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Abstract: Tajikistan is a small country located in Central Asia. The mostly mountainous
terrain with a continental, subtropical, and semiarid climate, is characterized by diverse
flora. Many people in Tajikistan rely on medicinal plants as their traditional form of
medicine to prevent and cure health disorders. Aromatic medicinal plants, in particular,
have played an important role for the local people. In this review, we present a summary of
the uses of 18 aromatic medicinal plants from Tajikistan and their compositions of
secondary metabolites.
Keywords: Tajikistan; aromatic plants; traditional herbal medicines; essential oil
compositions; secondary metabolites

1. Introduction
Plants have been and continue to be valuable natural treasures, providing an important source of
nutrients and therapeutic agents. Plants must defend themselves against herbivory and microbial
infections, and over the last 400 million years they have evolved a high diversity of secondary
metabolites that are toxic to animals and microorganisms. Because of this evolutionary background,
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most secondary metabolites are biologically active. This did not escape our ancestors who started to use
plants as a means to treat infections and health problems [1,2]. In this context, traditional medicine and
our understanding of the pharmacological properties of plants were developed.
The defense chemistry of plants includes a surprisingly wide diversity of biologically active
compounds, such as alkaloids, glucosinolates, cyanogenic glycosides, flavonoids, tannins, coumarins,
lignans, terpenoids, saponins, organic acids, and many others. A number of secondary metabolites,
especially mono- and sesquiterpenes but also phenylpropanoids, are volatile. These compounds serve not
only as deterrents against herbivory and often against microbial infection, but also as signal compounds
to attract pollinators or predators. Aromatic plants have attracted human attention for a long time
because of their mostly pleasant fragrances. As a consequence, many of them are used as raw materials
for the production of perfumes and cosmetics; others have found application in aromatherapy and
phytotherapy. Many aromatic plants serve as spices because they can reduce the load of microbial
pathogens in food, improve the taste, and support digestion (e.g., as carminatives and choleretics).
Tajikistan is a mountainous country in the southeastern part of Central Asia (mostly between 36°
and 41° N latitude, and 67° and 75° E longitude. Tajikistan shares borders to the north and northwest
with Uzbekistan and Kyrgyzstan, to the south with Afghanistan, and with China to the east. The
country covers 143,100 km2 (93% of this area is mountainous) and has a population of approximately
eight million people. Tajikistan is divided into four provinces (viloyat). These are the provinces of
Sughd and Khatlon, the autonomous province of Gorno Badakhshan, and the Districts of Republican
Subordination (Figure 1). Tajikistan is diverse in terms of environmental conditions including climate,
high altitudes, mountainous soil and minerals, relatively large number of sunny days per year, which
can all affect plant growth, biosynthesis, and accumulation of biological active secondary metabolites.
High mountains dominate the country with about 50% above 3000 m above sea level, and the relief
differentiation has resulted in formation of numerous micro- and macrohabitats. The elevation starts at
300 m above sea level and ends with Ismoili Somoni Peak at 7495 m. There are over 900 rivers in
Tajikistan longer than 10 km. The high-mountain ecosystems of Tajikistan have been regarded as
biodiversity hotspots with around 4550 species of higher plants recorded in Tajikistan and about 30%
endemism [3,4]. The high degree of biodiversity and endemism in Tajikistan is due to the presence of
high mountain ranges that serve as barriers to migration of plants and animals. Additionally, Tajikistan
is characterized by a low percentage of cloud cover, large temperature differences (absolute minimum
of −63 °C in the Pamir and maximum of 48 °C in Panji Poyon), low humidity, and low precipitation.
Several altitudinal plant zones have been described [3,5]: (1) sage desert dominated by Artemisia species;
(2) juniper woodlands; (3) desert steppes; (4) high mountain deserts dominated by cushion plants; and
(5) alpine.
Many Tajik plants have been used since ancient times in traditional medicine. The scientist Abu Ali
ibn Sina (Avicenna) (born 980 in Afschana near Buchara in what is now Uzbekistan; died 1037 in
Hamadan) described more than 750 pharmaceutical substances of vegetative, animal, and mineral
origin, several of them from Central Asia, in his book Al-Qanoon fi al-Tibb (The Canon of Medicine).
Many medicines (drugs) described by Avicenna have entered the pharmacopeia and are still in use [6].
His experience was influenced from his years in Central Asia, but he was also aware of the important
Materia Medica of Dioscorides (who had lived 900 years earlier) [1,2]. The Materia Medica of
Avicenna comprised more than 50 cardiac, 70 antiasthmatic, and 75 antidiabetic plants; 110 plants
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were described as useful for the treatment of kidney and gallstones, more than 40 plants for the
treatment of vitiligo, dozens for wound healing, and others with antitoxic, antitumor, hemostatic and
several other activities [7].

Figure 1. Google Earth© satellite view of Tajikistan with provincial boundaries.
Medicinal plants generally contain complex mixtures of biologically active compounds. They affect
multiple targets and, in general, show low toxicity. Some of the active secondary metabolites can have
advantages in treating chronic diseases. In aromatic plants, part of their therapeutic effects comes from
their essential oils. Most secondary metabolites in essential oils are small lipophilic natural products,
which allow them to readily enter body tissues by free diffusion. The lipophilic components can
interact with biomembranes and membrane proteins. They thus influence membrane fluidity and
permeability. This explains why many components of essential oils exhibit antibacterial, antifungal,
antiviral, and cytotoxic activities [8].
Tajikistan has a rich flora including large numbers of herbs and aromatic plants. According to
preliminary estimates, about 1500 species of Tajik plants are used in folk medicine, but only a small
number of them are important in modern medicine [9]. In this review we have focused on the
ethnopharmacology and phytochemistry of a number of aromatic medicinal plants from Tajikistan,
with emphasis on the compositions and biological activities of their essential oils.
2. Tajik Aromatic Medicinal Plants
2.1. Achillea filipendulina Lam., “Yarrow”, “Buimodaron” (Asteraceae)
A number of Achillea species have been used in folk medicine in Europe and Asia [10].
A. filipendulina has been employed since ancient times in traditional herbal medicines against a variety
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of ailments [11]. According to the “Canon of Medicine”, decoctions of A. filipendulina have been used
to treat “breaking the muscles” and chronic inflammation of the sciatic nerve (sciatica). In Tajik folk
medicine, a decoction from the dried flowers of A. filipendulina is applied as a children’s digestive aid,
to treat stomach ache and cough [12,13]. This plant is also traditionally used as an emmenagogue and
expectorant [14], and has been used externally to treat scabies and wounds [15]. The essential oil of
Tajik A. filipendulina is rich in santolina alcohol (1) (43%–46%), 1,8-cineole (2) (9%–11%), borneol
(3) (5%–6%), isoborneol (5%) and cis-chrysanthenyl acetate (4) (7%–9%) [16]. 1,8-Cineole has a
number of biological activities that make it particularly useful in the treatment of respiratory tract
infections [17]. A. filipendulina leaf oil from Iran has shown antibacterial activity [15]. The major
flavonoids from the leaf exudates of A. filipendulina are quercetagetin and centaureidin [18].
Quercetagetin has shown anti-HIV activity (inhibitor of HIV reverse transcriptase [19] and HIV
integrase [20]), while centaureidin has shown cytotoxic activity (tubulin polymerization inhibitor) [21].
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2.2. Anethum graveolens L., “Dill”, “Shibit” (Apiaceae)
This plant is widely used in Europe and Asia for flavoring foods and beverages due to its pleasant
spicy aroma. It has been extensively utilized as a traditional herbal medicine throughout Europe, Asia,
and America. In Tajik folk medicine, water extracts (tea and infusion) of A. graveolens are widely applied
for improving appetite, treating flatulence, stomach problems, digestive disorders, insomnia, cramps,
inflammations of the respiratory tract, and for stimulating the release of milk in nursing mothers [13,14].
The major components of A. graveolens essential oil from Tajikistan are carvone (5) (52%),
trans-dihydrocarvone (15%), dill ether (6) (13%), α-phellandrene (7) (8%), and limonene (8) (7%) [22].
O
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The cytotoxicity of the oil was assessed against human cervical cancer (HeLa), human colorectal
adenocarcinoma (Caco-2) and human breast adenocarcinoma (MCF-7) cancer cell lines. IC50 values were
0.093 mg/mL for HeLa, 0.216 mg/mL for Caco-2, and 0.067 mg/mL MCF-7 cell lines. A. graveolens
essential oil was toxic in the brine shrimp lethality test (LC50 = 15.9 μg/mL), but showed only
marginally antimicrobial activity against Escherichia coli (MIC = 625 μg/mL) [22]. The bioactivity of
A. graveolens oil is most likely due to the major components carvone and limonene. Both
(R)-(+)-limonene and (S)-(+)-carvone increase the production of reactive oxygen species (ROS) and
decrease mitochondrial membrane potentials (MMP) [23]. Carvone is added to toothpastes,
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mouthwashes, and chewing gums. It is also used as a taste enhancer in the food and fragrance industry.
Due to its spasmolytic effect, (S)-(+)-carvone is utilized as a stomachic, carminative, and for treatment
of nervous tension and several skin disorders [24].
2.3. Artemisia absinthium L., “Wormwood”, “Tkhach” (Asteraceae)
Wormwood is a traditional medicinal plant in Europe and Asia. It was widely used in the alcoholic
beverage “absinthe” that was later banned in many countries because of its neurotoxicity, which is
thought to be due to the presence of thujone. [1]. A. absinthium is an herb also used traditionally in
Tajikistan. This plant is known to possess several biological properties, especially anthelmintic,
digestive, antifungal, antibacterial, but also balsamic, diuretic, and emmenagogue activities. Extract of
wormwood (~2 teaspoons chopped herbs in a glass of boiled water, the daily dose) is utilized to treat
hyperacidity, gastric colic, gastritis, flatulence, and conditions of the liver and gallbladder. Chronic,
large doses of wormwood have been reported to upset the nervous system [11,12,25]. The major
components of A. absinthium oil from Tajikistan are myrcene (9) (9%–23%), cis-chrysanthenyl acetate
(4) (8%–18%), a dihydrochamazulene isomer (6%–12%), germacrene D (10) (2%–8%), linalool (11)
(5%–7%), and β-thujone (12) (up to 7%), and is phytochemically distinct from A. absinthium from
Europe, the Middle East, or Siberia [26].
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Antifungal, antimicrobial activity, choleretic, antiseptic and balsamic properties of plant can be
explained by the composition of its essential oil. Myrcene-containing A. absinthium essential oil is
used in the manufacture of alcoholic beverages and in pharmaceutical preparations as a mild sedative
in the treatment of insomnia [24].
2.4. Artemisia rutifolia Stephan ex Spreng., “Poosh” (Asteraceae)
This plant is used as a tonic, febrifuge and anthelmintic in traditional medicine. A powder of the
plant mixed with honey is useful against worms. A tea prepared from the dried and chopped herb is
drunk to treat asthma, weakness of the heart, and also as anti-inflammatory, diuretic, and
anthelmintic [6,7,12]. A. rutifolia from Tajikistan belongs to the thujone-rich chemotype, in contrast to
the cineole/camphor chemotype found in Mongolia, and is dominated by α-thujone (12) (21%–37%),
and β-thujone (13) (36%–47%), as well as 1,8-cineole (2) (3%–12%), and germacrene D (10)
(2%–3%) [27].
The bioactivity of A. rutifolia is most likely due to the thujones that are present in its essential oil.
However, thujone has psychotropic effects, acting on the γ-aminobutyric acid-gated chloride channel,
a member of the superfamily of ligand-gated ion channel receptors [28]. In addition to the essential oil,
A. rutifolia is rich in guaianolide, germacranolide, and eudesmanolide sesquiterpenoids [29–31].
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In general, α-methylene lactones have shown potent antitumor, antischistosomal, anthelmintic, and
antimicrobial properties [32,33].
2.5. Artemisia scoparia Waldst & Kit., “Joroob” (Asteraceae)
In the folk medicine of Tajikistan, decoctions and infusions from the tops of the shoots of
A. scoparia are used to treat kidney disorders, as well as a diaphoretic, diuretic, and anthelmintic.
Decoctions of the plant are considered useful against epilepsy, rheumatism, fever, and inflammation of
the respiratory tract [11]. According to some authors [12,25] the aerial parts of A. scoparia are useful
as an expectorant. A. scoparia essential oils from different geographical locations exhibit a great
variability, but that from Tajikistan is dominated by the diacetylenes 1-phenyl-2,4-pentadiyne (34%)
and capillene (14) (5%), as well as β-pinene (15) (21%), α-pinene (16) (5%), methyl eugenol (17)
(6%), myrcene (9) (5%), limonene (8) (5%), and (E)-β-ocimene (4%) [34].
Polyacetylenes from plants are known to be highly toxic against fungi, bacteria, and mammalian
cells, and to display neurotoxic, anti-inflammatory and anti-platelet-aggregation effects and to be
responsible for allergic skin reactions [35]. Because of the reactive triple bonds they can alkylate a
variety of proteins, thus changing their activity [8]. β-Pinene has also shown antimicrobial activity [36].
OCH 3
OCH 3
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(15)
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(17)

2.6. Bunium persicum B. Fedtsch., “Black Cumin”, “Zira” (Apiaceae)
B. persicum is extensively used in traditional medicine to treat chronic diseases of the stomach
(chronic gastritis), intestines (colitis), liver (jaundice), chronic cholangitis, swelling, and also against kidney
stones. Tea from B. persicum seeds is considered a popular means to increase the appetite. According
to Sakhobiddinov [37], the fruit of zira is useful against stomach ache and to treat an enlarged spleen.
Infusion of the fruits stops nosebleeds, while the roasted fruits are considered as a diuretic.
In rural/village traditional medicine, zira strengthens the stomach and intestines, stimulates the appetite,
eliminates flatulence, and drives the urine. Zira enhances wound healing and continuous use of zira is
thought to prevent obesity. In addition, the plant is used widely as a condiment for culinary purposes
and flavoring foods and beverages [11,14]. B. persicum essential oil has demonstrated antispasmodic
activity in support of its traditional therapeutic use of the plant against gastrointestinal disorders [38].
Oil from seeds of the Tajik B. persicum is composed largely of cuminaldehyde (18) (36%–37%),
γ-terpinen-7-al (19) (15%–17%), α-terpinen-7-al (20) (13%), γ-terpinene (21) (10%–11%), β-pinene
(16) (9%), and p-cymene (5%). The composition of wild-growing B. persicum from Tajikistan is
comparable to that found in commercial B. persicum from India: cuminaldehyde (30%),
γ-terpinen-7-al (17%), α-terpinen-7-al (8%), γ-terpinene (11%), β-pinene (8%), anthemol (10%), and
p-cymene (13%).
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The carbonyl group of aldehydes is very electrophilic and can react with a variety of nucleophiles
such as amino groups either from proteins and nucleic acids [39,40]. Cuminaldehyde has shown
antibacterial [41,42] and antifungal [43] activity.
2.7. Galagania fragrantissima Lypsky, “Shnk”, “Shibite” (Apiaceae)
This plant is distributed in Afghanistan, Kyrgyzstan, Uzbekistan and Tajikistan. The leaves and
young shoots are used as a spice for soups and other dishes [44]. The main constituents of the essential
oil of G. fragrantissima are a series of aliphatic aldehydes and alcohols such as (2E)-dodecenal (22)
(84%), (2E)-dodecenol (23) (8%), (2E)-tetradecenal (24) (3%) and dodecanal (25) (2%).
OH
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G. fragrantissima oil exhibits cytotoxicity in HeLa, Caco-2 and MCF-7 cancer cell lines: IC50
values were 0.206 mg/mL for HeLa, 0.074 mg/mL for Caco-2, and 0.058 mg/mL for MCF-7 cell
lines [45]. The activity of this essential oil can be attributed to the long-chain aldehydes. Biological
activities of (2E)-dodecenal (22), (2E)-tetradecenal (24) and dodecanal (25) are correlated to
physico-chemical damage to the cells, such as the disruption of the membrane and probably interference
with proteins [39] and nucleic acids [40]. Additionally, due to the structural similarities to fatty acids,
aliphatic aldehydes (dodecenal, dodecanal and tetradecenal) inhibit 5-lipoxygenase, a key enzyme in
inflammatory processes [39].
2.8. Hypericum perforatum L., “St. John’s Wort”, “Choykah” (Hypericaceae)
St. John’s wort is a traditional medicinal plant in Europe and Asia. In modern phytotherapy, special
extracts are employed with proven efficacy against depression [1,2], possibly acting by several
mechanisms: as a blocker of serotonin, noradrenaline and dopamine reuptake; causing increase in
serotonergic and dopaminergic receptor density and increased affinity for GABAergic receptors; and
inhibition of monoaminoxidase activity [46,47]. The antidepressant activity of H. perforatum has been
linked to the presence of hypericin and pseudohypericin [48], along with hyperforin [49]. In folk medicine,
H. perforatum is widely used in the treatment of gallbladder conditions and cystitis, chronic gastritis,
gastric ulcer and duodenal ulcers, wounds, burns, gout and rheumatism, to strengthen the gums and
alleviate halitosis, and also to treat involuntary urination in children. H. perforatum is used as
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a wound-healing aid in France [50] and in Turkey [51]. Flavonoids were found to be the active
components [52]. The people in Russia called H. perforatum “means for the ninety-nine disease.”
According to Russian national doctors, “As without flour it is impossible to bake bread, so without
H. perforatum it is impossible to treat many illnesses of people and animals.” [14]. H. perforatum
stimulates appetite, improves bowel, enhances diuresis, and has a styptic and general calming effect. Its
tincture has a beneficial effect against chronic gastritis [11]. In a rat model of inflammatory bowel
disease, H. perforatum extract reduced colonic damage, attributable to anti-inflammatory and
antioxidant effects [53,54]. There are numerous chemotypes of H. perforatum based on essential oil
composition and geographical location [55]. Tajik H. perforatum oil was characterized by germacrene D
(10) (14%) as a major secondary metabolite, α-pinene (16) (5%), β-caryophyllene (26) (5%),
caryophyllene oxide (27) (4%), bicyclogermacrene (28) (4%), dodecanol (5%), and spathulenol (29)
(3%) [55].
O

H

H

H

(26)

H

H

HO H

(27)

(28)

(29)

Germacrene D has shown antifungal activity against Aspergillus niger as well as cytotoxic activity in
PC-3 cells [56]. β-Caryophyllene exhibits several biological properties including anti-inflammatory,
antibiotic, antioxidant, anticarcinogenic and local anaesthetic activities. It has a potentiating effect on the
anticancer activity of several compounds [57]. Caryophyllene oxide shows in vitro cytotoxicity against
MCF-7, PC-3, and Hep-G2 cells [56].
2.9. Hypericum scabrum L., “Choykah” (Hypericaceae)
H. scabrum is used in traditional medicine to treat a variety of disorders of liver, heart, stomach,
intestines, bladder, cough, etc. A “marham” (poultice made from the herb and butter) is applied
externally to treat sores, ulcers, abscesses, furuncles, and mastitis. An infusion of the flowers is
recommended against jaundice [7,11]. The essential oil of H. scabrum from Tajikistan is dominated by
α-pinene (16) (45%), with lesser amounts of spathulenol (29) (7%), verbenone (30) (6%), trans-verbenol
(31) (4%), and γ-muurolene (32) (4%) [55]. Both H. scabrum essential oil [58] and methanol extracts [59]
have shown antimicrobial activity. Interestingly, the anti-inflammatory and chondroprotective activity
of (+)-α-pinene is believed to be greater than that of (–)-α-pinene or β-pinene [60].
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2.10. Hyssopus seravschanicus Pazij, “Hyssop”, “Ushnondoru” (Lamiaceae)
This plant is a perennial semi-shrub that can be found growing wild in the northwestern part of
Tajikistan. Hyssop has been used in Tajik folk medicine for centuries. Avicenna recommended hyssop
for its antiseptic, anti-inflammatory, wound healing, analgesic, antitussive and stimulating activities [61].
Decoctions of hyssop are used to treat bronchial asthma, chronic bronchitis, flu and diseases of the
respiratory tract. Additionally, it is used to relieve inflammation of the urinary tract.
The volatile compounds from H. seravschanicus growing wild near the high ridge mountainous
regions of Varzob, Northern Dushanbe in Tajikistan at an altitude approximately 2500 m above sea
level, were extracted and analyzed using gas-liquid chromatography-mass spectrometry (GLC-MS).
The most abundant components were cis-pinocamphone (33) (57%–89%), β-pinene (15) (up to 6%),
1,8-cineole (2) (2%–4%), camphor (34) (up to 4%), and spathulenol (29) (up to 5%). The essential oil
from H. seravschanicus showed low antibacterial activity against Bacillus cereus and Staphylococcus
aureus [62], likely due to the high concentration of cis-pinocamphone [63,64].
2.11. Melissa officinalis L., “Lemon Balm”, “Niyozbuy” (Lamiaceae)
Lemon balm has been used in Europe and Asia to reduce stress and anxiety, promote sleep, improve
appetite, and ease pain and discomfort from indigestion [65]. Avicenna believed that lemon balm
refreshes and strengthens the heart, helps in digestion and hiccup. He recommended lemon balm as a
tonic and for the treatment of melancholia [61]. Lemon balm leaves have long been used as anxiolytics,
mood elevators and a calming herb for patients with anxiety [66]. The plant is also used as an additive
in food, for the production of many phytopharmaceutical preparations, fragrances and cosmetics [67].
The main constituents of the essential oils of Melissa officinalis from Tajikistan were geranial (35)
(43%), neral (36) (31.5%), trans-anethole (37) (12%), β-caryophyllene (26) (4%) and citronellal (38)
(3%). Melissa officinalis essential oil was cytotoxic to MCF-7 cells (IC50 = 0.062 mg/mL) and active in
the brine shrimp lethality test (LC50 = 21.8 μg/mL), but showed only marginal antimicrobial activity
against Bacillus cereus (MIC = 313 μg/mL) and Aspergillus niger (MIC = 625 μg/mL) [68]. The
biological activities can be attributed to the monoterpenoid aldehydes, which can form Schiff’s bases
with free amino groups of peptides and proteins, thus changing their biological properties [8]. Citral,
a mixture of geranial and neral, has shown in vitro cytotoxic activity [69]. Citral has also been found to
inhibit contractions of rat ileum [70], while geraniol has shown smooth muscle relaxant activity [71].
Lemon balm leaves are rich in the antioxidant rosmarinic acid, which has antiviral properties and was
used to treat herpes infections [1,2].
OMe
CHO
CHO
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2.12. Mentha longifolia (L.) Huds., “Wild Mint”, “Hulba, Pudina” (Lamiaceae)
Mentha species have been in use by humans since ancient times in many parts of the world [2].
The aerial parts of Mentha species are commonly used in many processed foods as well as in herbal
teas. In folk medicine, mint is widely utilized as a tea or as a gargle against both acute and chronic
conditions of the upper respiratory tract. It is prescribed against liver disorders (jaundice, chronic hepatitis),
intestinal spasms, biliary tract infections (acute and chronic cholecystitis), and cholangitis [11,14].
Mint juice from freshly picked leaves as well as dried and crushed mint leaves are widely used to
improve appetite and digestion, as anti-inflammatory, diaphoretic, carminative, antiemetic, antitussive,
and analgesic agents. Infusions of mint are employed to prepare washes and lotions for treating
spasms, rheumatic pains, arthritis, itching and inflammation of the skin [72]. Mint is also used to repel
insects, snakes, and worms [11]. Mountain mint has been used externally to treat cracks in the skin
caused by dry skin as well as bone fractures and internally to relieve muscular aches and sciatica.
A compress treated with a hydroalcoholic extract mountain mint is used to treat bruises and animal
bites [14]. Chemical compositions of M. longifolia essential oils from different geographical locations
varies considerably, even within Tajikistan [73]. Wild populations of Tajik M. longifolia can be dominated
by cis-piperitone epoxide (39) (up to 78%), piperitenone oxide (40) (up to 49%), carvone (5)
(up to 22%), menthone (41) (up to 17%), as well as pulegone (42) (1%–5%) and thymol (2%–4%) [73].
The essential oil has shown moderate antimicrobial activity, supporting the traditional use of this plant to
treat wounds and skin infections [74].
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2.13. Ocimum basilicum L., “Basil”, “Rayhon” (Lamiaceae)
Basil is a popular plant cultivated in Europe and Asia, but also in Tajikistan and used frequently to
flavor soups, desserts, pickles, pizza, spaghetti sauce, tomato juice, salads, etc. The plant is widely
used in food and oral care products and well known in folk medicine. In Tajik folk medicine, the water
extract of basil is used to treat inflammatory diseases of the upper respiratory tract (bronchitis,
laryngitis, pharyngitis, etc.), chronic gastritis, enterocolitis, and food poisoning. Additionally, hot basil
tea is taken to treat nausea, flatulence, and dysentery. The volatiles of basil are known to repel flies [75],
mosquitoes [76], and other insects [77]. The essential oil of Tajik basil is dominated by linalool (11)
(47%), methylchavicol (estragole) (43) (32%), and pulegone (42) (5%). The major components in basil
oil, linalool and methylchavicol, have shown anti-inflammatory activities [78], supporting the rationale
for the basil traditional use in inflammatory diseases of the upper respiratory tract. Linalool has also
shown antibacterial [79] and antiviral [80] activities.
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2.14. Origanum tyttanthum Gontsch. “Kokuti”, “Sebinak” (Lamiaceae)
In Tajikistan, where O. tyttanthum is a common species, this plant has commercial value.
Cultivation of O. tyttanthum covers a total area of over 140,000 hectares, yielding annually a total of
6490 tons of air-dried raw materials [81]. As a medicinal plant, O. tyttanthum has traditionally been
used as an expectorant, carminative, diaphoretic, stimulant, stomachic, and tonic. In addition, it has
been used as a folk remedy against colic, coughs, headaches, nervousness, toothaches, and irregular
menstrual cycles. Teas prepared from the aerial parts of O. tyttanthum have been used to treat
tuberculosis and against human intestinal parasites. They are also used for sedative purposes and widely
used against flatulence and as a gargle against laryngitis, stomatitis, and angina [11,14,37,82]. The major
components of the Tajik essential oil are carvacrol (44) (34%–59%), thymol (45) (11%–46%), and
p-cymene (46) (1%–7%) [83]. The ointment “Subinak” was created on the basis of the essential oil of
O. tyttanthum from Tajikistan [9]. The presence of phenolic monoterpenes (carvacrol and thymol) with
known antiseptic properties [84] as the major oil components is responsible for its potent antioxidant,
antibacterial, fungicidal, insecticidal, herbicidal, and nematicidal activities [85].
OH
OH
(44)

(45)

(46)

2.15. Pelargonium graveolens L'Hér. “Rose-Scented Geranium”, “Anjibar” (Geraniaceae)
Pelargonium graveolens L. Her. ex Ait. (synonym P. roseum Willd.) was introduced into Tajikistan
approximately 80 years ago, and it does not have a traditional medicine background. In Tajikistan, it is
cultivated for the production essential oil for perfumery and as a decorative ornamental plant.
P. graveolens oil is a recommended aromatherapy for anxiety and depression, and the oil has
demonstrated anxiety reduction after inhalation [66]. The Tajik essential oil of P. graveolens is
dominated by citronellol (47) (38%), lower amounts of geraniol (48) (6%) and linalool (11) (3%),
along with numerous citronellol and geraniol esters (10% and 7%, respectively) [86,87].

(47)

OH
(48)

OH

2.16. Salvia sclarea L. “Clary Sage”, “Marmarak” (Lamiaceae)
Clary sage is a traditional medicinal plant in Europe and Asia [2]. This plant has been used in
Tajikistan as a folk remedy for the treatment at palpitation, for improvement of digestion, against colds
and throat disturbances, and also as a tonic against fatigue. An infusion from the aerial parts is employed
to treat conditions of the kidney and to reduce fever. A tea prepared from the aerial parts of S. sclarea is
taken to improve digestion and appetite, and also as a diuretic. S. sclarea fruits are utilized to treat
dysentery and bloody diarrhea. S. sclarea is applied externally to soften the skin [11,14,82]. Commercial
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grade clary sage oil is rich in linalyl acetate (49) and linalool (11), and Tajik oil is comparable with 39%
linalyl acetate and 13% linalool, as well as germacrene D (10) (11%), α-terpineol (50) (6%), geranyl
acetate (4%), and β-caryophyllene (2%) [88]. Plants from the genus Salvia are a rich source of
polyphenols (more than 160 polyphenols have been identified in Salvia) which are believed to be
responsible for the many biological activities of sage and their use in traditional medicine [64]. Small
lipophilic molecules of the essential oil, which interfere with biomembranes of microbes, are thought
to be helpful against colds, fever, throat, and kidney conditions.
OH

OH
(49)

OAc

(50)

(51)

(52)

2.17. Tanacetum parthenium L. Schultz-Bip., “Feverfew”, “Bobunai Govi” (Asteraceae)
Feverfew is a traditional medicinal plant in Europa and Asia [2]. Aerial parts of T. parthenium
have been used for the treatment of migraine, arthritis, and problems associated with menstrual cycle.
Parthenolide [89] and tanetin [90] are the principal non-volatile active chemicals of T. parthenium.
The essential oil of T. parthenium from Tajikistan revealed only eight components. The major
components were camphor (34) (70%–94%), camphene (51) (2%–12%), and bornyl acetate (52)
(4%–9%). [91]. The essential oil has antioxidant (DPPH and ABTS radical scavenging, lipid
peroxidation inhibition), cytotoxic (HeLa, CCRF-CEM, and CEM/ADR5000 cell lines), and lipoxygenase
inhibitory activities. The cytotoxicity of feverfew oil can be attributed to the monoterpenoids, which are
lipophilic and can dissolve in biomembranes, disturbing fluidity and permeability [8,40].
2.18. Ziziphora clinopodioides Lam. “Blue Mint”, “Jamilak” (Lamiaceae)
Z. clinopodioides is an edible medicinal plant that is widely distributed in Tajikistan. The leaves,
flowers and stem of the plant are frequently used as a wild vegetable or as an additive to foods. The plant
has been used since ancient times in traditional herbal medicines for the treatment of colds and cough,
stomach ache, nausea, poor appetite, sexually transmitted diseases, and as an antiseptic and to promote
wound healing [11,12,14]. Three chemotypes of Z. clinopodioides have been recognized according to
the composition of the essential oil, namely pulegone-rich, thymol-rich, and cineole-rich chemotypes [92].
Tajik Z. clinopodioides oil is a pulegone-rich oil, composed mainly of pulegone (42) (73%–35%),
neomenthol (53) (7%–23%), and menthone (41) (6%–13%) [93]. Pulegone-rich essential oils have
shown antiviral activity [93]. Pulegone can irritate mucosal tissues of the GI-tract and externally the
skin. It can cause spasms and cramps [1]. Like most essential oils, Z. clinopodioides oil has lipophilic
properties, targeting biomembranes, which would explain its antiseptic properties [8].
OH

OH
OH
(49)

(50)

OAc
(51)

(52)

(53)
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3. Conclusions
The rich and diverse flora of Tajikistan provides numerous locally available plants useful in
traditional herbal medicine, among them Tajik aromatic medicinal plants with bioactive essential oils.
Many of them have shown antibacterial, antiviral, antioxidant, and cytotoxic bioactivities. The essential
oils play a commercial role as flavors, fragrances, cosmetics, and pesticides. In addition, they are also
used to prevent and treat infections and other human health disorders, including diabetes, ulcers,
inflammation, cancer, and cardiovascular diseases. Interestingly, many essential oils from Tajikistan
show remarkable differences in their compositions compared to samples from other geographical
locations, which can be attributed to the very different climatic and topographic characteristics of the
country. Future studies on ecological, phytochemical, and therapeutic characteristics of medicinal
plants from Tajikistan, in comparison to other locations outside and within the country, are
encouraged. In addition, we encourage the preservation of traditional knowledge and uses of medicinal
plants and their conservation.
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