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Abstract

Hemp (Cannabis sativa) is a valuable plant that can be used in its entirety, has economic value in many different areas, and is superior in almost all
areas of use. It is a dioecious annual plant that is becoming more and more valuable for the pharmaceutical industry. Due to its fibers, seeds and
especially the cannabinoids it contains, the number and quality of academic studies on this subject have been rapidly increasing recently.
Phytochemical content is one of the most important factors in hemp production. The phytochemicals of Cannabis sativa are quite complex and
hundreds of compounds from different chemical classes have been identified. In hemp, amino acids, fatty acids and steroids represent the primary
metabolism, while cannabinoids, flavonoids, stilbenoids, terpenoids, lignans and alkaloids represent secondary metabolites. Cannabis sativa, which
has the potential to contribute to the country's economy, has features that encourage use in both industry and medical fields, causing the plant to be
considered as the plant of the future.
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1. INTRODUCTION

Nowadays, interest in plant-derived antioxidants is increasing. Due to its natural origins, it is considered non-toxic, safe for humans
and the environment. Therefore, the application of natural antioxidants, such as dietary antioxidants, nutritional supplements or
functional nutritional ingredients, is viewed as more environmentally friendly and more preferred by consumers [1]. As an important
plant source, studies on the antioxidant activity of the hemp plant are limited [2]. Hemp is also used for medical and nutritional
purposes. Hemp has great economic importance as it is used in the production of textiles, paper, and household goods. Hemp is
generally researched in two classes: industrial and medical hemp [3]. Hemp (Cannabis sativa L.), belonging to the Cannabinaceae
family, is known as an annual and generally dioecious plant with palmate leaves and is cultivated in Tiirkiye [4]. Hemp cultivation is
done under control due to the psycho-active substances obtained from female hemp. All types of hemp contain components containing
narcotic properties, especially Cannabis indica species contain the most narcotic components and are grown mostly to obtain narcotic
substances. Hemp, whose vegetative growth rate increases with the increase in day length, transitions to the flowering phase with the
onset of short days. Although the growing period of the plant is 4-6 months, the variability of factors such as temperature, hormonal
control, photoperiod, and stress can increase or shorten the growing period of the plant. The site of synthesis and storage of
cannabinoids is the glandular trichomes (galdular hairs). The most important reason why the amount of cannabinoids in female plants
is generally higher than in males is that they have more glandular trichomes [5]. Glandular hairs, which have the functionality to
increase the adaptation of plants to their environmental conditions, to be a physical barrier against external factors (pathogens,
animals, etc.), as well as to protect against extreme temperatures and ultraviolet radiation, can be seen in various structures and shapes
originating from the epidermal cells of the plant. In hemp, glandular hairs are the primary structures for synthesizing and storing
cannabinoids [6]. The female inflorescences and leaves of hemp are covered with glandular trichomes, which are the highest
concentrations of phyto-cannabinoids and their ability to synthesize secondary metabolites [7]. Hemp contains many phytochemicals
(amino acids, fatty acids and steroids, phytocannabinoids, terpenes and phenolic compounds) belonging to different chemical classes.
Their concentrations vary depending on both plant characteristics (tissue type, age, etc.) and environmental factors (temperature,
humidity, light, etc.) [4]. Fiber, essential oils and seeds are obtained from different parts of the plant [8]. In recent years, interest in the
use of industrial hemp seeds for oil and flour production has increased and its cultivation has become widespread all over the world.
Thanks to its root systems, it is very resistant to drought and also to pests. It requires less water than other fiber plants, grows very
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quickly and can be widely cultivated in many geographies [9]. Lignocellulosic fibers are among the highest quality fibers and also
have antibacterial properties. For this reason, it is very suitable for the production of antibacterial textile products and surgical
materials [8].

2. CHEMICAL CONTENT OF HEMP

Hemp, whose phytochemical content is very complex, contains many compounds belonging to different chemical classes. Most of the
chemical compounds contained in hemp are produced through secondary metabolism. Secondary metabolites are obtained by
synthesizing primary metabolism products. The versatile roles of secondary metabolites such as natural selection, ecology, and their
relationships with plant-animal microorganisms are also very important. C.sativa has a variety of chemical compounds, including such
as cannabinoids (cannabigerol, cannabichromene, cannabidiol, cannabisykosol, cannabielsoin, cannabinol, cannabinodial,
cannabitriol), enzymes, amino acids, proteins, glycoproteins, sugars, hydrocarbons, nitrogenous components, simple esters, fatty acids,
lactones, steroids, terpenes, phenols, flavonoids, vitamins, pigments and elements. While amino acids, fatty acids and steroids found in
the plant belong to primary metabolism; Phytocannabinoids, terpenes and phenolic compounds are known as metabolites of secondary
metabolism. The main cannabinoids of the cannabis species are THC (A9-tetrahydrocannabinol), CBD (Cannabidiol), CBDA
(Cannabidiolic acid), CBG (Cannabigerol), CBGA (Cannabigerolic acid), CBGV (Kannabigevarin) and CBGVA (Cannabigevaric
acid) [10]. Receptors that do not activate most cannabis compounds are also often called cannabinoids. However, (A9-
tetrahydrocannabinol is the main compound that is the psychoactive substance. Particularly two of the phytochemical substances
contained in C. sativa L., THC and CBD, find use in terms of their pharmacological properties. Among the cannabinoids, the
compound with the highest antioxidant activity and other biological activities is cannabidiol (CBD). Formation of CBD; The
biosynthesis of cannabinoids occurs by the degradation of THC and its storage for a long time. [11]. THC and CBD are responsible for
the therapeutic effects of hemp are its two main active ingredients. While THC is psychoactive, CBD is not psychoactive. However,
this is not the case for all cannabis varieties. However, this is not the case for all cannabis varieties. While the fiber-rich hemp variety
usually contains low amounts of psychoactive THC, the medically used hemp variety has a much higher THC content [4]. It has
attracted the attention of pharmaceutical companies as a result of studies showing that CBD does not have psychoactive properties
and, on the contrary, can be effective in the treatment process for many diseases such as cancer, epilepsy and Parkinson's [12]. It also
contains more than 545 known compounds that give cannabis its distinct medicinal properties [13]. In the cannabis plant, cannabinoids
are synthesized and stored in glandular hairs.

Cannabinoids synthesized in the glandular hairs are stored in the secretory space between the cuticle and the disc cells that form the
head of the glandular hairs [14]. Cannabinoid content varies in terms of quantity and quality. The amount of cannabinoids is affected
by environmental factors. Cannabinoid quality is largely genetic [15]. C.sativa has five different chemotype groups based on their
cannabinoid profiles. Chemotype-1 contains large amounts of A°-tetrahydrocannabinol (A° THC), while chemotypes-1ll and 1V are
fiber-producing plants with high amounts of non-psychoactive cannabinoids. While chemotype-I1I is found among plants with high
drug and fiber content, chemotype-V plants produce fiber but do not contain cannabinoids [16-17]. Flavonoids are products found
everywhere in the plant body and have many functions in plant biochemistry, physiology and ecology [18]. Terpenes and terpenoids
are important components of medicinal aromatic plants, including cannabis, that have pharmacological effects, including resins and
essential oils. Terpenes, unlike terpenoids, are basic hydrocarbons. It contains functional groups of a wide variety of chemical
elements. However, terpenes and terpenoids are often used interchangeably. Terpenes constitute the largest phytochemical group.
Terpenes have been reported to be isolated from the essential oil obtained from flowers, roots, and leaves [19]. Terpenes are widely
used in industry, perfumery, as food additives and in traditional medicines. Cannabis plants typically consist of terpenes up to 3-5% of
the dry mass of the female inflorescence. Hemp terpenes are typically simple mono- and sesquiterpenes derived from two and three
isoprene units, respectively. Terpenoids or isoprenoids are another important group of major plant metabolites. Isoprenoids function as
plant hormones (abscisic acid, cytokinin’s and gibberellic acid) in primary metabolism, are an important component of the cell
membrane (sterols), carry oxygen to cells and play an effective role in photosynthesis (Table 1). Secondary metabolites they take part
in transmission and plant defence mechanisms [20]. Alkaloids are another important secondary metabolite in plants. However,
alkaloids are a very large and heterogeneous group of compounds that can be obtained not only from plants but also from
microorganisms, insects, and animals. Although alkaloids are basic, they are generally nitrogen compounds with biological activity at
low doses and are obtained from amino acids. 10 alkaloids have been identified in cannabis. These alkaloids have been isolated from
the stem, leaves, roots, pollen and seeds of cannabis [7,11]. In plants, alkaloids often serve as a defence against predators due to their
toxicity, bitter taste, and effects on the central nervous system, resulting in increased species survival [20]. Although the effects of
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alkaloids on human physiology are diverse, some alkaloids affect the nervous system and sometimes cause hallucinations, while
others affect the muscles. Due to these negative properties, alkaloids can even cause death. On the other hand, they constitute one of
the raw materials of important medicines [22].

Table 1. Pharmacological properties of Cannabis sativa described in the literature.

SN Part used Extraction Pharma_cological Compounds
method properties References
1 Stem, leaves, Hydro-distillation Antiplasmodial Beta-myrcene (15%)  [23], [24], [25]
seeds, flowers  and solvent activity, anti-
extraction inflammatory
2 Steam Hydro-distillation Anti-tumour, a-pinene (16.4— [26]
Antioxidant, and 18.2%)
antimicrobial
activities
3 Steam Hydro-distillation Anti-inflammatory a-humulene (6.9 [26], [27]
8.3%)
4 Whole Ethanol extracts Analgesic and anti- Linalool (10.06%) [28]
plant inflammatory
5 Flowers, Steam distillation Analgesic and p-caryophyllene [29]
bracts, and anticancer activities oxide (19.71%)
peduncle
6 Steam Hydro-distillation Anticancer, p-pinene (5.2%) [26], [27]
anticoagulation,
antimalarial,

antimicrobial, and
antioxidant effect

3. BIOLOGICAL ACTIVITIES OF HEMP
3.1 Antimicrobial Activity

The use of plants in healing diseases dates back almost to the era of humanity. Throughout human history, different forms of plants
have been turned into poultices and applied to open wounds, boiled, and consumed as food, or consumed directly as food. When we
look at the world in general, approximately half of the deaths in tropical countries are caused by infection. Every year, 300,000
children in Africa die from infections caused by microorganisms related to E. coli, Shigella and Salmonella species. Perhaps this
situation is not surprising considering the socio-economic status of the countries, but infection-related diseases and deaths are
increasing day by day in developed countries [30]. Therefore, it has become necessary to develop new strategies in the prevention and
treatment of infectious diseases. For this reason, it is quite natural that pharmacologists and especially microbiologists turn to plants in
search of antimicrobial agents. Over time, microorganisms acquire resistance to drugs and transmit them to new members [31]. In this
respect, the antimicrobial effect of the hemp plant has begun to be investigated in recent years. Hemp seed oil contains moderate to
high amounts of tocopherols and tocotrienols, phytosterols, phospholipids, carotenes, and minerals [32]. These properties of hemp
seed oil allow for numerous potential applications as a functional ingredient in foods and in the treatment of many different health
problems [33].

A recent study suggested that hemp seed oil can be used in antimicrobial research against Gram-positive bacteria [34]. C. sativa was
extensively studied by many researchers [35-47] and reported the antimicrobial activities. According to the in vitro study, the
potential antimicrobial effect of C. sativa leaf extracts containing ethanol, chloroform, acetone, and water is effective against P.
aeruginosa, E. coli, S. aureus, and A. niger tested against those positive results delayed the growth of the tested microbes. According
to the results, acetone and ethanol extracts showed maximum inhibition zone against most of the tested strains. Cannabis chloroform
extract exhibited lower activity against the microbial strain [42]. In another study, ethanol, methanol and chloroform extracts were
prepared from C. sativa leaves. The highest inhibition zone was detected in the chloroform extract of Cannabis sativa against S. typhi,
followed by the ethanol extract against S. aureus [43].
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3.2 Antioxidant Activity

Nowadays, due to increasing concerns about the reliability of synthetic antioxidants, there has been an increasing interest of the health
and food industry in obtaining natural antioxidants from medicinal and aromatic plants. Antioxidants are molecules that enable free
radicals to become stable by providing them with suitable electrons. In recent years, interest in natural antioxidant source plants has
increased greatly, and therefore the number of studies investigating the use of medicinal and aromatic plants as natural antioxidant
sources continues to increase day by day. Studies on this subject have shown that medicinal and aromatic plants contain many
phytochemical compounds with high levels of antioxidant activity [48]. Until recent years, studies on phenol and polyphenol
components in hemp seeds and by-products were scarce [49]. Even today, the polyphenol content and functions in hemp seeds as well
as other parts of the hemp plant are not fully understood. It has been reported in many studies that seeds and other parts of the plant
have high antioxidant potential [49-53].

According to studies, the antioxidant activity of extracts obtained from the hemp plant has been evaluated by many researchers and it
has been determined that they show strong antioxidant activity [54-59] (Table 2). The main polyphenols found in the seed, N-trans
caffeoyltiramine, phenylpropanoids amides, vanillic acid, gallic acid, protocatechuic acid, ferulic acid, sinapic acid, and cannabisin
were characterized. It was concluded that C. sativa would be a suitable source of polyphenols for nutraceutical or supplement
purposes [60,61]. In recent years, phenols and polyphenols, have received much attention due to their potential use as prophylactic and
therapeutic agents in many diseases. These compounds to slow down and actively neutralize oxidative stress has led researchers to
work toward disease prevention [60].

The best-characterized polyphenolic component in cannabis fruits is phenylpropanoid amides and their derivatives, also called
phenylamides or hydroxycinnamic acid amides [61]. These compounds are defined as bioactive because they exhibit multiple
pharmacological activities [62]. According to the data in the literature, it has been emphasized that the presence of large amounts of
antioxidant polyphenols in hemp seed oil is necessary not only for the protection of the consumers, but also for the preservation of the
oil [63]. Hemp seeds are a candidate to be an important source in terms of macro nutrients content and quality. It is considered an
important industrial product whose production has been permitted in some countries, especially with the development of varieties
containing low physicoactive substances. It is considered a promising product in many respects due to the antimicrobial,
antihypertensive, cancer and heart disease-preventing and shelf-life-extending effects of the phytochemicals in the seeds [64]. In
addition to their nutritional value, hemp seeds are also rich in natural antioxidants. The bioactive compounds of hemp seed oily
fraction are tocopherols [8]. Other bioactive compounds in hemp seed oil are represented by carotenoids, can act as antioxidants, and
reduce the risk of degenerative diseases [9]. It shows that the antioxidative effects of hemp seed dietary supplement can improve the
redox state under certain conditions [65]. According to another study, after the intervention of different concentrations of hemp oil in
the diets of Teddy dogs, total protein, albumin and globulin, immunoglobulin E and vy interferon (IFN-y) significantly increased in the
biochemical parameters of dogs. In addition, hemp oil improved superoxide dismutase and reduced malondialdehyde [66]. In a study
analysing the effects of hemp seed oil on oxidative stress markers and the life cycle of D. melanogaster (vinegar fly/fruit fly), under
oxidative stress conditions, hemp seed oil showed beneficial effects on oxidative stress markers [65].

Table 2. Antioxidant activity of Cannabis sativa [72]

Reference
S.N. Part Used Extract Used Method
1 Leaves, Stem, and chloroform, n-hexane, ethyl acetate ~ ABTS, DPPH, [54]
Inflorescence TAEC

2 Leaves and stems ethanol and methanol DPPH [41]
3 Whole plant aqueous DPPH [67]
4 Leaves and roots Ethyl acetate,Ethanol, DPPH [56]

acetone, chloroform, distilledwater

and methanol
5 Seeds methanol DPPH [57]
6 Leaves Aqueous ABTS, DPPH [59]
7 Seeds Hexane DPPH [68]
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8 Seeds MethanoL Total phenolic [69]
content, ABTS
9 Seeds Methanol Total phenolic [70]

content, DPPH,
total flavonoid
content, ABTS
DPPH: 2,2-difenil-1-pikrilhidrazil; TAEC: Trolox equivalent antioxidant capacity; ABTS: 2,2'-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid.

According to the study, the results obtained from antioxidant tests showed a moderate effect on C. sativa essential oil
(ICs5o=1.6 mg/m L for the DPPH test and ICsy= 0.9 mg/m L for the ferric reducing power test). Total phenolic content of hemp seed
extract was found to be 2.21 mg GAE/g FW [72]. In the study where the chemical components of the clusters of eight different fiber-
type hemp varieties grown in Switzerland were determined for different planting periods throughout the 2019 cultivation year, the
main findings were that TPC, as well as individual flavonoids and terpenes, were mainly affected by the harvest period and the
phenological stage of the plant [73]. Due to the presence and effects of bioactive components in hemp, it has been used in the
treatment of many diseases in recent years. These diseases include cancer, epilepsy, Alzheimer's, schizophrenia, diabetes, sleep
problems, chronic pain, chemotherapy-related nausea and vomiting, anorexia, anxiety, and multiple sclerosis.

4. CONCLUSION

Hemp is an important plant known to humanity for centuries. With the studies carried out in recent years, its usage areas are also
increasing. Its use in industry is particularly noteworthy. In terms of biological activity, it is seen that it is used in the treatment
methods of many diseases. It is observed that there is a need to determine the broader biological activities of cannabis both in vivo and
in vitro. Since hemp is also used as a drug, its production and consumption should be done in a controlled manner. It should be
prevented from being used for bad purposes, but its beneficial aspects should also be utilized. Therefore, its use should be increased in
industry, pharmaceutical, cosmetics, textile, furniture and construction sectors. It is seen that hemp extracts are used in the production
of many biological drugs. For this purpose, both the existing drug potential and the potential for use of new drugs are considered very
important. The concentrations of compounds present depend on plant tissue, age, genotype, growing conditions (nutrient, moisture,
and light amount), harvest time and storage conditions. These compounds are very important pharmacologically, but they have not
been adequately researched scientifically.
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