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ABSTRACT

Lippia alba, commonly known as Bushy Matgrassis a well-known traditional herb. Besides being used
as a food supplement, for seasoning and as a drink, this plant species possess several pharmacolo-
gical properties, allowing its use in folk medicines to treat various diseases, especially those related to
digestive and respiratory conditions. These properties are mainly attributed to the presence of
compounds such as myrcene, linalool, B-ocimene, a-guaiene, germacrene, carvone, limonene, euca-
lyptol, camphor, caryophyllene, neral, geranial and piperitone in the essential oils of L. alba. Variation
in essential oil components and the high phenotypical plasticity of L. alba provide a strong evidence
of an exciting high number of chemotypes in this aromatic herb. In the current review, we report the
botanical, geographical and ecological features of L. alba. In addition, chemical composition of
essential oil is addressed followed by in vitro and high efficiency micropropagation protocols.
Finally, the therapeutic potential of L. alba against important non-communicable diseases is
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discussed.

1. Introduction

The genus Lippia (Family Verbenaceae) contains nearly
200 species of trees, shrubs and herbs that are and
widely disturbed in Central and South America as well
as tropical Africa and Asia (1). This plant is traditionally
used as a medicinal herb and applied an antiviral, anti-
malarial and cytostatic agent and as a respiratory and
gastrointestinal remedy (2). Other pharmacological uses
of this plant have in cardiovascular diseases, as an anti-
oxidant and neurosedative, and for its anticonvulsiant
activity and antiulcerogenic action. In addition, this
herb is extensively applied as a food supplement and
in infusions, drinks and seasoning (3). Morphologically,
the genus Lippia has been categorized into seven differ-
ent groups, out of which Zapania Schauer is the most
famous and complex.It represents L. rubella (Moldenke)
T.R.S. Silva & Salimena, L. rotundifolia Cham., L. lacu-
nosa Mart. & Schauer, L. hermannioides Cham., L. fili-
folia Mart. & Schauer, L. duartei Moldenke, L.

diamantinensis Glaz., L. corymbosa Cham., L. brasilien-
sis (Link) T.R.S. Silva, L. aristata Schauer and L. alba
(Mill.) N.E.Br. in Brazilian flora (4,5).

Lippia alba (Mill.) N. E. Brown is an aromatic, tropical,
vigorous and rustic shrub, which has been broadly culti-
vated in Brazil, Argentina, Colombia, Uruguay, Paraguay
and Mexico (6). Common names for this plant vary in
different regions and include Salvia Morada (Argentina),
Melissa, Juanilama (Costa Rica), Oaxaca lemon verbana,
Erva Cidreira (Brazil), Bushy Lippia, Bushy matgrass and
Prontoalivio (Colombia). The compositional analysis of
essential oils (EOs) of L. alba leaves indicates a variety of
chemotypes according to major compounds such as car-
vone, citral and linalool in the oils (2,7). Additionally, other
chemotypes such as myrcene, tagetone, citral/germacrene-
d, limonene/carvone, {-caryophyllene and eucalyptol/
limonene, camphor, eucalyptol were observed in their
leaves (1,8). As with other species of Lippia L. alba has
diverse pharmacological applications from its use as an
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antipyretic, anti-inflammatory, acting as an antispasmodic
and analgesic, to treating liver diseases and intestinal dis-
orders (9).

Medicinal herbs like L. alba have played a significant
role in health care and so the following review provides an
overview on different aspects of this herb. Initially, botani-
cal, geographical and ecological characteristics of this aro-
matic plant are broadly explained. Then, by focusing on the
essential oil components, the chemical composition of L.
alba is addressed. Micropropagation, regeneration and fac-
tors affecting the growth and yield of volatile compounds
are reviewed to focus on optimal in vitro micropropagation
conditions. Finally, a brief review of the therapeutic poten-
tial of this plant will be provided with a focus on treatment
of non-communicable diseases such as cardiovascular dis-
ease and cancer. To appreciate fully the therapeutic poten-
tial of L. alba, this review will discuss several classes of
compounds present in this plant species including ter-
penes, polyphenolics, saponins and iridoids.

2. Lippia alba

Lippia alba is a flowering plant species belonging to the
family Verbenaceae, which includes about 175 genera and
2,800 species (10). The taxonomical features of this plant
are shown in Table 1. The distribution of such plants
includes the tropics and subtropics as well as temperate
regions of the Southern Hemisphere (Table 2) (11). This
plant family is important as it includes many medicinally
important species, including the genera Stachytarpheta,
Lantana and Lippia (12,13). The genus Lippia has 84
species, of which 60 are endemic to Brazil (14). This
medicinal plant is used in folk medicine where it is popu-
larly known as lemon grass, table-top tea, citron, wild
rosemary, wild lemon, false melissa, Carmelite, Brazilian
savior, sage, lemon lard, field rosemary and wild sage (15).

2.1 Morphology
Lippia alba is an ornamental plant that is developed as a

sub-bush with a shrub that is about 1 to 1.5 m in height,

Table 1. Taxonomic hierarchy of L. alba (120).
Taxonomic Hierarchy

Kingdom Plantae
Subkingdom Vascular plants
Phylum Tracheophyta
Division Magnoliophyta
Class Magnoliopsida
Clade Angiosperms
Group Eudicots
Subclass Asterids

Order Lamiales
Family Verbenaceae
Genus Lippia

Species Lippia alba

Table 2. Worldwide distribution of L. alba. Source: http://www.
plantsoftheworldonline.org.

Place Disruption Place Disruption
Argentina Northeast ~ Native El Salvador Native
Argentina Northwest ~ Native Florida Native
Bahamas Native French Guiana Native
Bolivia Native Guatmeala Native
Brazil North Native Ecuador Native
Brazil Northeast Native Haiti Native
Brazil South Native Honduras Native
Brazil Southeast Native Leeward Is Native
Brazil West- Central Native Mexico Northeast Native
Cayman Is Native Mexico Northwest Native
Colombia Native Mexico Southwest Native
Jamaica Native Panama Native
Mexico Central Native Peru Native
Mexico Gulf Native Southwest Caribbean  Native
Mexico Southeast Native Texas Native
Nicaragua Native Turks-Caicos Is. Native
Paraguay Native Venezuela Native
Puerto Rico Native Windward Is. Native
Suriname Native Andaman ls. Native
Trinidad-Tobago Native Assam Introduced
Uruguay Native Bangladesh Introduced
Venezuelan Antilles Native Central American Pac  Introduced
Costa Rica Native India Introduced
Cuba Native Portugal Introduced
Dominican Republic ~ Native Queenslan Introduced

with thin, arched, quadrangular, light brown to whitish
branches (Figure 1). The petiole of this flowering plant is
0.5-1.3 cm long. Leaves are single, 1.3-3 cm long x 0.7-
2 cm wide, with opposite filotaxia, presenting an oblong
leaf blade that is elliptic to ovoid, elliptic-lanceolate, with
an acute apex and cuneate base. The chartaceous leaves
have a serrated margin, have a membranaceous consis-
tency and a rough surface where the upper leaf face is
glabrous while the lower face is tomentosa with glandular
trichomes (16). It presents an axillary inflorescence, in
glomerulus with short axis (7). Flowers are hermaphro-
dite, small chalice, ovoid, rosy-violet corolla with yellow
nectar. It has four stamens, adhered petals, with yellow
anthers of longitudinal opening. The ovary is superior,
with two locules and an ovule. The fruit is globose, pear-
shaped, bony with rosy-pink color seeds (17). In relation
to anatomy, the plant has trichomes of the tectores type,
unicellular and acicular. The lower and upper epidermis
present cells in the form of a ‘fit set’ and undulating
margins (18). (17).

2.2. Geographic Distribution

Lippia alba is widely distributed in America, ranging
from the southern United States, Mexico and the West
Indies to Argentina and Uruguay and is cultivated mainly
for medicinal purposes (19). It grows in all the states of
Brazil, most frequently on sandbanks in the Amazon
region (17). It develops in Amazonian vegetation,
Caatinga, Cerrado, Atlantic Forest, which is recorded in
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Figure 1. General appearance of the species Lippia alba (Mill.) N.E.Br. ex P. Wilson, Verbenaceae family. 1A- general aspect of the plant;

1B- detail for inflorescence (Source: J. Medeiros).

the ciliary forest, Palmeiral, Restinga and in diverse envir-
onments from wet to dry areas and in sandy soils to
anthropic areas (20,21). Figure 2 indicates the geographi-
cal distribution of L. alba.

Although L. alba is a native herb in some parts of the
world like Brazil, Cuba, Costa Rica and Colombia, this
plant has been introduced to some other parts such as
India and Bangladesh (Table 2).

2.3 Ecological Adaptation

This wide geographical distribution of L. alba results
in great phenotypic plasticity characterized mainly by
the altered shape of the leaf (19). Studies indicate
that the plant blooms throughout the year, with peak
flowering in January, April, August and September.
Fruiting is observed in January, August, October and
December (17,22) and the reproductive phase might
vary due to the environment in which plants are

cultivated (23). The essential oils of the plant are
aromatic and vary qualitatively and quantitatively
due to factors such as flowering time, plant age,
water quantity, geography, climatic factors and
according to the seasons (7,24). These observations
are useful when collecting plant material to optimize
phytochemical yield and activity.

2.4. Chemical compounds of Lippia alba

Lippia. alba is well known for its essential oils (EOs)
(25) particularly as varied concentrations of compounds
have been isolated and identified from its EOs when
derived from different parts of the plant (12). The com-
pounds identified or isolated from L. alba have different
medicinal purposes (26) including antioxidant, neuro-
sedative, antimicrobial, antidiabetic, acaricidal and
insect repellency activities (11,27-29). Classes of com-
pounds as identified from Lippia (10) include terpenes,

Figure 2. Schematic map of Lippia alba distribution across the world. Link: https://www.discoverlife.org/mp/20m?kind=Lippia+alba.
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polyphenolics, saponins, iridoids and other compounds
(29). The percentage yield of some of these compounds
is summarized in Table 3.

2.4.1 Terpenes

Terpenes are the major constituents of the EOs from L.
alba (34,35). These are generally known for their appli-
cations as flavors and fragrances (26). The structures of
these terpenes are variable and are classified based on
their number of carbon-chains (36) and the main types
of terpenes found in L. alba are the monoterpenes and
sesquiterpenes (37). The essential oils of L. alba contain
more highly saturated terpenes than unsaturated ter-
penes but the latter are important as they coordinate
metal complexes to their carbon-carbon double bonds
(38). In L. alba, terpenes are produced by a group of
enzymes called terpene synthases (TPS), which carries
two conserved domains DDXXD/E and the ‘NSE/DTE’
motif (N/D)DXX(S/T)XXXE are the parts of magne-
sium binding during fixation of pyrophosphate sub-
strate and a motif LQLYEASFLL t is involved in the
active site of those enzymes. Genetic improvement and
molecular biology of such enzymes and their genes are

Table 3. Common constituents in Lippia alba essential oils.

Constituents Percentage yield Ref.
Sabinene 0.05 32
Myrcene 0.2 30, 32
Limonene 2.5-7.32 30, 31, 32
Carvone 7.41 31,32
Citral 59 31
Linalool 0.78-1.8 30,31,32
Piperitone 0.32 31,32
Neral 25.4-33.32 30,11
Geranial 33.1-50.94 30,11
Caryophyllene oxide 0.1-0.56- 2.17 30,31,11
Sesquiterpene hydrocarbons 13.6 30
Trans — caryophyllene 3.07-6.6 30,11
Cubebol 0.31 1
B-elemene 0.27-1.9 30,31,11
cis-a-bisabolene 0.12-0.6 30,31
Bicyclosesquiphellandrene 1.2 30
a-humulene 0.19-1.3 30,31,11
Rosefuran epoxide 0.1-0.19 30,11

CHs

o Cmo

3 3
3,7- dimethyl1-2, 6-octadienal

A. Citral

M~

7-Methyl -3methylene-1, 6-octadiene

C. Myrcene

Figure 3. monoterpenes identified in Lippia alba.

important keys to improve the quantity and quality of
EOs in L. alba. The essential oils of L. alba contain more
highly saturated terpenes than unsaturated terpenes but
the latter are important as they coordinate metal com-
plexes to their carbon-carbon double bonds (38).

2.4.2 Monoterpenes

Commonly identified monoterpenes detected in L. alba
contain two or three double bonds (39) and may contain
a terminal aldehyde moiety as in citral (Figure 3a) or
monoterpene-ketones such as carvone (Figure 3b) (39).
There are different citral isomers based on chemical
constituents and neral and geranial are the main iso-
mers of the citral chemotype (35). Carvone has a chiral
center and can be biosynthesized in L. alba as either the
R-(-)-carvone or the S-(+)-carvone enantiomer (40).
Other monoterpenes include Myrcene (Figure 3c), an
acyclic monoterpene that contains three double bonds,
limonene (Figure 3d), a monocyclic monoterpene with
two double bonds, as well as 1,8-cineole (Eucalyptol),
and linalool (41).

2.4.3 Sesquiterpenes

The major sesquiterpenes detected in the EOs of L. alba
are caryophyllene oxide, B-caryophyllene and E-caryo-
phyllene (Figure 4a) (36). These compounds contribute
to the unique aroma of its EOs and are known for their
psychoactive effects (42,43) as well as antioxidant, anti-
depressant, anxiolytic, anti-inflammatory and antican-
cer properties (44). Other sesquiterpenes are cubebol
(Figure 4b), elemene (Figure 4c), germacrene (Figure
4d) and humelene (Figure 4e). Cubebol possesses mos-
quito larvicidal activity and could be an effective anti-
malarial agent, while elemene, germacrene and
humelene are effective antibacterial and anticancer
agents (45).

2.4.4 Polyphenolics

The major polyphenolic compounds in L. alba are phe-
nols and flavonoids (2). This group of compounds is

o

> o

2- Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one

B. Carvone

>~ _)—

1-Methyl 1-4- (1-methyl letheny 1)- cyclohexene

D. Limonene
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Figure 4. Sesquiterpenes identified in Lippia alba.

responsible for antioxidant, anesthetic, antibacterial and
sedative activity following their interaction with central
nervous system receptors such as BZD and GABA,
(46). Some of these compounds are apigenin (Figure
5a), Calceolcrioside E (Figure 5b), ellagic acid (Figure
5¢) and luteolin (Figure 5d). Other polyphenolic com-
pounds include protocatechuic acid, isorhamnetin, sal-
icylic acid, luteolin-7-diglucuronide and naringenin
(47). Identified compounds also include phenylpropa-
noids (cistanoside F, forsythoside B, calceolarioside E,
acteoside, isoacteoside and 2-acetylacteoside) and

OoH

C: Ellagic acid

Figure 5. Polyphenolic compounds isolated from L. alba.

B: Cubebol
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C: Elemene

E: Humulene

flavonoids (apigenin-7-O-glucuronide, luteolin-7-O-
glucuronide, apigenin-7-O-diglucuronide and luteolin-
7-O-diglueuronide) (42,48,49). Two bioflavonoids were
identified in the aerial plant parts: 5,5”-dihydroxy-
,4',67,3”,4” -pentamethoxy-[C7-O-C7”]-biflavone and
4',4,5,5”-tetrahydroxy-6,6”,3” -trimethoxy-[C7-O-
C7”]- biflavone (50).

2.4.5 Iridoids
As indicated in Figure 6, iridoids are class of cyclopen-
tane pyran monoterpenes that are characterized by a

H
HO H
o
//T ﬁi\
o
H,0 L
HO H
OH B
H
OH

B: Calceolcrioside

OH

D: Luteolin
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six-membered ring skeleton with an oxygen atom, fused
to a cyclopentane ring (iridane skeleton) that are often
linked to glucose and, hence, they are usually referred to
as iridoid glycosides (2). This class of compounds is
effective against a wide range of physical, chemical and
biological stressors (49). The iridoids identified in the
leaves and aerial parts of L. alba are theveside, genipo-
side or geniposidiic acid, 8-epiloganin, caryoptoside,
shanzhiside methyl ester and mussaenoside (2,19).
Although only the antioxidant and neurosedative prop-
erties of iridoids from L. alba have been reported, iri-
doids generally possess anticancer, antiaging,
antibacterial, antiviral, antiallergic, cardio protective
and hepatoprotective properties (2,19).

2.4.6 Saponins

As indicated in Figure 7, two saponins, Lippiasaponin I
and Lippiasaponin II, have been isolated and identified
from the leaves of L. alba using 96% ethanol (47). The
hydrolysis of a mixture of these two compounds pro-
duced prosapogennin. Because of the squalene moieties
in these saponins they are called triterpenoid saponins.
The structure of Lippiasaponin I was elucidated as 3-O-

B-D-glucopyranosyl-28-O-(a-L-rhamnopyranosyl-
(1—3)-B-D-xylopyranosyl-(1—4)-a-L-rhamnopyrano-
syl-(1—2)-a-L-arabinopyranosyl) nl6a,23-dihydroxy-
olean-12-en-28-oic acid while the structure of
Lippiasaponin II was elucidated as 3-O-p-D-glucopyr-
anosyl-28-0-(a-L-rhamnopyranosyl-(1—3)-3-D-xylo-
pyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—3)-a-
Larabinopyranosyl)-16a,23-dihydroxy-olean-12-en-28-
oic acid (51-53).

2.4.7 Other compounds identified from Lippia alba
Other compounds present in trace amounts in L. alba
include cinerin, tannins, resins, mucilages, glycosides
and steroid derivatives. As shown in Figure 8a,
Cinerolone was identified from an oily ester named
cinerin and is a compound with potent insecticidal
activity. Also identified is a psychoactive isoxazole,
Muscimol, that is known to be an agonist for all y-
aminobutyric acid type A receptor (GABAA-R) sub-
types. Its structure is shown in Figure 8b. Other com-
pounds present are isoelemicine and rose furan oxide
which exhibit cytotoxic activity (Figure 8c and Figure
8d, respectively) (54-56).

h
OH

A: Theveside

B: Geniposide

Figure 6. Iridoids isolated from Lippia alba.

A. Prosapogennin

B. Lippiasaponnin [

CHy

C: 8-Epiloganin D: Caryoptoside
® e
/,‘-\\\ AN AN -
/\\/\ 4 < ~AN X
i .7 ‘ i PN

C. Lippiasaponnin II

Figure 7. Saponins identified in Lippia alba. The hydrolysis of Lippiasaponnin | and Il produces prosapogennin.
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Figure 8. Various compounds identified in Lippia alba.

3. Micropropagation of Lippia alba and factors
affecting yield of volatile compounds

Micropropagation is an important in vitro technique for
rapid multiplication of selected plant species (57-61).
This technique employs different basal media supple-
mented with varying concentrations of plant growth
regulators in which apical and nodal plant segments
are propagated to raise plantlets (62). Plantlets obtained
through micropropagation are generally true to type.
Publications have reported on in vitro culture of L.
alba and subsequent isolation of essential oils (63,64).
Multiple shoots derived from shoot tips of L. alba were
obtained using Murashige and Skoog (MS) medium
supplemented with 2 mg/mL 6-benzyl adenine (BAP).
Rooted plantlets obtained in an MS medium devoid of
plant growth regulators before being established in soil
were found to possess identical essential oil profiles as
well as morphology to that of vegetatively propagated
plants (64).

Asmar et al. (65) studied the optimum concentration
of BAP for in vitro multiplication of L. alba and found
that using 1.5 mg/L BAP in the medium promoted in
vitro multiplication — an increase in the shoot fresh and
dry weights were obtained following the addition of
BAP at 0.5 mg/L in the medium. However, the addition
of growth regulators in the culture medium may effect
essential oil production and quality by the plants (66).
The oil yield was not shown to be significantly affected
by varying the composition of the medium but quanti-
tative variation was observed between the volatiles
obtained from in vitro plantlets and mother plants.
Thus, in comparison to the mother plants, plantlets
cultivated in MS medium devoid of growth regulators
produced lower amounts of a-pinene, (Z)-3-hexenyl
acetate and a-gurjunene but more sabinene, myrcene,
1,8-cineole and p-mentha-1,5,8-triene. A significant
increase in levels of sabinene and myrcene and decrease
in linalool was reported in the presence of IAA
(0.23 uM) in the culture medium as compared to MS
medium without growth regulators. The addition of
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kinetin (0.92 pM) significantly increased the 3(S)-
(+)-linalool level. It has been suggested that growth
regulators influence the oil composition in L. alba by
direct action on terpene metabolism independently of
plant development efficiency and growth (66). Leaf and
nodes have been reported to be the best explants for
callus and shoot induction, respectively (48,66,67).

Light quality appears to significantly influence the in
vitro growth and essential oil production in three che-
motypes of L. alba (63,68). Thus, an increase in fresh
and dry weight in chemotypes BEG-01 and BEG-02 was
noted following their exposure to blue/red light-emit-
ting diodes as compared to controls. Blue/red light-
emitting diodes also induced higher photosynthetic pig-
ment levels in all the chemotypes. In addition, the com-
position of volatile compounds (especially of eucalyptol
and linalool) was reported to vary with light quality (63).
Due to the relative ease in manipulating light quality,
photoperiod and irradiance, in vitro culture is an impor-
tant means to understand how metabolic pathways in
different plant species are affected by electromagnetic
radiation (69).

The environmental concentration of CO, was also
reported to regulate the growth and quality of essential
oil production in L. alba (68). Plant dry and fresh weight
as well as total chlorophyll and carotenoid levels were
found to be enhanced in BGEN-01 and BGEN-02 che-
motypes upon enrichment with CO,. The essential oil
profile was also found to vary within and between dif-
ferent chemotypes. Thus, Nerolidol/Linalool synthase was
reported to be upregulated only in the BGEN-01 chemo-
type following CO, treatment at 360 and 1000 ul/L (68).
Those L. alba chemotypes with different ploidy levels
including BGEN-01(triploid), BGEN-02 (diploid) and
BGEN-42 (hexaploid) were evaluated for ethylene activ-
ity by culturing plants under in vitro conditions in the
presence of the ethylene precursor (1-aminocyclopro-
pane-1-carboxylic acid), the scavenger (mercury
perchloride), the inhibitors (aminoethoxyvinylglycine
and silver thiosulfate) and CO,-enriched atmosphere
(68). These conditions induced varied responses within
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different chemotypes and ploidy levels with the most
differentiated response pattern among the treatments
being observed in hexaploidy chemotypes.

3.1. In vitro conservation

The advantages of in vitro conservation methods
include reduction of labour costs, ease of exchange of
plant material and optimum utilization of physical space
(70-76). However, in vitro methods for germplasm con-
servation involve maintaining the plants under low
temperature, reduced light intensity and varying media
conditions and the use of such protocols results in slow
growth (77). A protocol for in vitro conservation of five
genotypes in L. alba; LA-13, LA-57 (carvone chemo-
type), LA-22 (linalool chemotype), LA-29 and LA-44
(citral chemotype) using mineral oil and reduced tem-
perature (18°C and 23°C) was developed (78). However,
mineral oil is a colourless and chemically inert liquid
that provides the optimal environment for conservation
and growth of explants, but plantlet growth is slow
under the mineral oil because of the anaerobic environ-
ment (79). In vitro conservation of L. alba genotypes
including the carvone chemotype was reported to be
feasible for 270 and 180 days, respectively, following
immersion in mineral oil and optimal at a temperature
of 18°C. As expected, the carvone chemotype showed
anatomical plasticity in response to different in vitro and
ex vitro environments (78).

4. Therapeutic potential of Lippia alba

This section describes the clinical relevance of L. alba
compounds particularly as they pertain to the treatment
of two non-communicable diseases (NCD), cardiovas-
cular conditions and malignant tumour.

The World Health Organization (WHO) reported
that globally, cardiovascular disease (CVD) is among
the major causes of mortality (80). To date, EOs derived
from L. alba were used to treat medical conditions
including hyperlipidemia and CVD and their mode of
action is thought to suppress the synthesis of cholesterol
and triacylglycerols to reduce intracellular concentra-
tion of lipids to induce an hypolipidemic response (81).
The main limitation in investigating therapeutic use of
L. alba chemotypes involves the efficient identification
and modulation of biochemical targets in cell culture.
Research has involved the use of liver-derived (HepG2)
and non-liver (A549) human cell lines to monitor the
regulation of lipogenic signaling cascades that are part
of the mevalonic acid signalling chain (81). In this
referenced study, the major research challenge was to
identify multiple metabolic changes in target cells in

response to the addition of specific essential oils using
analysis of protein expression levels to identify hyperli-
pidemic biomarkers.

It has been suggested that at certain concentrations, L.
alba EOs interfere with Ca®" influx via the Ca** channel
mechanism to induce endothelium-independent vasore-
laxation. This has been equally observed after adminis-
tration of other natural compounds well-known by their
hypotensive effect (82-84). Such research showed that in
rat mesenteric arteries, the essential oils of L. alba leaves,
predominantly composed of geranial (48.58%) and neral
(35.42%) modulate vasorelaxation in a manner similar to
the action of drugs such as verapamil that are currently
used to treat hypertension (83). A growing body of lit-
erature has detailed the mechanisms by which vasocon-
striction and dilation occur. Researchers have attempted
to draw fine distinctions between signalling cascades
associated with the contraction of smooth muscles modu-
lated by either Ca®* influx or external increasing K*
concentration (85). Thus, removing or blocking Ca**
channels results in suppression of smooth muscle con-
traction and such endothelium-independent Ca* chan-
nel arterial relaxation supports the hypothesis that
signalling pathways inducing vasorelaxation are not
necessarily modulated by endothelial cells (83).

The anti-hypotensive properties of medicinal plants
have been reported in many papers (24,83,86-94) but
care must be exercised as side effects regarding the use
of extracts of L. alba to treat CVD have been identified
(85). Nonetheless, significant progress into research on
treating CVDs with medicinal extracts has been
achieved. In addition to the effects of L. alba compounds
on CVDs biomarkers, research has been published
regarding the effects of ethanolic extracts of L. alba on
vasocontraction-driven  hypertension (87). These
authors compared the relaxant effects of extracts of
Colombian medicinal plants on contraction-induced
aortic rings isolated from Spontaneously Hypertensive
(SHR) and Wistar rats to show that the most pro-
nounced concentration-dependent relaxant responses
were associated with extracts from Croton schiedeanus
and Calea glomerata, whereas extracts of L. alba con-
tributed around a 40% reduction in the contraction
induced by potassium chloride (KCI) of vascular
smooth muscle and nearly 60% relaxation in pheny-
lephrine-induced contraction. Research results invol-
ving modulation by medicinal extracts on voltage-
dependent calcium channels and signal transduction
pathways also confirmed published research results
(83). As suggested by these authors, further investiga-
tion is needed to determine the effects of medicinal
compounds on biomarkers and signalling cascade mod-
ulation and the possible development of adverse effects.



Research findings discussed in this section support
the relevance of L. alba in CVD treatment, particularly
based upon studies involving chemotype modulation of
both hypertension and vasodilation (87), oxidative bio-
markers (95) and inflammatory protein expression (96).
However, it is essential to translate these research find-
ings into clinical applications.

Research has pointed to the antioxidative potential
of phenolic profiles within L. alba including flavo-
noids such as apigenin, luteolin, naringin and rutin,
and their medical potential in mitigating tumour
formation resulting from oxidative stress-driven
gene mutations (95). Research results showed that
the species exhibiting the highest naringin and total
phenolic content, Santa Vitéria do Palmar, was most
effective in reducing hydrogen peroxide-induced oxi-
dative damage in tissue homogenates of cerebellum,
cerebral cortex, hippocampus and liver of Wistar
rats. Such research results are important in drug
repurposing because similar pathological trends
related to oxidative impairment have been observed
in brain cancer, particularly, mesenchymal glioblas-
toma. Thus, efficient therapy for treating grade IV
glioma, based on L. alba phenolic profiles could
revolutionise brain cancer therapy.

Partial reduction of oxygen yields reactive oxygen
species (ROS) which are involved in maintenance of
cellular stability. Likewise, overproduction of ROS,
such as hydrogen peroxide-driven cell cycle impair-
ment, may alter production of growth factor receptors,
leading to cellular stress and disease progression,
including treatment of brain cancer such as glioma
(97). These research results further support the idea of
challenging treatment design in both chemotherapy and
radiotherapy, particularly complicated by drug-delivery
challenges associated with the blood-brain barrier.
These described treatment challenges underscore the
importance of reviewing alternative treatment modal-
ities such as those represented by extracts from plants
such as L. alba, particularly as traditional phytomedi-
cine has the advantages of easy access, low cost and,
more recently, expansion to an increasing patient base
via micropropagation (98).

Notwithstanding the relatively limited number of stu-
dies describing the potential of compounds from L. alba
used to treat pathologies such as cardiovascular condi-
tions and cancer, a growing body of literature offers
valuable insights into impaired signalling cascades that
can potentially be modulated via chemical compounds
extracted from L. alba. Such compounds have the poten-
tial to mitigate oxidative stress-driven mutation and may
inhibit immune dysfunction leading to chronic inflam-
matory affections. Together, the results of such research
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suggest that further investigation and experimentation
into L. alba therapeutic properties is strongly recom-
mended, because further studies can lead to novel drug
discovery and medical treatment.

5 Conclusion

The demand for medicinal herbs has increased signifi-
cantly as traditional herbs possess a variety of chemical
components with diverse pharmacological activities. Thus
far, several efficacious and potent medical treatments have
been extracted from medicinal herbs and investigation of
traditional herbs is vital to effectively contribute to medical
therapy regimens, particularly against a background of the
stresses of modern life. Studies of the therapeutic and
biotechnological potential of EOs extracted from L. alba
(Mill.) N.E.Br. ex P. Wilson have shown that this herb
holds considerable promise as an alternative medication
resource to treat a variety of diseases.
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