-(1-2)-a-L-arabinopyranoside] (-
hederin) (4),

Echinocystic acid 3-O-[O0-a-L-rhamnopyranosyl-(1-2)-a-L-arabinopyranoside] (5),

Hederagenin 3-O-[O-a-L-rhamnopyranosyl-(1-2)-a-L-arabinopyranoside] (a-
hederin) (6),

Hederagenin 3-O-a-L-arabinopyranoside 28-O-[ O-a-L-rhamnopyranosyl-(1-4)-5-
gentiobioside (7),
[571
Oleanolic acid 3-O-[0-a-L-rhamnopyranosyl-(1-2)-a-L-arabinopyranoside] 28-O-
[O-a-L-rhamnopyranosyl-(1-4)-5-gentiobioside] (8),

Hederagenin 3-O-[0-a-L-rhamnopyranosyl-(1-2)-a-L-arabinopyranoside] 28-0-f-
gentiobioside (9),

Hederagenin 3-O-[O-a-L-rhamnopyranosyl-(1-4)-O-f-gentiobiosyl-(1-4)-O-a-L-
rhamnopyranosyl-(1-2)-a-L-arabinopyranoside (10),

Echinocystic acid 3-0-[0-a-L-thamnopyranosyl-(1-2)-a-L-arabinopyranoside] 28-
O-[0-a-L-thamnopyranosyl- (1-4)-3-gentiobioside] (11),

Hederagenin 3-O-[O-a-L-rhamnopyranosyl-(1-2)-a-L-arabinopyranoside] 28-0-[O-
o-L-rhamnopyranosyl-(1-4)- f-gentiobioside] (12),

Hederagenin 3-O-[O-a-L-rhamnopyranosyl- (1-2)-a-L-glucopyranoside] 28-O-[O-
o-L-rhamnopyranosyl-(1-4)-f-gentiobioside] (13)

Hederagenin 3-0-a-L-rhamnopyranosyl-(1-2)-O-f-D-glucopyranoside (14),

Caullophyogenin 3-0-a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranoside (15), [66]

Caullophyogenin 3-0-a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranoside 28-0-
a-L-rhamnopyranosyl-(1-4)-O-f-D-gentiobiosyl ester (16),

30-norhederagenin 3-0-a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranoside (17),
. . . [159]
30-norhederagenin 3-O-a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranoside 28-
O-a-L-thamnopyranosyl-(1-4)-O-f-D-gentiobiosyl ester (18)

30-norhederagenin 3-0-a-L-arabinopyranosyl-28-0-a-L-rthamnopyranosyl-(1-4)-O-
S-D-gentiobioside (19),
. . [193]
30-norhederagenin 3-O-a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranosyl-28-O-
a-L-rthamnopyranosyl-(1-4)-O-(6-O-acetyl-$-D-glucopyranosyl)- (1-6)-O-$-D-
glucopyranoside (20)

Oleanolic acid 3-O-(a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranoside)-28-O-
[a-L-rhamnopyranosyl-(1-4)-O-(6-acetyl-f-D-glucopyranosyl)- (1-6)-O-f-D- [194]
glucopyranoside (Ciwujianoside Cy) (21),
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Echinocystic acid 3-O-(a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranoside)-28-
O-[a-L-rhamnopyranosyl-(1-4)-O-(6-acetyl-$-D-glucopyranosyl)-(1-6)-O-f-D-
glucopyranoside (22),

Hederagenin 3-O-(a-L-rhamnopyranosyl-(1-2)-O-a-L-arabinopyranoside)-28-O-[a-
L-rhamnopyranosyl-(1-4)-O-(6-acetyl-f-D-glucopyranosyl) -(1-6)-O-f-D-
glucopyranoside (23)

Stems

Compounds (2- 3, 5-7, 11, and 12)

Echinocystic acid 3-O-a-L-arabinopyranoside 28-0-a-L-rhamnopyranosyl-(1-4)-O-
f-D-glucopyranosyl-(1-6)-O-4-D-glucopyranoside (24),

Oleanolic acid 3-O-f-D-glucoronopyranoside (25),
Hederagenin 3-O-f-D-glucoronopyranoside (26),

Oleanolic acid 3-O-f-D-glucoronopyranoside 28-0-a-L-rhamnopyranosyl-(1-4)-O-
f-D-glucopyranosyl-(1-6)-O-4-D-glucopyranoside (27),

Hederagenin 3-O-f-D-glucoronopyranoside 28-0-a-L-rhamnopyranosyl-(1-4)-O-f-
D-glucopyranosyl-(1-6)-O-f-D-glucopyranoside (28)

[192]

Roots

Compounds (1-3, 7, 27, and 28)

Hederagenin 3-O-$-D-glucopyranosyl-(1-2)-O-a-L-arabinopyranosyl-28-0-a-L-
rhamnopyranosyl-(1-4)-O-f-D-glucopyranosyl-(1-6)-O-f-D-glucopyranoside (29)

[195]

Hederacaucasi

gena Pojark Leaves

Compounds (1- 8, 11, and 24)
Hederacaucaside D (kalopanax saponin B) (12),
Hederacaucaside B (30),

Oleanolic acid 3-O-a-L-arabinopyranoside 28-0-a-L-rhamnopyranosyl-(1-4)- O-f-
D-glucopyranosyl-(1-6)-O-f-D-glucopyranoside (31),

Oleanolic 3- sulfate (32),

Echinocystic acid 3- sulfate (33)

[30, 31,
50]

Leaves

Hederacolchisides A1 (34), A (35), B, C, D (12), E (36), and F (37)

[134]

Berries

Hederacolchic
a K. Koch.

Saponin 1 (1), saponin B (3), a-hederin (6), hederasaponin D (7), hederasaponin B
(8), hederasaponin C (12), saponin I (25), scheffleraside II (27), colchiside A (38),
hederagenin 3-O-f-D-glucopyranoside (39), hederagenin 3-O-f-D-glucopyranosyl-
(1-2)- p-D-glucopyranoside (40), oleanolic acid 3-O-f-D-glucopyranosyl-(1-2)-4-D-
glucopyranoside (heteroside E2) (41), staunoside A (42), heteroside I (43), and
colchiside B (44)

[131]

Stems

Compounds (12, 36, and 37)

Arjunolic acid-3-0-a-D-arabinopyranoside-28-0-a-L-rhamnopyranosyl-(1-4)-O-j-
D-glucopyranosyl-(1-6)-O-f-D-glucopyranoside (45),

Hederagenin- 3-O-f-D-xylopyranoside-28-0-a-L-rhamnopyranosyl-(1-4)-O-4-D-
glucopyranosyl-(1-6)-O-p-D-glucopyranoside (46)

[133]

Hedera helix Berries

Compounds (3, 6, and 39 - 42)

Helixoside A (43), helixoside B (53)

[18, 83]
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Hederasaponins B (8), C (12), D (7), E (45), F (47), G (cauloside F) (29), H (48)and ~ [37, 119,
1(49) 179]

Compounds (1 -9, 11, and 29) [49]

Hederagenin 3-O-[O-a-L-rhamnopyranosyl-(1-4)-O-f-D-glucopyranosyl-(1-6)-O-f-

D-glucopyranosyl-(1-4)-O-a-L-rhamnopyranosyl- (1-2)-a-L-arabinopyranoside (50) (157
Leaves
Compounds (32 — 33, and 47)
Echinocystic acid 3-sulfate 28-0-a-L-rhamnopyranosyl-(1-4)-O-f-D- [54]
glucopyranosyl-(1-6)-O-f-D-glucopyranosyl ester(51),
Helicoside L-8a (Oleanolic acid 3-sulfate -28-O- S-gentiobioside) (52)
Hederagenin 3-O-f$-glucoside (39), hederagenin (54), oleanolic acid (55), bayogenin
(56) [116]
Hedera helix
ssp Leaves Compounds (6, 8, 12,and 40 - 42) [39]
rhizomatifera
HN-saponins B (3), E (6), M (7), P (12), N (23), 1 (25), K (26), and D1 (39)
Stem and HN-saponin F, hederagenin 3—0»a—];;e:£a:lzlsr‘17(;pyranosyl 28-0-f-D-glucopyranosyl (101,
Bark ’ 102]
Hedera
nepalensis K. HN-saponins H, hederagenin 28-0-a-L-rhamnopyranosyl-(1-4)-O-4-D-
Koch glucopyranosyl-(1-6)-O-f-D-glucopyranosyl ester (58)
Acrial Compounds (3) andpulsatilla saponin (6) 1z,
parts 150]
Lupeol (59)
Hederasaponin B (8), hederasaponin C (12), hederacolchiside E (36) and
HEde:}a‘f;sStuCh Leaves hederacolchiside F (37) [132]
Pastuchosides A (60), B (61), C (62), D (63) and E (64)
Stems Kizuta saponins K;3(3), K¢ (a-hederin, 6), K;¢(7), K;2(12), and K;;(23) [161]
Compounds (23)
Kizutasaponins K,, K4(3-O-acetyl-20(S)-dammar-24-ene-3p, 6a, 20, 26-tetraol 26-
O-f3-D-glucopyranoside (65),
Ks(3-0x0-20(S)-dammar-24-ene-6a., 20, 26-triol 26-0-f-D-glucopyranoside (66),
Hederarhombe K7(20(S)-dammar-24-ene-3p, 6a, 20, 26-tetraol 26-0-f-D-glucopyranoside (67),
a Bean. Stems and [113;} ’
Barks K7.(3-0x0-20(S)-dammar-24-ene-6a, 20, 21, 26-tetraol 26-O-f-D-glucopyranoside 1043
(68),

K75(20(S)-dammar-24-ene-3p, 6a, 20, 21, 26-pentaol 26-0--D-glucopyranoside
(69),

K7.(20(S)-dammar-24-ene-34, 20, 26-triol 3, 26-di-O-f-D-glucopyranoside (70),
Ky(20(S)-dammar-24-ene-3p, 6a, 20, 26-tetraol 3, 26-di-O-f-D-glucopyranoside
(71)

K3(20(S)-dammar-24-ene-3f, 6a, 20, 26-tetraol 3-0-f- sophoroside-26-0-f-D-
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glucopyranoside (72),

K (Hederagenin 3-O-a-L-arabinopyranosyl 28-O-[a-L-rhamnopyranosyl-(1-4)-O-
(6-acetyl-f-D-glucopyranosyl)-(1-6)-O-f-D-glucopyranosyl ester (73)

Rhombenone (27-demethyl nortriterpene) (75)

[98, 201]

Compounds (akeboside Stb 3, eleutheoside K 4, 6 -7, 12, glycoside L-E2 17,
glycoside L-H3 18, 23, 28, 66 - 69, 57, 71,and 73)
Leaves (24E)-26-[(f-D-glucopyranosyl) oxy]-6a, 20, 21-trihydroxydammar-24-en-34-yl-O-
f-D-glucopyranosyl- (1-2)-5-D glucopyranoside (76)

23-hydroxy-3-[(O-o-L-rhamnopyranosyl-(1-2)-a-L-arabinopyranosyl) oxy]-11-
oxo-olean-12-en-28-oic acid -O-a-L-rhamnopyranosyl-(1-4)-O-f-D-
glucopyranosyl-(1-6)-4-D-glucopyranosyl ester (77)

[201]

Hederarhombe Compounds (3, 6 - 7, 12, 23, 26,65 -71, and 73)

a Stems and

Barks 11a,12a-epoxy-3f,23-dihydroxyolean-28,13f-olide 3-O-a-L-arabinopyranoside
var. formosana (74)

[177]

Hederascotica
A Cheval. Leaves Compounds (1-6, 32 -33, 47 and 51)

[51]

Compounds (Hederoside A3 3,tauroside D 5, tauroside E 6,hederoside G 7,
hederoside H; 12,tauroside F, 32, hederosideB, F, E, 39 -41, hederoside I
43,andhederoside H, 53)

Hederoside A, (Methyl ester of 3-O-f-D-glucopyranosyl hederagenin) (78),
Berries .
Hederoside D; (Methyl ester of 3-O-[O-f-D-glucopyranosyl-(1-2)-5-D-
glucopyranosyl] hederagenin) (79),

Hederoside A, (3-O-f D-glucopyranosyl oleanolic acid) (80),
Hederoside D, (3-O-[O-f-D-glucopyranosyl-(1-2)-a-L-arabinopyranosyl

hederagenin] (81),Hederacoside E; (Erythrodiol 3-O-[O-f-D-glucopyranosyl-(1~2)-
O-f-glucopyranosyl]) (82)

[55, 56,
59, 114,
115]

Compounds (7 - 8,12 - 13,and 27 - 29)
Hedera taurica
(Hibberd) 3-0-p-D-glucopyranosyl-28-0-[a-L-rhamnopyranosyl-(1-4)-O-5-D-
Carr glucopyranosyl-(1-6)-0-3-D-glucopyranosyl] hederagenin (83),

gentiobiosyl ester of hederagenin 3-O-a-L-arabinopyranoside (84),

Tauroside St-G3; the S-gentiobiosyl ester of hederagenin 3-O-[0-a-L-
rhamnopyranosyl-(1-2)-glucopyranoside] (85),
Stems Hederagenin 3-O-(6'-O-ethyl f-D-glucopyranuronoside) 28-0-[ O-a-L-
rhamnopyranosyl-(1-4)-O-f-D-glucopyranosyl- (1-6)-glucopyranoside (86),

Oleanolic acid3-0-f-D-glucopyranonoside 28-0-[O-a-L-rhamnopyranosyl-(1-4)-O-
(6-acetyl-f-D-glucopyranosyl-(1-6)-O-f-D-glucopyranoside] (87),

Hederagenin 3-O-f-D-glucopyranonoside 28-0O-[ O-a-L-rhamnopyranosyl-(1-4)-O-
(6-acetyl-f-D-glucopyranosyl-(1-6)-O-f-D-glucopyranoside] (88),

Oleanolic acid 3-O-[O-f-D-galactopyranosyl-(1-2)-f-D-glucopyranuronoside 28-4-
glucopyranoside] (89),

[62-65,
156]
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Oleanolic acid 3-O-[3-D-glucopyranuronoside 28-O- -gentiobioside (90)

Compounds (leontoside A 3 -4,6-9, 11 -12, 25 — 26, 33,vitalboside B 39, 48, 51,

Leaves

andcauloside C 81)
Gl . . [53, 60,
ycoside St-D; (hederagenin 3-O-[O-a-L-rhamnopyranosyl-(1-2)- f-D- 61. 113
glucopyranoside) (91) 1’58] ’

Glycoside St-F, (glycoside Rb-4) (oleanolic acid 3-O-[ O-f-D-galactopyranosyl-(1-
2)-O-f-D-glucopyranuronoside]) (92)

The results displayed in Table 1 clearly revealed the
species of Genus Hedera as a rich source of
triterpene  saponins. Triterpenes isolated from
members of the genus mostly belong to the oleanane-
type saponins with some reported constituents
belonging to the dammarane type saponins and a
single report of lupane-type from the aerial parts of
Hedera nepalensis. Saponins were discovered in all
organs of Hedera plants viz., fruits, leaves, stems,
barks, and roots. They were isolated in different
forms including neutral monodesmoside glycosides,
bisdesmoside glycosides, acidic glycosides with
glucuronic acid or sulfate residues, or glycosides with
acyl groups and rarely as aglycones. Dammarane
triterpene saponins were exclusively reported in the
leaves, stem and bark of Hedera rhombea, which
might have a chemotaxonomic relevance in the
distinction of this species. Glycosides of hederagenin,
oleanolic acid and echinocystic acid aglycones were

4.2. Phenolic Compounds

Little knowledge is available on the phenolic
constituents of the different species of genus Hedera,
with only few species that were thoroughly
investigated for their phenolic content. In fact,
Hedera helix is considered the most studied species
having undergone detailed investigation of its active
constituents revealing the presence of numerous

Table 2

Phenolic compounds identified in different species of Genus Hedera

the predominant glycosides isolated from all studied
species. On the other hand, glycosides of 30-
norhederagenin were detected solely in the leaves of
Hedera canariensis and H. rhombea, while
caulophyllogenin glycosides were reported in H.
canariensis only. It is noteworthy to mention that
acidic glycosides with glucuronic acid residues were
mainly detected in the stems of Hedera species
including H. canariensis, H. nepalensis, H. rhombea,
and H. taurica, while glycosides with sulfate residues
were observed in the leaves of H. caucasigena, H.
helix, H. scotica, and H. taurica. Finally acetylated
triterpene derivatives were detected in leaves of H.
canriensis, leaves and stem of H. rhombea ad stems
of H. taurica. Whether these differences can be
considered of chemotaxonomic importance to the
genus, or due to lack of detailed investigation is yet
to be studied.

phenolic compounds along with few other species.
The following section details the phenolic
compounds that were isolated and identified in the
different species of genus Hedera (Table 2).
Structures of reported phenolic constituents are
illustrated in Fig. 4.

. Plant
Plant Species Part Compound Refs
Hedera Aerial . L -
colchica Parts Rutin, cyanidin-3-O-f-D-rutinoside [8]
Phenolic acids: caffeic, chlorogenic, neochlorogenic, 3,5-O-dicaffeoyl-quinic, 3,4-O-
. o - . .S . . . [19,
dicaffeoylquinic, 4,5-O-dicaffeoylquinic, rosmarinic, protocatechuic, p-coumaric, and gallic 116
Leaves acids 181,
Flavonoids: quercetin, kaempferol, rutin, hyperoside, isoquercitrin, astragalin, kaempferol 3- 202’
) O-rutinoside, nicotiflorin 2OSi
Hedera helix Coumarins: scopolin
Flowers, Phenohc_ ac1ds:.p»coumar1.c and ferulic acids (137,
. Flavonoids: rutin, quercetin, and kaempferol
Fruits and P 147]
Leaves quercitrin (flower extract)

Egypt. J. Chem. 66, No. 10 (2023)



210 S. Osama et.al.

Phenolic acids: syringaldehyde, quinic acid, di-caffeoyl quinic acid, gallic acid monohydrate

H?dem fze]lx Leaves Flavonoids: kampferol rhamnoside, isoquercitrin, and kaempferol-3-rutinoside [39]
rhizomatifera .
Chalcone: phloretin
Leaves Phenolic acids: quinic acid, neochlorogenic a_c1d, chlorogenic acid, and cryptochlorogenic 187,
Hedera and Stem acid 200]
¢ lonsi Flavonoids: rutin, hyperoside, 3,3',4",7-tetrahydroxyflavone, and luteolin
nepalensis -
Aerial Catechin and caffeic acid [90]
parts
Phenolic acids: caffeic acid, 3,5-dicaffeoyl quinic acid, 3-caffeoyl quinic acid, 3,4- and 4,5-di- [99,
Leaves O-caffeoyl quinic acids, methyl 3,4- and methyl 3,5-di-O-caffeoyl quinic acids 111,
Flavonoids: rutin and nicotiflorin 201]
Phenolic acids: methyl 3-O-caffeoyl-5-O-p-coumaroylquinate and methyl 4-O-
abscisylchlorogenate, aralianic acid, methyl 3, 5-di-O-caffeoylquinate, methyl 4,5-di-O-
caffeoylquinate, 2-O-(3,4-dihydroxybenzoyl)-2,4, 6-trihydroxyphenylmethylacetate, 3-O-
Hedera caffeoylquinic acid methyl ester, 5-O-caffeoylquinic acid methyl ester, 4-O-caffeoylquinic
rhombea acid methyl ester, caffeic acid, caffeic acid methyl ester, 4-hydroxybenzoic acid, p-coumaric
Fruits acid, 3,4-dihydroxybenzoic acid methyl ester, benzyl alcohol glucoside and 2-phenylethyl-6- [70]

D-glucopyranoside

Cinnamoyl amino acid conjugates: N-[4'-hydroxy-(E)-cinnamoyl]-L-tryptophan, N-[3",4" -
dihydroxy-(E)-cinnamoyl]-L-tryptophan (caffeoyl tryptophan), N-[4’ -hydroxy-(E)-
cinnamoyl]-L-tryptophan methyl ester, N-[4' -hydroxy-(E)- cinnamoyl]-L-tyrosine methyl
ester and N-[3',4’ -dihydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester

Flavonoid: quercetin

4.3. Polyacetylenes

Polyacetylenes are considered an interesting class of
compounds that were reported exclusively in a few
plant families including Araliaceae and Apiaceae.
Their growth inhibitory activities and antifungal
properties make them of interest to plant pathologists
and pharmacologists. Polyacetylenes were reported
only in H. helix and H. rhombea and interestingly
falcarinol and didehydrofalcarinol, present in both
species, were identified as the major allergens in ivy
that have irritating properties and are moderate
sensitizers [72]. Another interesting fact is the
identification of polyacetylenes in H. rhombea
mainly from the galled tissues induced by insect
infections. Gall formation is known to cause changes
in plant metabolism and could lead to isolation of
new bioactive compounds [199].

Polyacetylenes were reported from the stems, leaves
and roots of H. helix including falcarinol, 11,12
dehydrofalcarinol, didehydrofalcarinol and
falcarinone [116, 153]. Falcarinone, falcarinol and
panaxydolwere also reported from the fruits [24].

The insect galls on flower buds of H. rhombea were
explored and five polyacetylenes were isolated. Their
structures were interpreted using spectroscopic and
chemical techniques as (Z)-8-acetoxyl,2-epoxy-3-
oxoheptadeca-9-ene-4,6-diyne, (Z)- 8-acetoxy-3-
oxoheptadeca-1,9-diene-4,6-diyne, (Z)-8-acetoxy-1-
methoxy-3-oxoheptadeca-9-ene-4,6 - diyne,
falcarindiol, and 8-acetoxyfalcarinol [199]. Twelve
polyacetylenes were further isolated from the
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methanolic extracts of H. rhombea galls and
identified as 8-acetoxyfalcarinol, falcarinol,
ginsenoyne J, dehydrofalcarindiol, falcarindiol,
crithmumdiol, PQ-2, panaxydol, PQ-6,
dehydrofalcarindiol-8-acetate (8-
acetoxydehydrofalcarinol), didehydrofalcarinol, and
11,12-dehydrofalcarinol. ~ The  structure-activity
relationship of the isolated compounds was studied in
relation to inhibition of mono- and dicotyledonous
plant growth [197].

From the flower buds of H. rhombea two new
polyacetylenes were isolated. They were identified as
(3R, 8S, Z)-3-hydroxyheptadeca-1,9-dien-4,6-diyn-8-
yl 11-(1H-indol-3-yl) acetate and (97, 112)-
heptadeca-1,9,11-triene-4,6-diyne-3,8-diol. [198].
The same group of researchers reported a new C,-
polyacetylene named hederyne A from the
methanolic extract of H. rhombea galls, in addition to
falcarindiol and dehydrofalcarinol. NMR, MS, IR,
and UV spectroscopy were used to determine the
structure of hederyne A and identified it as (Z)-
heptadeca-9-en-4,6-diyne-1,3,8-triol [196].
Falcarindiol was also reported from the fruits of the
plant [70]. Structures of reported polyacetylenes are
illustrated in Fig. 5.

4.4. Volatile constituents

The volatile oil obtained by steam distillation of the
stem and leaves of H. helix var. hibernica was
analysed using GC/MS, and 17 compounds were
identified. Germacrene D, f-caryophyllene,



GENUS HEDERA: A COMPREHENSIVE REVIEW OF ITS PHYTOCONSTITUENTS...... 211

sabinene, f-pinene, limonene, and o-pinene were
present in the highest amounts ranging between
15.85-10.18% [183]. Germacrene B, f-elemene, y-
elemene (elixen), methylethyl ketone, methylisobutyl
ketone, trans-2-hexanal, trans-2-hexanol, and furfurol
were also reported in H. helix[116].

GC/MS analysis of the volatile oil extracted from H.
nepalensis var. sinensis by hydro distillation
identified twenty-one compounds. The main
constituents present in the oil were phthalic di-
isobutyl ester, caryophyllene oxide, sclareolide,
spathulenol, p-caryophyllene and a-caryophyllene
(Humulene) [178].

While dynamic headspace-GC-MS analysis of the
plantidentified thirty volatile constituents including
thirteen terpene compounds accounting for 61.41%,
where o-pinene and camphene accounted for 28.98%
and 14.70% respectively [125].

GC-MS analysis was also used to determine the
essential oil composition of H. pastuchovii's leaves,
berries, and stems. The results revealed that the berry
and leaf oils consisted mainly of sesquiterpene
hydrocarbons, while monoterpene hydrocarbons
predominated in the stem. The major components of
the berries were 2,4-nonadienal, p-farnesene and
carvone, while in the leaves; p-mentha-2,8-dien-1-ol,
limonene, pf-bisabolene, a-curcumene, pS-farnesene,
and f-sesquiphellandrene were the most abundant
components.

Alpha-Pinene and limonene were the major identified
constituents in the stem oil [13]. Structures of
reported volatile constituents are illustrated in Fig. 6.

4.5. Miscellaneous Compounds

Fatty acids in H. helix were represented by
petroselinic, oleic, cis-vaccenic, and palmitoleic
acids. Petroselinic acid was present principally in the
seeds, while cis-vaccenic, and palmitoleic acids
accumulated in the pericarp [116].

Only one report was found regarding the
identification of alkaloids from Genus Hedera, where
an Egyptian research group discovered the existence
of the alkaloid emetine in four Egyptian varieties of
H.helix including H.helix var. baltica, var. hibernica,
var. marginata and var. erectal7].

Free amino acids present in H. helix were separated,
identified and their content estimated using TLC,
HPLC and GC-MS. The results revealed the presence
of glycine, valine, leucine, iso-leucine, proline,
aspartic acid, phenyl alanine, and tyrosine. Proline
was the most abundant amino acid present [78].
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Sterols in H. helix were represented by cholesterol,
campesterol, stigmasterol, f-sitosterol and a-
spinasterol [7, 116], while a mixture of the S-D-
glucopyranosides of stigmaterol and of f-sitosterol
were isolated from the berries of H. taurica [58].

Lutsenko et al. stated the presence of cyanidin 3-
monoside, vitamins including E, C and pro-vitamin
A, in addition to a carbohydtrate identified as
hamamelitol (2-C-hydroxy-methyl-D-ribitol) in the
leaves of H. helix [116].

UPLC/Q-TOF-MS/MS analysis of the stems and
leaves of H. nepalensis identified two nucleotides;
adenosine and guanine [200].

The carbohydrate composition of the water-soluble
polysaccharide fraction of H. pastuchovii fruits were
studied and two compounds were isolated and
identified as raffinose and O-D-galactopyranosyl-(1-
3)-0-D- galactopyranosyl- (1-3)-0-D-
galactopyranosyl- (1-1) L-arabinopyranoside [88].

Two norsesquiterpene glucosides identified as
(6R,9R)-3-0x0-a-ionol-f-D  glucopyranoside  and
(6R,9S)-3-0x0-a-ionol  B-D-glucopyranoside  were
reported for the first time from the leaves of H.
rhombea [201].

The study of H. rhombea fruit led to the isolation of
two new megastigmane glucosides denoted as
hederhomoside A and B, and (6R, 9R)-3-oxo-a-
ionol-f-D-glucopyranoside previously isolated from
the leaves.

The study also identified two rare 1,4-dioxane
neolignanes, as TR,8'R -epoxy-8R,7'S -
oxyneolignane, named hederhoman A and 7S,8'S -
epoxy-8R,7'R - oxyneolignane, named hederhoman B
alongside 4’ -dihydrophaseic acid [70].

Structures of reported miscellaneous constituents are
illustrated in Fig. 7.
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5. Qualitative and Quantitative Analysis

Regarding methods of analyses of the chemical
constituents of Hedera species, different separation,
detection and quantification methods were developed
and reported. Separation of the main constituents was
usually acheived using HPLC/UHPLC, GC, and
HPTLC methods. Detection methods including UV,
DAD and MS were usually combined for the detection
of marker compounds. In this section we report on the
different analysis methods used for species of Genus
Hedera focusing on analyses of triterpene saponins and
phenolic constituents. Markers used for quality control
or standardization included mainly a-hederin,
hederacoside C, and hederasaponin B, in addition to
rutin, quercetin, kaempferol and caffeoyl quinic acid
derivatives. Amongst used techniques, HPLC-MS,
UPLC-MS and GC-MS rank the top three methods in
analyses of the compositions of species of genus
Hedera, with GC-MS being especially used in analyses
of volatile oil constituents.

El-mass spectral analysis followed by CAD MIKE
spectrometry (collision activated decomposition
mass-analysed ion kinetic energy spectrometry) were
used to detect and quantify o-hederin as well as
hederacosides B and C in H. helix extracts and
cosmetic formulations [43]

High-performance liquid chromatography coupled
with diode array detector and UPLC-ESI-MS/MS
were used for determination of a-hederin as well as
hederacosides B and C saponins in H. helix leaves
[76, 136, 202]. Another method using high resolution
plate imaging technique (HPTLC) for quantification
in six different subspecies of H. helix found that H.
helix ssp. rhizomatifera had the highest content of a-
hederinwhile H. helix ssp. Hibernica showed the
highest content of hederacoside C [160].

The quantitative measurement of flavonoids in ivy leaf
extract and 13 commercial ivy leaf products was
accomplished using HPLC coupled with a diode array
detector and six compounds, including chlorogenic
acid, rutin, nicotiflorin, hederacoside C, hederasaponin
B, and a-hederin were quantified [202]

Quantitative investigation of polyphenolic compounds
in H. helix flowers, fruits and leaves was achieved
using HPLC/MS. Analysis of the non-hydrolysed
extracts of flowers and fruits revealed the presence of
five polyphenolic compounds viz., p-coumaric and
ferulic acids, rutin, quercetin and kaempferol, while
quercitrin was found only in the flower extract. Four
phenolic compounds: p-coumaric acid, ferulic acid,
quercetin, and kaempferol were found in both extracts
of the hydrolysed samples, while sinapic acid was only
found in the extract from ivy fruit. Rutin, quercetin,
and kaempferol were all present in the non-hydrolysed
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leaf extract, whereas only quercetin and kaempferol
were found in the hydrolysed sample. Rutin was the
most abundant compound in all the non-hydrolysed
samples [137, 147].

UPLC-ESI-MS/MS was also used to report several
triterpene compounds including including a-hederin
(6), hederacoside B (8), hederacoside C (12), 3-O-4-D-
glucopyranosyl-(1-2)-4-D-glucopyranosyl hederagenin
(40), 3-0-p-D-glucopyranosyl-(1-2)-f-D-
glucopyranosyl oleanolic acid (41) and staunoside A
(42) from H. helix ssp rhizomatifera leaves [39].

The constituents of H. nepalensis stems and leaves
were analysed and identified using UPLC/Q-TOF-
MS/MS, and several triterpene glycosides were
identified, includinghederasaponin I, hederagenin 3-
O-p-D-ribopyranose-(1-3)-a-L-glucopyranoside-(1-
2)-a-L-arabinopyranoside, staunoside A,
pastuchoside C, hederacoside C, nor-arjunlic acid,
(3$)-23,28-dihydroxy-28-oxoolean-12-en-3-yl-5-D-
glucopyranosiduronic acid, a-hederin, 2a,35,23-
trihydroxy-12-ene-28-oleanolic acid, (2§,35)-2,28-
dihydroxy-28-oxoolean-12-en-3-yl-f-D-
glucopyranosiduronic acid, oleanolic acid 3- O -f- D-
galactopyranoside-(1-3)-4-D- glucopyranoside,
oleanolic and ursolic acids [200]. The content of
hederasaponin C and a-hederin in H. nepalensis was
determined by means of HPLC-UV. Their percentage
ranged from 0.40 — 4.01% and 0.21 to 0.54% based
on absolute dry mass, respectively [176].

Furthermore, a two-dimensional TLC method was
proposed for identification and detection of different
triterpene glycosides in H. taurica leaves and stem
extracts viz., mono- and bisdesmosidic, acidic,
sulfated or acylated triterpenes using chosen solvent
systems that differ in pH values [52].

Quantitative  investigation of  polyphenolic
compounds in H. helix flowers, fruits and leaves was
achieved using HPLC/MS. Analysis of the non-
hydrolysed extracts of flowers and fruits revealed the
presence of five polyphenolic compounds viz., p-
coumaric and ferulic acids, rutin, quercetin and
kaempferol, while quercitrin was found only in the
flower extract. Four phenolic compounds: p-coumaric
acid, ferulic acid, quercetin, and kaempferol were
found in both extracts of the hydrolysed samples,
while sinapic acid was only found in the extract from
ivy fruit. Rutin, quercetin, and kaempferol were all
present in the non-hydrolysed leaf extract, whereas
only quercetin and kaempferol were found in the
hydrolysed sample. Rutin was the most abundant
compound in all the non-hydrolysed samples [137,
147].
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The UPLC-ESI-MS/MS profile of H. helix
rhizomatifera revealed the presence of several
flavonoids and some phenolic acids. The compounds
were  tentatively  identified as  phloretin,
syringaldehyde, quinic acid, kampferol rhamnoside,
di-caffeoyl quinic acid, gallic acid monohydrate,
isoquercitrin, and kaempferol-3-rutinoside [39].

The quantitative measurement of flavonoids in ivy
leaf extract and 13 commercial ivy leaf products was
accomplished using HPLC coupled with a diode
array detector and six compounds, including
chlorogenic acid, rutin, nicotiflorin, hederacoside C,
hederasaponin B, and a-hederin were
quantified.[202].

Chlorogenic acid and rutin were also identified in
leaves and stem extract of H. nepalensis using
analytical scale HPLC and LC-MS during
investigation of antioxidant potential of the plant
[87]. Moreover, UPLC/Q-TOF-MS/MS analysis of
the stems and leaves of H. nepalensis identified
several phenolic constituents including quinic acid,
neochlorogenic acid, chlorogenic acid,
cryptochlorogenic acid and the flavonoids; rutin,
hyperoside, 3,3',4',7-tetrahydroxyflavone and luteolin
[200].

A study designed to find antioxidant constituents
from the aerial parts of H. nepalensis,identified
catechin and caffeic acid in the aqueous and the ethyl
acetate fractions, respectively, using HPLC-DAD.
The ethyl acetate fraction exhibited the highest
flavonoids and phenolic content [90].

6. Folk Uses

A wide array of traditional and folk uses was reported
for several members of genus Hedera. Ivy leaf (H.
helix) was mentioned in therapeutic books dating
back to the 16" century for jaundice, lithiasis,
dysentery and as an emmenagogue. The leaves and
berries were recommended for chronic catarrh,
bronchitis, and whooping cough. Externally, ivy was
used for rheumatism and neuralgia and as an anti-
parasitic for scabies and lice [40]. Hedera colchica
was used to treat bronchospasms, inflammations and
acts as a secretolytic [131]. Whereas the leaves and
berries of H. nepalensis were reported to have
stimulating, diaphoretic and cathartic effects. They
were used for abscesses and ulcers treatment, and the
leaf decoction was used to treat lice. As well, H.
nepalensis was used in diabetes and against fever,
pulmonary infections and rheumatism [92]. Finally,
H. rhombea leaves were used to treat haemorrhage,
chronic catarrh, jaundice, lithiasis, and
convulsions[107].

7. Pharmacological Activities
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7.1. Molluscicidal Activity

The molluscicidal activity of H. canariensis was
tested against Biomphalaria alexandrina. The results
showed that H. canariensis was toxic to the snails
after 24 hrs. The toxic action of these plants was
stable against direct sunlight, but the activity was
found to be reduced by both acidity (pH 4-6) and
alkalinity (pH 8-10)[36]. The methanolic extract of
H. canariensis leaves has been shown in another
investigation to have molluscicidal properties, with
the concentration of the plant extract increasing the
mortality rate of exposed snails. This work used
bioactivity-guided fractionation of the extract. The
histological research demonstrated noticeable damage
in the anatomy of the stomach and ovotestis of
treated Lymnaea cailliaudi snails, demonstrating the
activity. Lymnaea cailliaudi snails were more
vulnerable to the methanolic extract than B.
Alexandrina [1].

The molluscicidal property of four triterpenoid
saponins obtained from H. helix berries viz,
hederoside F, hederagenin 3-O-f-glucopyranoside,
hederagenin-3-O-a-arabinopyranoside as well as
hederagenin 3-0-a-L-rhamnopyranosyl-(1-2)-a-
arabinopyranoside was reported against
Biomphalaria glabrata snails. The results indicated
that the saponins containing arabinose revealed
stronger activity than the glucosides [83].

The leaves and fruits of H. helix aqueous extracts
were also tested against three species of experimental
snails; Biomphalaria pfeifferi, Bulinus sp. and Physa
acuta collected from Nigeria. Both extracts were
potent and showed high mortality rates against all the
tested snails [188]. Another experiment confirmed
that both o-hederin and hederacoside F showed
greater molluscicidal activity than hederacoside C
against Planorbis corneus, P. corneus var. rubra and
Melanoides tuberculate. The research also revealed
that the glycosides' molluscicidal action was
decreased when cholesterol was added, although
high-potency complexes of a-hederin with glycine
and L-alanine were reported. [191].

7.2. Anti-parasitic activity

The antitrypanosomal activity of saponins obtained
from H. helix was studied in-vitro and the results
revealed that monodesmosides including a- and J-
hederin and aglycone hederagenin showed a
mediocre level of antitrypanosomial activity against
Trypanosoma brucei brucei, with a-hederin being the
most effective (MIC=25 g/ml). In concentrations
greater than 100 g/ml, bidesmosides such as
hederacoside C and D showed no activity.[175].

The anthelmintic effect of the aqueous and the hydro-
alcoholic extracts of mature H. helix fruits was
studied in-vitro as well as in-vivo against both the
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eggs and adult nematode parasites of Haemonchus
contortus. Compared to the aqueous extract,
thehydro-alcoholic extract demonstrated superior in-
vitro efficacy against adult parasites. In sheep that
had been experimentally infected with H. contortus,
two dosages of each extract's in-vivo anthelmintic
activity were tested. The efficiency against the male
parasites was improved by increasing the dose of the
extracts [35].

From the leaves of H. helix, saponin complex 60%
(CS 60; containing 60% hederasaponin C,
hederasaponin B and the phenolic compounds rutin,
caffeic acid and chlorogenic acid), and purified
saponin complex 90 % (CSP 90; containing 90%
hederasaponside C accompanied by
hederasaponoside B ) as well as o-hederin were
assessed for their in-vitro anthelminthic activity using
the trematodes Fasciola hepatica (tape worms) and
Dicrocoelium spp. Alpha-hederin destroyed both
trematodes at doses of 0.005 and 0.001 mg/ml after
being exposed for 24 hours. The same extracts were
tested in naturally infected sheep for their influence
on Dicrocoelium, and the worms were removed
following three treatments, one of 500 and two of
800 mg/kg of CS 60 and CSP 90, but a-hederin was
found to be less effective at the same concentrations

[71.

7.3. Anti-leishmanial Activity

Saponin fractions of H. helix including 60% saponin
complex (CS 60) in addition to hederacoside B, C,
and D, a, B, and J-hederin, and the aglycone
hederagenin were studied for their in-vitro
antileishmanial activity on promastigote and
amastigote forms of Leishmania infantum and L.
tropica. On promastigote forms, monodesmosides
were discovered to have comparable efficacy to
pentamidine, the reference substance. Compared to
the reference  chemical (N-methylglucamine
antimonate), hederagenin had a strong anti-
amastigote impact, whereas bidesmosides had no
effects [119].

Alpha and betahederin obtained from H.helix along
with hederacolchiside A1l isolated from H. colchica,
were further tested for their in-vitro antileishmanial
activity on L. infantum. By modifying membrane
integrity and potential, the investigated saponins
demonstrated strong antiproliferative effect on all
phases of parasite growth, with hederacolchiside
Al appearing to be the most effective towards
promastigotes and amastigotes [32]. The
antileishmanial activity of the same saponins was
assessed against L. mexicana in both promastigote
and amastigote forms, and its relationship to their
toxicity toward human monocytes was contrasted.
Similar to previous results, saponins showed great
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antiproliferative effect against parasites at all stages
of development, but they were very damaging to
human cells [144].

Contrary to previous reports, a study to ascertain the
in-vivo efficiency of H. helix alcoholic extract on the
experimental ulcer of zoonotic cutaneous
leishmaniasis in Balb/c mice caused by L. major
concluded that the extract in two concentrations (20%
and 70%) did not decrease the size of the main lesion
and amastigotes counts of the skin lesions were not
reduced in the 70% concentration [82].

7.4. Antimicrobial Activity

Using the agar dilution method, the in-vitro
antifungal activity of several triterpenoid saponins
including: hederagenin, a-hederin, J-hederin, and
hederasaponin C obtained from H. helix was studied.
Derivatives of monodesmosidic hederagenin showed
a wide range of effectiveness against tested Candida
strains and dermatophyte species. C. glabrata was the
strain that proved most susceptible, and a-hederin
was the most active constituent [44]. Later the effect
of a-hederin was investigated on C. albicans
ultrastructure for a 24 h exposure time. Transmission
electron microscopy observations showed that the
compound caused changes in cellular contents as well
as modifications in the cell envelope resulting in
yeast degradation and eventually death. Plasma and
biomembranes of C. albicans appears to be the
primary target of a-hederin and the antifungal activity
was confirmed at a minimal inhibitory concentration
of 25 ug/ml [130].

Different H. helix extracts were examined against
various strains including Staphylococcus aureus,
Staphylococcus  epidermidis, Bacillus  subtilis,
Escherichia coli as well as Klebsiella pneumonia.
The most effective extracts against both bacteria were
the ethyl acetate and methanol extracts [185].

A haploinsufficiency screen was used to examine the
anti-candidal mechanism of action of a-hederin. The
results identified three genes with related functions
that modulate oa-hederin activity and the
haploinsufficiency profile of the compound was
found to be similar to that reported for the antifungal
drug, caspofungin which works by inhibiting fungal
cell wall synthesis [139].

Disc diffusion method was also used in studying the
antimicrobial effect of aqueous, 30% and 70%
ethanolic extracts of H. helix leaves towards S.
aureus, S. epidermidis, E. coli, P. aeruginosa,
Proteus vulgaris, and C. albicans. The extracts
showed dose-dependent antimicrobial activity
towards all of the standard strains studied, with the
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70% alcoholic extract showing the best activity
against P. aeruginosa, P. vulgaris and C. albicans
[117].

The antimicrobial effect of the ethanolic extracts of
H. helix leaves, flowers, immature fruits along with
the ripe ones was investigated. Using the
microdilution method, the activity was examined
against six bacterial strains. While both immature
fruit and flower extracts demonstrated strong
antibacterial activity against Listeria monocytogenes,
the immature fruit extract revealed a considerable
antibacterial activity against S. aureus.[138].

The leaves of H. helix were shown to have strong
antibacterial action against 23 types of bacteria from
22 genera that fall into both the Gram-positive and -
negative categories alongside C. albicans, with the
activity primarily attributable to its high hederacoside
C concentration.[7, 25].

In another research, the 70% alcoholic leaves extract
of H. helix showed potent antibacterial activity
towards S. epidermidis, S. aureus, P. vulgaris,
Campylobacter jejuni and C. albicans using agar disc
diffusion method and compared to azithromycin and
amphotericin [203].

The antimicrobial potential of various subspecies of
H. helix was tested against C. albicans, B. subtilis,
and P. aeruginosa using HPTLC fingerprints, and the
results were chemometrically analysed. In
comparison to saponins, the phenolic metabolites of
the various tested H. helix subspecies were strongly
associated with antimicrobial activity, according to
the study[160].

Both the extract and fractions of H. helix were
examined for their antibacterial and antifungal
activities against several pathogens found in local
hospitals using the agar well diffusion method.The
chloroform and n-hexane fractions had the most
potent antifungal activity against Polyspondylium
pallidum with complete absence of fungal growth.
For the antibacterial activity, the total methanolic
extract revealed the greatest inhibitory activity,
whereas the aqueous fraction showed the least
antifungal and antibacterial activities [143].

The flavonoid fraction of H. helix extract
demonstrated promising antimicrobial activity
against K. pneumonia, Mycoplasma pneumoniae and
Streptococcus pneumonia with MICs equivalent to
that of ciprofloxacin. The findings support the use of
the standardized extract for acute lung injury [162].

The flowers, fruits and leaves of H. helix were
revealed to have antifungal activity against several

Egypt. J. Chem. 66, No. 10 (2023)

plant fungal pathogens including Aspergillus niger,
Botrytis  cinerea, Botrytis  tulipae, Fusarium
oxysporum sp. tulipae, Penicillium gladioli, and
Sclerotinia sclerotiorum. The agar dilution assay was
used to measure the activity using fluconazole as the
standard antifungal drug. The results were attributed
to the plant's phenolic content[137, 147].

Agar well diffusion assay was also used to screen H.
nepalensis aerial parts extracted with methanol-water
(80:20) against six bacterial strains; S. aureus,
Staphylococcus methacilline, P. aeruginosa, E. coli,
Salmonella typhi, and Shigella flexenari. The extract
of H. nepalensis was found inactive against the tested
bacterial strains [186].

On the contrary, H. nepalensis ethyl acetate fraction
showed activity towards E. coli, K. pneumoniae and
B. subtilisthus proposing its potential efficiency in
the treatment of gastroenteritis and pneumonia [184].

In another study, the antibacterial and antifungal
activities of H. nepalensis crude methanolic extract
and different fractions were investigated, and results
revealed that the chloroform fraction of the plant had
good antibacterial activity (60%) against S. aureus
whereas the remaining fractions along with the
methanolic extract demonstrated moderate and low
antibacterial activity. On the other hand, no fungal
activity was detected against A. niger, A. flavus,
Penicillium notatum, Fusarium oxysporum,
Trichoderma harzianum and Rhizopusstolonifer[4].

The antifungal and antibacterial effects of different
extracts of both the leaves and stems of H. nepalensis
were tested against different microorganisms
including  P.  aeruginosa,  Shigella  sonnei,
Enterococcus faecalis, K. pneumonia, E. coli, B.
subtilis, Erwinia cartovara, Bacillus atrophaeus,
Citrobacter freundii, Salmonella typhi, S. aureus,
Bacillus cereus and Agrobacterium tumefacians in
addition to, Alternaria alternate, A. flavus, P.
notatum, A. niger, Trichoderma harzianum and C.
albicans. Maximum activity was achieved by the
methanolic extract against B. subtilis and by both
methanolic and ethanolic extracts against K.
pneumonia and E. coli[145]. Different extracts of
both H. helix and H. nepalensis were also tested
against various microorganisms including S.
epidermidis, S. aureusE. coli, Pseudomonas sp. and
K. pneumoniae and two pathogenic fungal strains
(Fusarium  oxysporum and  Penicillium  sp.).
Methanolic extracts of the tested plants revealed
activity towards all tested bacterial strains. In terms
of fungal strains, the chloroform extract of H. helix
inhibited F. oxysporum.(78%) [20].
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A study intended for examining the antibacterial
effect of the ethanolic extracts from various H.
pastuchovii parts including the leaves, berries and
stems indicated that all the extracts revealed
moderate to good activity towards both tested Gram-
negative as well as Gram-positive bacteria with the
leaf extract having the highest activity [14].

The antimicrobial effects of three polyacetylenes
obtained from the methanolic extract of H. rhombea
galled tissue namely, hederyne A, falcarindiol and
11,12-dehydrofalcarinol were evaluated. Gram-
positive and Gram-negative bacteria, along with three
other fungal strains, were studied. Falcarindiol was
found to be the most active compound, while
hederyne A demonstrated growth inhibitory activity
against some Gram-positive bacteria and fungi as
well as selective antimicrobial activity towards
Micrococcus luteus[196].

The aqueous extract H. rhombea leaves was
evaluated for inhibition of Candida biofilm
formation. Crystal violet assay was used to assess
biofilm formation. The findings showed that the
extract has a dose-dependent anti-biofilm formation
action towards several Candida species, including C.
albicans, C. tropicalis, C. glabrata, and C.
parapsilosis, without really suppressing fungus
development. Hedera rhombea extract also improved
the antifungal activity of antibiotics and antifungal
agents like miconazole and reduced fungal adherence
to the host cell [96].

Finally, triterpene saponins isolated from H. taurica
were examined for their antibacterial and antifungal
activity. Tauroside Sx1 (a-hederin) exhibited in-vitro
antifungal activity against C. albicans, C. krusei and
C. tropicalis, while saponins H, and I displayed no
antimicrobial effect [122]. Furthermore, the
sensitivity of 104 clinical isolates of different species
of Candida to tauroside Sx1 was studied using the
dilution method. The results revealed a pronounced
fungicidal activity against 95 % of the isolates [105].
Moreover, the compound showed fungicidal activity
against different Candida spp. [206].

7.5. Antiviral Activity

H. helix extract and its isolated saponin,
hederasaponin B, were tested for antiviral activity
against Enterovirus 71 (EV71), the most common
causesource of hand, foot, and mouth disease
(HFMD). The study used cytopathic effect (CPE)
reduction technique and a western blot assay to
evaluate the activity towards EV71 subgenotypes C3
and C4a in vero cells. Hederasaponin B and the 30%
ethanol extract of H. helix containing hederasaponin
B were found to have significant antiviral activity. In
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addition to that, hederasaponin B was found to inhibit
viral VP2 protein expression, implying that viral
capsid protein synthesis was inhibited [169].

Another study investigated the antiviral
properties of H. helixagainst influenza A/PR/8 (PRS)
virus. The antiviral activity of oseltamivir was
significantly improved when co-administered orally
with ivy extract. In PRS8-infected mice, co-
administration of the hedrasaponin F rich fraction of
ivy extract reduced pulmonary inflammation
compared to oseltamivir treatment alone. Tumor
necrosis factor-alpha and chemokine (C-C motif)
ligand 2 levels were also decreased after treatment, in
addition to a reduction in the infiltration of two
inflammatory cells typically observed in the
bronchial alveolar of PR8-infected mice following
virus infection [81].

Using a combination of network analysis
and phenotypic screening, a high content screening
test aimed for the detection of anti-SARS-CoV-2
(Covid 19) compounds was carried out. Among the
65 compounds and extracts tested, H. helix leaves
extract was found to selectively inhibit in-vitro
infection of SARS-CoV-2. The extract reduced the
viral load on infected Vero E6 cells without causing
cytotoxicity at concentrations up to 50 pg/ml. The
authors concluded that H. helix extract should be
more investigated as a potential resource of antiviral
compounds to be used as adjuvant therapy against
SARS-CoV-2 and other viral infections [151].

H. taurica's triterpene saponin, tauroside Sx1 (a -
hederin), was found to improve mice immune
responses to HIV surface glycoproteins and influenza
virus [206]. The compound’s cytotoxic activity was
also evaluated against several lymphoblastoid cell
lines and human peripheral blood monocytes. Also,
its capability to affect HIV-1 replication was also
studied, together with the capability to improve the
survival of mice infected with influenza virus
A/WSN/1/33(HINT1) as well as boosting the immune
responses in mice immunized with an influenza
vaccine.Tauroside Sx1 inhibited the MT-4 cell line
and was non-toxic to all other cell lines tested. In
Jurkat-tat cells, it had a moderate inhibitory effect on
HIV p24 production. While oral intake of 200 g of
the compound resulted in a 1.5-fold rise in survival of
influenza virus-infected mice, it also increased the
immunopotentiating ability of administered subunit
influenza vaccine [105].

7.6. Antioxidant Activity

Hederacolchisides-E and F from H. colchica and a-
hederin, hederasaponin C from H. helix were tested
for their antioxidant activity using various
antioxidant assays including reducing power, total
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antioxidant activity, 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) radical and superoxide anion radical
scavenging, H,0O, scavenging, in addition to metal
chelating activities. In comparison to reference
antioxidants, all of the tested saponins demonstrated
effective antioxidant activity. [67].

From the berries of H. colchica, the antioxidant
activity of the triterpenoid glycoside; 3-O-f-D-
glucopyranosyl hederagenin was investigated using
the aforementioned antioxidant tests. Results revealed
that the compound possessed strong total antioxidant
activity, reducing power, DPPH and superoxide
anion radical scavenging, H,O, scavenging, as well
as metal chelating activities. Standard antioxidant
compounds such as a-tocopherol and troloxwere used
in the assay [68, 71].

H. helix leaves’ antioxidant activity was assessed in a
study that tested the antioxidant activity of selected
Serbian herbs using the DPPH scavenging method
and the ferric-reducing antioxidant power (FRAP).
Moderate activity was detected for the plant [205].

Another study also used DPPH radical scavenging
technique in testing the antioxidant potential of
various concentrations of the crude methanol extract
of H. helix aerial parts and subsequent solvent
fractions. The results showed that the crude extract,
chloroform, ethyl acetate and aqueous fractions all
had significant scavenging effects in a concentration
dependent manner, yet the hexane fraction had no
effect [142].

Algerian researchers investigated the antioxidant
ability of methanolic extracts of H. helix leaves and
other plants using three different techniques; f-
carotene bleaching test, the 2,2-diphenyl-1-picryl-
hydrazyl-hydrate free radical scavenging method and
the FRAP assay. Ivyleaves revealed moderate to high
activity in all assays [149].

Hedera helix leaf, fruit, and flower extracts were
studied for antioxidant-related chemical composition
and reactivity, focusing on seasonal variation. The
activity was estimated using the oxygen radical
absorbance capacity (ORAC), trolox equivalent
antioxidant capacity (TEAC), DPPH bleaching, and
inhibition of induced f-carotene bleaching assays, as
well as the inhibition of induced peroxidation of
liposomes and the inhibition of haemoglobin
ascorbate peroxidase activity (HAPX) assay. Along
with the majority of performed tests, winter leaves
were the most antioxidant, followed by summer
leaves, and then flowers and fruits.[128].

The antioxidant capacity of the ethanolic extracts
from H. helix leaves, flowers, immature and ripe
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fruits was investigated. DPPH assay, total phenolic
and flavonoid contents were evaluated. Findings
indicated a positive correlation between antioxidant
effects, polyphenolic and flavonoid contents.[138].

The antioxidant effect of H. nepalensis crude extract,

ethyl acetate and aqueous fractions was evaluated.
The assay demonstrated dose-dependent free radical
scavenging capacity along with a protective effect in
free radical induced DNA damage assay, with the
ethyl acetate and aqueous fractions exhibiting the
highest activity[92].

Another study investigating the radical scavenging
activities of various fractions of H. nepalensis
indicated concentration dependent nitric oxide free
radical scavenging activity in the crude methanolic
extract, n-hexane, and chloroform fractions, implying
that the plant could be searched for free radical
scavenging [4].

The methanolic extract of H. nepalensis was further
investigated utilizing the DNA protection, DPPH
radical-scavenging, ABTS radical-scavenging, and
the thiobarbituric acid-reactive substances (TBARS)
assays. The two primary phenolic antioxidants were
discovered to be chlorogenic acid and rutin[87].

Different extracts of H. nepalensis leaves and stem
were studied for their antioxidant activity using two
different in-vitro techniques, the DPPH free radical
and the hydrogen peroxide scavenging assays. The
findings indicated that H. neplalensis extracts have
excellent antioxidant activity [146].

The antioxidant activity in addition to the total
flavonoid and phenolic contents of the crude extract
of H. nepalensis as well as its fractions; n-hexane,
ethyl acetate and aqueous extracts, were investigated.
According to the findings, the ethyl acetate fraction
had the best overall antioxidant activity and reducing
power when measured using the
phosphomolybdenum method, which was followed
by the aqueous fraction, n-hexane fraction, and crude
extract[90].

The ethanolic extracts of H. pastuchovii leaves,
berries, and stems were screened for their total
phenolic and flavonoid content in addition to their
free radicals scavenging ability. Compared to leaf and
stem extracts, the ethanolic extract of the berries with
the highest concentrations of phenolic and flavonoid
components had a discernible capacity to scavenge
DPPH[14].

7.7. Cytotoxic Activity
Hederacolchiside Al isolated from H. colchica was
testedfor its antiproliferative activity on six human
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cancer cells lines including colon adenocarcinoma
DLD-1, ovarian teratocarcinoma PA 1, lung
carcinoma A 549, breast adenocarcinoma MCF7,
prostatic adenocarcinoma PC 3 and malignant
melanoma M4 Beu against normal human fibroblasts
and compared to cisplatin. The investigations were
carried out by means of measuring DNA content and
cellular metabolic activity in living cells.
Hederacolchiside Al demonstrated strong
cytotoxicity on all cancer cells.The antiproliferative
effects on malignant melanoma M4 Beu versus
normal cells suggested that even with the absence of
specificity for cancer cells, hederacolchiside Al has
possible anti-tumor applications. Comparing the
cytotoxicity of hederacolchiside Al to that of five
other saponins from H. colchica revealed new
insights on structure-activity relationships[17].

On cultured mouse B16 melanoma cells and non-
cancer mouse 3T3 fibroblasts, the cytotoxic effects of
a-hederin isolated from H. helix were evaluated.
Proliferation of both cell types were inhibited by a-
hederin at low concentrations after only 8 hours of
treatment. The compound also caused cytoplasm
vacuolization and membrane modifications, which
resulted in cell death[27].

Along with the saponin and non-saponin fractions,
the methanolic extract of H. helix was investigated
for its cytotoxicity using the brine shrimp assay. The
methanolic extract of the leaves of H. helix was
observed to have cytotoxic activity, while the saponin
fraction was inactive. Additional investigation
revealed that the phenolic compounds were the active
constituents [84].

The capability of a-hederin to enhance the efficiency
of 5S-fluorouracil (5-FU) was assessed. In human
colon adenocarcinoma HT-29 cells, a-hederin and 5-
FU were combined in-vitro using fixed concentration
and combination index methods. It was observed that
a-hederin boosted 5-FU cytotoxicity about 3.3-fold at
sub-ICs, cytotoxic concentrations implying that a-
hederin may improve colorectal cancer cell
sensitivity to 5-FU [22].

The cytotoxic activity of several compounds isolated
from H. helix were tested on four mammalian cell
strains. These compounds included hederacoside B,
C and D in addition to a-, f- and J-hederin together
with aglycone hederagenin. They were examined on
mouse 3T3 non-cancer fibroblasts, mouse B16
melanoma cells, human HeLa tumour cells, and Flow
2002 non-cancer human cells.a- and f-Hederin were
the most potent compounds demonstrating
cytotoxicity at a concentration of 10 ug/ml and
higher. At concentrations up to 200 ug/ml,
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hederacoside C, B, D and hederagenin were inactive
[116, 140].

A study was conducted to determine the apoptosis
inducing effect of hederagenin isolated from H. helix
leaves in human colon cancer LoVo cells as well as
its possible mechanism. Hederagenin strongly
prevented the viability of LoVo cells in a
concentration dependent method, according to the
MTT assay. The induction of hederagenin
significantly increased the apoptosis ratio, as did the
induction of apoptotic nuclear changes.Hederagenin
significantly increased reactive oxygen species
generation in LoVo cells, reduced the expression of
several apoptosis-associated proteins, including Bcl-
2, procaspase-9, and procaspase-3, and increased
polyADP-ribosepolymerase (PARP), while
increasing the expression of some mediators
including Bax, caspase-3, and caspase-9. The
findings suggested that hederagenin could cause
apoptosis in human colon cancer LoVo cells by
disrupting the mitochondrial membrane[15].

Hedera helix extracts were investigated for their anti-
proliferative effect on two rat prostate cancer cell
lines with markedly various metastatic potentials',
Mat-LyLu cells (strongly metastatic) and AT-2 cells
(weakly metastatic). The ethanolic extract of leaves
inhibited cell kinetics (proliferation and mitotic
activity) and motility in both cell lines. In Mat-LyLu
cells, the ethanolic extract of the fruit inhibited cell
migration, with no effect on proliferation, whereas in
AT-2 cells, migration was unaffected but
proliferation was inhibited. [69].

The therapeutic potential of hederagenin extracted
from ivy leaves in head and neck cancer (HNC) was
inspected in cisplatin resistant HNC cells in addition
to its possible molecular mechanisms of action. By
promoting changes in mitochondrial membrane
potential, hederagenin was found to selectively
induce cell death in cisplatin-sensitive and cisplatin-
resistant HNC cells. It also increased the production
of reactive oxygen species and glutathione reduction
in cancer cells through inhibiting the Nrf2-
antioxidant response element (ARE) pathway and
activating p53. Furthermore, the compound’s
selective inhibitory effects in cisplatin resistant HNC
xenograft models were confirmed. According to the
findings, hederagenin caused cell death in resistant
HNC cells via the Nrf2-ARE antioxidant
pathway[97].

Three saponins from H. helix leaves including
alphahederin, hederagenin, and hederacoside C were
tested for their antiproliferative effect on normal
fibroblasts cells and cervix epithelial tumor cells.
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Results indicated that a-hederin had strong
antiproliferative activity, while hederagenin had
moderate activity and hederacoside C did not have
antiproliferative activity across the entire range of
concentrations [174].

The cytotoxic effect of the leaves ethanolic extract of
H. helix ssp. rhizomatifera against human
hepatocellular carcinoma (HepG2) and human breast
cancer cell lines (MCF7) was investigated.Results
indicated that the plant exhibited a strong cytotoxic
activity with ICsy values of 1.9125 and 2.0823 ng/ml
respectively, in comparison to 1.549 and 1.02 pg/ml
respectively for Doxorubicin [39].

Another research used flash chromatography in
fractionation of H. helix leaves’ extract followed by
testing on NCTC normal fibroblasts and
antiproliferative activity on Hep-2 epithelial tumor
cells. Findings revealed that the samples were
biocompatible on NCTC cells up to 200 g/mL, and
the saponin rich fractions had a strong
antiproliferative effect on Hep-2 cells[173],

Hederacolchiside A1 was tested in-vitro as well as in-
vivo for its potential anti-breast cancer effect. The
compound showed significant effects on several cell
lines, most notably MCF-7 breast cells. It inhibited
proliferation and induced apoptosis in MCF-7 cells
through activating the mitochondrial apoptotic
pathway and inactivating JAK2/STAT3. At both
concentrations used, hederacolchiside Al strongly
inhibited the growth of transplanted tumours in
vivo[23].

The methanolic extract of H. nepalensis leaves and
stem were evaluated for brine shrimp cytotoxicity,
antitumor potato disc, and radish seed phytotoxicity
activity. The extracts presented significant activities
with positive correlation between the three tested
assays [86]. The potato disc antitumor assay was used
to evaluate the antitumor activity of H. nepalensis
extract and fractions. The aqueous and ethyl acetate
fractions  demonstrated  well-defined  tumour
inhibition [92]. Another study used the brine shrimp
lethality bioassay to test the cytotoxic effect of both
crude methanolic extract of H. nepalensis along
withother fractions. Findings revealed that the crude
methanolic extract and chloroform fraction showed
moderate brine shrimp lethality [4].

Two major anticancer constituents from H.
nepalensis were isolated and tested for growth
inhibition activities on human non-small-cell lung
cancer cell (A549). Hederagenin 3-O-a-L-
arabinopyranoside and pulsatilla saponin A were
found to be responsible for H. nepalensis anticancer
activities. The compounds inhibited A549 cell growth
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by prompting cancer cell apoptosis in a dose-
dependent method [112].

In-vitro cancer chemopreventive and cytotoxic
activities of H. nepalensis extract, fractions, and
isolated lupeol were further investigated using nitrite,
NFB, aromatase, and quinone reductase 1 (QR1)
assays. The cytotoxic potential of the four samples
was studied on three cancer cell lines, MCF7,
MDAMB231, and HeLa, using the sulforhodamine B
(SRB) assay, and all four tested samples inhibited the
tested cell lines by more than 50%. Lupeol was found
to be the most effective against the breast cancer cell
lines MCF-7 and MDA-MB-231. Cancer
chemopreventive assay results revealed that n-
hexane, ethyl acetate fractions, and isolated lupeol
have promising cancer chemopreventive
potential[89].

Rhombenone, a novel nortriterpene isolated from
the leaves of H. rhombea, was able to inhibit farnesyl
protein transferase enzyme (FPTase). This enzyme
catalyzes a vital step in the Ras oncogene’s activation
and tumor formation. Compounds identified as
FPTase inhibitors demonstrated high efficacy in-vivo
against solid tumors in nude mice [107].

The effects of the polyacetylenic compound, 3-
hydroxyheptadeca-1,9-dien-4,6-diyn-8yl-11(1H-
indol-3-yl) acetate isolated from H. rhombea on
differentiation were investigated using the human
promyelocytic leukaemia cell line HL-60. After 48
hours of treatment, cell viability decreased, followed
by an increase. Microscopical examination showed
that the compound induced HL-60 cells
differentiation into granulocytes, as well as
alterations in cell cycle kinetics and G1 phase arrest
[106]. The HL-60 cell line was also used to explore
the differentiation-inducing effect of indoleacetic
acid falcarindiol ester isolated from H. rhombea. At
0.1 and 1.0 g/ml, the compound inhibited HL-60 cell
growth and was cytotoxic at 10 g/ml. At 1.0 g/ml, it
also stopped the cell cycle in the GO/G1 phase and
induced granulocytic differentiation. The researchers
concluded that the isolated falcarindiol derivative
could be used as a chemotherapeutic agent in the
treatment of human leukaemia[182].

Moreover, the cytotoxic effect of 19 triterpene
glycosides isolated from H. rhombea leaves was
examined against HL-60 human promyelocytic
leukemia cells. Kizutasaponin K¢ (a-hederin),
eleutheoside K (f-hederin) and akeboside Stb (J-
hederin) demonstrated high potency with ICs, values
of 7.2, 21.9, and 32.8 uM, respectively. a-Hederin
was further tested against a panel of 39 cancer cell
lines derived from different tissues of origin and the
results demonstrated that renal ACHN, colon HCT-
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116, and stomach St-4 cell lines were comparatively
sensitive to the compound. Other tested compounds
did not show cytotoxic activity at concentrations up
to 50 uM [201].

The cytotoxic and anti-proliferative activity of the
triterpene  saponin, tauroside Sx1 (a-hederin)
obtained from H. taurica was studied on
lymphoblastoid tumor cells of MT-4 line and
fibroblast-like cells of the Vero line and the
compound showed marked activity [206].

The cytotoxicity of H. pastuchovii leaf extract and
fractions against ovarian and lung cancer cell lines, as
well as its genotoxicity on peripheral blood
lymphocytes, were determined. Results showed that
ICs values in growth inhibition induced by the total
extract on both cell lines were much greater than that
of cisplatin’s. The study established that the
methanolic extract of H. pastuchovii leaves
contained cytotoxic compounds against both ovarian
and lung cell lines [73].

7.8. Respiratory Effects

Hedera helix leaves have been traditionally used in
herbal remedies to treat respiratory disorders for a
very long time due to their expectorant and broncho-
spasmolytic properties. It was also used to treat the
symptoms of common cold with cough, as well as
acute and chronic bronchialinflammations. The
leaves and berries were administered orally as an
expectorant for cough and bronchitis treatment[7,
202]. Nowadays, ivy leaves extracts enjoy great
popularity as an effective non-antibiotic cough
remedy. In 1988, a Commission monograph of the
German regulatory authority authorised its use for its
efficacy against respiratory tract catarrhs and chronic
inflammatory bronchial conditions[21].

Commercial formulations of ivy leaves are available
worldwide with a long experience on the market and
a wide range of published clinical studies and reviews
that report and show the drug’s efficacy in both
children [79, 204] and adults suffering from
respiratory diseases [12, 16, 80, 108, 165]. Numerous
research reported the safety and tolerability of
Hedera and its formulations [26, 93, 171] even for
short term use during pregnancy [9].

a-Hederin isolated from several Hedera species is
included in a wide range of marketed pharmaceutical
products for treating coughs [190]. Herein, we report
on published in-vitro and in-vivo pharmacological
studies that attempted to explain the mode of action
of Hedera and its constituents in treating symptoms
of both acute upper respiratory tract infections and
bronchitis.
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The effectiveness of H. helix in treating respiratory
disorders is frequently credited to the presence of
triterpenoidal saponins, particularly a-hederin, which
has secretolytic and bronchospasmolytic properties.
A study revealed that preincubating steadily
transfected human kidney (HEK293) cells with 1 uM
a-hederin for 24 h clearly inhibited the internalization
of p,-adrenergic receptor-GFP fusion proteins even
after 20 mins stimulation with 1 uM terbutaline. a-
Hederin  also  increased the  f,-adrenergic
responsiveness in alveolar type II (A549) cells and
human airway smooth muscle (HASM) cells by
increasing f,-adrenergic receptor (AR) binding and
intracellular cAMP levels, which resulted in
increased production and secretion of the surfactant
in alveolar type II cells. As a result, an indirect f,-
mimetic mode of action can explain a-hederin’s
secretolytic  and  bronchospasmolytic  effects.
Hederacoside C and hederagenin, on the other hand,
had no effect on receptor regulation or the binding
behaviour of f,-AR or the intracellular cAMP level
[164].

Isometric tension measurements by means of bovine
tracheal smooth muscle strips revealed that a-hederin
improved relaxation mediated by isoprenaline
indirectly via possible inhibition of heterologous
desensitisation caused by high concentrations of
muscarinic ligands like methacholine in bovine
tracheal smooth muscle strips. Hederacoside C or
hederagenin pretreatment showed no effect on
isoprenaline-induced relaxation [189].

The result of oral administration of H. helix on lung
histopathologic features was investigated and
compared to the effects of dexamethasone on airway
inflammation as well as remodeling in a murine
model of chronic asthma. The study showed that H.
helix administration decreased goblet cell numbers in
addition to the thickness of basement membrane [77].

The expectorant and antitussive activities of mixtures
of H. helix and Rhizoma copitidis were investigated
using citric acid -induced cough in guinea pig and
phenol red secretion in mice trachea. The extracts
increased tracheal secretion and inhibited coughing
significantly. Equal concentrations of both extracts
(1:1) at a dose of 200 mg/kg produced a more
powerful influence on phenol red secretionand cough
inhibition than either extract individually in a dose-
dependent manner. The optimum mixing ratio was
3:1 of H. helix to Rhizoma coptidis, as it
demonstrated the highest expectorant effect
(27.48+4.45, p<0.001) [170]. The same ratio mixture
of both extracts was tested for their inhibitory effects
on allergic lung inflammation responses to Asian
sand dust (ASD). Oral intake of the combined extract



GENUS HEDERA: A COMPREHENSIVE REVIEW OF ITS PHYTOCONSTITUENTS...... 221

mixture significantly inhibited the infiltration of
eosinophils and lymphocytes into the allergic lung
and suppressed the Th2 cell-associated cytokines and
chemokines production in bronchoalveolar lavage
fluid compared with positive control group [109].

[48] studied the effect of different constituents of ivy
leaves extract (EA 575) viz.,, hederacoside B and f-

hederin saponins, protocatechuic acid,
neochlorogenic acid, chlorogenic acid,
cryptochlorogenic acid, 3,4-, 3,5- and 4,5-
dicaffeoylquinic acids, in addition to rutin,

kaempferol-3-O-rutinoside on the f,-adrenergic
receptors of human airway smooth muscle (HASM)
cells using internalization studies, fluorescence
correlation spectroscopy measurements and cAMP
assays, and only f-hederin prevented internalization
of the f,-AR under stimulating conditions and it
could be considered to have a role in the f,-mimetic
effects of H. helix.

The influence of a-hederin on lung tissue pathology
as well as the levels of the inflammatory mediators
was assessed in a rat ovalbumin (OVA)-sensitized
model of asthma. Pretreatment with a-hederin was
found to affect IL-2 and IL-17 secretion pathways in
addition reduced all pathological changes in
pretreated groups compared to the OVA-sensitized
group [34].

[117] investigated in detail the impact of 70%
ethanolic extract of H. helixleaves on both lungs and
bronchi in an experimental bronchiolitis model
prompted by Sephadex 50 intranasal administration.
Their investigation showed that H. helix extract
reduced  dystrophy, corrected hemodynamic
disorders, including oedema and hemorrhage, and
decreased the bronchus reaction associated lymphoid
tissue, which could be attributed to reducing
macrophage cells’ immunoreactivity. The mucolytic
effect of the extract was elucidated by a rise in the
bronchial secretory activity in addition to an increase
in exudation along with the release of fluid and
erythrocytes from the microvasculature. The extract’s
antibacterial and in-vivo anti-inflammatory activity
endorsed its therapeutic effects on the bronchi and
lung tissue. Consequently, the authors recommended

it for the treatment of acute and chronic
inflammation-associated bronchopulmonary
infections.

In a guinea pig compressed air model, an ethanolic
extract of H. helix leaves administered orally
hindered the bronchoconstriction stimulated by
ovalbumin inhalation (57% inhibition) and platelet
activating factor (43% inhibition) in a dose dependent
manner[7].
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The anti-inflammatory efficacy of H. helix and
Coptidis rhizoma extracts’ mixtures was tested on
both neutrophilic and eosinophilicsevere asthma
manifestations via the animal models of OVA-LPS
induced neutrophilic asthma and Aspergillus
fumigatus (Af)-induced eosinophilic asthma. Despite
the effective dose of the combined extract being
slightly altered depending on the asthma endotype,
treatment with the extract mixture decreased both
endotypes of steroid-resistant asthmatic
manifestations such as airway hyper-responsiveness,
pathologic changes, and the production of pro-
inflammatory cytokines[168].

7.9. Anti-inflammatory Activity

The anti-inflammatory effects of crude and purified
saponin extracts of H. colchica in carrageenan- and
cotton pellet-induced acute and chronic inflammation
models in rats were investigated. Both extracts were
found to have anti-inflammatory properties with the
saponin purified extract being more effective in acute
as well as chronic inflammation phases [46].
Similarly, both extracts from H. helix were tested for
their anti-inflammatory activity in induced acute and
chronic inflammation models. The crude saponin
extract revealed higher potency against acute
inflammation, while the saponin purified extract
showed more potency against chronic inflammatory
effect [172].

In carrageenan-induced acute rat paw oedema, the
acute anti-inflammatory ability of o-hederin and
hederasaponin C obtained from H. helix, in addition
to hederacolchisides E and -F from H. colchica, was
evaluated. a-Hederin and hederasaponin C had no
effect in the first phase of acute inflammation,
whereas hederacolchisides E and -F revealed minor
anti-inflammatory effects. Hederacolchiside F was
extremely effective in the second phase, whereas a-
hederin was ineffective. Hederasaponin C and -E
showed moderate potency compared to indomethacin
and hederacolchiside F [47].

Another research investigated the influence of H.
helix constituents on the activity of the hyaluronidase
and elastase enzymes, which are significantly
elevated in chronic inflammatory conditions such as
venous insufficiency symptoms. Sapogenins from
Hedera hindered hyaluronidase activity non-
competitively and in a dose-dependent manner.
Findings revealed that hederagenin and oleanolic acid
had comparable ICs, values, whereas hederacoside C
and a-hederin saponins were both very weak
inhibitors[42]

The anti-inflammatory effect of H. helix leaves
preparation containing 60-66% triterpene
bidesmosidic saponins was examined at vascular
level, through flow cytometry studies of VCAM-1
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and ICAM-1 expression, determination of the pro-
inflammatory cytokines IL6 and IL8 in extracellular
environment and the VEGF factor. The extract
inhibited the secretion of IL6 and IL8 and blocked
the VEGF pro-angiogenic factor but had insignificant
effect on the expression of adhesion molecules in
bacterial inflammation. In terms of effect after TNF-
stimulation, the extract inhibited IL6 and ILS8
cytokines, ICAM and VCAM expression, and VEGF
in a dose-dependent manner [33].

In formalin-induced paw oedema, an ethanolic
extract of H. helix was screened for anti-
inflammatory activities, and an intraperitoneal
injection of the extract revealed anti-inflammatory
activity with 88.89% inhibition compared to the
standard drug diclofenac, which revealed 94.44%
inhibition. Furthermore, the extract’s antiarthritic
property was investigated, and a noticeable reduction
in arthritic symptoms was observed[141].

The influence of the dry extract obtained from ivy
leaves EA 575® on the Lipopolysaccharide (LPS)-
induced release of IL-6 from murine macrophages
(J774.2) was investigated and compared to
corticosterone as a positive control. H. helix leaves
extract was found to decrease LPS-induced IL-6
release in a dose-dependent manner implying an anti-
inflammatory effect of the extract in the treatment of
chronic and acute inflammatory airway diseases
accompanied by cough, as IL-6 plays an essential
part in the inflammatory processes as well as the
regulation of immune responses through the release
of various cytokines[154].

The effect of the topical application of 1% H. helix
extract gel in comparison to 1% diclofenac gel on
knee osteoarthritis was studied in a randomized
clinical trial. The effects of the gels were evaluated
used the visual analogue scale (VAS) and Western
Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) and compared to a placebo gel.
The research revealed that both 1% H. helix and
diclofenac gels considerably decreased pain, morning
stiffness, daytime stiffness, and physical function
when compared to the placebo group (P0.05), with
the 1% H. helix gel group reporting a greater decline
in pain, morning stiffness, and daytime stiffness than
the diclofenac gel group, but the difference was
insignificant [29].

Hederacoside C was tested for anti-inflammatory
effects on S. aureus-induced mastitis in-vivo on
mammary gland tissues and in-vitro on RAW 264.7
cells. Histopathological alterations and
myeloperoxidase  activity = demonstrated  that
hederacoside C protected the mammary glands from
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S.  aureus-induced  tissue  destruction  and
inflammatory cell infiltration. The compound
significantly prevented the expression of anti-
inflammatory cytokines, IL-6, IL-1, and TNF-qa,
while increasing IL-10, according to ELISA, western
blot, and qRT-PCR results. All of the parameters
examined confirmed that hederacoside-C improved
mammary gland defensive system and reduced
inflammation[6].

Both the ethanolic extract and flavonoid fractions of
H. helix were examined for their in vitro anti-arthritic
effects and in vivo by adjuvant-induced arthritis
(AIA). The ethanolic extract and flavonoid fraction
significantly reduced paw oedema, as well as serum
immunological indicators, inflammatory cytokines,
degenerative enzymes, and reactive oxygen species
indicators. According to the findings, extracts of
Hedera leaves could be utilized to effectively treat
rheumatoid arthritis [163].

The anti-inflammatory, analgesic and anticonvulsant
activities of H. rhombea leaf extracts and fractions
were investigated. The methanol, butanol and ether
fractions showed anti-inflammatory activity using the
carrageenan induced paw edoema method, while the
acetic acid induced writhing test revealed good
analgesic  activity but no  anticonvulsant
activity[110].

7.10. Effects on the Digestive System

To determine the antispasmodic potential of H. helix,
in-vitro antispasmodic activity on isolated guinea-pig
ileum with acetylcholine as a spasmogen was
performed. Saponins and phenolic compounds
isolated from the plant showed substantial activity.
Saponins were found to contribute the most to anti-
spasmodic activity owing to their high concentration
in the plant, followed by flavonols primarily
kaempferol and quercitin and dicaffeoylquinic acids.
In contrast to bidesmoside hederacoside C, isolated
monodesmosidic  saponin a-hederin and tested
hederagenin exhibited significant antispasmodic
activity. Flavonoid aglycones showed higher activity
than their mono- or diglycosides, while B-ring
monohydroxylated flavonols were more active than
dehydroxylated ones. Regarding hydroxycinnamic
acid derivatives, relatively low activities were
observed for monocaffeoylquinic acids, rosmarinic
acid and free phenolic acids, while higher values
were observed for dicaffeoylquinic acids, especially
3,5- dicaffeoylquinic acid [180].

On isolated rat stomach corpus and fundus strips, the
effect of a-hederin, hederacoside C, and the total dry
extract of H. helix on gut motility was assessed. a-
Hederin significantly altered the spontaneous motoric
activity of rat stomach smooth muscle, and its action
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was concentration dependent. On the other hand,
hederacoside C did not affect the motility of isolated
stomach corpus and fundus strips at concentrations
up to 100 M, whereas the total extract of H. helix
produced a strong contraction comparable to the
reaction induced by acetylcholine[124]. a-Hederin-
induced contraction was revealed to be caused by
calcium influx present in intercellular spaces or
bound to the outside of the cell membrane. Calcium
influx is primarily mediated by voltage-dependent
calcium channels of the L-type[123].

The ulcer preventive ability of the aqueous extracts of
H. helix and H. colchica was explored in ethanol-
induced ulcer model in rats. Results revealed that the
extracts decreased the ulcer index and increased
macroscopic curative ratio with H. colchica showing
better activity [135].

In 2018, Shah et al, studied the pharmacological base
of H. helix leaves in diarrhoea and spasms. The
aqueous methanolic extract provided up to 84%
protection in a castor oil-induced diarrheal model in
mice. It also demonstrated spasmolytic effects
mediated by voltage dependent Ca® entry blockade
in isolated rabbit jejunum preparations. Both
activities were comparable to that of standard
verapamil [155].

7.11. Antidiabetic Activity

A study examined the antidiabetic effect of the
aqueous and methanolic extracts of H. helix leaves.
Both extracts were hypoglycemic and significantly
reduced blood glucose levels in both normal and
alloxan-induced diabetic rabbits. The hypoglycemic
activity was related to the presence of significantly
great amounts of hypoglycemic trace elements
namely, chromium, manganese and zinc [85].

H. helix aqueous extract was also assessed for
antidiabetic and protective effects in normoglycemic,
glucose-overloaded, and alloxan-induced rats. The
extract produced a highly significant decrease in
fasting and post-prandial blood sugar levels in both
acute and chronic studies. In-vitro measurements of
glycosylated haemoglobin (HbAlc) and a-
glucosidase inhibitory activity also confirmed the
anti-diabetic potential. When compared to the alloxan
model, histopathological studies of vital organs
showed that H. helix has a protective effect by
maintaining normal architecture[94].

A research was conducted to assess the in-
vitro inhibitory effect of H. nepalensis along with its
isolated compound on the dipeptidyl peptidase 4
(DPP-4), an important drug target for diabetes
therapy. The crude extract of H. nepalensis possessed
high inhibitory activity which was mostly retained
when fractionated with ethyl acetate or n-hexane. The
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presence of DPP-4 inhibitor, the triterpenoid lupeol,
contributed to the plant's anti-diabetic activity[150].

The antidiabetic effect of ethanolic extracts of both
leaves and stems of H. nepalensiswas further
investigated. Results proved that administration of H.
nepalensis leaves extract considerably reduced the
levels of blood glucose whereas the stem extract
showed non-significant change in blood glucose
levels [145].

The effect of H. nepalensis crude extract and isolated
lupeol on antioxidant defence system, biochemical
parameters and behavioural indices of Alzheimer
disease generated in diabetic rats was evaluated. The
results revealed that the crude plant extract and lupeol
significantly ameliorated the rise in plasma glucose
level, improved the antioxidant enzymes profile
(catalase, superoxide dismutase and reduced
glutathione) in a time dependent manner and
significantly normalized the increased liver function
markers. When compared to the Alzheimer control
group, HPLC quantification revealed a significant
increase in neurotransmitter levels (dopamine and
serotonin) in the midbrain region after treatment with
the crude extract. The extract also reduced cognitive
and memory impairment as measured by the Elevated
Plus Maze (EPM) test and the Morris Water Maze
(MWM). The study concluded that H. nepalensis
showed antidiabetogenic and memory-enhancing
properties and could be used to treat diseases such as
Alzheimer's and diabetes [74]. The same group of
researchers further explored the anti-diabetic effects
of H. nepalensis crude extract, fractions, and lupeol
in alloxan-induced diabetic rats. The results indicated
that lupeol and n-hexane fraction significantly
lowered the blood glucose level by increasing insulin
levels in a time dependent manner as well as
significantly increasing amylase and lipase activity in
diabetic rats. The n-hexane fraction and lupeol
restored suppressed antioxidant enzymes, liver and
kidney functions to their normal levels [75].

Another study investigated the in-vivo antidiabetic
and wound healing potentials of the ethanolic extract
of H. nepalensis. The extract’s anti-diabetic
properties were evaluated using an alloxan-induced
diabetes model, while the wound healing potential
was determined using an excision wound healing
model. In-vivo antidiabetic study revealed that the
extract significantly decreased the blood glucose
levels in a dose and time-dependent manner and
accelerated wound healing in diabetic rats. The study
established that the multicomponent H. nepalensis
crude extract could be used as a complementary
therapy to manage hyperglycaemia and wounds in
diabetic patients [11].
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In a recent study, the anti-diabetic effect of 32
isolated compounds from H. rhombea fruits was
investigated by examining their ability to inhibit
protein tyrosine phosphatase 1b (PTP1B) and a-
glucosidase. The results showed that isolated
falcarindiol and  caffeoyltryptophan  showed
significant PTP1B inhibition. Both compounds
together with N-[4' -hydroxy-(E)- cinnamoyl]-L-
tyrosine  methyl ester, N-[3',4'-dihydroxy-(E)-
cinnamoyl]-L-tryptophan methyl ester, quercetin and
6-trihydroxyphenylmethylacetate displayed
significant a-glucosidase inhibitions stronger than
that of standard acarbose. The findings suggested that
the isolated compounds could be beneficial in the
treatment of type 2 diabetes [70].

7.12. Hepatoprotective Activity

The impact of a-hederin from Hedera
species on carbon tetrachloride (CCly) -induced
hepatotoxicity in mice were investigated. Pre-
treatment with a-hederin prior to CCl, administration
was found to prohibit the increase in serum alanine
aminotransferase, lactate dehydrogenase activity and
lipid peroxidation; it also protected against CCl,-
induced depletion of hepatic glutathione levels
although the hepatic glutathione level and
glutathione-S transferase activities were not affected.
a-Hederin markedly decreased the major isozyme
involved in CCl; bioactivation, and expression;
cytochrome P450 2El. This led to a reduction of
carbon tetrachloride biotransformation and as a
result, protection against CCly-induced liver injury
[91].
In a CCl, induced rat model, the acute and chronic
hepatoprotective effects of the aqueous extract of H.
helix leaves were examined. When compared to the
CCly control group, pre-treatment with the extract
significantly suppressed elevated serum biochemical
indices such as alkaline phosphate (ALP), serum
glutamate oxaloacetate transaminase (AST), serum
glutamate pyruvate transaminase (ALT), and total
bilirubin. Histopathological examination of liver
tissues revealed that the extract reduced histological
liver damage. The observed hepatoprotective effect
suggested that ivy extract could be used as an
adjuvant herbal hepatotonic[3].

Using a mouse model, researchers also studied the
protective effects of H. helix extract against
acetaminophen-induced  oxidative  stress  and
hepatotoxicity. Treatment with H. helix extract
reduced the levels of elevated ALP, ALT, AST, and
malondialdehyde (MDA) in serum and restored the
levels of catalase, glutathione peroxidase, and
superoxide dismutase that had been reduced by
acetaminophen administration to control levels [126].
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The ethanolic extract of H. nepalensis leaves
was proved to considerably reduce the levels of
bilirubin, globulin, A/G ratio, GCI level, creatinine,
ALP, GGT, ALT, AST, AST/ALT ratio while
increasing the total proteins and albumin. Meanwhile,
stem extract of the plant revealed non-significant
change in all tested enzymes [145].

The hepatoprotective activity of extracts and
isolated compounds from H. rhombea was tested in
CCl, liver injured rats. The ethyl acetate and butanol
fractions recovered elevated serum glutamic pyruvic
transaminase (GPT), glutamic oxaloacetic
transaminase (GOT) and y-glutamyltranspeptidasey-
glutamyltranspeptidase (y-GTPy-GTP) levels with the
butanol fraction showing the maximum activity.
Seven caffeoyl quinic acid derivatives isolated from
the fractions were tested and the compounds
significantly reduced serum GOT and GPT levels
raised by CCl, treatment [99].

6.13. Anti-mutagenic Activity

The mutagenic and antimutagenic activities of a, £
and J-hederin isolated from H. helix were examined
using a modified liquid incubation technique of the
Salmonella/microsomal assay. After screening
against known promutagens such as benzo-[a]pyrene
(BaP) and a mutagenic urine concentrate from a
smoker (SU), the saponins were found non-toxic and
non-mutagenic in a dose-response manner [38].

In human lymphocytes, the effect of a-hederin on the
direct clastogenicity of doxorubicin (Adriamycin®)
was tested in-vitro for the induction of micronuclei.
a-Hederin inhibited the clastogenicity of doxorubicin
in all treatments and concentrations, with the
outcomes also suggesting a desmutagenic effect. The
compound appeared to activate metabolic enzymes
that inactivated doxorubicin. Initial research revealed
that the effective antimutagenic concentrations of a-
hederin had no clastogenic or aneugenic effects in
human lymphocytes as well as no cytotoxicity [10].
The antimutagenic activity was further tested against
doxorubicin in addition to carbendazim; an aneugenic
agent. The results confirmed that a-hederin had an
antimutagenic activity acting both as a desmutagenic
and bioantimutagenic [187].

7.14. Wound Healing Activity

The topical application of H. helix saponin complex
containing hederacosides C, B, and a-hederin was
found to be effective in the treatment of cellulitis, a
type of liposclerosis[118].

To provide evidence for the claim that triterpene
saponins are effective for the treatment and
prevention of venous insufficiency, a study was
designed to assess the inhibitory effects of H. helix
saponins on the activity of elastase and
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hyaluronidase. The findings showed that sapogenins
only were able to non-competitively inhibit
hyaluronidase activity in a dose-dependent manner,
while both hederacoside C and a-hederin were very
weak inhibitors. Oleanolic acid and hederagenin, as
well showed remarkable inhibition of elastase. These
results provide a molecular basis for the efficacy of
saponins in  treatment of venous disorders by
promoting the recovery of the integrity of the
extracellular matrix and endothelial walls, resulting
in an increase of the vascular tone, sealing effect on
the pores of the luminal face of endothelium and an
improvement in nutrient exchange between the
microcirculatory  system and the amorphous
substance[42].

The effect of an alcoholic extract of H. helix leaves
on dermal collagen bundles in the wound healing
process was investigated using histomorphometric
and histopathological techniques. Both the 10% and
20% H. helix creams significantly improved collagen
bundle thickness resulting in more organized collagen
bundles. This could be credited to the presence of
antioxidant saponins in the plant and other
phytoconstituents that may act during the
proliferative phase of the wound healing process
[129].

The wound healing properties of H. helix ethanolic
extract of the leaves was evaluated based on the
observed changes in epithelial tissue, wound healing
period and histological studies on skin wounds in
rats. The results displayed the absence of oedema at
day 14 post lesion with reduction in vascular
congestion in both tested concentrations of H. helix
extracts, 30 and 50 mg/ml. A decrease in
inflammatory cells was observed alongside an
increase in fibroblasts, indicating that the lesions are
becoming more chronic. Within a week of the lesion,
the number of mast cells increased significantly,
indicating that the extracts accelerated the healing
process[28].

7.15. Miscellaneous Activity

In an acetic acid-induced writhing test, the
methanolic extract and subfractions of the aerial parts
of H. helix demonstrated significant antinociceptive
activity. The aqueous fraction elicited the highest
effect, followed by the chloroform and ethyl acetate
fractions and finally the crude methanol extract,
whereas the hexane fraction had no significant effect
when compared to the standard drug, diclofenac
[142].

The antithrombin activity of the methylene chloride
and methanolic extracts of H. helix was tested among
other plants using a chromogenic bioassay. The
methylene chloride extract showed 80% activity,
which could be credited to the presence of diverse
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classes of compounds [120]. Later, the composition
of the methylene chloride fraction was investigated to
detect the compounds responsible for the activity and
14 compounds were isolated using bioassay guided
fractionation. The compounds were tested for their
antithrombin activity and f-amyrin, stigmasterol and
hexadecanoic acid showed the highest activity [121].

H. helix  leaves  was  investigated  for
theirantihypertensive effect in-vivo on normotensive
and high salt-induced hypertensive Sprague-Dawley
rats followed by in-vitro vasodilatory studies on
isolated rat and rabbit aortic tissues. The crude
alcoholic extract decreased blood pressure in high
salt-induced hypertensive rats more than in
normotensive rats. In hypertensive rats, the
investigated subfractions viz., n-hexane, chloroform,
ethyl acetate, and aqueous fractions were all more
effective, with aqueous being the most effective and
n-hexane the least. In-vitro vasodilatory studies on
isolated rat and rabbit aortic tissues revealed that the
crude extract and the aqueous fraction induced an
endothelium-dependent effect in rat aortic rings
precontracted with phenylephrine, whereas the
extract and fractions produced a partial endothelium-
independent effect in rat aortic rings from
hypertensive rats that was unaffected by pre-
treatment with L-NAME, showing endothelium
dysfunction in the hypertensive rats. The extract and
fractions also prevented pre-contractions brought by
high K* levels and phenylephrine in rabbit aorta, and
they altered Ca'™ concentration-response curves.
According to the findings, H. helix extract and
fractions exhibited antihypertensive properties
because of their vasodilatory effects, which are
mediated via nitric oxide and Ca™ antagonistic
effects [152].

In a mouse model, the protective effect of H. helix
leaf extract on paracetamol-induced oxidative stress
and renal toxicity was studied. In comparison to the
control group, ivy leaf extract treatment lead to a
significant reduction in serum creatinine, uric acid,
and serum blood urea nitrogen concentrations. The
extract also reduced the histological changes caused
by paracetamol, suggesting that it could be used to
inhibit renal damage caused by paracetamol[127].

Different reproductive parameters were used to assess
the anti-androgenic and anti-spermatogenic effects of
the methanolic extract of H. nepalensis leaves on
adult male rats. In-vitro and in-vivo studies revealed a
significant increase in oxidative stress with decreased
antioxidant activity at the highest dose regimens.
Improved ROS production and lipid peroxidation
cause DNA damage in rat sperm. In-vivo
measurements of sperm parameters revealed
significantly decreased levels of sperm viability,



226 S. Osama et.al.

motility, and daily sperm production (DSP) in treated
animals, while histopathological analysis revealed
decreased epithelial height and a wider lumen with
fewer spermatozoa in high-dose-treated groups (150
mg/kg). Testosterone concentrations decreased
significantly in all extract-treated groups, whereas
plasma LH and FSH levels decreased only in high-
dose-treated groups. The methanolic extract of H.
nepalensis leaves may impair male fertility by
causing hormonal imbalance and oxidative stress,
which may result in histological changes, sperm
DNA damage, and finally spermatogenic arrest [5].

8. Conclusion

The genus Hedera comprises 15 species, however,
till this day, there are no published comprehensive
review articles comprising the traditional uses,
phytochemistry, and pharmacological activities of
different species of the genus. The current review on
phytoconstituents, in-vitro as well as in-vivo
pharmacological activities and  therapeutic
importance of different species of genus Hedera
revealed a wide range of bioactive chemical
constituents including triterpene glycosides which are
present in almost all species of genus Hedera. And
although other constituents may have shown various
significant bioactivities, the triterpenes are the major
active principles in all members of this genus and
could be used as chemotaxonomic markers for the
genus.

To date, 92 triterpene compounds and their
derivatives (1-92) were reported from various species
of genus Hedera with a- hederin being the most
isolated triterpene from almost all species, followed
by phenolic compounds, polyacetylenes and volatile
oils. The highest number of different classes of
triterpenes were isolated from the leaves followed by
berries and stems and finally the roots. Detailed
investigations on triterpenes profile of some Hedera
species is required to determine its full
phytochemical profile and to determine its potential
utilization in the future. These poorly investigated
species include: Hedera caucasigena Pojark, the
roots of H. colchica where it is considered the only
un-investigated part of the plant with no reported
phytochemical constituents and Hedera pastuchowii
where despitethe low number of trials, the findings
revealed interesting results.

More studies on the phenolic composition of various
species of genus Hedera are required to fully
understand the chemical profile of the genus. Rutin in
addition to quinic and caffeic acids were the main
phenolic compounds found in H. helix, H. colchica,
H. rhombea whereas other Hedera species were not
investigated for their ~ phenolic content.
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Polyacetylenes were only studied in H. helix and H.
rhombea which is considered missing work for future
perspective for researchers as polyacetylenes are
considered important bioactive components with
various biological activities including antitumor,
immunomodulatory, neuroprotective, hypoglycemic,
antiviral, antibacterial, antifungal, hepatoprotective as
well as renoprotective activities.

Finally, it is evident that phytocompounds isolated
from the Hedera genus exhibited a myriad of
medicinal activities, however some species were
investigated more than others, despite having similar
chemical profiles. This merits further systematic
investigations of the chemical constituents of
members of Hedera genus to obtain novel bioactive
molecules with new pharmacological applications. It
is also essential to investigate and explore other
untouched species of the genus for the future
discovery and development of new drugs that can be
incorporated in the pharmaceutical industry.
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50 Ry=a-L-Rha,-(1-4)-4D-Gle,-(1-6)-#D-Gle-(1-4)-a-L-Rhay-(1-2)-a-
L-Ara,, R,=OH, R;=OH, R,=H

51 R=SOyH', Ry=H, Ry=OH, R=/4D-Gle,-(6-1)--D-Gley-(4-1)-a-L-Rha,

52 Ry=SOyH',R;=H, Ry=H, Ri=+D-Glc,-(6-1)-4D-Glc,

53 Ry=AD-Gley-(1-2)-4D-Gley, Ry=H, Ry=H, R,=D-Gle,-(6-1)-4D-Gle,

\
\

COOR,

a-L-Rhay¢AD-Glep—a-L-Ara,— 0" >
T RiH,C
a-L-Rha,

60 R;=OH, R;=/2D-Gle,-(6-1)-D-Gley-(4-1)-a-L-Rha,
61 R=H, Ry=/AD-Gle,~(6-1)-4D-Gle,-(4-1)-o-L-Rhay,

CH,04D-Gle,

70 Ry=AD-Gley, Ry=H
71 Ry=/AD-Glcy, R,=OH
72 Ri=AD-Gle,-(2-1)-AD-Gle,, Ry=0H

a-L-Aray=a-L-Arabinopyranosyl, a-L-Rha =a-L-Rhamnopyranosyl, f-D-Xyl,= Z-D-Xyloopyranosyl, 5-D-Gal,= -D-Galactopyranosyl
SD-Gley= FD-Glucopyranosyl, S-D-GleUA ;= £-D-Glucuronopyranosyl

Fig. (2): Chemical structures of reported triterpene glycosides from Genus Hedera (Compounds 38-72)
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CH,08D-Glc,

COO«BD-Gley¢—BD-Gley—a-L-Rhay,

OAc
a-L-Ara,0 ., a-1-Ara,0 »
HOH,C 7 HOH,C 74
\
\
COOR,
i
a-L-Rhap—>a-L- R,0 ,
Ara0 , HOH,C
HOH,C RoH,C BD-Gley—BD-Gle,O
83 R,=BD-Gley, R;=AD-Gle,-(6-1)-fD-Gley-(4-1)-a-L-Rha,
78 R=pD-Glep, Ry= OH, Ry=CHy 84 Ry=a-L-Aray, Ry=3D-Gle,-(2-1)-4D-Gle,
79 R=fD-Gley-(2-1)-4D-Glep, Ry= OH, Ry=CH; 85 RI1=4D-Gle,-(1-2)-0-L-Rhay, Ry=4D-Gley-2-1)-AD-Gle,
80 R;=/D-Gley~(1-2)-a-L-Arap, Ry= OH, Ry=H 86 R;=6'-O-ethyl-#D-GIcUA, Ry=/D-Glep-(6-1)-AD-Gle-(4-1)-a-L-Rha,,
81 Ry=AD-Glep, Ry=H, Ry=H
COOH
COO«AD-GleyBD-Gley<—o-L-Rha, COOR,
1 1
OAc !
D-Gle.O 87 R=H R0 89 R,=BD-Gal,-(2-1)-AD-Gle,, R,=AD-Glc, RO” 91 Ry=o-L-Rhay, (1-2)-3D-Gle,, Ry= OH
AD- °"R H.C” 88 R,=OH 90 Ry=BD-GIcUA, Ry=AD-Gle,-(2-1)-AD-Gle, RoHoC 92 Ry=AD-Galy(1-2)-AD-Gley, Ry=H
qF2!

o-L-Ara,=a-L-Arabinopyranosyl, o-L-Rha,=a-L-Rhamnopyranosyl, #D-Glc,= #D-Glucopyranosyl, #D-Gal,= ZD-Galactopyranosyl, f-D-
GlcUA = BD-Glucuronopyranosyl,

Fig. (3): Chemical structures of reported triterpene glycosides from Genus Hedera (Compounds 73-92)
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OH
Ho o O
C >
OH
OH
R R 3,3'4',7-Tetrahydroxyflavone Catechin Cyanide-3-rutin
Kaemplerol OH H
Quercetin OH OH COOR,
Luteolin H OH
Astragalin -0--D-Glc I - o X
Alzelin -O-u-L-Rha H
Hyperoside -0-B-D-Gal OH R Ry
Querecitrin -0-¢-L-Rha OH Gle-/D-O o o
Isoquercitrin -0--D-Glc OI1 OH
Nicotiflorin -0-o-L-Rha-$-D-Glc H Gallic acid R=OH,R=OH,Ry=H
Rutin -0-a-L-Rha-B-D-Gle OH ) 4-hydroxybenzoic acid  R=H, R;=H, Ry=H
Scopolin R=H, R;=OH,Ry=H
Dihydroxybenzoic acid Methyl ester R=H, R;=0OH, R,= CH3
° OH
Oy H
ORs Ry &
OH o OH
Ra oR Ho oH
4
HO N o
HaCO OCHs Re HO °
OR; OH
OH 3 p-Coumaric acid R;=H, Ry=H L
Syri vde Caffeic acid R=OH,R,=H Rosmarinic acid
— R Ry Rs R on Ferulicacid  R;= OCHy,Ry=H
Quinic acid H H H H Sinapicacid  Ry= OCHz, R;=0CHj;
-caffeoyl H H H
H -caffeoyl H H OH o
H H -calfeoyl  H Ho. _
-caffeoyl H -caffeoyl H o
~cafteoyl  -cafteoyl i m ° oH 0-AD-GI
H -caffeoyl -caffeoyl H / o o HO’ O-D-Glc s ©
Me 3-CQA -caffcoyl H H CHs o o~ OH o
Me 4-CQA H -caffeoyl H CH;
Me 5-CQA H H -caffeoyl CH: OH O
Moss SQ A -caffeoyl " _caﬂm; o ° oM ° OH Benzyl alcohol glucoside  2-phenylethyl-6-D-glucopyranoside
Me34-CQA  —caffeoyl  -caffeayl H CH; ! ) 2-0-(34-dihydroxybenzoyl)-
Me 4.5-CQA H -caffeoyl -caffeoyl CH3 methyl 4-O-abscisylchlorogenate 2,4, 6-trihydroxyphenylmethylacetate 1o
Ry
X
OH
o NH
HO R,00C
OH 2
ST N
Q
HO A\
HsCO

N-[4'OH-(E)-cinnamoyl]-L-Tyrosine
Me

OH
o Ho. O A 0
0/ o 9 Ze] H
= o oH o : i
3 OH OH ~ N-[4'-OH-(E)-Cinnamoyl]-L-Tryp

Methyl 3-O-caff

V1-5-0. OH Aralianic acid

N-[3" 4°-diOH-(E)-cinnamoyl]-L-Tryp
N-[4-OH-~(E)-cinnamoyl]-L-Tryp Me

R=H,R=H
R=OH,R=H
R,=H,Ry= CH;

N-[3" 4°-diOH-(E)-cinnamoyl]-L-Tryp Me R;= OH,R,=CHj3

Fig. (4): Chemical structures of reported phenolic constituents from Genus Hedera
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Falcarinol Falcarinone 11,12- Dehydrofalcarinol Didehydrofalcarinol
]
— — O PAc o OAc o OAc
(0] = — H3CO
o}
Panaxydol (2)-8-acetoxy1,2-epoxy-3-oxoheptadeca-9-ene-4,6-diyne (Z)- 8-acetoxy-3-oxoheptadeca-1,9-diene-4,6-diyne (Z)-8-acetoxy-1-methoxy-3-oxoheptadeca-9-
ene-4,6 - diyne
HO OH HO. L OAc OH - HO. L OH
S - — _ AN e - — Y
Falcarindiol 8-acetoxyfalcarinol Ginsenoyne J Dehydrofalcarindiol
OH OH HO OH o  PAe o OAc
NN = A _ =L Y,
0 o}
Crithmumdiol PQ-2 PQ-6 8-acetoxydehydrofalcarinol
N
N
HO, OH HO. OH
HO o) J%m/\/\ =
= - = HO
(3R, 85, Z)-3-hydroxyheptadeca-1,9-dien-4,6-diyn-8-yl 11-(1H- (9Z, 11Z)-heptadeca-1,9,11-triene- Hederyne A
indol-3-yl) acetate 4,6-diyne-3,8-diol

Fig. (5): Chemical structures of reported polyacetylenes from Genus Hedera
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- ® G

Germacene D Germacene B S-caryophyllene Sabinene S-pinene a-pinene Limonene

AN j/
OH
[¢] 1) (0]
O
\/\/(i 0
CH; \ / O\)\
[}
J-elemene g-Elemene Methylethyl ketone Methylisobutyl ketone tHrz:::lol Furfurol Phthalic di-isobutyl ester
(0] X
HO. | ‘
0 PN NN Z
o N
Caryophyllene oxide Sclareolide Spathulenol Humulene Camphene 2,4-Nonadienal J-Farnesene
OH
O,
= =
Carvone p-mentha-2,8,dien-1-ol J-Bisabolene a-Curcumene f-sesquiphellandrene

Fig. (6): Chemical structures of reported volatile constituents from Genus Hedera
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| -
o o 0 o 0 : 0 Q
/\/\/\/\/\/\/\/\A j@i? \)L : °
OH —g _NH o, HN oH OH OH OH L OH
OH
cis-vaccenic acid NH, NH, NH; 2
0 Emetine Glycine Valine Leucine iso-Leucine Aspartic acid
NWVMOH
Petroselinic acid o) HO o)
/\/\/\/\/\/\/\/\)9L OH OH
OH NH, NH, HN
Oleic acid HO
o Tyrosine Phenylalanine Proline
/WWOH

Palmitoleic acid

a-Spinasterol
[e] Stigmasterol S-Sitosterol
(6R,9R)-3-0x0-a-ionol-f-D-Glc, Ri=H, R;=CHj;

(6R,98)-3-0x0-a-ionol f-D-Glc, R=CH3, R=H

CH3 CH3 CH
HsC o) "‘\\\\/Y\/YW 3
N CHs CHs
0 o o o Ho CHs
\ CHs

4’-dihydrophaseic acid

(0]

Vitamin E

‘ e} . o (0]

Gle-p-D-O o OJ% oH HO OH

0 OH ; 4 HO :
= HO z o)
HO OH HO OH
Gle-D-0 HO OH O OH Oy
) O~
o) HO OH
Hederohomoside A Hederohomoside B Hederhoman A

Hederhoman B

Vitamin C Hamamelitol

Fig. (7): Chemical structures of reported miscellaneous constituents from Genus Hedera
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