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Abstract:

Plants have the incredible ability, throughout their developmental cycle, to synthesize the active
compounds on which today's drugs and therapies are based. They are also able to synthesize
compounds that protect them from outside influences (enemies) and release them into individual
plant particles to activate them. Many plants are found on European soil, including the European
spruce (Picea abies). Among many other important active substances, spruce also contains limo-
nene, which, along with a- and p-pinene, is the main group of natural monoterpenes. Limonene,
which is mainly found in the peels of citrus fruits, is a useful and sought-after compound in vari-
ous fields due to its properties. In addition to its use in fragrances, flavors, and beverage additives,
it is also used in industry as a solvent and cleaning agent. Due to its ecological potential and a
broad spectrum of biological activity, it is classified as an extremely promising active ingredient.
Due to limonene's known anti-inflammatory and antiviral activity, it also appears to be of interest
in the context of the search for potential agents in the fight against SARS-CoV-2.

Keywords: natural compounds, European spruce (Picea abies), natural monoterpenes, total phe-
nols, biologically activity
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1. European spruce (Picea abies)

The European (Norway) spruce (Picea abies) belongs to the pine family (Pinaceae),
which is the most numerous family of conifers, with more than 200 species. Its home is the
European mountains of the central and northern regions. It is distributed from southern
Scandinavia to the southern parts of the Alps, the Balkans and the Carpathians, where it
thrives at altitudes of 600 to 2,000 m above sea level. In Europe it is mostly found in areas
that are not optimal for its vitality (Jeran, 2020). Due to human intervention in the envi-
ronment, it is difficult to determine its natural distribution. Due to its flexibility, it is one
of the most numerous tree species in our country. According to the Forestry Administra-
tion, the timber stock in Slovenia for 2019 is 30.4%. As elsewhere in Europe, we can find
spruce frequently even in lower altitudes due to artificial establishment. Spruce is a mo-
noecious plant, which means that both male and female flowers are produced on the same
plant. The male flowers are located on the shoots of the last season, are yellow-brown or
yellowred in colour in the middle and upper part of the crowns and reach a length of
about 3 cm. The female flowers are in an inflorescence and are bright red. Initially they are
erect, as they grow, they become 2-4 cm long and develop into cylindrical, pendulous
cones. Unlike the male flowers, which are found in the above-mentioned canopy, the fe-
male flowers are only found at the top of the canopy (Jeran et al., 2021).

The spruce is a versatile plant. Its light-coloured, relatively light and soft wood is
used mainly in construction, in the furniture and paper industries, and in the manufacture
of musical instruments. Many preparations made from spruce wood are also used for
medicinal purposes. Of particular note are the essential oils of the needles and the resin in
ointments, and the needles and tops are especially useful in the preparation of teas, baths,
and vitamin drinks (Jeran, 2020). The active ingredients contained in spruce are said to
facilitate the expectoration of mucus in colds, kill bacteria and relieve rheumatism.
Ointment made from spruce resin is effective for frostbite and rheumatic pains. From the
folk tradition, among the medicinal preparations, the most famous is spruce syrup, pre-
pared by generations to relieve colds and flu in winter. In spring, we harvest the buds,
which are up to 2.5 cm long (by then they contain most of the active ingredients), and put
them in a glass jar, which we fill in layers with sugar or honey. Then we put the jar in a
warm place (e.g., on a sunny windowsill) for about three weeks. After the elapsed time,
we mix the contents well and filter (filtrate). Thus ready, store the syrup in a cool place
until use (Jeran, 2020).

2. Biologically active compounds in European spruce (Picea abies)

The bark of conifers contains large amounts of lipophilic extractives. In spruce, fat-
ty/resin acids, sterols, and triterpenoids are the most abundant extracts in the inner and
outer bark. Spruce bark is also known to be a rich source of phenolic extracts, terpenes,
resin acids, flavonoids, stilbenes and stilbene glucosides, lignin and holocellulose. Spruce
bark is a source of B-sitosterol and methyl dehydroabietate, which have antibacterial and
antioxidant properties. Stilbenes from spruce bark extracts are also known for their potent
antioxidant properties. Tannins from the bark of conifers are used in the manufacture of
foams, in medicine, in cosmetics, and in sewage treatment. In addition, raw or extracted
bark can be used as an absorbent, and spruce bark has been suggested as a potential
feedstock for the production of ethanol from lignocellulose (Bukhanko et al., 2020).

Needles contains mono- and sesquiterpenes, fatty acids, phenolic compounds, stil-
bene glucosides, waxes and carbohydrates as well as long-chain alcohols, e. g. nonaco-
san-10-ol, which has superhydrophobic properties (Bukhanko et al., 2020).

The twigs of spruce contain branches that contain resin acids and lignans. However,
the content of lignans in the twigs is much lower than in the branches. This gives it po-
tential for use in the manufacture of surfactants, paints, personal care products, cosmetics,
and adhesives, as well as a potential raw material for the manufacture of antioxidants
(Bukhanko et al., 2020).
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Figure 1. Example of structures of biologically active compounds in European spruce (middle part of the photo: European spruce on
the Slovenian plateau Velika planina). From (Jeran et al., 2021).

Polyphenols are compounds with one or more hydroxyl groups attached to the
benzene ring, which give them the ability to capture free radicals, moreover it gives them
a stronger acidic character in comparison to other alcohol groups. This chemical reactivity
is responsible for the antioxidant character of polyphenols. Nisca et al. have found a
strong correlation between the antioxidant capacity and content of total polyphenols us-
ing ultrasound assisted extraction (UAE) and microwave assisted extraction (MAE). Re-
sults also suggested that higher polyphenolic content may lead to a stronger antioxidant
activity (Nisca et al., 2021).

The bark of woody vascular plants is often considered a forest waste, but it can be an
important source of bioactive compounds with a high potential for capitalisation. The
large number of publications regarding the analysis of phenolic compounds extracted
from the bark of woody vascular plants is testament to their importance and their value.
Consequently, biologically active compounds obtained from the bark of woody plants
could be exploited on an industrial scale (Tanase et al., 2019).

Several studies that the best results in terms of total phenolic compounds and anti-
oxidant capacity were obtained for ultrasound assisted extraction (UAE) extract. In study
conducted by Spinelli et.al (2021) UAE extract exerted the maximum phenolic concentra-
tion among the various green techniques adopted (54.97 + 2.00 mg GAEs/g dray weight).
The literature also confirms that UAE applied to various natural matrices significantly
increases the phenolic compounds extracted, compared with alternative extraction
methods. As a fact, the production of cavitation bubbles promotes better extraction yield
and increases the antioxidant activity of these extracts (Spinelli et al., 2021).

We will further focus on the properties of limonene, which, along with a- and
B-pinene, the main group of monoterpenes of European spruce (Picea abies).

3. Limonene
3.1. Chemical background

Limonene is a liquid, colorless hydrocarbon named after the lemon. It is present in
lemon peels and lupins of other citrus fruits in considerable quantities and gives them a
characteristic odor. Limonene is an optically active compound and occurs in two enan-
tiomeric forms: the R- and S- forms. The forms differ in source, odor, and taste (Jeran et
al., 2021). The enantiomers have the same chemical and physical properties but differ
only in the direction of rotation of the plane of linearly polarized light. The enantiomer in
solution rotates the plane of polarized light to the right and the other to the left. For ex-
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ample, a chiral molecule that rotates the light to the right is called "right-handed". Some
chemical differences between different isomers occur in the presence of other molecules
(Barkel, 2012). Despite their physicochemical similarity, they can have different enanti-
omers that differ significantly in their biological activity. For example, in biochemistry,
different enantiomers adapt differently to different enzymes, which explains why they
often taste and smell differently and act differently as drugs (Barkel, 2012).

The R-(+)-enantiomer of limonene, also known as D-limonene, is the main com-
pound in the essential oils of citrus peels (Citrus spp.). It is also widely present in some
species of shrubs (Lippia) and wormwood (Artemisia) (Erasto et al., 2008). The S-limonene
form is commonly found in essential oils of the genus Pinus (e.g., pine needles) and the
genus Mentha (e.g., meta-spearmint). When both enantiomers of the chiral active ingre-
dient are present in the mixture in equal amounts (in a 1:1 ratio), such a mixture is not
optically active and is often referred to in chemistry as a racemic mixture or racemate.
The limonene racemate is called dipentene (Jeran et al., 2021).

CH;

Figure 2. The monocyclic terpene limonene is named 1-methyl-4-(1-methyletenyl)cyclohexene according to IUPAC nomenclature.
The figure shows the skeletal form of its enantiomeric forms.

Table 1. Physical properties of limonene. Adapted from: Gupta et al. (2021).

Molecular formula C10H16

Molecular weight 136.24

State at room temperature Colorless liquid

Melting point -73.3 oC

Density 175.5-176 oC

Solubility Slightly soluble in water at 25 oC: 13.8 mg/L. Moderately soluble in acetone,
dimethyl sulfoxide, ethanol, benzene, carbon tetrachloride, diethyl ether,
petroleum ether

Storage Away from light and air. It forms various oxidation products with atmospheric

oxygen, such ascarvone, limonen oxyde, carveol and limonene hydroperoxides

Limonene is liquid at room temperature and has proved to be a versatile solvent in
the course of the development of its use. Its nonpolar nature shows an affinity for fats,
which is why it has been used as an industrial detergent for over thirty years. An im-
portant advantage is that it is non-toxic, so it can easily be substituted for toxic and
banned solvents such as methyl ethyl ketone (MEK), xylene (dimethylbenzene) and hy-
drofluorocarbons (CFCs). Its advantages also include biodegradability — it can be broken
down relatively quickly to carbon dioxide and water — and the ability to be isolated from
renewable sources. It is mainly obtained as a by-product from the processing of citrus
peels, from which the lemon is then distilled. Such an isolated lemon is suitable for both
technical purposes and for use in food. The essential oil from orange peel obtained by
such a process contains 99% by weight of limonene (Burnham, 2008).

Limonene is used in many products as a flavoring and fragrance, for example in
perfumes, beverages, detergents and soaps. In the field of synthesis and processing, it is
used as a starting material for the production of various natural products and also plays
an important role in the production of p-cymene (Erasto et al., 2008). The compound
p-cymene is used as a drug to prevent cough and to loosen phlegm and is also present as
a reagent in the synthesis of pesticides and fungicides16. The US Food and Drug Ad-
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ministration classifies it in the "GRAS" category, which is generally recognized as safe
(Marchese et al., 2017).

3.2. Biological activity of limonene

The widespread use of limonene in soft drinks, cosmetics, and other products has
stimulated research into its potential antitumor and antimicrobial properties (Erasto et
al., 2008). It is also known as a natural insecticide used to control pests and prevent
spoilage of stored products (Erasto et al., 2008). The advantage of limonene over syn-
thetic pesticides is its biodegradability, which is why it is considered "green" or envi-
ronmentally friendly. Its pharmacological properties, low toxicity and allergenicity open
the possibility of its use in various medicinal and cosmetic products. The content of
limonene should be stated on if it is above 0.01% on the products that are washed-off
(such as shampoos, care balms, etc.) or. 0.001% in products intended for direct applica-
tion on the body surface (such as varnishes, creams, make-up, etc.) (Erasto et al., 2008).

The chemopreventive properties of limonene have also been studied in various
types of cancer (Erasto et al., 2008). Cancer chemoprevention involves various dietary or
pharmacological preparations with which we aim to prevent or inhibit the process of
tumor development, even before the disease becomes clinically manifest. This requires
the effective use of compounds that inhibit specific molecular steps of carcinogenesis at
the developmental stage (Jiang, 2018). Consumption of limonene in rodents has been
shown to inhibit the development of skin and lung cancer as well as stomach cancer
(Erasto et al., 2018 & Abiodun Elegbede et al., 1986).

Nowadays, the biggest problem is the power of microorganisms against various
known antimicrobial agents. One of the mechanisms of action is biofilm formation.
Agents that inhibit biofilm production (including limonene) are therefore under intense
investigation as possible alternative therapeutics (Gupta et al., 2021). Limonene has been
shown to be an effective inhibitor of biofilm of B. cereus, E. coli, P. putida and P. anomala
(Gupta et al., 2021). At a concentration of 400 pg/mL, about 75-95% inhibition of biofilm
growth was observed against S. pyogenes, S. mutans and S. mitis (Kerekes et al., 2013), and
the resulting biofilm mass was reduced by up to 90% after 8 hours of incubation in 2000
UL/L for different strains. S. aureus (Espina et al., 2018). Further studies with limonene
also showed effective biofilm inhibition against P. aeruginosa, C. albicans and C. parapsilosis
(Gupta et al., 2021; Pekmezovic et al., 2016). The effect of limonene on S. mutans biofilm
was also demonstrated in silico studies, making it a suitable candidate for studying these
properties (Gupta et al., 2021 & Nosrati et al., 2018).

3.3. Limonene and SARS-CoV-2 virus

Viruses cause many life-threatening diseases. Although many drugs have been de-
veloped against viruses in the past, their action has caused many side effects. Therefore,
antiviral agents are still being developed and improved. Recent studies on limonene
suggest that it may also be of interest in the current epidemic/pandemic (Gupta et al.,
2021). In addition to the influenza virus and several other viruses, limonene has been
identified as an inhibitor of the coronavirus SARS (Gupta et al., 2021). The SARS virus
specifically binds to protein S, an enzyme that converts angiotensin 2 (ACE2). The en-
zyme ACE2 is found on cell membranes and serves as an entry port for the virus into the
host cell (Koren et al., 2021; Kralj-Igli¢ et al., 2020). In a docking study, it was found that
limonene could bind to ACE2 and potentially prevent the virus from entering cells (Ab-
delli et al., 2021).

4. Conclusions

Recent evidence on spruce suggests that it is a "green" source of various natural or-
ganic compounds (such as limonene, borneol) (Jeran et al., 2021) and cellular particles
associated with extracellular vesicles (Jeran et al, 2021). The interdisciplinary synthesis of
knowledge in the field of natural products shows an extraordinary potential for future
applications, because nature offers a large number of active compounds. The model of
spruce and the active ingredient limonene also covers the vertical aspect of use — from
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industry, education, research to medical applications. Due to the constant development
of science, scientists will continue to focus on the mechanism of formation of various ac-
tive substances in plants and use the knowledge for the benefit of a modern and sus-
tainable society.
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