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Ayurveda and herbal medicine have been around since the early days of medicine 
and have now been gaining recognition and popularity in modern medicine as secondary 
metabolites from plants have been identified to possess therapeutic value. Different 
parts of a plant can be used in herbal medicine, however, flowers, especially female 
flowers are the most concentrated regions for sites of production of beneficial secondary 
metabolites in cannabis, saffron and Epiphyllum oxypetalum. Research is slowly focusing 
on investigating the therapeutic activity of many medicinal plants as well as identifying 
its secondary metabolites and their role in the pharmacologic activity. Plants such as 
cannabis, saffron, and Epiphyllum oxypetalum are of growing interest as people are 
considering nutritionally important diets.

Keywords: Ayurveda; Herbal Medicine; Medicinal Plants; Cannabis; Saffron; Epiphyllum 
Oxypetalum; Secondary Metabolites

Abbreviations: THC: Tetrahydrocannabinol; CBD: Cannabidiol; CBG: Cannabigerol; CBN: 
Cannabinol; CBC: Cannabichromene; GC-MS: Gas Chromatography-Mass Spectrometry

Received:  June 21, 2021

Published:   July 06, 2021

Citation: Aayushi Patel, Shrina Patel, 
Pravallika Sanke, Shobha Potlakayala, 
Sairam Rudrabhatla. Medicinally Impor-
tant Compounds in the Flowers of Three 
Higher Plants: Cannabis, Saffron, and Epi-
phyllum oxypetalum. Biomed J Sci & Tech 
Res 36(5)-2021. BJSTR. MS.ID.005929.

Herbal Medicine and Ayurveda
Ayurveda, also known as traditional Indian medicine, has gained 

popularity throughout the years. Ayurveda dates back to about 
3000 B.C., and the foundation of Ayurveda involves a holistic view of 
treatment based on different aspects of human life - the body, mind, 
soul [1]. Although conventional medicine dominates the market, 
there are many limitations. Many of the medications often have side 
effects and can cause dependence making them problematic after 
the medication is discontinued [2]. In such situations, Ayurveda can 
offer an alternative. The response towards Ayurvedic treatments 
is generally well as patients experience a reduction or potentially 
the cessation of their symptoms [2]. Herbal medicine, which stems 
from Ayurveda, has gained popularity and has been around for 
numerous years. In the United States, approximately 1 in 5 adults  

 
have reported taking an herbal product [3]. In many places, they 
offer an alternative to pharmaceutical drugs that is more readily 
available and affordable [4]. Herbal medicine involves the use of 
different parts of a plant for medicinal and therapeutic value. The 
parts of the plant include the roots, seeds, berries, leaves, bark, 
or flowers [5]. Among the many advantages of herbal medicines, 
another advantage is that they are a renewable source [6]. 

Herbal medicines are a growing market to accommodate a 
growing worldwide demand. Herbal medicines have increased 
presence in functional foods, nutraceuticals, and natural health 
products [7]. The increased presence is a result of the numerous 
methods that herbal medicines can be processed and formulated. 
Herbal medicines can be processed and formulated as tablets, 
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capsules, teas, tinctures, creams, oils, and liquids [7]. Although 
there is a rich history of use associated with herbal medicine, there 
are limitations. One of the major limitations to herbal medicine 
includes a lack of systematic approach to assess and demonstrate 
the efficacy, effectiveness, safety, and quality [8]. Herbal medicines 
are derived from plants, or their parts and the chemical composition 
can vary. The varying chemical composition is dependent upon the 
chemotype, the botanical species used, and the part of the plant 
used as well as extrinsic factors [9]. As a result of these factors and 
limitations, further research is necessary to establish the efficacy, 
quality, and safety of the products derived from medicinal plants. 
Unlike allopathic medicine which contain specific ingredients, a 
comprehensive characterization of compounds in herbal medicines 
is necessary [10]. 

Medicinal Plants 
Throughout history, compounds of medicinal importance 

have been isolated from different parts of the plants. Secondary 
metabolites are a diverse group of compounds that are derived from 
primary metabolites. Unlike primary metabolites, the distribution 
of secondary metabolites is limited in the plant kingdom and can 
vary in both quantity and quality for any given plant species that is 
grown in different environments [11]. Medicinal plants are known 
to be rich in secondary metabolites. The classes of secondary 
metabolites with therapeutic value include phenolics, alkaloids, 
saponins, terpenes, lipids, glycosides, amines, insecticides, 
steroids, flavonoids, tannins, coumarins, chromones, xanthanes, 
stilbenes, lignans, and carbohydrates among other groups [12]. 
These secondary metabolites are behind the medicinal properties 
of the plants including but not limited to antitumorigenic, anti-
inflammatory, antioxidant, antiseptic, antimicrobial. The biological 
effects of these secondary metabolites provide the scientific 
basis behind the use of herbal medicine and Ayurveda in modern 
medicine. It is important to note that the medicinal effect is due to 
more than one secondary metabolite. In recent years, secondary 
metabolites have gained commercial importance and the potential 
to alter the production of bioactive plant metabolites using 
tissue culture technology [11]. Secondary metabolites are unique 
to superior plants which are plants that possess flowers and 
consequently seeds; these plants are also known as spermatophytes 
[13]. Secondary metabolites tend to be most concentrated in female 
flowers of the plant. 

Female Flowers Versus Male Flowers
Angiosperms, approximately 352,000 of known plant 

species, are flowering plants and the flowers are what allows 
plants to reproduce by making seeds [14]. Plants can be male, 
female, or hermaphrodites. A large number of flowering plants 
are hermaphrodites, exhibiting both male and female sexual 

characteristics [15]. Sexual dimorphism are the differences 
among male and female plants of a given dioecious flowering 
plant species [15]. It has been found that male and female plants 
differ in vegetative and reproductive traits [15]. There are 
structural differences in the makeup of male and female flowers. 
The male flower includes the stamens which consists of a stalk 
or filaments that supports the anther at the top, and the anther 
produces the pollen. The female flower contains organs called the 
stigma, ovary, and style which make up the pistil or carpel. At the 
top is the stigma that collects pollen, ovary at the bottom where 
fertilization occurs, and in between is the style that supports the 
stigma [16]. Other differences in male and female flowers include 
growth rate, mortality rate, reproductive effort, strength, and 
flowering time [15]. The cost of reproduction is generally more in 
females compared to males [15]. Some support that the differences 
between males and females are linked to the roles that they play in 
sexual reproduction [17]. For example, male inflorescence will not 
only develop earlier, but males will also flower earlier than females 
[17]. There are also differences in attraction to floral fragrance. For 
example, a study showed that a majority of the male species of a 
sample species population released more volatiles per flower [18]. 
This could however also be associated with larger flower size in 
males. However, female flowers are known to have more secondary 
metabolites than male flowers. In recent times, research has been 
geared more towards the study of secondary metabolites in various 
regions of the plant, especially the flower in medicinal plants such 
as cannabis, saffron, and Epiphyllum oxypetalum.

Cannabis 
Cannabis belongs to the family Cannabaceae with three species, 

C sativa [19]. Of the three species, C. sativa has a rich history of use 
as a medicinal plant and serves many other purposes. Some of the 
other uses of C. sativa include it being used as a source of fiber, 
food, and oil [20]. As a medicinal plant, cannabis use dates back to 
thousands of years. The first account of the plant’s medicinal use was 
during the 6th century B.C. from the Middle East and Asia and was 
then introduced to western medicine during the early 19th century 
[21]. C. sativa contains numerous secondary metabolites that have 
therapeutic value. The plant contains more than 540 compounds 
that are important for medicinal use [22]. These compounds 
include cannabinoids, terpenoids, flavonoids, and alkaloids that 
are mainly concentrated in the trichome cavity of the female 
flowers [20,23]. Cannabis, a well-researched crop, has numerous 
applications and has been used medicinally for numerous years. 
Cannabis is well studied, in that hundreds of secondary metabolites 
in cannabis have been identified to have therapeutic value with 
the concentration of cannabinoids the highest in terminal flowers 
[24]. The therapeutic value of Cannabis is largely dependent on 
phytocannabinoid production by the plant. 
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Out of the cannabinoids present in Cannabis, tetrahydrocan-
nabinol (THC) and cannabidiol (CBD) are the most studied and 
are the main biologically active cannabinoids [24-26]. Along with 
cannabinoids, the plant is also rich in terpenoids and flavonoids 
and other secondary metabolites with more than 540 phytochemi-
cals identified including but not limited to CBD, THC, cannabigerol 
(CBG), cannabinol (CBN), and cannabichromene (CBC) [27]. CBD, 
a major metabolite of C. sativa, has been shown to have analgesic, 
anti-inflammatory, anxiolytic, anticonvulsant, and cytotoxic effects 

[28]. THC, the psychoactive component, has been used as an an-
ti-vomiting drug and as an appetite stimulant [29]. CBG, the least 
studied phytocannabinoid, has been suggested to have many appli-
cations such as an analgesic, anti-inflammatory, and neuroprotec-
tive agent [30]. CBN has shown the potential to have antibacterial 
activity [31]. CBC has shown to have anti-inflammatory and anti-
nociceptive activity [32]. The common metabolites of Cannabis are 
shown in Figure 1. 

Figure 1: Focal Group Discussion themes obtained from participant’s records.

Saffron

Figure 2: Biologically active compounds of Saffron.

Saffron, which are the dried stigmas of Crocus sativus, is a highly 
valued crop that is a member of the Iridaceae family [33]. One of the 
reasons saffron is considered expensive is because of the demand 
for intensive labor - farmers manually pick the flowers and isolate 
the stigmas [34-35]. It is an ancient spice, whose use dates back to 
thousands of years, and serves many purposes. Saffron has been 
used as a spice in cuisines, in cosmetics, and as a coloring agent in the 
textile industry [36]. Recently, saffron has gained renewed interest 
due to the potential health benefits. Saffron has been attributed 
with many therapeutic properties. Saffron has shown to have 

anodyne, antidepressant, antispasmodic, aphrodisiac, diaphoretic, 
expectorant, and emmenagogue effects [37]. In the same review 
by Alam, et al. [37], it was also mentioned that saffron extract 
has antinociceptive, anti-inflammatory, antitumor, anticonvulsant 
activities. These activities have been attributed to the compounds 
found in saffron. Chemical analysis has shown the presence of 
approximately 150 volatile and non-volatile compounds [38,39]. Of 
these 150 compounds, there are 3 biologically active compounds 
that are key. These compounds are crocin, picrocrocin and safranal, 
as shown in Figure 2, are responsible for the color, flavor, and aroma 
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respectively [38,40]. Crocin, a vital saffron pigment and carotenoid, 
has been found to have antioxidant activity [38,40]. Crocin traps 
free radicals, highly reactive chemicals that have the potential to 
cause harm, and thereby protecting cells from oxidation [40,41]. 
Although picrocrocin has not shown to have medicinal properties, 
it is a precursor for safranal [40]. Safranal has been used for the 
treatment of cardiovascular and neurological disorders [40].

Epiphyllum Oxypetalum 
Epiphyllum oxypetalum, often referred to as Brahma Kamalam 

or the Queen of the Night among other names, is a plant belonging 
to the Cactaceae family that is relatively less known as a medicinal 
plant and more known as an ornamental plant [42]. In fact, research 
is currently very limited on this crop. This plant has been used 
traditionally in Malay medicine, and it has been used to treat bloody 
phlegm and cough, uterine bleeding, and shortness of breath in the 
elderly. The plant is also believed to have the ability to neutralize 
blood clotting and limit pain [43,44]. In addition, the stem of the 
plant has been implicated in curing cardiac affections and dropsy, 
and the flowers are used in treating wound abscesses and allow for 
quick healing [44]. In Vietnamese medicine, petals of faded blooms 
are used to make soups that have tonic and aphrodisiac properties 
[44]. Very little is known about the phytochemicals in Brahma 
Kamalam due to the lack of published research on this plant. 
Dhandekhar et al. [2015]., reported phytochemical analysis on leaf 
extracts from Epiphyllum oxypetalum in which the compounds 
identified which were reported to possess anti-inflammatory, 
antioxidant, and antimicrobial activity. More recently, Jayashree, 
et al. [45] have reported the phytochemical analysis on the flower 
extracts of Brahma Kamalam. 

Phytochemical analysis of Epiphyllum oxypetalum flower 
extracts detected the presence of alkaloids, saponin, protein, 
terpenoids, flavonoids, tannin, and steroids [45]. This same study 
by Jayashree, et al. [45] also performed a gas chromatography-

mass spectrometry (GC-MS) analysis of the phytochemical 
compounds found in the flower extract of the Brahma Kamalam 
in which they detected 11 compounds as shown in Figure 3. The 
first compound they detected was hexadecanoic acid, ethyl ester, 
a palmitic fatty acid, which is known to be an antioxidant, flavor 
component, hypocholesterolemic, nematicide, pesticide, lubricant, 
antiandrogenic, hemolytic, a 5-alpha reductase inhibitor, and 
antipsychotic [43,46]. Nonadecanoic acid is another fatty acid 
which is known to have anticancer and antiproliferative activities 
[47]. Oleic acid is also a fatty acid which is an anticancer and 
emulsion agent; it also aids in maintaining a healthy lipid profile 
and cholesterol levels [48,49]. There has been no activity reported 
for 11-tridecen-1-ol; however, this compound has been reported in 
an antimalarial polyherbal formulation [50]. 1-octadecyne has been 
reported to have anti-inflammatory, cytotoxic, and antimicrobial 
activities [51]. Hexadecanal has the medicinal properties of 
playing a role in protein dimerization and neuropeptide [52]. It 
is also an antioxidant, hypocholesterolemic, antiandrogenic and 
hemolytic [45]. Spiro[androdt-5-ene-17,1-cyclobutan]-2-1-3-
hydroxy has antiarthritic, hepatoprotective, antiasthma, diuretic, 
and anti-inflammatory properties [46,53]. 1,6;3,4-dianhydro-
2-deoxy-β-D-Lyxo-hexopyranose exhibits antimicrobial activity 
[45,53]. Di-n-decylsulfone is known to have antifungal and 
antimicrobial properties [45,54]. 7-hydroxy-3[1,1-dimethyl prop-
2enyl] coumarin has antifungal, anticancer, and anti-inflammatory 
activity [45,55]. Pterin-6-carboxylic acid has been investigated for 
its inhibition of the phosphodiesterase 5 enzyme; it is also known 
to have antipsychotic, mood stabilizing, and anti-parasite activities 
as well. Epiphyllum oxypetalum has a lot of potential, but limited 
research is available on this plant. With more research on the 
phytochemicals of this plant and its potential uses and contributions 
to the medicinal activity of the plant, the diverse medicinal activity 
of this plant can be exploited for the betterment and for the future 
of modern medicine [56]. 

Figure 3: Compounds detected in Epiphyllum oxypetalum.
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Conclusion
Cannabis, saffron, and Epiphyllum oxypetalum are all medicinal 

plants on which various amounts of research has been conducted 
to study the plant and its secondary metabolites for its therapeutic 
value. These medicinal plants among others have the potential 
to advance modern medicine and aid in the treatment of many 
ailments plaguing the present and future of humanity.
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