Chem Rev Lett 7 (2024) 294-310

A Research Article

EEE = Chemical Review and Letters
Lett journal homepage: www.chemrevlett.com

ISSN (online): 2645-4947 (print) 2676-7279

Assessing the combination of three plant species: Thyme (Thymusvulgaris),
Damask Rose (Rosa damascena), and Stachys lavandulifolia vahl, to determine
their synergistic effects on antimicrobial properties
SomaMajedi® *, Ali Omar Yassen?, Sanaa Y aseen Issat

1 Medical Analysis Department, Tishk International University, Kurdistan Region, Irag.
2 Pharmacy Department, Tishk International University, Kurdistan Region, Iraqg.

ARTICLE INFO ABSTRACT
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plant species. Stachys lavandulifolia vahl (mountain tea), Thyme (Thymus
vulgaris), and Damask Rose (Rosa damascena). The primary focusis on ng
the synergistic effects of combining these plants and determining their impact on
antimicrobial properties. The chemical structures of active compounds derived
from these plants are presented, with a detailed classification based on their
properties. The extract in our study showed strong antimicrobial activity against
multiple microorganisms particularly S. epidermidis and E. coli with theinhibition
zone 51 and 50 mm respectively. This analysis provides valuable insightsinto the
potential therapeutic applications of these plants and their active compounds,
thereby contributing to an enhanced understanding of their medicinal properties.
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1. Introduction

The phytochemical profile and biological functionalities
of the plants are very important field [1]. These species,
Thyme (Thymus wvulgaris), Damask Rose (Rosa
damascend), and Stachys lavandulifolia vahl, are
recognized for their potentia antimicrobia activity (Fig.
1).

Thyme Demask Rose Stachys Lav. Vah.

Fig. 1. Thyme (Thymus vulgaris), Damask Rose (Rosa
damascena), and Stachys Lavandulifolia Vahl were bought in
the local shopinlran

Stachys lavandulifolia vahl, commonly known as
mountain tea, is a medicina plant native to certain
regions. Various studies have been conducted to evaluate
its biologica and pharmacol ogical properties. The active

compounds found in Stachys lavandulifolia vahl have
demonstrated significant medicinal properties [1]. The
chemica dructures of these active compounds, aong
with their classfication based on their properties, are
presented in thisstudy. The specific properties and effects
of these compounds are elaborated, providing insights
into their potentia therapeutic applications. Stachys
lavandulifolia vahl spices (Chaye Koohi), has many
species which is found in around world especialy in
Europe and Asia, Iran country has around 13 species of
Stachys lavandulifolia vahl spices. The active
components of Stachys lavandulifolia vahl spices were
predominantly Hexadecanoic acid, a-pinene,
germacrene-D, B-pinene, myrcene, and B-a-Phellandrene.
However, their composition varied depending on the
geographical area and extraction method employed,
according to studies [2]. The activity of lavandulifolia
vahl againgt both gram-negative and gram-positive
bacteria, such as S. aureus, E. coli, Sadmonella
typhimurium, Candidatropicalis, S. agaactiag, B. cereus,
K. pneumoniage, P. mirabilis, Samondla enteritidis,
Salmone latyphi, and P. aeruginosa, was highly evident.
This effect is attributed to the monoterpenes present in
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lavandulifolia vahl, which possess excellent agueous
solubility and facilitate easy permeation of the
microorganism's membrane [3].

Thyme, another plant examined in this study, is well-
known for its culinary uses and traditional medicina
properties. It has been extensively studied for its
bioactive compounds and their pharmacologica
activities[4]. The study highlights the chemical structures
of the active compounds found in thyme and their
classification based on their properties. The potentia
medicinal properties of these compounds are discussed,
shedding light on their therapeutic potential in various
health conditions. Thyme alone has been described in
many studies for a wide range of pharmacologica
activities, which included anti-inflammatory,
antitumoral, antifungal, antiparasitic, antioxidative, and
antimicrobial. Thymus has a compound known as
Thymol and Carvacrol which is commonly found as one
of the predominant molecular compounds in Thymus
vulgarisand Thymus Magnus Nakai species. Thymol and
carvacrol inhibit microorganisms by the phenomenon
involving adecreasein essentia intracellular components
and distraction of bacteria enzyme systems, alongside an
elevation in the permeability of the cell membrane.
Thyme oil extract in some studies has been shown
activity against Pseudomonas aeruginosa and Candida
abicans |5, 6].

Damask rose, awidely cultivated species of rose, is aso
included in this study. It is renowned for its fragrant
flowers and has a long history of use in traditiond
medicine. The bioactive compounds present in Damask
rose have been investigated for their biologica activity
[7]. The chemical structures of these active compounds
are ducidated in this research, along with their
classification based on their properties. This study
provides an overview of the potentia medicina
properties of Damask rose compounds, emphasizing their
potential applications in health protection. Rosa
damascenais aplant resembling a shrub with adelightful
fragrance which is been used for many purposes|[8]. The
antimicrobial activity has been described and tested is
some studies particularly, flowers (petas and sepals)
which has phytochemica properties includes Alkanes,
acohoals, phenols, terpenes and terpenoids furthermore,
the extract from Rosa damascene showed activity against
many organisms especially againgt Staphylococcus
aureus, Pseudomonas aeruginosa and Candida albicana
[9, 10].

1-1. Thyme

Thyme (Thymus vulgaris) is indeed an aromatic and
medicina plant of significant economic importance in
various regions, including North America, southern
Europe, North Africa, and Asia. The word "thyme"
originated from the practice of burning thyme as incense
in ancient Greek templ es, wherethe herb's pleasant aroma

was believed to have purifying and cleansing properties.
The plant is a perennial subshrub that typicaly grows to
a height of 15-30 cm (6-12 inches) and spreads about 40
cm (16 inches) wide. It has a bushy growth habit, with
woody stems at the base and small, gray-green leavesthat
possess a highly aromatic scent (Fig.2).
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Fig. 2. Thymé Bushes (A), Thyme Flower (B), Thyme Leaves
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Thymeiswiddy used as aculinary herb duetoits strong,
distinctive flavor and aromaand in the cosmetic industry.
Additionally, thyme has been valued for its medicina
properties for centuries and possesses significant
antimicrobial effects against various human, animal, and
plant pathogens. It contains various compounds,
including essential oils, phenols, and flavonoids, that
contribute to its potentia hedth benefits. Thyme is
known for its antimicrobial, antifungal, antioxidant, and
anti-inflammatory properties, and it has been used to treat
respiratory conditions, digestiveissues, and skin ailments
[11-15]. The use of plants as medicine dates back
thousands of years, and evidence suggests that medicina
plant knowledge and practices existed as early as 4000-
5000 B.C. The Chinese civilization is renowned for its
long-standing tradition of wusing natural herba
preparations as medicines. In India, the use of plants as
medicine can be traced back to ancient times as well.
Today, the study of medicind plants, known as
ethnobotany, continues to play a crucia role in modern
medicine. Many pharmaceutical drugs have been derived
from plant compounds, and traditional herbal remedies
are ill used in many parts of the world for their healing
properties[16-18]. Thymus vulgaris and its extracts have
been extensively studied for their antimicrobia
properties. Thyme extracts, including agueous extracts,
have demonstrated antibacterial efficacy against a range
of bacteria and fungi in laboratory settings, for example,
for treating respiratory disorders including whooping
cough, bronchitis, and catarrh. This includes both drug-
sensitive  and  drug-resistant  strains. Thyme's
antimicrobial effects are attributed to the presence of
various hioactive compounds, particularly essentid ails,
such as Thymol and Carvacrol (Scheme 1), which exhibit
strong antimicrobial activity. Indeed, in the 19th century,
congtituents of thyme oils (Thymol) were utilized by
dentists for treating oral abscesses and inflammation, as
wdll as for their antiseptic propertiesin endodontics [17-
22]. Some of the attributed properties include analgesic
(pain-relieving), anti-inflammatory, expectorant
(promoting coughing up of mucus), digestive,
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caminative (relieving flatulence), emmenagogue
(promoting menstruation), anthemintic (expdling
intestinal worms), lithotriptic (aiding in the dissol ution of
kidney stones), diuretic (increasing urine production),
and aphrodisac (enhancing sexud desire). Also, thyme
was utilized by the ancient Egyptians in various aspects
of their culture, including the mummification process

[23].
OH
HOID\( \@(

Carvacrol Thymol

Scheme. 1. Structure of two more effective chemical
compounds in Thyme

1-2. Damask Rose

Rosa damascena mill L, commonly known as Damask
Rosg, isindeed known as Gole Mohammadi in Iran. It is
a wel-known and highly vaued flower in various
culturesand is particularly associated with the production
of rose oil and rose water. R. damascena is a perennid
bushy shrub that typicaly grows to a height of 1 to 2
meters. The flowers of Damask Rose are renowned for
their exquisite aroma and are used in the production of
perfumes, cosmetics, and traditiond medicines (Fig. 3)
[24-27].

Fig. 3. Damask Rose Flower

The Damask Rose (Rosa Damascena) is believed to have
originated in the Middle East, particularly in Iran, Syria,
and Turkey, and Iran is associated with the production of
rose water. Greece played a dgnificant role in the
production and trade of rose oil and extracts during the
7th century A.D., but the production of rose oil and
extracts has expanded to various regions around the
world over time [28-34]. The products derived from
Damask Rose, such as rose absolute, rose water, dried
petds, essentid oil, dried flower buds, and rose concrete
find extensive gpplications in severa industries such as
perfume, cosmetic, pharmaceutical, and food industries.
A specid placein theseindustriesisdueto itsunique and
captivating fragrance, therapeutic properties, versatility,
and cultural significance attached to it [35-38].

1-3. Stachy Lavendulifolia Vahl.

Stachys lavandulifoliavahl, commonly known as chay-e-
kouhi (Mountain Teq) is an herbaceous perennial plant
belonging to the family Lamiaceae. It is nativeto severd
countries in the region, including Iran, Irag, Armenia,
Azerbaijan, Georgia, Turkey, and Turkmenistan. Stachys
lavandulifolia vahl is a suffrutescent perennia plant and

flowering stems are numerous and range from 10 cm to
30 cm in height. The inflorescence of Stachys
lavandulifolia vahl consists of verticillasters, which are
whorlsof flowersaong the stem. The pedicds, which are
the stalks that connect the flowers to the stem, are short,
measuring about 1.5-2 mm. (Fig. 4). The plant is known
for its aromatic leaves and is often used in herba tea
preparations and typically growsin mountainous regions,
hence the common name "Mountain Tea."
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Fig. 4. Stachy Lavendulifolia Bush Vahl. (A), Bouquet (B),
Flower (C)

In addition to its culinary uses, Stachys lavandulifolia
vahl has been traditionally used in herba medicine for
various purposes, including its potential antispasmodic,
anti-inflammatory, and diuretic properties. It is aso
sometimes cultivated as an ornamental plant due to its
atractive foliage and delicate purple flowers. It is
interesting to note that the species exhibits high
phenotypic variability and can adapt to different habitats
and altitudes, which further enhances its potential as a
valuable genetic resource. The Lamiaceae family is one
of the largest and most diverse families of flowering
plants. With agpproximately 258 genera and around 7000
species worldwide, the family encompasses awide range
of aromatic herbs, ornamentals, and medicina plants.
The Lamiaceae family includes well-known plants such
as mint, basil, rosemary, thyme, and sage. In the context
of Iran, Stachys lavandulifolia vahl is just one of the
many speci es within the Stachys genusthat are cultivated
and digtributed throughout the country. With over 39
species from this genus grown in various regions of Iran.
The utilization of Stachys lavandulifolia vahl and other
members of the Lamiaceae family in traditiona Iranian
medicine underscores the importance of these plants in
the cultural and medicinal practices of the region. Their
natura products have been traditionally used for their
potential therapeutic properties and are the subject of
ongoing research for their bioactive compounds [39-42]

(Fig. 5).
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Fig. 5. Map Distribution of Iranian Stachys lavandulifoliavahl
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2. Applications

2-1. Applications of Thyme

Thyme contains compounds such as Thymol and
Carvacrol, which have been shown to have antimicrobial
properties. These compounds can help inhibit the growth
of bacteria, fungi, and viruses, making thyme a potential
natural remedy for certain infectious diseases. Thyme is
also believed to act as a stress reliever. Its aromatic
compounds, when inhaled, may have a caming effect on
the nervous system and hel p reduce stress and anxiety. In
addition to the previously mentioned nutrients, thyme
also containsvitamin K, vitamin E, and folic acid. Indeed,
thyme essential oil has been found to possess strong
antimicrobial properties against certain drains of
bacteria. The studies suggest that thyme essential oil was
particularly effective against Staphylococcus aureus and
Klebsiella pneumonia, two common pathogens that can
cause infections in humans [43, 44]. The antimicrobia
activity of thyme essential oil can be attributed to its
bioactive compounds, such as thymol and carvacral,
which have been shown to exhibit potent antimicrobial
effects. Thymol, in particular, has been extensively
studied for its antibacterial and antifungal properties,
particularly its effect on Candida species. The findings
studies imply that thyme essentia oil has the potentia to
be used asanatural antiseptic, both in the pharmaceutical
and food industries as a preservative. However, it is
important to note that the efficacy of thyme essentia oil
againgt different strains of bacteria can vary and may be
dose-dependent [45, 46]. The researchs has demonstrated
that thyme essentia oil can inhibit the growth of
fluconazole-resistant C. albicans isolates. The oil was
found to be fungistatic (inhibiting fungal growth) and
fungicidal (killing the fungi) at low doses. This suggests
that thyme essentia oil may have potential as a natura
antifungal agent [47].

2-2. Applications of Damask Rose

Rosewater isindeed a popular product derived from Rosa
Damascena and has been used for centuries for various
purposes due to its pleasing fragrance and potentia
therapeutic properties. Rose water is a common
ingredient in skincare products such as facial toners, and
makeup removers, or as an ingredient in face masks and
moisturizers due to its soothing and hydrating properties.
Itisbelieved to help balancethe skin's pH, reduce redness
and inflammation, and provide a refreshing sensation.
Aromatherapy, culinary applications, flavoring, and
fragrance are other usages of rose extraction. Regarding
the composition of rose oil, depending on factors such as
the extraction method, rose variety, and geographica
region, it contai ns various components, including volatile
compounds responsible for its fragrance. While rose oil
primarily consists of odorless Stearoptene, which is a
solid fraction, it also contains other compounds such as
diphatic hydrocarbons (C14-C23 norma paraffin).

These components contribute to the characteristic scent
and properties of rose oil (Scheme 2). The oil content of
rose water can vary, it typically contains about 10-50%
rose oil [48- 53].
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Scheme 2. The structures of the main chemicalsin Rose oil

Anti-HIV activity due to certain compounds such as
tannins and flavonoids, have shown inhibitory effects
against HIV replication in laboratory experiments [54].
The plant's antimicrobial effects have been attributed to
the presence of compounds like phenethyl acohal,
phenolic compounds, terpenes, and flavonoids. The
essential oil of Rosa damascena has been studied for its
antimicrobial effects, including antibacteria activity
againgt various gram-positive and gram-negative strains
such as Escherichia coli, Pseudomonas aeruginosa,
Bacillus subtilis, Staphylococcus aureus,
Chromobacterium violaceum, Erwinia carotovora
Antidiabetic effects of extractsfrom the plant have shown
promising results in reducing blood glucose levels may
be attributed to the presence of bioactive compounds like
phenalics, flavonoids, and tannins.

The R. damascena extracts have been reported to exhibit
bronchodilatory properties, which could potentially be
beneficial in respiratory conditions characterized by
bronchoconstriction, such as asthma. The relaxation of
tracheal chains has been attributed to the presence of
certain compounds like flavonoids and terpenes in the
plant [55-63]. Rosa damascena has been studied for its
potential anti-inflammatory effects because of itsvitamin
C content. Hydroalcoholic extract of R. damascena on
paw edema induced by carrageenan, which is an
inflammatory agent. The anti-inflammatory effect of R.
damascena extract in reducing paw edema may be
atributed to its ability to inhibit the mediators of acute
inflammation via various inflammatory mediators, such
as prostaglandins and cytokines. Vitamin C is known for
its antioxidant and anti-inflammatory effects. Vitamin C
acts as a scavenger of free radicals and it can help
dleviate inflammation (Fig. 6) [64-67].

2-3. Applications of stachy lavendulifolia

Stachys lavandulifolia vahl has been traditionally used
for various purposes, including its potential benefits for
dandruff treatment, scap har re-growth, and its
antimicrobial, antiviral, and antifungal properties [68].
Various polyphenols found in Stachys lavandulifolia
vahl, such as flavonoids, have been shown to possess
antioxidant properties. Polyphenols, including those
present in Stachys lavandulifolia vahl, have been
atributed to various biological effects. These effects are
often associated with their antioxidant activities, which
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include scavenging free radicas, inhibiting peroxidation
(the process of free radical-induced damage to lipids),
and chelating transition metals.
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Fig. 6. All Biological activity of Damask Rose in aframe

It isimportant to note the possibility of abortion depends
onthedosagein animals. Stachyslavandulifoliavahl may
be useful in managing symptoms associated with
postmenopausa syndrome (such as mood swings,
bloating, and breast tenderness) and primary
dysmenorrhea (menstrua pain) due to its reported
properties, including antispasmodic effects and potential
analgesic (pain-relieving) properties. Some studies have
suggested that Stachys lavandulifolia vahl may have
anxiolytic effectsin animals, indicating potentia benefits
in reducing anxiety symptoms. Stachys lavandulifolia
vahl has been reported to strengthen the stomach and
potentialy prevent gastric ulcers induced by alcohol
consumption. Stachys lavandulifolia vahl has been
investigated for its potentia use in treating Leishmania
Magjor, a parasitic disease transmitted through sandflies.
This plant has been reported to possess sedative and
hypnotic effects, which may have implications for
promoting relaxation and aiding deep, and also may
exhibit analgesic (pain-relieving) and anti-inflammatory
effects, which could potentidly be beneficia in
managing pain and reducing inflammation. It has been
suggested as a potentially effective treatment for fatigue,
nausea, and vomiting associated with primary
dysmenorrhea. Its reported antispasmodic effects may
contribute to these benefits [68-80].

Stachys lavandulifolia vahl may possess antipyretic
(fever-reducing) and spasmolytic (muscle-relaxing)
effects. These properties could potentially contribute to
its thergpeutic applications in managing fever and
dleviating spasms or cramps. Stachys lavandulifolia
vahl, particularly in Iranian folk medicine, has been used
as an anxiolytic (anxiety-reducing) and sedative agent,
and reported anxiolytic effects may offer potential
benefits. Its sedative properties have al so been associated
with aiding insomnia, anti-depressive effect, and its
potential to stimul ate appetite. Stachys species, including
Stachys lavandulifolia vahl, have been traditionally used
in herbal medicine for digestive disorders. Infusions or
decoctions of Stachys species are consumed as tonicsand
have been used to treat stomach disorders. In Anatolia
and Iran as a traditiona remedy is used, particularly for
alments such as headache, stomachache, gastritis, and
nerve disorders. Additionally, some compounds found in
Stachys lavandulifolia vahl extracts have shown
antibacterial properties, suggesting potential use as a
traditiond treatment for infectious diseases. It aso
known as mountain tea has been reported for its potential
benefits in preventing Helicobacter pylori infection [81-
93].

3. Chemical composition

3-1. Chemical Composition of Thyme

Thyme contains various chemical compounds (Table 1)
that contributetoitsdistinctiveflavor and potentia health
benefits [94-99]. The chemica composition of thyme
includes:

Phenolic acids: Thyme contains phenolic acids like
rosmarinic acid, caffeic acid, and ferulic acid. These
compounds possess antioxidant and anti-inflammatory
properties [100-112].

Essential oils: Thyme essentid oil isrich in compounds
such as thymol, carvacrol, p-cymene, myrcene, and
terpinene. These compounds give thyme its strong aroma
and are known for their antimicrobia and antioxidant
properties [113-122].

Flavonoids. Thyme contains flavonoids like apigenin,
luteolin, naringenin, and thymonin. Flavonoids have
antioxidant effects and may contribute to the herb's
potential health benefits[123-131].

Tannins: Thyme containstannins, which contributetoits
astringent properties [132-140].
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Table 1: Isolated Organic Compounds from the whole herb of Thyme

Chemical
material

Entry

Chemical structure

Phytochemical
Status

Phar macology

1 Phenoalic acids

OH
HO. O‘ OOH
OH
OH O

Quercetin Rosmarinic acid

OH

HO 0‘ O ol
OH

HO 0.0 O HO O 0. O OH
HO" “OH

OH OH O

luteolin glucosides Eriodictyol

HO o
HO & O OH
O 0.
0.

H
H

Polyphenolic
compounds

Anti-Alzheimer, Anti-
cancer, Anti diabetic,
Antimicrobial,
Cardioprotective,
Nephroprotective,
Anti-aging,
Hepatoprotective,
Anti-inflammatory,
Anti-alergic, Anti-
Depressant [90-102]

2 Essential oil

Geraniol

Linalool

HOM Hod<

Sabinene hydrate

HO OH
\)4/\)\ ‘

Borneol

Terpene alcohol Antibacterial,
Antifungal,
Antispasmodic,
Antitussive,
Anxiolytic,
Neuroprotective,
Antihypertensive,
Antioxidant,
Antihyperlipidemic,
Anti-inflammatory,
Immunomodul atory,
Anti-cancerous,
Analgesic [103-112]

3 Flavonoids
OH O

Apigenin

OH O
Thymonin

OH oH
HO HO o} O
L] J

OH O
Naringenin

~o OH O OH
/00‘ o~ HOO‘ OH
HO
OH O
Lutcolin

Flavone Antioxidant, Anti-
inflammatory,
Antimicrobial,

Antidiabetic,
Anticancer,
Neuroprotective,
Cardiovascular,
Hepatoprotective
[113-121]

4 Tannins OH

p-cymene

Linalol

Tannic acid

Sedative, Antiviral,
Anti-inflammatory,
Antioxidant, Anti-
nociceptive,
Analgesic, Anesthetic,
Antimicrobial,
Anxiolytic, anti-
Hyperlipidemic,
Antinoceptive,
Antidepressive,
Neuroprotective [122-
130]

Phenolic
0 compound

3-2. Chemical Compostion of Damask Rose (Rosa
Damascena)

Damask rose is a species of rose known for its fragrant
flowers, which are commonly used in perfumes,
cosmetics, and culinary applications. The chemical
composition (Table 2) of Damask rose includes:
Essential oil: The essential oil of Damask rose is highly
valued for its fragrance and therapeutic properties. It
contains compounds such as citronellol, geraniol, nerol,
eugenol, and linalool. These compounds contribute to the
digtinctive aromaand potentia health benefits of Damask
rose[141-143].

Phenolic compounds. Damask rose contains various
phenolic compounds, including flavonoids (such as
guercetin and kaempferol) and phenolic acids (such as

galic acid and dlagic acid). These compounds have
antioxidant and anti-inflammatory properties [144-146].

Vitamin C: Damask rose is a good source of vitamin C,
which is known for its antioxidant properties and itsrole
in collagen synthesis [147-149].

Flavonoids. Damascene rose contans various
flavonoids, including quercetin, kaempferol, and
myricetin derivatives. These compounds contributeto the
plant's antioxidant properties and are believed to have
potential health benefits when consumed. Quercetin, for
instance, is known for its antioxidant and anti-
inflammatory properties, while kaempferol is associated
with potential cardioprotective effects and has been
studied for its anti-cancer properties. Flavonoids in
Damascene rose can vary based on factors like growing
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conditions, environmental factors, and extraction
methods used in obtaining these compounds. The
presence and quantity of flavonoids may differ in

different parts of the plant (petas, leaves, etc.) and in
extracts derived from it [150-153].

Table 2: Isolated Organic Compounds from the whole herb of Damask Rose
Entry Chemical Chemical structure Phytochemical Phar macology
material Status
1 Essential oils P N NN HOM Terpenoid Antibacterial
Nonadecane Geraniol Anti-inflammatory
/\/k/\)\ ObeSity
Ho Antioxidant
Citronellol n-Hencicosane
Brain system
[131-133]
n-Tricosanc
2 Phenolic OH Coumarin Antimutagenic
Compounds o HO o O Antioxidant
HO. OH P
OH O Anti-inflammatory
HO o on Anticancer
OH (#)-catechin Free-radical scavenger
Gallic acid Anti depressant
O OH [134-136]
HO O Q OH
OH
OH
(-)-epicatechin
3 Vitamin C HO  on Ascorbic acid Antioxidant
Ojng Anti-inflammatory
07> ""oH [137-139]
OH
Vitamin C
4 Flavanoids OH Quercetins, Anti-HIV
HO o O on Hydroxyflavone Antibacterial
O ‘ Antioxidant
OH O Antitussive
HO 0 Luteolin HO \/{0 Hypnotl C
o O Ao o HO % Antidiabetic
0 OH Relaxant effect
o [140-143]
Rosmarinic acid OH
carnosic acid
OH OH
HOOOH H00OH
0, 0 o 9H OH
OH O 0 \Q OH O
OH OH OHOH Quercetin
Rutin

3-3. Chemical Composition of Stachys L avandulifolia
Stachys lavandulifolia vahl, commonly known as
lavender cotton or Spanish lavender, is an aromatic herb
nativeto the Mediterranean region. Whilethereislimited
information available on its specific chemica
composition (Table 3), it is known to contain some
common constituents found in other members of the
Stachys genus, which may include;

Essential oils: Stachys lavandulifolia vahl may contain
essential oils with compounds like camphor, borneol,

cineole, and various terpenes. These compounds
contribute to its characteristic fragrance and potential
therapeutic properties [154-157].

Phenolic compounds: Similar to other Stachys species,
Stachys lavandulifolia vahl may contain phenalic
compounds, such asflavonoids and phenolic acids, which
possess antioxidant and anti-inflammatory properties
[158-161].

300



Chem Rev Lett 7 (2024) 294-310

Table 3: Isolated Organic Compounds from the whole herb of Stachys lavandulifolia
Entry Chemical Chemical structure Phytochemical Phar macology
material Status
1 Essential oils Terpenes Antimicrobial
& >jj >©/ ;@ Anti-inflammatory
Terpenoids Camphor Anticandidal,
Antibacterial
\®L WQ/ Antioxidant
cole Phellandres [144'147]
2 = =
Ocimenc
2 Phenalic oo oH o Polyphenol acids Antioxidant
compounds Ho% o OH Anti-inflammatory, Anti-
o on cancer
HO OH HO@-W (148-151]
OH HO
Quinic acid Chlorogenic acid

4- Antibacterial Activity

4-1. Materialsand Methods:

4-1-1. Extraction and Microbial strains

The maceration extraction method served as a fitting
approach for extracting effective plant substances [162].
The aeria parts of Thymus vulgaris, Rosa damascena,
and Stachys lavandulifolia vahl were prepared and dried
to remove excess moisture, ensuring optimal extraction
efficiency (This collection was purchased from a store
that harvests dl its herbal products from the fields and
mountains of Sanandgj, located in Kurdistan, Iran). The
dried plant materia was then finely crushed to increase
the surface area for solvent interaction and facilitate the
release of bioactive compounds. Subsequently, the plant
material  from each species was mixed in equa
proportions to create a homogeneous blend. Given the
nature of our target compounds and their susceptibility to
heat, we opted for a solvent that ensures effective
extraction without compromising the integrity of the
bi oactive congtituents. In this study, we utilized a solvent
mixture of water and acohol to achieve the desired
extraction efficiency (50:50). The prepared plant mixture
was then subjected to maceration, wherein it was
immersed in the solvent mixture for four days. During
this period, the solvent selectively dissolves the desired
bi oactive compounds from the plant material, resulting in
an enriched extract. Following the extraction period, the
solvent-extract mixture underwent straining and filtration
processes to separate the liquid extract from the residua
plant material. Finaly, the obtained extract was
concentrated under reduced pressure to remove excess
solvent and obtain aconcentrated extract rich in bioactive
compounds. The extract was then stored under
appropriate conditions to maintain its stability and
bioactivity for subsequent analyses or applications.

To evaluate the Mixture of three Extracts antibacteria
properties, six common microbia strains were used.
These drains were two Gram-positive bacteria
(Staphylococcus epidermidis ATCC 12228, S. aureus

ATCC 29737), Three Gram-negative bacteria
(Escherichiacoli ATCC 10536, Pseudomonas aeruginosa
ATCC 27853, Sdmonella abony ATCC 6017) and the
fungal strain of Candida albicans ATCC 10231, that
obtained from the Microbiology Laboratory of Medical
Analysis Department at Tishk International University,
Erbil- Irag. Re-grown al microbial strains from 15%
glycerol-storage medium, subcultured on Brain Heart
Infusion BHI medium at 37 C for 24 hours for bacterial
strains, and SDA used for Candida spp. subculturing for
48 hours [163].

4-1-2. Microbial Suspension Preparation

Bacteria Suspension Preparation: A single Pure colony
of Bacteria growth was suspended in 2 ml of sterile
sdinethen theturbidity of each Bacteria suspension (500
uL) was adjusted to the 0.5 McFarland standard and
contained approximately 1x10° CFU/mL [164].

4-2. Y east Suspension Preparation: The inoculum was
prepared by choosing distinct colonies of diameter 1 mm
from 18 to 24 hrs. cultures and suspended in 5 mL of
sterile distilled water then shaking it on a vortex mixer
for 15 seconds. The cell density has been adjusted to the
density of a 0.5McFarland standard by adding sterile
digtilled water and measuring absorbance in a
spectrophotometer at a wavelength of 530 nm. This gave
ayeast suspension of 1+5 x 10"° cfu/mL [165].

4-3. Antimicrobial Bioassay

The Antimicrobia activity of the extract was determined
by the agar-well diffusion technique, the protocol of the
Clinical and Laboratory Standards Institute (CLSI, 2012)
was employed in this method. Mueller-Hinton agar and
PDA were prepared for bacterial and fungal strains,
respectively. 0.1 mL of standardized inoculum of each
bacterium and yeast was spread on the surface of the
Solidified Medium. Then, 6 mm diameter wells were
punched, and sequentialy, 80 uL of the extract was
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poured into the wells with digtilled water asthe Negative
control and the positive control (AK; Amikacin G-ve,
AP; Ampicillin G+ve and FHuconazole; Yeast) to the
bacterial and Fungi, respectively. the plates were
incubated at 37 °C for 24 and 48 hours, respectively.
After incubation, the diameters of the growth inhibition
zones around each well were measured in mm by Normal
Ruler. Minimum inhibitory concentration (MIC) and
Minimum Bactericidal Concentration (MBC): Nzeako et
a.'s (2006) description of the agar wdll diffusion method
used for MIC and MBC determination [166]. Agueous
extracts with concentrations of 50, 25, 12.5, 6.25, 3.12,
1.56, and 0.78 g/ml were divided by two and diluted with
distilled water. Every time a new batch of dilutions was
to be utilized; they were made. On MHA and PDA, 6 mm
diameter wells were congtructed, and they were swabbed
as previoudy reported with the appropriate organism
suspension. 80 L of each dilution in triplicates were
separately poured into each well. For 24 and 48 hours,
respectively, the plates were incubated aerobically at 37°
C with bacteriaand yeast. The average zone sizefor each
dilution was determined by measuring the zones of
inhibition. The lowest dilution of an extract at which the
growth of the organismswasinhibited was considered the
endpoint of activity for each extract (Fig. 7).

5. Result and Discussion

5-1. Result

The antimicrobiad activities of Stachys lavandulifolia-
Damask rose-Thyme- mix Aqueous extract againgt five
bacterial dtrains and a yeast. examined in the current
study and their potentia was eval uated by the diameter of
inhibition zones and endpoint extract activity of this
mixture extract of mixture of these three herbas. The
antibacterial activities of Extract done by Agar wel
diffusion method is shownin Tables 4.

Tabed: Zone of |ahibitioy of Aqueves Exeraction apairat Gram posifive, Grom sepsiive md Yeas
e,
"I}lbomn.':ﬂz 25wl * AR Amdkacm, *AME: Ampeeillm, * DA Distlled Wber.
Microbial Hosifive Conlroll Ak Megative Anueois Extract

*AMFP Comiral/ D. W (B0l
Shrpipdacoccis ament 9 mm [ AMP) 1 3 mm
Simpdeskec oo anfoermuidis B4 e | AMP) 1] 51 mm
E coif L6 mm {AK) ] 50 mm
Prenoomong mangiode 15 mm {AK) 1 30 mm
Ja— afewy [T mm uk] 1] %5 mm
O plbfoams 19 mm*? n 22mm

The results reveded that in plant mixture extract, the
highest antibacterial activity were against S.epidermidis
and E. coli with the inhibition zone diameters 51 and 50
mm respectively. And showed a large inhibition zone
againgt Saureus, P.aeruginosa, and salmonella abony
34, 30, and 25 mm than the standard antibiotics that have
been used as the positive control. Moreover, less activity
was observed against Yeast species (Candida albicans)
to compared with their antibacteria activity.

Table 5. The sudsoinl of antmnicrobial aclivily of websr (Aqueous extracis) al & o Glolios

Enll- poiat Extract activity vy %
01.5% (500 ul fe)

0,115 {125 gl fml)
0.5% (500 ul fel)

0115 {125 gl fml)

0.25% (250 jul jead)

1 25% (250 il frl)

 Microbes
Sapdecoceus imran
_S‘Hp i ocasens epiderminy
E eoili

Pressclomonier aerugimeso
Safniameita chom
Crandice nifiivmer

Table5 and (Fig.8) represent the concentration endpoints
of the antimicrobia activities of Mixture extract for al
tested drains and zone of inhibition of each diluted
concentration. All three herbal hasdifferent antimicrobial
activity against al bacteriaand yeast tested. The endpoint
evaluation has been tested for the extract mixture, the
lowest endpoint concentration of the liquid extraction
was 0.12% (125 pl) againgt Sepdermidis and
P.aeruginosa, The mixture had a middle concentration
endpoint a 0.25% (250 pl ) with C. albicans and
Salmonella Abony, while the concentration end-points
for Saureusand E.coli were 0.5% (500 pl).

Fig. 8. Endpoint antimicrobia activity of Two-fold diluted
Watery Extract by Well Diffusion Method

5-2. Discussion

Our study reveded that the antimicrobia activity against
staphylococcus aureus, pseudomonas aeruginosa, and E.
coli was dgnificantly more effective with inhibiting

302



Chem Rev Lett 7 (2024) 294-310

zones measuring 34 mm, 30 mm, and 50 mm
respectively, when compared to the activity of stachys
Lavandulaalone, which only measured 12.5 mm, 25 mm,
and 12.5 mm, respectively [167].

Another study conducted by Nasser and his colleagues
for antimicrobial activity rosa damascean extract
inhabiting zone among staphylococcus aureus and E. coli
was 32 mm and 22 mm while our extract was further
efficacious with inhabiting zone 34 mm and 50 which
was more effective than Rosa damascene extract aone
[168]. Similar study conducted in regards of Thymus
vulgaris extract alone for antimicrobial activity different
concentration have used for showing antibacteria
activity in 20 ml Staphylococcus aureus, Pseudomonas
aeruginosa and E. coli which was 31.4 + 0.47, 14.13 +
0.19 and 34.99 £ 0.19 respectively, meanwhile activity in
our extract was 34 mm, 30 mm, and 50 mm eventually
our product most robust compared to thymus vulgaris
extract solely [169].

Our study has uncovered that a combination of three
specific plant species exhibits significantly higher
efficacy againgt certain bacterial strains. Notably, we
observed extensive activity against Staphylococcus
epidermidis, E. coli, and Staphylococcus aureus.
Consequently, further investigation is recommended to
explore the potentia activity of this plant extract against
other bacterial strains.

6. Conclusion

Today, even in spite of scientific advances and the
increase in the use of advanced and man-made
technologies, using nature as arich source of food, dyes,
effective drugs for treatment, textures, fibers, and fuel
still remains. Stachys lavandulifoliavahl (mountain tea),
Thyme, and Damask rose are al plants known for their
medicina uses. These plants produce various
phytochemicals, which are natural compounds that
contribute to their therapeutic effects. In this study, the
biological and pharmacol ogical eval uation of these plants
was conducted, focusing on the active compounds
responsible for their medicinal properties. Additionally,
the chemical structures of these active compounds were
examined, and they were classified based on their
properties. Stachys lavandulifolia vahl, commonly
known as mountain tea, is a perennial herbaceous plant
found in mountainous regions. It has been traditionally
used in herbal medicine for its numerous health benefits.
The active compounds in Stachys lavandulifolia vahl
include flavonoids, phenolic acids, and terpenoids.
Flavonoids such as apigenin, luteolin, and hesperidin are
present in this plant and have demonstrated antioxidant,
anti-inflammatory, and anticancer activities. Phenolic
acids, such as rosmarinic acid, possess antioxidant and
antimicrobial properties. Terpenoids, including ursolic
acid and oleanalic acid, exhibit anti-inflammatory and
hepatoprotective effects. Thyme (Thymus vulgaris) isan

aromatic herb widely used in cooking and traditional
medicine. It contains several active compounds,
including thymol, carvacrol, and flavonoids. Thymol and
carvacrol are phenolic compounds known for their
antimicrobial, antifungal, and antioxidant properties.
They have been investigated for their potential in treating
respiratory infections and as natural preservatives.
Flavonoids present in thyme, such as apigenin and
luteolin, contribute to its antioxidant and anti-
inflammatory activities. The damask rose (Rosa
damascena) is a fragrant flower extensively used in
perfumery and cosmetics. It aso possesses medicina
properties attributed to its bioactive compounds. The
major active compounds found in Damask rose are
phenalic compounds, including gallic acid, quercetin, and
kaempferol derivatives. Gallic acid exhibits antioxidant
and anti-inflammatory effects. Quercetin and kaempferol
derivatives have been associated with antioxidant, anti-
inflammatory, antimicrobial, and anticancer activities.
The chemical structures of the active compounds in
Stachys lavandulifolia vahl, Thyme, and Damask rose
vary depending on the specific compound. However, they
generally belong to the classes of flavonoids, phenalic
&cids, and terpenoids. Flavonoids are characterized by
their flavone or flavonol structure, which includes a
flavan nucleus with hydroxyl and methoxy substitutions.
Phenaolic acids, such as rosmarinic acid and gallic acid,
possess a carboxylic acid group attached to a phenalic
ring. Terpenoids, including ursolic acid and oleanolic
acid, consist of repeating isoprene units and are
commonly found in essentia oils. In summary, Stachys
lavandulifolia vahl (mountain tea), Thyme, and Damask
rose contain various active compounds with medicinal
properties. These compounds, such as flavonoids,
phenolic acids, and terpenoids, contribute to the plants
antioxidant, anti-inflammatory, antimicrobial, and
anticancer activities. The chemical structures of these
active compounds exhibit structural diversity within their
respective compound classes. Understanding the
biological and pharmacol ogical evaluation of these plants
and their active compounds can provideinsightsinto their
potential therapeutic applications in traditional medicine
and nutrition.
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