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The genus Viburnum (Adoxaceae, Dipsacales) is of scientific interest due to the chemical components and diverse biological
activities found across species of the genus, which includes more than 230 species of evergreen, semievergreen, or deciduous
shrubs and small trees. Although frequently used as an ornament, the Viburnum species show biological properties with health-
promoting effects. Fruits, flowers, and barks of certain species are used for pharmaceutical purposes or as cooking ingredients,
hence containing biochemical compounds with health-promoting activity such are carotenoids, polyphenols, and flavonoids.
However, its taxonomical determination is difficult, due to its wide distribution and frequent hybridizations; therefore, an
objective classification would allow us to understand its biological activity based on its phytochemical components. More than


https://orcid.org/0000-0002-7301-8151
https://orcid.org/0000-0001-8551-274X
https://orcid.org/0000-0003-0739-7920
https://orcid.org/0000-0003-4174-4586
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/3095514

Oxidative Medicine and Cellular Longevity

sixty phytochemical compounds have been reported, where vibsanin-type diterpenes and their derivatives are the most prevalent.
Leaves and twigs of V. dilatatum contain the largest number of phytochemicals among the genus. Through preclinical evidence, this
study provides insight regarding antioxidant, antibacterial, anti-inflammatory, cytotoxic, and anticancer activities of genus

Viburnum.

1. Introduction

The genus Viburnum (Adoxaceae, Dipsacales) is comprised
of more than 230 species of evergreen, semievergreen, or
deciduous shrubs and small trees distributed primarily
within the temperate forest regions of the northern hemi-
sphere but also in the mountains of Central and South
America, Southeast Asia (Philippines, Malaysia), and south-
eastern Australia and Tasmania.

Although the species of the genus are generally well
adapted to mesic forest environments, particular species have
been reported to inhabit both, cold boreal forests, and tropi-
cal rainforests, as is the case of Viburnum edule and Vibur-
num amplificatum, respectively. The regions of highest
species diversity are eastern Asia and Latin America [1-4].
Viburnum was established by Linnaeus, classified in the
Caprifoliaceae family [5] and soon after reclassified in its
own family Viburnaceae [6]. Based on the Dipsacales phy-
logeny research, Viburnum was subsequently listed in
Adoxaceae, together with Adoxa, Sinoadoxa, Tetradoxa,
and Sambucus [7] This classification is widely accepted
today [1, 4, 8]. Nevertheless, certain plant classification
systems, e.g., the one from Takhtajan [9], still recognize
Viburnum as a member of the Viburnaceae family.

Leaves of the Viburnum species are simple, petiolate,
and opposite and rarely whorled. The small hermaphroditic
flowers form paniculate or umbellate inflorescences of 15-
500 flowers each. Marginal flowers are sometimes sterile,
and their purpose is to attract pollinators. The plants are
self-incompatible. The androecium consists of five stamens.
Filament bases are attached to corolla petals. The gynoe-
cium is of three carpels. Two of the three inferior ovaries
are aborted. The fruit is a red to purple black single-
seeded drupe. Floral nectaries located at the gynoecium
apex additionally differentiate viburnums from another
Adoxaceae [10-14].

Taxonomical determination of the genus Viburnum is
difficult, due to its wide distribution and frequent hybridiza-
tions, both natural and horticultural [15, 16]. Traditionally
accepted classification is based on plant morphology (inflo-
rescences, flowers, extrafloral nectaries, trichomes, and pol-
len grain exine) and recognizes the sections Solenotinus,
Viburnum, Pseudotinus, Tomentosa, Tinus, Megalotinus,
Lentago, Oreinotinus, Odontotinus, and Opulus Opulus ([17,
18]); however, several mostly regional-oriented section level
revisions were made ([3] and references therein). Besides,
plant morphology, taxonomical values of the phytochemical
amentoflavone isolated from Viburnum leaves and branch-
lets [19], as well as anatomical characteristics of fruits, cork,
assimilating parenchyma, and leaf epidermal cells [20, 21],
were also assessed. More recently, assessments of Viburnum
diversification have been made at a molecular level [3, 4, 8,
22, 23]. Clement et al. [24] proposed a Viburnum phyloge-

netic classification and provided formal phylogenetic defini-
tions for 30 clades.

Many viburnums are of high ornamental value. Fruits,
flowers, and barks of certain species are used for pharmaceu-
tical purposes or as cooking ingredients, hence containing
biochemical compounds with health-promoting activity such
as carotenoids, polyphenols, and flavonoids. Many vibur-
nums are of high ornamental value. Fruits, flowers, and barks
of certain species are used for pharmaceutical purposes or as
cooking ingredients, hence containing biochemical com-
pounds with health-promoting activity such are carotenoids,
polyphenols, and flavonoids. These biochemical components
are responsible for the main biological activities of Viburnum
plants, and although the antioxidant, antibacterial, anti-
inflammatory, and cytotoxic activity have been well docu-
mented, some current research also links to the chemical
components found in Viburnum exerting protection and
treatment against diseases. Chronic diseases including diabe-
tes [25], cancer [26], Alzheimer’s [27], and all diseases that
can be caused by a clot [28].

Substantial research has been carried out in relation to
the mechanisms responsible for the synthesis, location, and
accumulation of bioactive compounds. The most widely
researched species are V. opulus, tinus, lantana, and orien-
tale; although, various biochemical constituents have also
been isolated from V. arboricolum, awabuki, ayavacense, betu-
lifolium, cylindricum, davidii, dilatatum, erosum, furcatum,
grandifolium, japonicum, jucundum, luzonicum, odoratissi-
mum, phlebotrichum, pichinchense, prunifolium, rhytidophyl-
lum, suspensum, urceolatum, and wrightii [21, 29-31].
Studies undertaken to assess within-species variability in terms
of bioactive compounds profile and content [32-34] facilitate
breeding and subsequent growing of viburnums as pharma-
ceutical crops.

2. Traditional Uses

Plants and humans are in a forever codependent relationship.
Plants are considered the lungs of the earth but also provide
food, shelter, timber, medicines, etc. for humans. Medicinal
plants represent a rich reservoir of bioactive chemicals of
therapeutic potential [35]. A review of the scientific literature
reveals multiple applications from medicinal plants of the
genus Viburnum (Table 1), implying the need for further
research and documentation.

3. Phytoconstituents

Although Viburnum initially diversified in East Asia, other
regions such as eastern North America, the mountainous
regions of Mexico, Central America, and northern South
America are also viewed as centers of high diversity. Most
of the American Viburnum species seem to have derived
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TasLE 1: Ethnomedical use of genus Viburnum.

S. no. Species name Part used Medicinal applications References
Digestive problems, purgative, abdominal pain,
1 Viburnum grandiflorum Wood, leaf, diuretic, antimalarizjtl, respirat.ory diseases, (351; [361; [37]; [38]; [39])
flower, bark toothaches, yphoid, whooping cough,
anesthetic
Gall bladder, liver disease, diuretic; bleeding,
2 Viburnum opulus Fruit heart disease, blood pressure, coughs, cold, ([40]; [41]; [42]; [43]; [44]; [45]; [34])
neurosis, diabetes
Cough, diarrhea, rheumatoid arthritis,
and tumefaction
3 Viburnum cylindricum Leaves Cough, diarrhea, rheum.atoid arthritis, ([46]; [30]; [47])
and tumefaction
Cough, diarrhea, rheumatoid arthritis,
tumefaction, insecticide
4 Viburnum dilatatum Fruits Spice, pickles [48]
5 Viburnum cotinifolium Bark Hepatic and digestive problems [47]
6 Viburnum erubescens Ro?ts’ stem, Cough, insecticide ([49]; [47])
eaves
7 Viburnum lantana Bark Rubefiant, analgesic [41]
8 Viburnum foetens Wh%lzrilant, Purgative, sedative, cleaning teeth “miswak” [50]
9 Viburnum punctatum — Fever, stomach disorders [51]
Dysmenorrhea, menstrual irregularities,
10 Viburnum prunifolium Roots Cﬁ:;‘ilf;g::;2??;32;5:;&5??&?&?5’ ([52]; [51])
heart tonic, improves blood circulation
11 Viburnum prunifolium — Sedatives, muscle relaxants, cardiotonics [53]
Leaf bark Purification of blood, carminative, hemorrhage,
12 Viburnum nervosum r(,)o ) ’ uterine disorders, asthma, ([54]; [55]; [52])
furunculosis, menorrhagia
13 Viburnum coriaceum  Root and bark Antispasmodic, uterine relaxant ([56]; [52])
Leaves Menorrhagia, hypothermic, cardiovascular;
14 Viburnum foetidum . ’ uterine disorders, skin disease, ([52]; [57])
aerial parts .
emmenetic
15 Viburnum jucundum — Cancer, gastrointestinal diseases ([52]; [58])

from Asian clades, while the species in Latin America appear
to be directly related to those in the eastern United States
[59]. In this way, the genus represents a classic pattern of dis-
junct distribution between the Old and the New World.

Roughly 200 species have been reported for the genus
Viburnum, among shrubs and trees, distributed mainly on
the Asian side, used primarily in traditional medicine for
the treatment of diseases such as rheumatoid arthritis, cough,
diarrhea, tumefaction, swelling, kidney cramps [60], antitu-
mor, antimicrobial, antioxidant, antihyperglycemic, anti-
inflammatory, and neuroprotective activities [61]. Leaves,
flowers, and fruits are currently being used in Turkish folk
medicine [62].

The study of Viburnum is of scientific interest due to the
chemical components and diverse biological activities found
across species of the genus. Although the highest number of
chemical compounds has been found in leaves, the presence
of phytochemicals has also been reported in fruits, roots,
and seeds (Table 2). V. awabuki, V. dilatatum, V. fordiae
Hance, V. odoratissimum, and V. opulus have the highest

amount of extracted phytochemical constituents (diterpenes,
triterpenes, iridioides, monoterpenes, sesquiterpenes, flavo-
noids, lignans, etc.) and are dependent on the specific part
of the plant from which the extract is obtained, as well as
the type of solvent used.

In the case of V. awabuki, few studies have been found
regarding the description of its phytochemical constituents
(Table 2). The number of chemical compounds reported
amounts to more than sixty, where vibsanin-type diterpenes
and their derivatives are the most prevalent (Figure 1). These
phytochemicals can also be present in species such as V.
odoratissimum and V. suspensum. These diterpenoids can
chemically be eleven-membered ring, seven-membered ring,
and rearranged types, represented by vibsanine B, vibsanine
C, and neovibsanine A, respectively. Some vibsane-type
diterpenoids have exhibited increasing biological activities,
and their challenging structures combined with attractive
neurotrophs have drawn synthetic attention [29]. Table 2
reports the compounds found in V. awabuki correspond-
ing to methanolic extracts of leaves and twigs of the plant
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FiGure 1: Chemical structure of vibsane-type diterpenoids components reported on the genus Viburnum.

[29, 31]. Other compounds such as triterpenoid derivatives,
sesquiterpenes (such as awabukinol), specific flavonoids of
the catechin type, coumarin derivatives, and lignans have
also been observed.

Leaves and twigs of V. dilatatum contain the largest num-
ber of phytochemical constituents within the genus (Table 2).
The triterpenoids viburnols (Viburnol A, B, C, D, E, F, G, H,
L, ], and K), viburnudienone, and viburnenone are present in
leaves, as well as, flavonoids, phenolic, and lactone type com-
pounds [31]. The main compounds in the essential oils of V.
dilatatum flowers are phenethyl alcohol, 3Z-hexenol, and
l-linalool [71]. Glycosylated phenolic compounds of the jia-
mizioside type (A, B, C, and D) and anthocyanidins and
quercetin flavonoids have also been found in methanolic
and squeezed juice extracts of fruits. Compounds derived
from phenylpropanoids such as 5-O-caffeoyl-4-methoxyl
quinic acid and polyphenolic esters (chlorogenic acid) were
also reported in the fruits, along with cyanidin 3-sambubio-
side, 5-caffeoyl quinic acid [3, 69, 70], cyanidin 3-glucoside,
4-methoxy chlorogenic acid, chlorogenic acid, and quercetin
[3, 70]. These extracts show a significant antioxidant activity
related to the described compounds [113]. Only one study
reports the presence of the compound, 2-(-glucopyranosy-
loxy)-benzyl 3-(-glucopyranosyloxy)-benzoate, in the metha-
nolic extract of roots [72].

This field of research is relatively novel and phytochemi-
cals in V. fordiae have been found in leaves, branches, and
fruits (Table 2) [61, 79]. First reports of the phytochemical
compounds in V. fordiae were made in methanolic extracts
of leaves. Compounds such us glycosylated phenolic type
(fordioside), lignan glucoside (alangilignoside D), alcoholic

B-glucoside (salicin), sand tilbenoid (rhapontigenin) were
reported [67]. Recent studies describe essential oils [114], ter-
penoids, neolignans [81], and 52 phenolics [67] in stems,
leaves, and roots. These compounds have shown to exhibit
weak or moderate antioxidant, anti-inflammatory, and «a-
glucosidase inhibition properties [78, 81]. Neolignan glyco-
sides, viburfordosides A-I, neolignans, fordianes A and B
(Figure 2), and analogues present in the ethanolic fruit extract
have been described to serve as functional foods and for the
prevention and treatment of type 2 diabetes (T2D) [81].

Studies have described a wide range of phytochemical
constituents for members of the genus Viburnum, such as
diterpene, triterpene, and flavonoid type for V. odoratissi-
mum. vibsanin, vibsane [89], and vibsanol, and their deri-
vates present in leaves (Figure 2) [88, 90, 93, 94], twigs [91],
and branches [92], have been found using methanol and
ethanol as primary extraction solvents (Table 2). Triterpenes
63-hydroxy-3-oxolup-20(29)-ene-27, 28-dioic acid, and 6a-
hydroxy-3-oxolup-20(29)-ene-27, 28-dioic acid [31, 94] have
been reported in leaves. Volatiles in V. odoratissimum
flowers consist of esters, alkanes, ketones, alcohols, alde-
hydes, and acids. The main compounds in flowers were
methyl o-anisate, heneicosane, methyl salicylate, 1-[2-(1-
hydroxy-1-methylethyl) cyclopropyl] ethanone, linalool,
nonanal, and methyl palmitate [95]. Compounds such as tri-
terpenes and trans-phytol fatty alcohol have been detected in
the root [96].

Studies carried out on fruit juice [100, 103, 104], aqueous
methanolic extracts [98], acidic mixtures of water/methanol
[102], and mixtures of methanol/acetone/water [99] have
been assessed in V. opulus (Table 2). It is one of the few
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FIGURE 2: Chemical structure of the visanin components reported on the genus Viburnum.

species where the volatile compounds of its fruits are described
[115]. Mass spectrometry analysis has identified nine compo-
nents in V. opulus juice, using ultra high-performance liquid
chromatography (UPLC) coupled to quadruple time-of-
flight mass spectrometers (QTOF-MS) [100]. Viburnum fruits
have been reported to contain lipids, pectins, proteins, lipid
compounds (carotenoids, essential oils, steroids, and sapo-
nins), tannins, flavonoids, and anthocyanins-type polyphe-
nols. V. opulus fruits have a higher content of carotenoids,
polyphenols, flavonoids, steroids, and pectins than V. lantana;
the latter species being characterized by a higher content of
proteins, saponins, and essential oils. Metabolites in V. opulus
fruits have been found in different layers of the pericarp with
greater amounts in the skin [21]. Phenolic compounds have
been reported in fruit juice via hydrochloric acid analysis
[101] while triterpenic compounds have been obtained from
seeds after triterpene esters hydrolysis (terpenes of the
sterols-I type, triterpenyl alcohols and their derivatives-II)
[105]. In a review published in 2010, it was reported that only
3-O-caffeoylquinic acid and 5-O-caffeoylquinic acid were iso-
lated from the V. opulus [31]. The presence of phenolic com-
pounds, anthocyanins, and others constituents (Table 2)
have been reported in leaves and hydrodistillation extracts of
dried V. opulus plants [83, 97].

In this context, the genus Viburnum contains chemical
compounds grouped in diterpenes, triterpenes, iridoids,
monoterpenes, sesquiterhytopenes, flavonoids, lignans, phe-
nols, coumarins, lactones, and alkaloids. Among the chemi-
cal contents of Viburnum, vibsane-type diterpenoids are
characteristic of the genus, as have not been found in other
higher plants. Compounds of the type vibsanin A-F, vibsanol
(C-F), phenolic glycoside fordioside, fordiane A and B, and
their derivatives have also been highlighted (Figure 2). The
base structure of the visanin (A-F) compound group corre-
sponds to a vibsane carbon skeleton, with a 20-carbon struc-
ture (Figure 2).

Another key aspect is the type of solvent used for the phy-
tochemical extraction, where water, methanol, ethanol, and
their mixture are used in higher proportion. In some cases,
less polar solvents such as ethyl acetate or n-butanol are used,
from branches and leaves. Chloroform has been used in
leaves, while benzene or petroleum ether for the extraction
of phytochemicals from branches.

Table 2 shows the main phytochemicals found in the
genus Viburnum, as well as the type of extract obtained, the
part of the plant used and the biological activity.

4. Biological Activities

4.1. Antioxidant Activities of Viburnum Plants (In Vitro
Studies/In Vivo Studies). Many traditionally used medicinal
herbs exert a beneficial impact on human health thanks to
their antioxidant potential. Phenolic compounds, commonly
found in plants, are the largest group of natural antioxidants.
Plants produce them to protect their cells from oxidative
damage caused by oxygen radicals and molecular excitation
[116, 117]. Viburnum plant species have been extensively
studied in vitro and in vivo assays. Most antioxidant studies
relate to Viburnum fruits and juices, being V. opulus the most
investigated plant species. According to the numerous pub-
lished results, it can be said that Viburnum species and their
products are exceptional antioxidants finding their place as
naturally safe agents.

4.1.1. In Vitro Studies. The fruit juice of V. opulus (from the
Eastern Black Sea Region, Turkey) had a prominent activity
in the 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) and ferric reducing antioxidant power (FRAP)
system in comparison to methanol, acetonitrile, and aqueous
extracts of fruits skin and seeds, where the seed extract con-
tained a higher number and quantity of antioxidant com-
pounds. Coumaroyl-quinic acid, chlorogenic acid, procyanidin
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B2, and procyanidin trimer were dominant in the juice [100].
Turkish V. opulus fruit, flesh, and seeds were analysed by the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method. Fruits and
seeds expressed a more potent effect with EC,; of 2.35 mg/mg
DPPH, as compared to ECs,, of 24.56 mg/mg DPPH found in
the flesh [103]. Antiradical activity tests in DPPH and ABTS,
and antilipoperoxidation in the f-carotene/linoleic acid
bleaching, were applied in aqueous and methanol extracts
of the same species. Methanol extract of dried fruits had a
greater performance in the DPPH test with IC,, of 0.104
mg/ml, while that of fresh fruits scavenged more ABTS radi-
cals. All extracts inhibited the linoleic acid peroxidation, thus
protecting the loss of [-carotene. The methanol extract
reduced the ferric (III) to the ferro (II) form more effectively
than the aqueous extract [118]. Sagdic et al. [119] also tested
the fruits’ methanol extract of Turkish V. opulus using the
phosphomolybdenum complex method and found a value
of 315.50 + 8.2mg/g in relation to the ascorbic acid. The
antioxidant capacities of aqueous extracts of commercially
available fruits, bark, and flowers of V. opulus from Poland
were assessed by ABTS, hydroxyl radical scavenging, and
peroxyl radical scavenging (ORAC) and FRAP techniques.
The bark aqueous extract displayed the highest antioxidant
capacity, followed by flowers and fruits. Strong correlations
were found between total phenolic, flavanol, and proantho-
cyanidin contents with these assays [34]. The same authors
investigated the antioxidant capacities of V. opulus fruits,
flowers, and bark ethanol extracts by measuring of ABTS-,
hydroxyl- (HORS), peroxyl- (ORAC), and superoxide-
(SORYS) free radicals scavenging and reducing power (FRAP).
The antioxidant activity of different parts of the herb was in
the following order for HORS, SORS, and ORAC tests:
bark>flowers>fruits, and for ABTS and FRAP tests: bark>-
fruits>flowers. The dominant compound in V. opulus bark
was (+)-catechin, while chlorogenic acid was dominant in
flowers and fruits [34].

Andreeva et al. [120] determined the antioxidant poten-
tial of Russian V. opulus bark extracts using the cathode volt-
ammetry method measuring the relative decrease in the
oxygen electroreduction. Results showed that the ethyl ace-
tate fraction of the 70% ethanol extract expressed a higher
antioxidant potential than chloroform and aqueous fractions,
70% and 30% ethanol extract, respectively. Bubulica et al.
[121] conducted an antioxidant effects screening across sev-
eral extracts of in vitro assays of Romanian plants. The
authors found that the V. opulus methanol bark extract pro-
duced an antiradical effect against DPPH radicals with IC,
of 0.918 + 0.46 mg/ml, as well as ferrous ion chelating effects
with IC,, of 1.865+ 0.05mg/ml. Additionally, the antioxi-
dant activity of the ethanol extract of the fruits was deter-
mined by the ABTS test. After 24 h of refrigerating, a 16%
decrease in the antioxidant effect was recorded, followed by
a 22% increase in the next 24h, showing no correlation
between the total the antioxidant potential and the phenol
content in the extract during storage [122]. Pagayeva et al.
[123] suggests that Turkish V. opulus fruits could be used
as a neuroprotective agent. Antioxidant properties of both
the decoction ethanol extract and fruit juice were used
against hydrogen peroxide-induced oxidative stress in
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human SH-SY5Y neuronal cells. The Polish V. opulus fresh
juice and extracts acted as scavenging potential agents toward
ABTS and peroxyl radical cations estimated by ABTS and
ORAC assays, expressed using Trolox equivalents (TE). The
phenolic-rich fraction from fresh juice was compared to the
methanol-acetone extract from pomace. The former was
the most active in all identified phenol compounds (flavanols,
falvonols, hydroxycinnamic acids, and anthocyanins) with
values within the range of 2619.59 +123.1 and 7810.29 +
342.3 ug TE/g. Also, the V. opulus extracts had powerful che-
mopreventive effects against oxidative stress in Caco-2 cells
induced by tert-butylhydroperoxide and against DNA damage
through the repair induction after cell exposure to hydrogen
peroxide and methylnitronitrosoguanidine [99].

Studies have compared the antioxidant effects of different
V. opulus genotypes and cultivars. Kraujalyté et al. [101]
reported that V. opulus var. sargentii had the highest radical
scavenging capacity (77.5%), followed by V. opulus var.
americanum, and V. opulus P3. The strongest activity in a
FRAP test system was observed in V. opulus var. sargentii
juice while the weakest was expressed by the ‘Shukshinskaya’
cultivar. The V. opulus var. sargentii juice was most effective
in the ORAC method with the highest TEAC (Trolox equiv-
alent antioxidant capacity) valu