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Abstract: Retama monosperma L. (Boiss.) or Genista monosperma L. (Lam.), known locally as “R’tam”, is
a spontaneous and annual herb that belongs to the Fabaceae family. It is native to the Mediterranean
regions, specifically in the desert areas and across the Middle Atlas in Morocco. This plant has
been extensively used in folk medicine and it is rich in bioactive compounds, including polyphe-
nols, flavonoids, and alkaloids. Current research efforts are focusing on the development of novel
natural drugs as alternatives to various organic and non-organic chemical products from Retama
monosperma. In addition, extract, and isolated compounds obtained from different parts of the chosen
plant have been described to exhibit multiple biological and pharmacological properties such as
antioxidant, anti-aging, anti-inflammatory, antihypertensive, anti-helminthic, disinfectant, diuretic,
and hypoglycemic effects. The plant-derived extract also acts as an antimicrobial agent, which is
highly efficient in the treatment of bacterial, viral, and fungal infections. Its antiproliferative effects
are associated with some mechanisms, such as the inhibition of cell cycle arrest and apoptosis. In
light of these assessments, we critically highlight the beneficial effects of the flowers, stems, seeds
extracts, and isolated compounds from R. monosperma (L.) Boiss in human health care, industrial,
and other applications, as well as the possible ways to be employed as a potential natural source for
future drug discovery.
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1. Introduction

Retama monosperma L. (Boiss.) or Genista monosperma L. (Lam.), known locally in
the popular Arabic name as “R’tam” [1], is a spontaneous, abundant, and annual herb
that belongs to the family of Fabaceae. It is endemic to the west of the Mediterranean
basin, such as the Canary Islands, Portugal, Italy, southwest Spain, Macaronesia, North
Africa, and northern Egypt [2]. In Morocco, it is situated in the desert areas and across
the Middle Atlas and in several Moroccan natural forests [3]. It has a large geographic
distribution and represents a potential for use in the stability of dunes and the revegetation
of desert ecosystems, and is occasionally cultivated as an ornamental herb, especially
in Mediterranean climates [4]. For many years, plants have been used by humans for
medicinal and nutritional purposes in the food industry and other applications [5-8]. In
recent decades, they have drawn significant interest and represent a largely untapped
source of novel and effective drugs to overcome resistance to the treatment of a wide
spectrum of diseases or to be used as alternatives to different organic and non-organic
chemical products due to their significant bioactivities [9,10]. In Morocco, medicinal herbs
have always been linked to both traditional and cultural practices [11,12].

R. monosperma is considered one of the medicinal plants rich in bioactive compounds,
including alkaloids, polyphenols, flavonoids, fatty acids, and condensed tannins, as proved
by several studies [3,13-16]. It has been extensively used in folk medicine in a wide range
of countries; for example, used as an effective antihelmintic, disinfectant, and abortifacient
and also to treat skin damages and cicatrization [3].

R. monosperma has attracted considerable interest due to its wide range of pharmacolog-
ical properties, including antioxidant [17], anti-aging [3], antibacterial [18], antifungal [19],
anti-inflammatory, antiproliferative, and antitumoral [3,11,20], as well as antileukemic
activities [21]. The principal alkaloids of R. monosperma are retamine, sparteine, dehy-
drosparteine, ammodendrine, N-methylcytisine, cytisine, isolupanine, and anagyrine [22],
flavonoids such as genistein, quercetin, 6-methoxykaempferol, and kaempferol [16], fatty
acids from the seeds” hexane extract, such as myristic, pentadecylic, oleic (omega-9), linoleic
(omega-6) and linolenic (omega-3) [23]. It was found that R. monosperma exhibited an anti-
aging effect that could enhance the expression of genes that play a role in wound healing
and skin regeneration, such as sirtuin 1 (SIRT1) and SIRT3 in the HaCaT human keratinocyte
cell line [3]. In addition, this plant showed potent antimicrobial effects and could be used
to formulate medicinal plants for the management of various infectious conditions. It has
been reported that hexane and dichloromethane extracts of seeds showed a very significant
(@ > 14 mm) antibacterial effect against Bacillus sp and E. coli, while the ethyl acetate extracts
of the stems and the flowers exhibited very significant activity on Salmonella sp [18]. As an
antifungal activity, alkaloids of R. monosperma play a significant role in the reduction of C.
albicans and C. tropicalis growth. Furthermore, previous investigations have proven that
R. monosperma has a promising anti-inflammatory effect; it is suggested that this species
could be an option for developing an herbal medicine for inflammatory bowel disease
due to its ability to reduce the production of pro-inflammatory cytokines such as COX-2
and iNOS [23]. Moreover, the findings of certain investigations have demonstrated that
R. monosperma extracts showed beneficial antitumoral effects on human cervical adeno-
carcinoma cell lines (HeLa and SiHa) proliferation and apoptosis [3]. In addition to this,
R. monosperma can be a candidate for traditional use as an antileukemic plant because
it has been revealed to contain several unsaturated fatty acids, particularly linoleic acid,
which is considered to be beneficial in cancer [24]. Concerning the antioxidant activity
of R. monosperma, it has been observed to exert powerful effects against oxidative stress-
mediated pathological processes, which are attributed to the presence of flavonoids in ethyl
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acetate extracts of seeds, more specifically [17]. The literature in the previous year’s reports
contains a number of reviews on the phytochemistry and biological functions of several
bioactive compounds of different parts of R. monosperma, but comprehensive investigations
focusing on their health benefits are missing. This calls for further coordination on the state
of knowledge to analyze the full potential pharmacological effects of the main bioactive
compounds of different parts of this Mediterranean plant to better understand its benefits
to human health and explore its clinical applications and pharmaceutical industries.

The aim of this manuscript is to emphasize the potential pharmacological activity of R.
monosperma and its classification of bioactive components in modern pharmacological research.

2. Chemical Composition

The chemical compounds of R. monosperma are rich in bioactive constituents belonging
to different chemical classes, such as terpenoids, flavonoids, phenolic acids, fatty acids,
and alkaloids. Table 1 shows the chemical composition of R. monosperma according to
plant parts.
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Table 1. Chemical composition of R. monosperma.

Part of the Plant

Extract

Major Component

Ref

Stems

Methanol
Dichloromethane
n-Butanol
Ethyl acetate
Chloroform

Polyphenols
Flavonoids
Condensed tannins

[13,14]

Methanol

Alkaloid:

Retamine
Sparteine
Dehydrosparteine
Ammodendrine
N-Methylcytisine
Cytisine
17-Oxosparteine
Isolupanine
5,6-Dehydrolupamine
Anagyrine
Lupanine

[15,17-19,22,25]

Flower

Methanol

Polyphenols
Flavonoids
Condensed tannins
Alkaloids

[13,14]

Dichloromethane

Polyphenol
Flavonoid
Tannins

Toluene

Polyphenol
Flavonoid
Condensed tannins

Diethyl ether

Polyphenol
Flavonoid:

Genistein,

Taxifolin

Quercetin,
6-methoxykaempferol
Kaempferol
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Table 1. Cont.

Part of the Plant

Extract

Major Component

Ref

Seeds

Methanol

Polyphenols
Flavonoids
Condensed tannins

[13,14]

Alkaloid:

N-methylcytisine,
Dehydro-cytisine,
Cytisine,
5,6-Dehydrolupanine,
Thermopsine
Ammodendrine
Anagyrine

[13,15,17-19,25-27]

n-Butanol

Polyphenols
Flavonoids
Condensed tannins

Hexane

Fatty Acids:

Myristic acid
Pentadecylic acid
Palmitic acid
Palmitoleic acid
Margaric acid

Stearic acid

Oleic acid (Omega 9)
Linoleic acid (Omega 6)
Linolenic acid (Omega 3)
Arachidic acid

Behenic acid
Lignoceric acid

Lauric acid

Tricosanoic acid
Palmitoleic acid
Pentadecanoic acid

[2,21,23,28]
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Table 1. Cont.

Part of the Plant Extract Major Component Ref
Polyphenols
Dichloromethane Flavonoids [14]
Tannins
Polyphenol
Flavonoid
. Taxifolin
. Genistein, 5
Ethyl acetate e Quercetin, [3,13-15]
e  6-methoxykaempferol
. Kaempferol
. Condensed tannins
Mineral: [21,23]
Al, Ba, Cd, Cu, Fe, Mg, Pb, Zn, Mn, Ca, K, Na, P !
Alkaloid:
e  Sparteine
° Dehydrosparteine
e  [—Isosparteine
° Ammodendrine
Methanol e N-Methylcytisine [15,17,18,25]
e  Cytisine
° 17-Oxosparteine
L ° Isolupanine
caves e 5,6-Dehydrolupamine
° Anagyrine
a-Linolenic acid
Sterols:
Hexane . Campesterol [4]
e  Stigmasterol

{3-Sitosterol
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Table 1. Cont.
Part of the Plant Extract Major Component Ref
Ethyl palmitate
Ethyl acetate Phenol: (2,4-Ditertbutylphenol) [29]
Methyl palmitate
Methyl 7-octadecenoate
n-Butanol Alkaloid: (Sparteine) [29]
Phenol: (Carvacrol)
Alkaloid:
Dichloromethane . Anagyrine [30]
e  Sparteine
Monosaccharides:
° Rhamnose
. Arabinose
° Fucose
Branches NaOH 4% * Xylose [31]
° Mannose
. Glucose
. Galactose
. Galacturonic Acid
. Glucuronic Acid
Flavonoid:
° Daidzin
° Rutin
. Genistin
Whole plant Aqueous e Daidzein [16]
° Luteolin
° Apigenin
. Genisetein
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2.1. Polyphenols, Flavonoids, and Tannins

Polyphenols, flavonoids, and tannins, which are organic compounds found abun-
dantly in plants, have become an emerging field of interest in nutrition in recent decades.
Retama monosperma can be considered one of the plants rich in those compounds, as proven
by several studies [3,13-16]. Previous studies have aimed to identify specific compounds
present in R. monosperma through various identification methods [16,29]. Conversely, other
authors have chosen to qualitatively quantify the content of certain groups of molecules,
such as polyphenols, flavonoids, and condensed tannins, without identifying each individ-
ual compound [13,14]. Belmokhtar et al., 2014 reported that ethyl acetate extract has the
highest polyphenol content in any of the stems, flowers, and seeds [13], while Hamdani
et al. recorded in 2018 that the highest total polyphenols contents were reported in the
methanol extract of the stems and the methanolic extract of the flowers showed a higher
tannins content than the other extracts [14]. In 2021, Selaimia et al. successfully identified
several compounds present in Retama monosperma using dried and crushed leaves as the
source material [29]. The compounds were identified using GC/MS analysis. Among the
compounds identified were two phenol compounds, carvacrol, which was found in the
butanol extract, and 2,4-di-tert-butylphenol (Figure 1), which was identified in the ethyl
acetate extract [29]. Earlier in 2013, Gonzalez-Mauraza et al. identified seven flavonoid
molecules in the aqueous extract of Refama monosperma, and these molecules are daidzin,
rutin, genistin, daidzein, luteolin, and apigenin, and the main flavonoid was genistein [16].

Genistein* Kaempferol* Luteolin*

OH
OH
o OH
OH OH
Carvacrol** 2,4-Di-tert-butylphenol**
OH
N/> Y, N

N '///// (/N
Retamine*** Sparteine*** Anagyrine®**

Figure 1. Some chemical structures of flavonoids (*), phenols (**), and alkaloids (***) were isolated
from Retama monosperma.

2.2. Alkaloids

Alkaloids are a diversified structural group of natural products, and these molecules
have a vast array of biological activities; many of them have significant pharmacological
applications. In 1980, Antonio Salatino and Otto R. Gottlieb reported the presence of
five quinolizidine alkaloids by GLC-MS in Retama monosperma, and these alkaloids are
retamine, sparteine, anagyrine, cytisine and N-methylcytisine [22]. In addition to these
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molecules, A. El-Shazly et al. isolated four other alkaloids in 1996, including ammodendrine,
17-oxosparteine, lupanine and 5,6-dehydrolupanine, from stems and seeds of Retama
monosperma using CLC and GLC-MS [19].

Another study was conducted by N. Merghoub et al. in 2011 on the dichloromethane
fraction of the Retama monosperma leaves, and the results led to revealed five known quino-
lizidine alkaloids as well as sparteine, L-methylcytisine, 17-oxosparteine, and lupanine and
anagyrine as a major alkaloid (Figure 1) [30]. In 2012, a study by Fdil et al. showed the
presence of these alkaloids in the three parts of the methanolic extract of Retama monosperma
(stems, leaves and seeds) with the identification of four new alkaloids, which are dehy-
drosparteine and isolupanine in the stems and leaves, dehydrocytisine in the seeds and
-isolupanine in the leaves [25], and since then, several investigations have been carried
out showing the presence of these alkaloids with different percentages depending on the
part of the plant and/or the solvent used during extraction [15,17,18,26,29].

It is noted that in most cases, the seeds contain mainly cytisine, while in the stems and
leaves, sparteine and anagyrine are the predominant alkaloids.

2.3. Fatty Acids

The fatty acids present in the lipid and hexane seeds and cladodes extracts of R.
monosperma were analyzed using GC/MS. The results of the analysis are presented in
Table 1, which shows the presence of oleic acid (Omega 9), linoleic acid (Omega 6), linolenic
acid (Omega 3), arachidic acid, myristic acid, pentadecylic acid, palmitic acid, palmitoleic
acid, margaric acid, stearic acid, behenic acid, lignoceric acid, lauric acid, tricosanoic acid,
palmitoleic acid, and pentadecanoic acid [2,21,23,28].

3. Biological Properties

Different investigations showed that R. monosperma exhibits several biological and
pharmacological properties. All these effects are presented in the flowing table (Table 2)
and extensively discussed.
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Table 2. Biological properties of R. monosperma.
Plant Part Extraction Type, Yield, and Studied Dose Design Active Compounds Results Ref
-Flowers air-dried for two weeks and
extracted three times by maceration at room
temperature for three days in 3 L of
n-hexane
-Maceration with 3 L diithyl C?thel)r (at room Antioxidant activity
temperature, three days
-Evaporationli)f n-hexane ur1de}1i a vacuum Genistin (fo?: I;Z%;:%I?Tﬁgc/mf
using a rotary evaporator gave a diethyl Taxifolin P 30.21 pug/ml) 50
Seeds ether extract of flowers. i (éuel.‘ctet'in ' & -
in vitro enistein g
Flowers -The same protocol was used on 400 g of 6-Methoxykaemferol Enhance SIRT1 ade_SIHéT?r
seeds air-dried for two weeks Kaempferol genes expreizll(l)n mHaka
-Ground to a fine powder. Apigenin anti-aging process in
-The third maceration with ethyl acetate humai keng:tinoc tes
three times (3 L, at room temperature for y
three days) gave ethyl acetate extract of
seeds.
(5-100 pg/mL)
-Obtain crude extracts of seeds, stems, Antioxidant activity
flowers with methanol 70% Total vhenolic
-Fractionation by toluene, chloroform, - P Ethyl acetate extracts from
ethyl acetate, butanol in vitro Flavonoid compognds seeds [13]
Condensed Tannins (ICsp = 0.15 + 0.11
(7-10 mg/mL) mg/mL)
-The plant samples were air-dried for
several weeks
Flower -Powdered seeds, stems and flowers
-Maceration with methanol three times Antibacterial activity
Seeds -Concentrated under reduced pressure Ikaloid against:
Stems -Fractionation with equal volumes of three %l" aowds Bacillus sp
organic solvents (hexane, dichloromethane, Fla?zI:)Irl‘ll(?isds B. cereus
ethyl acetate) in vitro Saponosides Listeria ivanovii [14]
-Evaporated Fractions to dryness under Tg‘penoi ds Staphylococcus aureus
Coumarines Cf reundzz
E. coli

vacuum and stored at +4°C
-A concentration of 500 mg/mL was
prepared by reconstituting
the crude extracts in absolute methanol

(500 mg/mL)

Salmonella sp
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Table 2. Cont.
Plant Part Extraction Type, Yield, and Studied Dose Design Active Compounds Results Ref
«-Pinene
-Extracted successively using a Soxhlet 1,8-Cineole
apparatus with n-hexane and methanol 9H-pyrrolo [3',4':3,4]pyrrolo [2,1-a]phthalazine-9,
-Obtain hexane and methanolic extract 11(10H)-dione,10-ethyl-8-phenyl
-Evaporated by a Rotavapor to give dried Sparteine
extracts in vit Hexadecanoic acid Antiproliferative effects on [30]
-Extracted with dichloromethane and ethyl 1 VItoe L methyl cytisine human cervical cancer cells i
acetate to obtain dichloromethane and ethyl 17- oxosparteine
acetate fractions 4-(N-(3-trifluoromethylphenyl)-amino)-5,6 dimethyl-7H-pyrro
[2.3-d]pyrimidine
(5-80 pg/mL) Lupanine
Anagyrine
Antitumoral activity
Quinolizidine Alkaloids
Sparteine (Rm-DF) was the most
in vitro L-methyl cytisine active extract, with a [32]
17-Oxosparteine significant cytotoxic
Lupanine activity on HeLa and SiHa
Leaves -Extracted by using a Soxhlet apparatus Anagyrine cells in a dose-dependent
with n-Hexane (1.3 L) and methanol (1.3 L) manner
to obtain hexane and methanolic extract Palmitic Acid trimethyl silyl ester
-Evaporated by a Rotavapor to give dried Aphylline
extracts Phytol
-Extracted with dichloromethane (1.3 L) and Linoleic Acid trimethyl silyl
ethyl acetate (1.3 L) to obtain « Linoleic Acid trimethyl silyl ester
dichloromethane fraction and ethyl acetate Octadecanoic Acid, trimethyl silyl ester
fraction oleamide/SLEEPAMIDE Anti-leukemic activity
Eicosanoic Acid, trimethylsilylester [4,32]
(1-50 ug/mL) in vitro Monolupine/anagyrine Cell cycle arrest and cell g

Hexadecanoic Acid 2,3-bis[(trimethylsilyl)oxy]propyl ester
dodecanoic Acid trimethylsilyl ester
1-Tetracosanol
Stearic Acid 2,3-bis(trimethylsilyloxy)propyl ester
Hexacosanoic Acid
Stigmasterol trimethylsilylether
[3-Sitosteryltrimethylsilylether
Campesterol

death occur through
extrinsic apoptosis
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Table 2. Cont.
Plant Part Extraction Type, Yield, and Studied Dose Design Active Compounds Results Ref
in vivo
Crohn’s disease model:
-Aqueous extract of R.
monosperma (9-18 mg/kg p.o.)
-Dried aerial parts at room temperature. was suspended in
-Powdered 200 g of plant material 0.9 % saline solution
-Extracted with water (400 mL) at 70 °C, -Administered by gavage 48, Daidzin Anti-inflammatory effects
under agitation using a magnetic stirrer, 24 and 1 h prior to the induction Rutin Y
during 1 h of colitis and 24 h later. Genistin reduced the inflammation
Aerial parts -The water extract was -Control group received a vehicle Daidzein and damage in [16]
lyophilised to provide a crude water extract in a comparable Luteolin (TNBS)-in duce%i colonic
with 14 % yield (28.7 g). volume (10 mL/kg animal). Apigenin mucosa
Genistein
(18 mg/kg) -The rats were checked daily for
(9 mg/kg) behavior, body weight and stool
consistency.
-Finally, animals were killed,
using an overdose of chloral
hydrate 48 h after induction of
colitis
Sparteine
Dehydrosparteine
-Extracted with absolute methanol three [S—Isospartelr}e
- Ammodendrine
times at room temperature N-Methylcytisine
Stems -Filtration Dehvdrocytisi Antifungal activity against:
Leaves -Combined methanolic extracts and - ydrocytisme C. albicans
Flowers concentrated to dryness under reduced in vitro Cytisine . C. tropicalis (171
y 17-Oxosparteine P
Seeds ressure par A. niger
P Isolupanine 8
p

(31.25-500 pg extract/mL DMSO)

5.6-Dehydrolupanine
11.12-Dehydrolupanine

Anagyrine
Thermopsine
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3.1. Antioxidant and Anti-Aging Activity

Normal metabolism and cellular respiration resulted in producing reactive oxygen
species (ROS), which are highly active molecules associated with physiological and patho-
logical processes. Oxidative stress damages cells and tissues and causes several diseases
when the balance between the accumulation of ROS and the body’s antioxidant process is
disturbed [33]. On the other hand, antioxidants had a defensive function against oxidative
stress-mediated pathological processes [34]. Herbal compounds especially polyphenols
such as phenolic acids, flavonoids, tannins, anthocyanins, are known for their free radical
scavenging and antioxidant activities [35].

Certain studies showed the antioxidant effects of R. monosperma. Indeed, Belmokhtar
et al. examined the antioxidant activity of the various hydromethanolic extract (chloroform,
ethyl acetate, toluene, and butanol) of the flowers, seeds, and stems of R. monosperma. They
utilized 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay and compared
results to ascorbic acid as a control sample [13]. The results indicated that there was no
relationship between condensed tannin and antioxidant activities, but the potential source
of the antioxidant power of R. monosperma is related to flavonoids in ethyl acetate extracts
of seeds, (IC5yp = 0.15 & 0.11 mg/mL) [13].

In addition, Zefzoufi et al. evaluated the antioxidant activity of ethyl acetate extract of
seeds (EAS) and diethyl ether extract of flowers (DEF) and their isolated compounds using
DPPH assay. The main isolated compounds of EAS were quercetin, 6-methoxykaempferol
and kaempferol and for DEF was genistein. They reported that the antiradical activities of
EAS, 6-methoxykaempferol and kaempferol were significantly greater than quercetin and
BHT (p < 0.05) (EAS ICs50 = 15.13 pg/mL compared to BHT ICsy = 30.21 ug/mL); however,
the DEF and genistein showed moderate antiradical activity when compared with BHT [3].
On the other hand, they claimed that the seeds and flower extract of R. monosperma and
the isolated flavonoids (genistein, quercetin, 6-methoxykaempferol and kaempferol) have
an anti-aging effect that could enhance the expression of genes that play a role in wound
healing and skin regeneration, such as sirtuin 1 (SIRT1) and SIRT3 in the HaCaT human
keratinocyte cell line [3].

3.2. Antimicrobial Activity

Several studies showed that plant-derived antimicrobial substances are highly efficient
in the treatment of bacterial, viral, and fungal infections [36]. Here, we bring the studies
that evaluated the antimicrobial activity of R. monosperma.

The rising in antibiotic-resistant bacteria is a reason for developing new antibacterial
agents. Belayachi et al. designed a study to determine total polyphenols, flavonoids and
tannins contents in ethyl acetate, hexane, methanol, and dichloromethane extracts from
aerials parts of R. monosperma (seeds, stems, and flowers) and assess their antibacterial
activities against various strains of bacteria by disc diffusion method [32]. They demon-
strated that the aerials parts of R. monosperma extracts have low contents of total flavonoids
compared to tannins and total phenols contents. Furthermore, they reported that all of the
extracts were inactive against all tested strains at concentrations of 250 and 125 mg/mL,
while the concentration of 500 mg/mL showed the highest antibacterial activity in seeds,
followed by flowers. The stems showed relatively lower activity [32]. In detail, hexane
and dichloromethane extracts of seeds showed a very significant (& > 14 mm) antibacterial
effect against Bacillus sp and Escherichia coli, while the ethyl acetate extracts of the stems
and the flowers exhibited very significant activity on Salmonella sp. They also claimed that
several bioactive components of R. monosperma aerial parts’ extracts lead to synergistic
antibacterial effects [32].

Altogether Belayachi et al. concluded that the antibacterial activity of R. monosperma
differs based on the part of the plant used and the solvent. Also, they asserted that seeds
have the best potential antibacterial effect, followed by flowers and stems, in order to
formulated herbal medicine for treating various infectious diseases [32].
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In another study, El Hamdani et al. investigated the alkaloids” methanolic extracts
of the Retama monosperma flowers, stems, leaves, and seeds for antifungal activity against
three human fungal pathogens (Candida albicans, Candida tropicalis, and Aspergillus niger)
in various concentrations (500, 250, 125, 62.5, and 31.25 nug/mL) using the disc diffusion
method. The results showed that the alkaloids extract from seeds and flowers have no
antifungal activity, but the stems and leaves extracts were dose-dependently active. The
maximum antifungal activity was detected in a concentration of 500 pg/mL of leaf alkaloid
extract against both Candida species, followed by stem alkaloid extract [17].

In addition, El Hamdani et al. declared that quinolizidine alkaloids of R. monosperma
play a significant role in the reduction of C. albicans and C. tropicalis growth. In fact,
sparteine, ammodendrine, and anagyrine, which are the main component in alkaloids
extracts of leaves and stems, might be responsible for their antifungal characteristics.
However, the inactivity of alkaloid extracts of seeds might be related to the high percentages
of cytisine and its derivatives [17].

3.3. Antiproliferative and Antitumoral Activities

Cancer is a significant concern in the world, with high mortality rates. There is an
increasing interest in developing new drugs from natural products by recognizing active
ingredients that are effective against cancer cells. Noticeably, about 60% of drugs presently
utilized for cancer treatment have been isolated from natural products [11,37]. The two
important mechanisms against the uncontrolled growth of tumor cells are arresting cell
proliferation and induction of apoptosis [38]. There are some studies focused on the
antitumoral effect of R. monosperma. Merghoub et al. studied the antitumoral effects of
different R. monosperma extracts on human cervical adenocarcinoma cell lines (HeLa and
SiHa) proliferation and apoptosis [30]. The antiproliferative effect was determined using
MTT assay. They treated cells with the extracts at different concentrations (5-80 nug/mL)
for 72 h and reported that R. monosperma dichloromethane fraction (Rm-DF) was the most
active extract, providing a significant cytotoxic activity on HeLa and SiHa cells in a dose-
dependent manner. Furthermore, the ethyl acetate extract showed weak cytotoxic activity,
while hexane and methanolic extracts showed no effect [30].

On the other hand, Merghoub et al. treated HeLa and SiHa cells with Rm-DF for 24,
48, and 72 h and conducted Hoechst 33,342 staining to investigate the association of cell
growth inhibition by Rm-DF with apoptosis. They claimed that cells with usual features of
apoptosis, such as nuclear chromatin condensation or apoptotic bodies, were observed after
treatment [30]. In sum, this in vitro study indicated that Rm-DF has a potential antitumoral
effect against cervical cancer cell lines through the inhibition of proliferation and induction
of apoptosis.

In another study, Benbacer et al. evaluated the anticancer effects of some medicinal
plant extracts on both SiHa and HeLa cells. The cell lines were treated with plant extracts
at different concentrations (15 to 500 pug/mL) for 48 h and evaluated by MTT colorimetric
assay. They asserted that R. monosperma methanolic extract showed high cytotoxic activity
with the lowest ICs values (99 £ 1 ug/mL in SiHa cells and 96 £ 4 pg/mL in HeLa cells) [1].
Furthermore, Rm-DF was the most cytotoxic active fraction against SiHa and HeLa cell
lines in a dose-dependent manner. The ICs) values were 14 + 4 and 21 £ 7 ug/mL in the
SiHa and HeLa cell lines, respectively [11].

On the other hand, Benbacer et al. measured ROS generation in SiHa and HeLa
cell lines with a ROS-sensitive fluorescent C2938 probe. They treated the cell lines via
Rm-DF (20 pug/mL) for 24 h. The results demonstrated a dose-dependent enhancement
in intracellular ROS generation, which could lead to apoptosis via the mitochondrial
pathway [11].

Benbacer et al. claimed that Rm-DF has cytotoxic effects against cervical cancer cell
lines by the prevention of proliferation and induction of apoptosis through a mitochondria-
mediated signaling pathway. Therefore, it could be a potential candidate to become an
anticancer drug [11].
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In addition, El Hamdani et al. studied another aspect of R. monosperma and reported
the presence of unsaturated fatty acids, especially oleic, linoleic, and linolenic acids, in the
seeds, branches, and leaves of this plant. Based on the scientific fact that linoleic acid is
considered to be beneficial in cancer, they claimed that R. monosperma could be a candidate
for traditional use as an antileukemic plant [23].

3.4. Anti-Inflammatory

In addition to the effects above, the study conducted by Gonzalez-Mauraza et al. in
2013 is the only study that examined the in vivo biological activity of Retama monosperma
and eventually revealed an anti-inflammatory property [16]. Gonzalez-Mauraza et al. pre-
pared a standardized aqueous extract from R. monosperma, which contains seven flavonoids
(flavonol rutin, flavones luteolin and apigenin, and the isoflavones daidzin, genistin,
daidzein and genistein) that isoflavone genistein was the major one (57.2 + 0.3 mg/100 g).
Then, they utilized this standardized extract in flavonoids in a murine model of Crohn’s
disease [16].

Gonzélez-Mauraza et al. revealed that R. monosperma prescription (9-18 mg/kg)
reduced the inflammation and damage in trinitrobenzene sulfonic acid (TNBS)-induced
colonic mucosa without significant dose-response. This anti-inflammatory property could
be associated with the weakening of neutrophil function and downregulation of both pro-
inflammatory COX-2 and iNOS protein expression. In addition, R. monosperma prescription
could improve the clinical signs, including declining the progress of the colitis, decreasing
the weight/length relative ratio of the colon, reducing the weight loss, and diminishing
the adhesions between the colon and adjacent organs. This reduction in colon adhesion is
known as a valuable feature of R. monosperma on the down-regulating of the inflammatory
process [16].

Finally, Gonzalez-Mauraza et al. suggested that R. monosperma, by its anti-inflammatory
characteristic, could be an option for developing an herbal medicine for inflammatory bowel
disease (IBD) [16].

Given the lack of in vivo studies on this plant (no studies have been done to determine
the mechanism of action neither for the inti-inflammatory or other biological activities),
it is crucial to further investigate and identify the different biologically active molecules
present in Retama monosperma, which could have potential applications in the field of
cancer treatment, oxidative stress, and anti-inflammatory activity, with further research
needed to discover and understand the mechanisms of action for these activities. Moreover,
pharmacokinetic and toxicological investigations should be investigated to validate the
safety and confirm the absorption of R. monosperma and their bioactive compounds.

4. Conclusions and Perspectives

Here, we report the chemical composition and biological properties of R. monosperma. It
was shown that this medicinal species is widely used in traditional medicine to treat several
diseases, and laboratory investigations demonstrated the biological properties of its extracts
and essential oils in vitro and in vivo. Moreover, almost of the reported studies attributed
these biological properties to the presence of bioactive compounds in R. monosperma extracts
and essential oils. The findings showed that R. monosperma is an important natural source
for the development of natural drugs; however, other important investigations are needed
to validate their drugs. Indeed, pharmacokinetic and pharmacodynamic studies should
be carried out to determine the availability and the actions of R. monosperma bioactive
compounds. In addition, toxicological tests are required to validate the safety of this plant
and its bioactive molecules.



Molecules 2023, 28, 1708 16 of 17

Author Contributions: Conceptualization, A.B.; Methodology, A.B. Software, Y.E.; Validation A.B.,
C.S.T. and L.C.M.; Formal Analysis, Y.E.; Investigation, A.E.Y,, YE.,, EA-A.,, M.S,, AF. and N.S;
Writing—Original Draft Preparation, A.E.Y., YE., AB.; E.A-A,,M.S,, A.F. and N.S. Writing—Review &
Editing, S.B., A.B.,, AK,, AN.A,, CS.T.,, KW.G. and L.C.M,; Visualization, KW.G., AK.,, AN.A, CS.T,
L.C.M. and A.B.; Supervision, A.B.; Project Administration, A.B.; Funding acquisition, A.K., AN.A.,
C.S.T. and K.W.G. All authors have read and agreed to the published version of the manuscript.

Funding: Deanship of Scientific Research at Umm Al-Qura University (Grant Code: 22UQU4331128DSR61).
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The authors would like to thank the Deanship of Scientific Research at Umm
Al-Qura University for supporting this work by Grant Code: (22UQU4331128DSR61).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Maghrani, M.; Michel, J.-B.; Eddouks, M. Hypoglycaemic Activity of Retama Raetam in Rats. Phytother. Res. 2005, 19, 125-128.
[CrossRef] [PubMed]

Benkhouili, EZ.; Moutawalli, A.; Benzeid, H.; Doukkali, A.; Zahidi, A. Retama Monosperma (L.) Boiss.: A Review of Its Uses in
Traditional Medicine, Chemical Constituents, and Pharmacologic Activities. Phytomed. Plus 2022, 2, 100349. [CrossRef]
Zefzoufi, M.; Fdil, R.; Bouamama, H.; Gadhi, C.; Katakura, Y.; Mouzdahir, A.; Sraidi, K. Effect of Extracts and Isolated Compounds
Derived from Retama Monosperma (L.) Boiss. on Anti-Aging Gene Expression in Human Keratinocytes and Antioxidant Activity. J.
Ethnopharmacol. 2021, 280, 114451. [CrossRef]

Belayachi, L.; Aceves-Luquero, C.; Merghoub, N.; Bakri, Y.; Fernandez de Mattos, S.; Amzazi, S.; Villalonga, P. Retama Monosperma
N-Hexane Extract Induces Cell Cycle Arrest and Extrinsic Pathway-Dependent Apoptosis in Jurkat Cells. BMC Complement.
Altern. Med. 2014, 14, 38. [CrossRef]

Bouyahya, A.; Abrini, J.; Et-Touys, A.; Bakri, Y.; Dakka, N. Indigenous Knowledge of the Use of Medicinal Plants in the North-West
of Morocco and Their Biological Activities. Eur. J. Integr. Med. 2017, 13, 9-25. [CrossRef]

Bourais, I.; Elmarrkechy, S.; Taha, D.; Mourabit, Y.; Bouyahya, A.; el Yadini, M.; Machich, O.; el Hajjaji, S.; el Boury, H.; Dakka, N.;
et al. A Review on Medicinal Uses, Nutritional Value, and Antimicrobial, Antioxidant, Anti-Inflammatory, Antidiabetic, and
Anticancer Potential Related to Bioactive Compounds of J. Regia. Food Rev. Int. 2022, 1-51. [CrossRef]

Elouafy, Y.; el Idrissi, Z.L.; el Yadini, A.; Harhar, H.; Alshahrani, M.M.; al Awadh, A.A.; Goh, KW.; Ming, L.C.; Bouyahya, A;
Tabyaoui, M. Variations in Antioxidant Capacity, Oxidative Stability, and Physicochemical Quality Parameters of Walnut (Juglans
regia) Oil with Roasting and Accelerated Storage Conditions. Molecules 2022, 27, 7693. [CrossRef]

Elouafy, Y.; el Yadini, A.; el Moudden, H.; Harhar, H.; Alshahrani, M.M.; Awadh, A.A.A.; Goh, KW.; Ming, L.C.; Bouyahya,
A.; Tabyaoui, M. Influence of the Extraction Method on the Quality and Chemical Composition of Walnut (Juglans regia L.) Oil.
Molecules 2022, 27, 7681. [CrossRef]

Bouyahya, A.; Belmehdi, O.; Benjouad, A.; Ameziane El Hassani, R.; Amzazi, S.; Dakka, N.; Bakri, Y. Pharmacological Properties
and Mechanism Insights of Moroccan Anticancer Medicinal Plants: What Are the next Steps? Ind. Crop. Prod. 2020, 147, 112198.
[CrossRef]

Benrahou, K.; Doudach, L.; Mrabti, H.N.; el Guourrami, O.; Zengin, G.; Bouyahya, A.; Cherrah, Y.; Faouzi, M.E.A. Acute Toxicity,
Phenol Content, Antioxidant and Postprandial Anti-Diabetic Activity of Echinops Spinosus Extracts. Int. |. Second. Metab. 2022, 9,
91-102. [CrossRef]

Benbacer, L.; Merghoub, N.; el Btaouri, H.; Gmouh, S.; Attaleb, M.; Morjani, H.; Amzazi, S.; el Mzibri, M. Antiproliferative Effect
and Induction of Apoptosis by Inula viscosa L. and Retama monosperma L. Extracts in Human Cervical Cancer Cells. In Topics On
Cervical Cancer With An Advocacy For Prevention; Rajkumar, R., Ed.; IntechOpen: London, UK, 2012; ISBN 978-953-51-0183-3.
Bouyahya, A.; el Omari, N.; Elmenyiy, N.; Guaouguaou, EE.; Balahbib, A.; Belmehdi, O.; Salhi, N.; Imtara, H.; Mrabti, H.N.;
El-Shazly, M.; et al. Moroccan Antidiabetic Medicinal Plants: Ethnobotanical Studies, Phytochemical Bioactive Compounds,
Preclinical Investigations, Toxicological Validations and Clinical Evidences; Challenges, Guidance and Perspectives for Future
Management of Diabetes Worldwide. Trends Food Sci. Technol. 2021, 115, 147-254. [CrossRef]

Belmokhtar, Z.; Harche, M.K. In Vitro Antioxidant Activity of Retama monosperma (L.) Boiss. Nat. Prod. Res. 2014, 28, 2324-2329.
[CrossRef] [PubMed]

el Hamdani, N.; Zefzoufi, M.; Derhali, S.; el Abbouyi, A.; el Khyari, S.; Mouzdahir, A.; Sraidi, K.; Harjane, T.; Fdil, R. Preliminary
Phytochemical Analysis and Antibacterial Potential of Organic Extracts from Aerial Parts of Retama monosperma. |. Mater. Environ.
Sci. 2018, 2508, 1889-1898.


http://doi.org/10.1002/ptr.1627
http://www.ncbi.nlm.nih.gov/pubmed/15852497
http://doi.org/10.1016/j.phyplu.2022.100349
http://doi.org/10.1016/j.jep.2021.114451
http://doi.org/10.1186/1472-6882-14-38
http://doi.org/10.1016/j.eujim.2017.06.004
http://doi.org/10.1080/87559129.2022.2094401
http://doi.org/10.3390/molecules27227693
http://doi.org/10.3390/molecules27227681
http://doi.org/10.1016/j.indcrop.2020.112198
http://doi.org/10.21448/ijsm.1031208
http://doi.org/10.1016/J.TIFS.2021.03.032
http://doi.org/10.1080/14786419.2014.934237
http://www.ncbi.nlm.nih.gov/pubmed/25033217

Molecules 2023, 28, 1708 17 of 17

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Belmokhtar, Z.; Kaid-Harche, M. An Overeview on Phytochemical Composition and Biological Activities of Retama monosperma L
Boiss. (Fabaceae). PhytoChem. BioSub. ]. 2016, 10, 701-731.

Gonzalez-Mauraza, H.; Martin-Cordero, C.; Alarcén-De-La-Lastra, C.; Rosillo, M.A.; Ledn-Gonzalez, A.].; Sanchez-Hidalgo,
M. Anti-Inflammatory Effects of Retama monosperma in Acute Ulcerative Colitis in Rats. J. Physiol. Biochem. 2013, 70, 163-172.
[CrossRef]

el Hamdani, N.; Filali-Ansari, N.; Fdil, R.; el Abbouyi, A.; el Khyari, S. Antifungal Activity of the Alkaloids Extracts from Aerial
Parts of Retama monosperma. Res. |. Pharm. Biol. Chem. Sci. 2016, 7, 965-971.

Fdil, R.; Tourabi, M.; Derhali, S.; Mouzdahir, A.; Sraidi, K.; Jama, C.; Zarrouk, A.; Bentiss, F. Evaluation of Alkaloids Extract of
Retama monosperma (L.) Boiss. Stems as a Green Corrosion Inhibitor for Carbon Steel in Pickling Acidic Medium by Means of
Gravimetric, AC Impedance and Surface Studies. ]. Mater. Environ. Sci. 2018, 9, 358-369. [CrossRef]

El-Shazly, A.; Ateya, A.M.; Witte, L.; Wink, M. Quinolizidine Alkaloid Profiles of Retama raetam, R. sphaerocarpa and R. monosperma.
Zeitschrift fiir Naturforschung C 1996, 21-30, 301-308. [CrossRef]

Abdelmadjide, S.; Mounir, A.; Atef, C.; Nadia, Z.; Neji, B. Phytochemical Study, Antioxidant and Antimicrobial Activities of
Flavonoids and Diethyl Ether Extracts from Leaves and Seeds of Medicinal Plant of Algeria Flora: Retama monosperma (L.) Boiss.
PONTE Int. Sci. Res. |. 2020, 76, 42-52. [CrossRef]

Leon-Gonzélez, A.J.; Navarro, I.; Acero, N.; Mufioz Mingarro, D.; Martin-Cordero, C. Genus Retama: A Review on Traditional
Uses, Phytochemistry, and Pharmacological Activities. Phytochem. Rev. 2018, 17, 701-731. [CrossRef]

Salatino, A.; Gottlieb, O.R. Quinolizidine Alkaloids as Systematic Markers of the Papilionoideae. Biochem. Syst. Ecol. 1980, 8,
133-147. [CrossRef]

el Hamdani, N.; Fdil, R. Evaluation of Fatty Acids Profile and Mineral Content of Retama monosperma (L.) Boiss. of Morocco. J.
Mater. Environ. Sci. 2015, 6, 538-545.

Lee, KW.,; Lee, H].; Cho, H.Y.; Kim, Y.J. Role of the Conjugated Linoleic Acid in the Prevention of Cancer. Crit. Rev. Food Sci.
Nutr. 2005, 45, 135-144. [CrossRef] [PubMed]

Fdil, R.; el Hamdani, N.; el Kihel, A.; Sraidi, K. Distribution of Alkaloids in the Aerial Parts of Retama monosperma (L.) Boiss. in
Morocco | Distribution Des Alcaloides Dans Les Parties Aériennes de Retama monosperma (L.) Boiss. Du Maroc. Ann. De Toxicol.
Anal. 2012, 24, 139-143. [CrossRef]

el Hamdani, N.; Fdil, R.; Tourabi, M.; Jama, C.; Bentiss, F. Alkaloids Extract of Retama Monosperma (L.) Boiss. Seeds Used as Novel
Eco-Friendly Inhibitor for Carbon Steel Corrosion in 1 M HCl Solution: Electrochemical and Surface Studies. Appl. Surf. Sci. 2015,
357, 1294-1305. [CrossRef]

el Guiche, R; Tahrouch, S.; Amri, O.; el Mehrach, K.; Hatimie, A. Antioxidant Activity and Total Phenolic and Flavonoid Contents
of 30 Medicinal and Aromatic Plants Located in the South of Morocco. Int. |. New Technol. Res. IINTR 2015, 1, 263695.

Derhali, S.; el Hamdani, N.; Fdil, R.; Mouzdahir, A ; Sraidi, K. Chemical Composition of Essential Oils of Retama monosperma (L.)
Boiss. from Morocco. Res. J. Pharm. Biol. Chem. Sci. 2016, 7, 2102-2106.

Abdelmadjide, S.; Atef, C. Qualitative and Quantitative Identification by GC/MS of the Main Compounds of Extracts Using
Solvents of Retama monosperma from the Flora of Algeria. PhytoChem. BioSub. ]. 2021, 15, 250.

Merghoub, N.; Benbacer, L.; el Btaouri, H.; Benhassou, H.A.; Terryn, C.; Attaleb, M.; Madoulet, C.; Benjouad, A.; el Mzibri, M;
Morjani, H.; et al. In Vitro Antiproliferative Effect and Induction of Apoptosis by Retama monosperma L. Extract in Human Cervical
Cancer Cells. Cell. Mol. Biol. 2011, 57, 1581-1591. [CrossRef]

Bokhari-Taieb Brahimi, H.; Aizi, D.E.; Bouhafsoun, A.; Hachem, K.; Mezemaze, R.; Kaid-Harche, M. Extraction and Analysis of
Polysaccharides from Tissues of Retama monosperma Branches Extraction and Analysis of Polysaccharides from Tissues of Retama
monosperma Branches. S. Asian |. Exp. Biol. 2019, 9, 214-221. [CrossRef]

Belayachi, L. Screening of North African Medicinal Plant Extracts for Cytotoxic Activity Against Tumor Cell Lines. Eur. ]. Med.
Plant. 2013, 3, 310-332. [CrossRef]

Yan, Z.; Zhong, Y.; Duan, Y.; Chen, Q.; Li, F. Antioxidant Mechanism of Tea Polyphenols and Its Impact on Health Benefits. Anim.
Nutr. 2020, 6, 115-123. [CrossRef]

Gulcin, I. Antioxidants and Antioxidant Methods: An Updated Overview. Arch. Toxicol. 2020, 94, 651-715. [CrossRef] [PubMed]
Farag, R.S.; Abdel-Latif, M.S.; Abd El Baky, H.H.; Tawfeek, L.S. Phytochemical Screening and Antioxidant Activity of Some
Medicinal Plants’ Crude Juices. Biotechnol. Rep. 2020, 28, €00536. [CrossRef] [PubMed]

Elisha, I.L.; Botha, ES.; McGaw, L.J.; Eloff, ].N. The Antibacterial Activity of Extracts of Nine Plant Species with Good Activity
against Escherichia coli against Five Other Bacteria and Cytotoxicity of Extracts. BMC Complement. Altern. Med. 2017, 17, 133.
[CrossRef]

Newman, D.J.; Cragg, G.M. Natural Products as Sources of New Drugs over the Last 25 Years. J. Nat. Prod. 2007, 70, 461-477.
[CrossRef] [PubMed]

Hu, W.; Kavanagh, J.J. Anticancer Therapy Targeting the Apoptotic Pathway. Lancet Oncol. 2003, 4, 721-729. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s13105-013-0290-3
http://doi.org/10.26872/jmes.2018.9.1.39
http://doi.org/10.1515/znc-1996-5-607
http://doi.org/10.21506/j.ponte.2020.4.4
http://doi.org/10.1007/s11101-018-9555-3
http://doi.org/10.1016/0305-1978(80)90006-X
http://doi.org/10.1080/10408690490911800
http://www.ncbi.nlm.nih.gov/pubmed/15941017
http://doi.org/10.1051/ata/2012016
http://doi.org/10.1016/j.apsusc.2015.09.159
http://doi.org/10.1170/183
http://doi.org/10.38150/sajeb.9(5).p214-221
http://doi.org/10.9734/EJMP/2013/3403
http://doi.org/10.1016/j.aninu.2020.01.001
http://doi.org/10.1007/s00204-020-02689-3
http://www.ncbi.nlm.nih.gov/pubmed/32180036
http://doi.org/10.1016/j.btre.2020.e00536
http://www.ncbi.nlm.nih.gov/pubmed/33088732
http://doi.org/10.1186/s12906-017-1645-z
http://doi.org/10.1021/np068054v
http://www.ncbi.nlm.nih.gov/pubmed/17309302
http://doi.org/10.1016/S1470-2045(03)01277-4

	Introduction 
	Chemical Composition 
	Polyphenols, Flavonoids, and Tannins 
	Alkaloids 
	Fatty Acids 

	Biological Properties 
	Antioxidant and Anti-Aging Activity 
	Antimicrobial Activity 
	Antiproliferative and Antitumoral Activities 
	Anti-Inflammatory 

	Conclusions and Perspectives 
	References

