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Coriandrum sativum (C. sativum), belonging to the Apiaceae (Umbelliferae) family, is widely recognized for its uses
in culinary and traditional medicine. C. sativum contains various phytochemicals such as polyphenols, vitamins,
and many phytosterols, which account for its properties including anticancer, anti-inflammatory, antidiabetic, and

analgesic effects.
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| 1. Introduction

Coriandrum sativum Linn. (C. sativum) or coriander, is recognized for its wide range of uses in culinary as well as
traditional medicine in a variety of conditions L. Different chemical compounds have been identified in each part of
the plant including roots, leaves, fruits, and seeds, which account for its broad spectrum of uses 2], To name a few,
such compounds include gallic acid, thymol, and bornyl acetate, which are expected to exert anticancer, anti-
inflammatory, and autonomic relaxation induction effects, respectively BI4E. |inalool, a terpene alcohol found in
coriander, has been reported to be the main constituent that is responsible for some therapeutic values of

coriander as it possesses neuroprotective, anxiolytic, anticonvulsant, and analgesic effects [EIIBIE],

It is believed that every part of the plant possesses different nutritional and medicinal values; thus, it was
traditionally consumed in diverse areas. Notably, coriander was used in India for relieving gastrointestinal
discomfort, respiratory, and urinary complaints; additionally, in some areas of Pakistan, the whole plant of coriander
has folk medicinal uses to treat flatulence, dysentery, diarrhea, and vomiting 292 On the other hand, with its
distinctive scent and flavor, coriander is often added to food in the culinary industry as a seasoning and a
preservative agent; it can be used in the form of leaves and seeds, ground, or as a whole 22, Furthermore, the
powdered fruit of C. sativum has been used as a flavoring agent to mask the taste of some foods such as fish,

meat, and baking recipes 13I.

According to the World Health Organization 41 (WHO, 2019), the major cause of mortality worldwide is
cardiovascular diseases (CVDs). CVDs are a group of heart and blood vessel disorders including coronary and

peripheral artery diseases, rheumatic, cerebrovascular, and congenital heart disease, in addition to deep vein
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thrombosis and pulmonary embolism 22!, Despite possessing various health benefits which have been reported in
many research and review papers L8II17I18] the cardioprotective effects of coriander have never been summarized
in terms of the anti-atherogenic, antihypertensive, antiarrhythmic, and hypolipidemic effects 2. Phytochemicals
present in C. sativum, such as flavonoids, phenolic acids, phytosterols, and terpenes, have significant potential in
cardiovascular health and have demonstrated an angiotensin-converting enzyme (ACE)-inhibiting potency,

cardioprotective, antihyperlipidemic, and cardiometabolic disorder-inhibiting properties [29[21[22][23]

| 2. Botanical Description and Taxonomy

C. sativum belongs to the Apiaceae (Umbelliferae) family, which is herbaceous and grows annually, with a height of
20-70 cm (Table 1). C. sativum is known as “coriander” or “Chinese parsley” in English; “cilantro” in Spanish;
“kusthumbari” or “dhanya” in Sanskrit; “dhane” in Bengali; “pak chee” in Thailand; and “Yansur”, “Yan gian”, “Hu
sut”, or “Xiangcai” in Chinese WI&24l |t js thought to have originated in the regions of the Middle East and the
Mediterranean, where its growth may have broadened to China, Europe, India, Africa, and Asia; nevertheless,
several authors have considered coriander as a weed in cereals, and its origin is still not clear 22, The leaves are
green with a variable lanceolate shape and glabrous surfaces, while the flowers are white or pink in umbels with
asymmetrical shapes (Figure 1 and Figure 2) (2181 Meanwhile, the seeds are dry schizocarps with two mericarps
with oval-shaped globules. Furthermore, the stems of C. sativum are pale green with hollow branches and a

glabrous surface [24],

Figure 1. (A) C. sativum flowers (by Andrey Zharkikh). (B) C. sativum half and whole seeds (by ZoyaChubby).

From North Carolina Extension Gardner: Plant toolbox. (https://plants.ces.ncsu.edu/plants/coriandrum-sativum/,

accessed on 20 December 2021).
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Figure 2. The leaves of Coriandrum sativum (by Forest and Kim Starr). From North Carolina Extension Gardner:

Plant toolbox. (https://plants.ces.ncsu.edu/plants/coriandrum-sativum/, accessed on 20 December 2021).

Table 1. The taxonomical classification of C. sativum is as follows.

Scientific Name: Coriandrum sativum
Common Coriander, Chinese Parsley, cilantro, kusthumbari, dhanya, dhane, pak chee, yuan sui, hu
names: sui
Kingdom: Plantae
Subkingdom: Tracheobionta
Superdivision: Spermatophyta
Division: Magnoliophyta
Class: Magnoliopsida
Subclass: Rosidae
Order: Apiales
Family: Apiaceae/Umbelliferae
Genus: Coriandrum L.
Species: Coriandrum sativum L.
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| 3. Ethnomedicinal Uses

C. sativum was used as one of the earliest spices by humans. Traditionally, C. sativum seeds were consumed to
relieve pain, rheumatoid arthritis, and inflammation 28, whereas the decoction of coriander was believed to treat
mouth ulcers and eye redness [ZZ. The seeds have been prescribed to relieve gastrointestinal disorders such as
flatulence, diarrhea, indigestion, and nausea [28l. Coriander is believed to exert these actions by stimulating the
liver to increase the secretion of bile and other digestive enzymes which escalate the action of the digestive
system, hence shortening the time of food passage through the gastrointestinal tract 22, In countries such as
Saudi Arabia, Jordan, and Morocco, coriander was also known to lower blood glucose levels BYELE2 hayve
antimicrobial properties against food-borne pathogens, such as Salmonella, in addition to aphrodisiac and
analgesic power 331, Furthermore, coriander has been used traditionally in Turkey and India to relieve indigestion
(34l increase water excretion; and prevent seizures, anxiety, and sleeplessness 3238l Moreover, it has been
documented of C. sativum in Morocco being used traditionally in the treatment of diabetes, indigestion, flatulence,
insomnia, renal disorders, loss of appetite, and as a diuretic 27, Detailed traditional uses of C. sativum are

presented in Table 2.

Table 2. Traditional uses of C. sativum in different countries.

Traditional Uses Area Plant Parts Used Reference
Rheumatoid arthritis, inflammation, and joint pain India ajj::jf:;?jct (26][38](39]
For measles, diabetes, aerophagy, gastroenteritis China The whole plant parts
Pakistani herbal Aerial parts of the

Antiviral and neuro-energizer
9 drugs (Intellan) plant [40]

Aqueous extract of

Some liver diseases -
the roasted seeds

Carminative, diuretic, dyspeptic complaints, loss of

. S . . . Iranian traditional Powdered seeds or [38]
appetite, convulsion, insomnia, and anxiety and in .
. medicine dry extract
medical purposes
Diaphoretic, diureti rminative, and stimulant Iranian traditional
aphoretic, diuretic, carn ative, and stimulal ania t.a_dto a T el T e 137][41]
activity medicine
. . . Oral administration of
Diuretic and for some renal diseases Morocco [42)
plant parts
Mouth ulcer and eye redness - leaves decoction [27]
Grounded as an India Seeds and aqueous [29]
ingredient of curry powder and gingerbread, also a infusion of leaves

component of liquesces and spirits. Aromatic
ingredient of tobacco and perfumes.
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Traditional Uses Area Plant Parts Used Reference
In Unani medicine to quench thirst and for
melancholia.
Stimulant and carminative; stomachic, antibilious, .
. . . India Leaves [29]
digestive stimulant
Saudi Arabia, Fruits, decoction of
Lower blood glucose levels 2012132
Jordan, Morocco leaves and seeds
Aphrodisiac, analgesic, antimicrobial properties - The volatile oil (3]
Appetizer, Digestive, Carminative Turkey Infusion of the seeds [34]
For anxiety, sedative and muscle relaxant effect - The aqueous extract (251136
Treats Influenza, bad breath, unpleasant odor from  Traditional Chinese Seeds
genitalia Medicine
. . The European .
Against worm and to treat rheumatism P . Fruits [43]
pharmacopeia
Stimulates gastric secretion, treats gastric ulcers . . L
Asian region Essential oils

and mouth infections

| 4. Phytochemistry

Recent studies revealed that different kinds of alkaloids, essential oils, fatty acids, flavonoids, phenolics, reducing
sugars, sterols, tannins, and terpenoids were extracted from C. sativum [16](44] |y particular, the leaves were
reported to have an abundant concentration of folates, ascorbic acid, gallic acid, caffeic acid, ferulic acid, and
chlorogenic acid. Additionally, the investigation of the water-soluble components of C. sativum seeds showed the
presence of 33 compounds, including monoterpenoid, monoterpenoid glycosides and glucosides, and aromatic
compound glycosides such as norcarotenoid glucoside 45 In the vegetative part of the C. sativum, different
phenolics and flavonoids were detected in significantly high concentrations, such as quercetin diverse glycosides
(405.36—3296.16 mg/kg), kaempferol 3-O-rutinoside (320.86 mg/kg), in addition to ferulic acid glucoside and p-
coumaroylquinic acid [46]  Another study of the polyphenolic contents of coriander grass showed that a 40% ethanol
extract contains many flavonoids (0.13% to 10.71%), coumarins (1.4% to 6.83%), and phenolcarboxylic acids
(7.24% to 13.51%) [47] Anthocyanin was also characterized in coriander leaves, and the concentration was found
to be influenced by salicylic acid, nitrogen, phosphorus, potassium, and zinc fertilizers (48], Figure 3 and Table

3 present the different phytochemical structure classes of C. sativum.
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Figure 3. Phytochemical molecular structures extracted from C. sativum, such as terpenes, phenolic acids,
flavonoids, fatty acids, and phytosterols.

These constituents of C. sativum were extracted by different methods, including solvent extraction such as n-
hexane, water, and methanol, in addition to supercritical gases, microwave-assisted extraction, sonication, and
hydrodistillation [22149B0I1I521[53](54]  Essential oils (EOs) and fatty oils were the most significant components in the
fruit, with a content of 0.03-2.6% and 9.9-27.7%, respectively B2l Different EO chemotypes were detected in
coriander seeds, including ketones, aliphatic aldehydes, aliphatic hydrocarbon, aliphatic alcohols, esters,
monoterpene hydrocarbons, monoterpene oxides, monoterpene alcohols, monoterpene esters, and
sesquiterpenes, with linalool as the main monoterpene alcohol extracted in high quantities 28, The highest
percentage of EO that has been yielded from coriander seeds was cultivated in Tunisia with a linalool content of
87.54% B4 while 73.1%, 40.9-79.9%, 37.65%, and 69.60% of linalool was extracted from C. sativum from Algeria,
Iran, Bangladesh, and Pakistan, respectively [28I591(60]

EOs are obtainable by extracting different parts of the plant using hydrodistillation extraction 29, subcritical water,
Soxhlet apparatus 81, solvent extraction, steam distillation, and supercritical CO, methods 2. However, the EO
content is variable among different parts of the plant, which could be due to the different origins of cultivated
varieties, climate and geographical conditions L9638l the area and season of cultivation, the degree of plant

maturation, and genotypes of the species. In particular, 2-dodecenal was found as the main volatile EO in the root
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and stalk, while 1-ethenyl-cyclododecanol was the highest volatile component in the leaves of C. sativum 4],
Furthermore, different percentages, components, and immunotoxicity were identified in oils extracted from the
leaves than the stems’ EO extracts of the Korean C. sativum 83, In addition, the essential oil yields and efficiencies
of commercial coriander fruits from different countries were extracted and found to be different according to the
geographical area (€8, The relationship between some environmental conditions in Argentina and the essential oil
composition of two coriander landraces (European and Argentinean) has been studied &7, It has also been found
that genotypic and phenotypic variations contributed to the variety of essential oils’ concentrations, in addition to
the interaction from other environmental conditions, such as fertilizers, weediness, and soil degradation. Likewise,
the phenolic contents of the two C. sativum varieties, vulgare and microcarpum, were found to be similar but with
different concentrations of the main phenolic compounds, namely quercetin-3-b-d glucoside and quercetin-3-O-
glucuronide 81, On top of that, the average EO yields for vulgare fruits (0.1% to 0.5%) are lower than that of
the microcarpum (0.8-2.1%) 8. Details of the total phytochemical constituents of C. sativum are presented
in Table 3.

Table 3. Main phytochemical constituents of C. sativum classified according to their chemical class, including the

plant part that was extracted and the extraction method.

Phytochemical Chemical .
Plant Par Extraction Solvent/Meth Referen
Components Class ant Part traction Solvent/Method eference
Ferulic acid, Gallic acid, Phenolic
and Caffeic acid acids
Salicylic acid SLIECICTE
derivative
Esculetin, Esculin,
Scopoletin
4-Hydroxycoumarin, Coumarins Above- Ether, ethyl acetate, butanol, and 2- [47]
Umbelliferone, and ground parts ethyl acetate extracts
Dicoumarin
Hyperoside, rutin,
hesperidin, vicenin,
diosmin, luteolin, .
. . L Flavonoids
apigenin, orientine,
dihydroquercetin,
catechin, and arbutin
Leaves at
mature and
[3-carotene apd total Carotenoids young plant .I.ce-cold a(?etone was then 69]
carotenoids stage, fresh partitioned against petroleum ether.
and dry
seeds
a-, B-, y- 8- tocopherols, Tocols Whole fruit, Extracted with n-hexane (z0]

pericarp, and
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sl Ll Plant Part Extraction Solvent/Method Reference
Components Class
and a-, y-tocotrienols seeds
Boiled in water, then grounded using
Petroselinic acid, linoleic a mixture of
acid, palmitic acid, and Fatty acids chloroform/methanol/hexane and
oleic acid finally separated by thin-layer
chromatography
Stlgmastgrol, [-sitosterol, Sterols Seed and Extracted with n-hexane in a Soxhlet
o-stigmasterol . apparatus
pericarp of (74
Linalool, camphor, and Essential corlar?der Hydrodistillation followed by
. . fruit . .
geraniol oils extraction with 2-methylbutane

Different studies involved the characterization of C. sativum phytochemicals in the extracts that were employed in
bioactivity determination. However, very few studies involved the bioactivity-guided isolation of a specific
compound that is responsible for that pharmacological action. Quercetin-rich aqueous ethanolic extract was found
beneficial in a-amylase and a-glucosidase inhibition and thus has a potential antidiabetic effect 2. The extract
also contained some other flavonoid compounds such as vanillic acid, caffeic acid, and p-coumaric acid, whereas
the total phenolic content was 2.68 + 0.07 mg GAE/g DW. Lipase inhibition activity for 1 mg/mL of aqueous ethanol
was 55.76 + 1.40% which indicates a significantly strong anti-obesity property. In the same study, the angiotensin-
converting enzyme was inhibited by coriander extracts to 70.66 + 2.34% which shows that the polyphenolic-rich
extract can be beneficial for hypertension in vitro. Moreover, the diabetic nephropathy prevention and hypolipidemic
activities were illustrated in the petroleum ether extract of C. sativum seeds that are rich in linalool, ascorbyl
palmitate, and petroselinic acid [Z2] The saturation of hexokinase enzymes due to diabetes leads to the formation
of advanced glycation end products (AGEs), which when interacting with their receptors cause vascular aging and
renal damage (4] From the above-mentioned study, it was found that linalool in addition to other terpenes and fatty
acids has the potential to bind with the RAGE receptor and subsequently block AGEs’ damaging action. In a
different study, the Eos’ major components of C. sativum were linalool, y-terpinene, and a-pinene with prominent
activities against diabetes, microbial infections, and acetylcholinesterase enzyme 751 Other activities such as
hypotensive 29 and neuroprotective ones [76] \were detected in flavonoids- and isocoumarin glycosides-containing
fractions of C. sativum, respectively. The isocoumarin glycosides cilantroside A and B, in addition to the phenolic
glycosides daphnin and benzyl-O-B3-d-glucoside, have been found to stimulate nerve growth factor as the main
neurotrophic factor which is related to nerve growth, maintenance, and neuronal survival. Moreover, the aglycones
of the isocoumarins showed anti-inflammatory effects in addition to more significant neurotrophic properties than
their glycosides. Figure 4 indicates the details on studies performed on C. sativum with the characterization or

isolation of the phytochemicals in the respective extract/fraction.
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Figure 4. The role of C. sativum phytochemicals in some of its biological activities from different studies ©
Suttisansanee, Thiyajai, Chalermchaiwat, Wongwathanarat, Pruesapan, Charoenkiatkul and Temviriyanukul 2, @
Kajal and Singh 8], @ Hajlaoui, Arraouadi, Noumi, Aouadi, Adnan, Khan, Kadri and Snoussi &, @ Hajlaoui,
Arraouadi, Noumi, Aouadi, Adnan, Khan, Kadri and Snoussi /2, ® Cha, Yoon, Kim, Kim and Lee 8 and ®
Ramadan, et al. [,
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