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Ethnopharmacological context: Plant oils are known to have biological activity. This review paper summarizes the
current knowledge of the composition of sea buckthorn (Elaeagnus rhamnoides (L.) A.Nelson) seed and pulp oil
oil and its beneficial health aspects.

Fatty acids Materials and methods: In vitro and in vivo studies on humans and animals have found sea buckthorn oil to have
Health a variety of beneficial properties to human health, and indicate that it may be a valuable component of human
and animal nutrition. Various bioactive substances are present in all parts of sea buckthorn, and these are used
traditionally as raw material for health foods and as nutritional supplements. The oil, berries, leaves and bark
have medicinal properties, and the fruits have a unique taste; these parts can be processed to make oil, juice, jam,
jellies and candies, as well as alcoholic and non-alcoholic beverages.

Results: Sea buckthorn oil may be extracted from the seed or the pulp. The mature seeds contain 8-20% oil and
the dried fruit pulp about 20-25%, while the fruit residue contains about 15-20% oil after juice extraction.
These oils have high concentrations of lipophilic constituents, most commonly unsaturated fatty acids (UFAs),
phytosterols and vitamins A and E. These components have a multifunctional effect on human health, with the
fatty acids playing an important function in modifying cerebrovascular and cardiovascular disorders. The oil also
has anti-oxidant, anti-inflammatory and anti-depressive properties.

Conclusion: Sea buckthorn is a unique plant. Its beneficial properties against cardiovascular disorders have been
attributed to its high UFA content and range of phytosterols, especially beta-sitosterol. However, its different
action on the human organism remain unclear, and further well-controlled, high-quality experiments with
human subjects are required to determine the prophylactic and therapeutic doses of sea buckthorn oil for use in
clinical studies. Additional studies are also needed to understand the action by which the oil exerts its beneficial
properties, i.e. its cardioprotective and anti-cancer activity.

1. Introduction fatty acids and phytosterols (Zeb, 2006; Basu et al., 2007; Kumar et al.,

2011; Suryakumar and Gupta, 2011; Xu et al., 2011; Christaki, 2012;

Sea buckthorn (Elaeagnus rhamnoides (L.) A.Nelson) is a bush or
small tree. It belongs to the Elaeagnaceae family, which is naturally
distributed throughout Eurasia from the Baltic Sea and North Sea in the
west to Central Asia in the east (Xing et al., 2002). Although a unique
mixture of bioactive compounds is found throughout the plant, this is
especially the case for the fruits, which are known as seaberry or Si-
berian pineapple (Teleszko et al., 2015). In vitro studies, and in vivo
human and animal models, have found the juices, jams and oil derived
from the fruits to have a range of beneficial anti-inflammatory, anti-
cancer, antioxidant and anti-atherosclerotic effects; these have been
attributed to the presence of phenolics, vitamins, minerals, amino acids,

Teleszko et al., 2015; Wang et al., 2016).

Plant oils are usually lipophilic or hydrophobic materials which can
be extracted with nonpolar solvents such as hexane. The presence of
highly nutritional and medicinal components in the oil from sea
buckthorn fruits has prompted a growth of interest in its potential as a
functional food product (Ding et al., 2016). Oil can be extracted from
the seeds and the pulp (Zeb, 2006; Christaki, 2012): the mature seeds
contain 8-20% oil, the dried fruit pulp (flesh and peel) about 20-25%,
and the fruit residue contains about 15-20% oil after juice extraction
(Kumar et al., 2011; Christaki, 2012). These oils have high concentra-
tions of lipophilic constituents, predominantly unsaturated fatty acids

Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid; UFAs,

unsaturated fatty acids
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(UFAs) in triglyceride form, phytosterols and vitamins A and E; these
have a positive influence on human health, especially on the cardio-
vascular system (Kumar et al., 2011; Olas, 2016a, 2016b). However, it
is important to emphasize that the precise cardioprotective influence of
the oil on the human organism remains unclear, and although some
papers offer a glimpse into its effects (e.g. Johansson et al., 2000;
Lehtonen et al., 2011), further animal studies are needed to better ap-
preciate the true value of sea buckthorn as a source of medical and
nutritional compounds. For example, Basu et al. (2007) found sea
buckthorn seed oil to have anti-atherogenetic properties.

The yield and composition of the oil depend on extraction tech-
nique, solvent type and environmental factors. Kumar et al. (2011) list
four extraction techniques that may be employed for the isolation of
pulp and seed oil: petroleum-ether solvent extraction, screw pressing,
aqueous extraction and supercritical fluid extraction with the use of
carbon dioxide. In contrast, it is not possible to obtain oil from the seeds
by aqueous extraction, or from the pulp-flakes by screw pressing, and
the two methods of extraction produce oils with the lowest amounts of
nutritionally-important components. Supercritical fluid extraction is an
advanced method for seed oil extraction which results in greater con-
centrations of total carotenoids and individual tocopherols from the
pulp-flakes and seed oil, and of phytosterols (3-sitosterol and campes-
terol) from the seed oil; however, this technique has no effect on the
concentrations of phytosterols extracted from pulp-flake oil (Kumar
et al., 2011). In addition, oil content, and hence the antioxidant activity
of the product, will also be affected by the morphology of the fruit, such
as its colour and size, as well as the choice of harvesting time (Yang and
Kallio, 2002; Christaki, 2012) and the choice of production process
(Kasparavicience et al., 2004).

For diet supplementation, dry fruit and leaf extracts are typically
administered at a dose of 500-2000 mg daily, while the oil is ad-
ministered at doses of 2000 — 5000 mg (Sea Buckthorn, available on-
line, accessed on 11 October 2017). The oils are typically incorporated
in vegetable-based capsules, gelatin and liquids for oral administration
(Yang and Kallio, 2002) and in commercially-available cosmetics, such
as cream and shampoo (Bal et al., 2011). Fortunately, toxicity studies
indicate no adverse effects in subjects administered with sea buckthorn
seed oil (Upadhyay et al., 2009). The aim of this paper is to briefly
review the composition and nutritional aspects of sea buckthorn seed
and pulp oil, and their beneficial effects on human health.

2. History and traditional uses of sea buckthorn

Sea buckthorn has been used for many years in traditional medicine
(Suryakumar and Gupta, 2011) in both Asia and Europe. Its health
benefits have been detailed in various sources including the Siu Yidian
and the Jing Zhu Ben Cao, dating back to the Tang (618-907 CE) and
Qing Dynasties, respectively. Sea buckthorn was being used as a med-
icinal remedy in Tibet in 900 CE and “the RGyud Bzi” (The Four Books
of Pharmacopoeia) of the Tang Dynasty describes the medicinal use of
sea buckthorn, as do other ancient Tibetan medicinal texts. Sea buck-
thorn has been used in traditional Mongolian medicine since the 13th
Century, when the RGyud Bzi was disseminated throughout Mongolia.
Sea buckthorn berries have been used as a source of herbal medicines
and as a health food in Central Asia and Europe (Suryakumar and
Gupta, 2011; Li and Hu, 2015). Local people also used the berries for
treatment of skin diseases, hypertension and problems with the diges-
tive system in Central Asia, and for the treatment of skin diseases,
gastrointestinal diseases, asthma and rheumatism in the Indian Hima-
layas and Russia (Suryakumar and Gupta, 2011; Malinowska and Olas,
2016; Olas, 2016b).

The first clinical studies on their medicinal use were initiated in
Russia during the 1950s (Gurevich, 1956). However, China was the first
country to recognize sea buckthorn as a drug, being formally included
in the Chinese pharmacopoeia in 1977 (The State of Pharmacopoeia
Commission of P.R. China, 1977). In addition, various drugs have been
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developed from sea buckthorn in these countries and have been in-
corporated in various formulations such as powders, liquids, pastes and
even aerosols (Li and Schroeder, 1996). Chinese medicinal literature
has described the use of the fruits for treating a range of conditions
including circulatory diseases, hepatic disorders, fever, cold, toxicity,
inflammation, metabolic disorders, cough and gynecological diseases
(Ballabh and Chausais, 2007; Kumar et al., 2011). The flowers are also
used as a skin softener in Tajikistan (Kumar et al., 2011).

Sea buckthorn oil is approved for clinical use in hospitals in Russia
and in China. ClinicalTrials.gov (2017) describes sea buckthorn oils as
dietary supplements which play an important role in modulating var-
ious conditions, including skin aging, dry eye syndromes, mucous
membrane disorders, and the risk factors for age-related macular de-
generation. More details about its history and traditional use are given
by Suryakumar and Gupta (2011) and Olas (2016b); however, the plant
has also been recorded as a source of firewood and decorative elements
(Suryakumar and Gupta, 2011; Malinowska and Olas, 2016; Olas,
2016b), and has been used to rehabilitate degraded ecological regions
in Germany (Xing et al., 2002; Olas, 2016b).

3. Botanical characteristics of sea buckthorn

The plant names have been checked and updated with The Plant List
version 1.1 (www.theplantlist.org) (2017) of the Royal Botanic Gar-
dens, Kew and the Missouri Botanical Garden (accessed November
2017). Elaeagnus rhamnoides (L.) A.Nelson is an accepted name in the
genus Elaeagnus (family Elaeagnaceae). Other plants (Hippophae salici-
folia D.Don, Hippophae goniocarpa Y.S. Lian & et al. ex Swenson &
Bartish, Hippophae gyantsensis (Rousi) Y.S. Lian, Hippophae litangensis
Y.S. Lian & X.L. Chen ex Swenson & Bartish, Hippophae neurocarpa S.W.
Liu & T.N. He and Hippophae tibetana Schltdl) are in the genus Hippo-
phae (family Elaeagnaceae).

The natural distribution of sea buckthorn ranges Great Britain and
France in the west to Mongolia in the east, including parts of Europe,
Scandinavia and central Asia. It typically grows as a shrub, but some-
times also as a small tree growing to 5-8 m tall; however, specimens as
tall as 10 m have been found (Niesteruk et al., 2013). The leaves are
hydrolapathum-shaped, the top is grey-green, smooth and shiny, while
the bottom is hirsute, reflective white or with a light brown shade. The
young shoots have silver hairs. The buds on the shoots are golden-
copper in colour, and are larger and more numerous in male than fe-
male individuals (Hu, 2005; Banas, 2013).

Sea buckthorn is a diclinous plant. It has both male and female
reproductive organs. The female flowers are yellow, while the male
flowers have a greenish colour and are collected in spherical in-
florescences. Pollen is spread by the wind. Blooming occurs at the end
of April and is observed before the leaves develop (Niesteruk et al.,
2013). The fruits are orange berries measuring 6-9 mm in diameter,
and are soft, juicy and rich in oils (Suryakumar and Gupta, 2011). The
plant has the ability to symbiose with Actinomycetes frankia, which has
allowed the plant to grow on poor and sandy soils (Banas, 2013;
Niesteruk et al., 2013).

4. Hydrophilic compounds in sea buckthorn fruits (berries)

Sea buckthorn berries are characterized by high concentrations of
phenolics, especially flavonols. Teleszko et al. (2015) identified a total
of 11 flavonols in the fruits of eight chosen cultivars of Hippophae
mongolica (Rousi) Tzvelev: six compounds derived from isorhamnetin,
four from quercetin and one from kaempferol. The examined cultivars
were ‘Aromatnaja’, ‘Avgustinka’, ‘Botaniczeskaja’, ‘Botaniczeskaja Lju-
bitelskaja’, ‘Moskwiczanka’, ‘Luczistaja’, ‘Podarok Sadu’ and ‘Porozr-
achnaja’.

In vitro and in vivo studies indicate that the phenolic compounds
demonstrate various biological activities and antioxidant properties
(Chauhan et al., 2007; Michel et al., 2012; Olas et al., 2016). However,



B. Olas

some papers report that phenolic compounds may sometimes behave
like prooxidants, and sometimes possess both antioxidant and proox-
idant properties (Hagerman et al., 1998; Fukumoto and Mazza, 2000;
Veskouis et al., 2012; Cotoras et al., 2014). In addition, phenolic
compounds have different biological properties when studied in vivo
and in vitro, and these are dependent on a range of factors, including
the class of phenolic compound, their concentration and method of
consumption. Michel et al. (2012) found that of the various organs of
sea buckthorn, the ethanolic extracts of the seed and root demonstrated
the greatest antioxidant properties; however, the phenolic compounds
themselves were not specified. In addition, a methanolic extract of sea
buckthorn seeds was found to demonstrate antioxidant properties in an
in vitro model based on 1,1-diphenyl-2-picrylhydrazine and a liposome
model system (Negi et al., 2005).

In contrast, Gao et al. (2000) report changes strongly correlated
with total phenolic and ascorbic acid content, and hence antioxidant
activity, occurring as the berries mature. Korekar et al. (2011) also
observed a significant correlation between phenolic content and the
antioxidant capacity of extracts from various parts of sea buckthorn,
with the strongest antioxidant properties demonstrated by the bark,
followed by the seeds, leaves and pulp.

Recently, various papers have indicated that pan assay-inhibiting
compounds (PAINS compounds), such as phenolic compounds, inhibit
all assays by interacting with proteins; they also demonstrate poor
bioavailability and fast metabolism (Baell and Walters, 2014; Bisson
et al., 2016). Therefore, the results of experiments with phenolic
compounds or extracts regarding their biological properties, including
their antioxidant activity, should be interpreted with caution.

Sea buckthorn fruits are also rich sources of vitamin C (L-ascorbic
acid), which has beneficial properties for health, including antioxidant
properties. The mean concentration of vitamin C in raw material is
about 80 mg/100 g, (Teleszko et al., 2015) which is higher than other
popular fruits (Lee and Kader, 2000; Teleszko et al., 2015). In addition,
the content of vitamin C depends on the variety of the plant and its
geographical location: 120-315 mg/100 vitamin in fresh fruits for sea
buckthorn growing in Europe; 405-110mg/100 g for the species
growing in the Alps; about 2500 mg/100 g for Chinese sea buckthorn
(Lee and Kader, 2000; Kallio et al., 2002; Yang and Kallio, 2002; Zeb,
2011; Korekar et al., 2013; Fu et al.,, 2014; Teleszko et al., 2015;
Zielinska and Nowak, 2017). The vitamin C concentration of sea
buckthorn berries is compared with that of other popular fruits in
Table 1.

5. Lipophilic compounds in sea buckthorn oil

The berries and their products, especially the oil, contain an inter-
esting composition of lipophilic compounds. The oil from the seed and
fruit pulp is a source of healthy unsaturated fatty acids which have a
multifunctional influence on human health (Zeb, 2011; Gupta and
Upadhyay, 2011). These acids play an important function in modifying
cerebrovascular and cardiovascular disorders, and have been found to
stimulate the immune system, and promote cognitive function and bone

Table 1

Comparison of vitamin C concentration in sea buckthorn fruits and other popular fruits
(Lee and Kader, 2000; Kallio et al., 2002; Yang and Kallio, 2002; Zeb, 2011; Korekar et al.,
2013; Fu et al., 2014; Teleszko et al., 2015; Zielinska and Nowak, 2017; compilation of
date).

Fruits Concentration of vitamin C (mg/100 g f.w.)
Lemons About 74
Mandarins About 38

Sea buckthorn 120-315 (for plant growing in Europe)
405-1100 (for plant growing in Alps)
About 2500 (for plant growing in Chine)

Strawberries About 65

Journal of Ethnopharmacology 213 (2018) 183-190

health. Increasing their level in the human diet has been shown to have
a positive effect on such neurological disorders as depression, schizo-
phrenia and Alzheimer's in subjects of all ages (EFSA, 2009).

The fatty acid content of whole fruit oil ranges from 31% to 33%
(28-37% palmitoleic acid, 12-18% linoleic acid, 3-8% alpha-linoleic
acid and < 2% stearic acid) (Przybylowicz, 2011; Fatima et al., 2012;
Olas, 2016b). In addition, the oil from the pulp is a rich source of li-
noleic acid, palmitoleic acid, palmitic acid and oleic acid
(Przybylowicz, 2011; Fatima et al., 2012; Olas, 2016b). In a study of sea
buckthorn pulp oil from eight chosen cultivated varieties of Hippophae
mongolica (Rousi) Tzvelev (Russian sea buckthorn cultivars) grown in
Poland (‘Aromatnaja’, ‘Avgustinka’, ‘Botaniczeskaja’, ‘Botaniczeskaja
Ljubitelskaja’, ‘Moskwiczanka’, ‘Luczistaja’, ‘Podarok Sadu’ and ‘Por-
ozrachnaja’), Teleszko et al. (2015) identified 11 fatty acids. Table 2
presents the polyunsaturated (PUFA), monounsaturated (MUFA) and
saturated fatty acid (SFA) composition of the pulp oils (Teleszko et al.,
2015). However, in these experiments, whole fruits with seeds and skin
were examined.

Dulf (2012) describes the fatty acid composition of the oils and the
major lipid fractions of pulp/peel, seed and whole fruit oils of six
chosen varieties of Hippophae carpatica (Rousi) Landolt cultivated in
Romania (‘Auras’, ‘Serpenta’, ‘Tiberiu’, ‘Victoria’, ‘Ovidiu’, ‘Silvia’),
based on gas chromatography-mass spectrometry. The predominant
fatty acids in the pulp and peel, and in the whole fruit (the total lipids)
were found to be palmitic (23-40%), oleic (20-53%) and palmitoleic
(11-27%); however, higher levels of polyunsaturated fatty acids were
observed in oil from the pulp and seeds (65-72%). The predominant
fatty acids in the major lipid fraction of the fruit pulp and peel oils were
oleic (20-40%), followed by palmitic (17-27%), palmitoleic (10-20%)
and linoleic (10-20%) acids, while those in the major lipid fraction of
seed oil were polyunsaturated fatty acids.

Cakir (2004) identified 39 constituents in the oil of sea buckthorn
fruits grown in Turkey, representing 94.6% of the total content. These
included ethyl dodecenoate (39.4%), ethyl octanoate (9.9%), decanol
(5.6%), ethyl decanoate (5.5%) and ethyl dodecanoate (3.7%), among
others. In addition, 15 different fatty acids were identified: palmitoleic
acid (47.8%) and palmitic acid (29.3%) predominated in the seed me-
socarp, while in the seeds, oleic acid (32.8%) predominated, followed
by palmitic acid (26.3%) and linoleic acid (21.7%). Bekker and
Glushenkowa (2001) found the major fatty acids in the mesocarp of
seeds from plants grown in Uzbekistan to be palmitoleic acid and pal-
mitic acid. Moreover, Ranjith et al. (2006) found palmitoleic acid to be
the dominant fatty acid in various species grown in India (32-53%).

Various authors (Bekker and Glushenkowa, 2001; Cakir, 2004;
Ranjith et al., 2006; George and Cenkowski, 2007; Przybylowicz, 2011;
Dulf, 2012; Teleszko et al., 2015; Zielinska and Nowak, 2017) have
demonstrated that palmitoleic, palmitic and oleic acids predominate in
sea buckthorn fruit: a significant finding considering that few fruits,
other than macadamia nuts, have high concentrations of palmitoleic
acid. As palmitoleic acid is a major component of skin fat, sea buck-
thorn oil can be used for the production of cosmetics, or as a cosmetic
itself: one example being the Polish cosmetic “Make your own natural
cosmetic cream” (Bialek et al., 2016). The oil has been characterized
with a peroxidability index of 8.9.

Sea buckthorn oil contains a range of other bioactive compounds
(Fig. 1): many of these are lipophilic, such as vitamins A and E, which
act as antioxidants. In addition, the oil from the seeds and pulp contain
large amounts of beta-sitosterol, as well as other phytosterols. This
group includes both unsaturated and saturated sterols, known as sta-
nols, with an alkane bond at the C; position on the B ring (Alasalvar and
Bolling, 2015). Phytosterols have prophylactic properties against hy-
percholesterolemia-induced cardiovascular disorders and can act as
part of a treatment regimen by lowering serum cholesterol concentra-
tions. In addition, they also have anti-cancer, anti-bacterial and anti-
inflammatory properties (Beveridge et al., 2002; Sajfratova et al.,
2010). The total phytosterol content isolated from sea buckthorn from



B. Olas

Table 2

Journal of Ethnopharmacology 213 (2018) 183-190

Fatty acid profile of oil from different parts of sea buckthorn (Dulf, 2012; Teleszko et al., 2015; modified).

Pulp oil (fraction from whole fruits (with Whole fruit oil

Seed oil

seeds and skin))

Eight chosen cultivated varieties of Hippophae
mongolica (Rousi) Tzvelev (Russian sea

buckthorn cultivars): ‘Aromatnaja’,
‘Avgustinka’, ‘Botaniczeskaja’,

‘Botaniczeskaja Ljubitelskaja’, ‘Luczistaja’,

‘Moskwiczanka’, ‘Podarok Sadu’,
‘Porozrachnaja’, grown in Poland
Saturated fatty acids (SFAs)
C14:0 (myristic acid)
C16:0 (palmitic acid)
C18:0 (stearic acid)
C20:0 (arachidic acid)

Monounsaturated fatty acids (MUFAs)

C16:1 omega 7 (palmitoleic acid)
C18:1 omega 9 (oleic acid)

C18:1 omega 7 (cis-vaccenic acid)
C20:1 omega 9 (eicosenoic acid)

Polyunsaturated fatty acids (PUFAs)
C16:2 omega 7 (hexadecadienoic acid)

C18:2 omega 6 (linoleic acid)
C18-3 omega 3 (linolenic acid)

Six chosen varieties of Hippophae
carpatica (Rousi) Landolt cultivated in
Romania (‘Auras’, ‘Serpenta’, ‘Tiberiuw’,
‘Victoria’, ‘Ovidiw’, ‘Silvia”)

Saturated fatty acids (SFAs)
C14:0 (myristic acid)

C15:0 (pentadecanic acid)

C16:0 (palmitic acid)

C17:0 (margaric acid)

C18:0 (stearic acid)

C20:0 (arachidic acid)
Monounsaturated fatty acids
(MUFAs)

C16:1 omega 7 (palmitoleic acid)
C16:1 omega 9

C18:1 omega 9 (oleic acid)

C18:1 omega 7 (cis-vaccenic acid)
C20:1 omega 9 (eicosenoic acid)
Polyunsaturated fatty acids (PUFAs)
C18:2 omega 6 (linoleic acid)
C18-3 omega 3 (linolenic acid)

Pulp/peel oil

Six chosen varieties of Hippophae
carpatica (Rousi) Landolt cultivated in
Romania (‘Auras’, ‘Serpenta’, ‘Tiberiu’,
‘Victoria’, ‘Ovidiw’, ‘Silvia’)

Saturated fatty acids (SFAs)
C14:0 (myristic acid)

C15:0

C16:0 (palmitic acid)

C17:0 (margaric acid)

C18:0 (stearic acid)

C20:0 (arachidic acid)
Monounsaturated fatty acids
(MUFAs)

C16:1 omega 7 (palmitoleic acid)
C16:1 omega 9

C18:1 omega 9 (oleic acid)
C18:1 omega 7 (cis-vaccenic acid)

C20:1 omega 9 (eicosenoic acid)
Polyunsaturated fatty acids (PUFAs)
C18:2 omega 6 (linoleic acid)

Six chosen varieties of Hippophae
carpatica (Rousi) Landolt cultivated in
Romania (‘Auras’, ‘Serpenta’, ‘Tiberiu’,
‘Victoria’, ‘Ovidiw’, ‘Silvia’)

Saturated fatty acids (SFAs)

C14:0 (myristic acid)

C15:0

C16:0 (palmitic acid)

C17:0 (margaric acid)

C18:0 (stearic acid)

C20:0 (arachidic acid)
Monounsaturated fatty acids (MUFAs)

C16:1 omega 7 (palmitoleic acid)
C18:1 omega 9 (oleic acid)

C18:1 omega 7 (cis-vaccenic acid)
C20:1 omega 9 (eicosenoic acid)

Polyunsaturated fatty acids (PUFAs)
C18:2 omega 6 (linoleic acid)
C18-3 omega 3 (linolenic acid)

C18-3 omega 3 (linolenic acid)

Phenolic

compounds
Iron

/ Zinc
Phytosterols
Cooper
Calcium
Nickel

Vitamins: A, C, E, Potassium Magnesium
By, B,, B¢

Fig. 1. Other bioactive compounds contained in sea buckthorn oil (Zielinska and Nowak,
2017; modified).

China and Finland ranges from 120 to 180 mg/100 g in the seeds, and
from 1200 to 2300 mg/100 g in the oil (Sajfratova et al., 2010). Beta-
sitosterol is the major sterol found in the seeds, constituting 57-76% of
seed phytosterols (Yang et al., 2011; Li et al., 2007; Sajfratova et al.,
2010). However, the concentration of phytosterol depends on the
method of extraction: supercritical fluid extraction gives higher phy-
tosterol concentrations in seed oil than cold pressing or extraction with
hexane (Li et al., 2007). Sajfratova et al. (2010) report the average yield
of beta-sitosterol to be 31 mg/100 g of sea buckthorn seeds using su-
percritical carbon dioxide extraction. In addition, the oil is not only a
good source of beta-sitosterol, but also AS-avensterol (Bal et al., 2011).

In the study of eight Hippophae mongolica (Rousi) Tzvelev cultivars,
Teleszko et al. (2015) found the total concentration of sterols in the
lipid fraction from the pulp to range from 6168 ug/100 ml (for ‘Mosk-
wiczanka’) to 13,378 ug/100 ml (for ‘Aromatnaja’). In addition, 14
phytosterols were identified, i.e. beta-sitosterol, stigmasterol, campes-
terol, A> —avenastenol, A’ —avenastenol, citrostadienol and 24-methy-
lenecycloartanol. The chemical structures of selected phytosterols are
presented in Fig. 2. In addition, sea buckthorn was found to be a va-
luable source of squalene, and the predominant phytosterol was also 3-
sitosterol. High carotenoid concentrations were also noted in the ber-
ries, particularly the soft parts, with a mean value of 11 mg/100 g f.w..
However, these concentrations vary with cultivar, with ‘Moskwiczanka’
demonstrating the greatest concentration (about 24 mg/100 g f.w.) of

186

the eight examined cultivars (Teleszko et al., 2015).

Sea buckthorn oil is also a more plentiful source of B-sitosterol than
extra virgin olive oil (Olas, 2016a, 2016b); this is an important point
because phytosterols, particularly [(-sitosterol, play an important
function in the prophylaxis and treatment of cardiovascular disorders
stimulated by hypercholesterolemia. They are also a source of stanols
such as sitostanol (Li et al., 2007; Teleszko et al., 2015); the con-
centration of beta-sitosterol in sea buckthorn oil and other popular
plant oils is described in Table 3.

The carotenoid concentration in sea buckthorn berries is similar to
that found in other popular vegetables: tomatoes are known to have
about 13 mg/100 g f.w., and carrots about 9 mg/100 g f.w.. Beta-car-
otene predominates in sea buckthorn fruit (15-55% of all compounds),
with other carotenoids including zeaxanthin and lycopene also present,
but in lower concentrations (Yang and Kallio, 2001, 2002; Teleszko
et al., 2015). Przybylowicz (2011) also notes the presence of car-
otenoids in the seed oil and pulp oil: 10-50 mg/100 g for seed oil and
350-520 mg/100 g for pulp oil. These carotenoids may enhance the
immune system, as well as acting as free-radical scavengers (Kumar
et al.,, 2011). Beta-carotene has been reported that in most Eastern
European countries beta-carotene concentration acts as a quality in-
dicator in sea buckthorn oil (Suryakumar and Gupta, 2011). Other vi-
tamins, including tocotrienols and tocopherols are also found in sea
buckthorn oils (Przybytowicz, 2011). More details about chemical and
physical properties of sea buckthorn oil are described by Zielinska and
Nowak (2017).

6. The beneficial function of sea buckthorn oil on health
6.1. Cardioprotective properties and modulation of hypoxia

The various medicinal properties of sea buckthorn oils against car-
diovascular diseases have been attributed to its high UFA content (Shi
et al., 1994; Hsu et al., 2009; Malinowska and Olas, 2016; Olas, 2016a,
2016b). Basu et al. (2007) found sea buckthorn seed oil to have sig-
nificant anti-atherogenic properties when administered to normal al-
bino rabbits and hypercholesterolemic ones fed on a high cholesterol
diet for two months; this was based on a comparison of blood trigly-
ceride, total cholesterol, low density lipoprotein (LDL) cholesterol and
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Fig. 2. Chemical structure of selected phytosterols of oil from sea buckthorn fruits.

Table 3
The concentration of beta-sitosterol in sea buckthorn oil and other popular plant oils
[Olas (2016a, 2016b); modified].

0il Concentration of f3-sitosterol [mg/100 g]
Sea buckthorn seed oil 599-748

Sea buckthorn pulp oil 522-577

Canola oil 378

Extra virgin olive oil 117

Kernel oil 134

Sesame oil 367

Soybean oil 221

Sunflower oil 238

high density lipoprotein (HDL) cholesterol concentrations before and
after administering 1 ml seed oil. They suggest that the cardioprotective
effects of the oil may be due to the presence of UFAs, phytosterols and
vitamins A and E; these may have synergistic actions on cardiovascular
health when given in combination.

Supplementation with the oil from the berries also normalizes
plasma lipid concentrations in hyperlipidemic subjects (Jiang et al.,
1993). Johannson et al. (2000) found the pulp and seed oil to have anti-
aggregation activities in normolipidemic subjects following oral ad-
ministration of ten 500 mg capsules per day for four weeks, suggesting
that the oils may play a beneficial role as anti-platelet (anti-aggrega-
tion) factors in the cardiovascular system (Johansson et al., 2000). Guo
et al. (2017) report that the administration of sea buckthorn berry ex-
tracts significantly reduced total cholesterol and LDL-cholesterol, and
significantly elevated HDL-cholesterol level in subjects with cardio-
vascular risk, but no such effect was observed in healthy subjects. The
authors attribute these cardio-protective effects to the chemical content
of sea buckthorn, especially (3-sitosterol and flavonoids.

Suchal et al. (2016) report that administration of pulp oil serves a
protective function against myocardial ischemia-reperfusion injury in
rats through the activation of the protein kinase B (Akt) — endothelial
nitric oxide synthase (eNOS) signaling pathway. Wistar rats were orally
administered 5, 10 and 20 ml/kg/day doses of sea buckthorn pulp oil
for 30 days. Ischemia was induced on day 31. Pretreatment with
20 mg/kg pulp oil stabilized cardiac function and myocardial anti-
oxidant level (i.e. glutathione), and inhibited lipid peroxidation to a
greater degree than the ischemia-reperfusion (control) group. In addi-
tion, the pulp oil improved hemodynamic and contractive function,
decreased tumor necrosis factor level and inhibited the activities of
enzymes acting as myocyte injury markers, i.e. lactate dehydrogenase
(Suchal et al., 2016).

Cardiovascular diseases are often correlated with obesity, which
may be influenced by the consumption of fruits and vegetables, and
their products: i.e. teas, oils, syrups and extracts (Hasani-Ranjbar et al.,
2013). Lehtonen et al. (2011) suggest that supplementation with sea
buckthorn oil for 33-35 days may have a positive influence on the
occurrence of metabolic diseases in overweight and obese women.

Sea buckthorn seed oil was also found to serve a protective function

against ischemic cerebral infraction and hypoxia-induced transvascular
fluid leakage in rats (Cheng et al., 2003; Purushothaman et al., 2008).

6.2. Hepatoprotective properties

Hsu et al. (2009) examined the protective effects of sea buckthorn
seed oil on hepatic damage in mice induced by carbon tetrachloride
(CCly). It was found that oral supplementation of seed oil from sea
buckthorn at doses of 0.26, 1.3 and 2.6 mg/kg for eight weeks reduced
the degree of lipid peroxidation in the liver, and reduced previously
elevated levels of cholesterol, triglyceride, alkaline phosphatase, ala-
nine aminotransferase and aspartate aminotransferase in serum. The
activities of various antioxidant enzymes, i.e. catalase, superoxide dis-
mutase, glutathione reductase and glutathione peroxidase, were also
found to increase. In addition, the seed oil was found to have com-
parable activity to silymarin (200 mg/kg), a standard drug used in the
prevention and treatment of liver diseases, when applied at all tested
doses.

6.3. Anticarcinogenetic potential

The anticarcinogenetic potential of lipids obtained from sea buck-
thorn plants has been described in a review by Zeb (2006). However,
their medicinal and prophylactic doses remain unknown, and no clin-
ical experiments have yet been performed. Nevertheless, Kumar et al.
(2011) describe that oil from sea buckthorn plays an important role in
cancer therapy, especially treatments based on chemotherapy and
radiotherapy regimes. They describe that taking sea buckthorn seed oil
is associated with increased appetite, restoration of kidney and liver
functions, and maintaining the patients in good health. Sea buckthorn
seed oil contains a wealth of vitamins, particularly A and E and beta-
carotene, and it may well offer protective effects against cervical cancer
(Beveridge, 2007).

6.4. Antioxidant and other biological properties

Sea buckthorn seed oil has strong antioxidant properties, protecting
against the oxidative stress associated with lipids that have undergone
thermal oxidation. In addition, it reduces hepatotoxic effects and liver
degeneration in rabbits (Zeb and Ullah, 2015). The oil may also bestow
a protective antioxidant effect on injuries induced by sulfur dioxide
inhalation in mice (Ruan et al., 2003), and may ameliorate oxidative
damage, i.e. lipid peroxidation and protein carbonylation, to the colon
in rats (Li et al., 2014).

A recent study by Diandong et al. (2016) found that oil extracted
from sea buckthorn fruit flesh, seeds and peel protects against chronic
stress-induced inhibition of natural killer cells in rats when applied at a
dose of 10 ml/kg for 21 days. Sea buckthorn oil is known to have anti-
inflammatory properties (Istrati et al., 2016), and improve the immune
response of broilers and promote tissue regeneration (Lavinia et al.,
2009).



Journal of Ethnopharmacology 213 (2018) 183-190

B. Olas

(1102)

soLLIaq ysay 8 00T Jo
asop AJrep a3eraAe ue 0] Jus[eambs sem

HERERICLOLEY] sontadoxd Aysaqo-nuy SI99JUNJOA J[eWd) QT sfep Ge—¢¢  SIAIp A119q 9] UT SUOTIDRIJ JO JUNOWE Y], 110 paas pue A11og
swoyduwiAs 943 A1p s)dajje A[paanisod pue uoseas pjod ay3 Suump (Teeuwr & 3IM Aep 201M)
(0102) 'Te 3@ ourre] Wy Iea) Ul UONBIUSIUOD DNIOWSO ) JO Isealdul 3y} Suronpay usaW pue uswom p[o — £-G/ 01 -0g syqpuowr ¢ sansded g jo uLoj 9y ur) A[rep 10 jo 3 g 110 paas pue dng
(0002)
‘Te 32 uossueyor (£119doxd A101e30133e-nUR) A119doid jorared-NUY (s1ea4 6G-07 pade) uaw drwapidijouriou Ayifeay g1 SYoIM Aep 1ad sarnsded 3w 0G U, 110 pass pue ding
syjuowr
(0002 9 1se[ o) Sunmp swoydwAs Juaisisiod YIIM pooypIIyd
‘6661) “Te 10 Suex sisojeur1ap d1doje uo 1099 [eYAUSg W] sisojeurtap didoje Jo A103s1Y e pey Aoy ‘syuened g/ syjuowt Aep 12d sansded [10 0T 110 pasg
S9IpNIs uewWINy
(9102) S[[o2 19ad pue spaas ‘ysoyj
‘Te 30 Suopuel(  JS[[N| [EINJBU JO UONIQIYUI PIdNPUT — SSI1S dTUOIYD Jsurede Sunodajoid SJer IeIsiM Op skep 1g Aqrep 3y/Tw o1 NI WOIJ PIJoeNXd [IQ
(4102) ‘Te 12 oen Q0ue)SISaI UINSUl SUNRIAJ[Y syey S}oIM Kep/3¥/3w 00g pue 00 ‘00T 1o A11og
(2002) 'Te 3@ 3urx 9SBISIP 19d[N dLIsed Jo Jusuean) Ayl ug sje1 Aopmeq-onderds skep £ Aep/3y/1w £ pue G'¢ 110 pass pue ding
(£102) Te 32 IYS Amfur feunsajur 2ynde paonpul-uonerper Jsurede Sunda101g 01U 9¢//£SD skep £ Aep/3/3w 0T [1o pass pue dind
(£102)
‘Te 39 pyprdez) 191p Aq I9A1[ pue anssn asodipe 3unoaygy Sjer IeISIM b skep 8z 1to dind wroydnq eas Sururejuod 121Q 1o dind
Amfur uorsnjradax
(9102) Te 32 [eyons -erwayst [erpaedow Jsurede 3undaload 9291e aandajoidopie) (S;}29m g—-9 pade) sjel ILISI\ OUIqe S[eW I[NPe g/ skep g Kep/3y/Tw g pue QT ‘S 1o dind
(S102) 'Te 19 uel], santadoid uorssadop-nuy sjel ‘('S d[euw 09 SYOIM § 1ySrom £poq 8¥/8 T pue £0 ‘SE°0 110 paag
(€102) 'Te 1@ v1Soq UOISOIS PUE UOMRII(N JLNSeS paonpul — SUOSEYIowexap Suradry s8op 0z skep Gz Kep e 201M) ‘TewITUR/[W G 110 paas
(S102) sprdi[ paziprxo Arewsoy)
yern pue qoz  £q pasnpoid aaneprxo ay) isurede Sunsajoid (K1xedoid jueprxonuy syqqey skep $1 /8 e-1 110 pass
(SSOI1S QATIBPIXO JO I9dNPUI Y} — Y[DD) ISAT]
9y} Ul SoWAzZUs JuepIxonue jo A)ande Juiseardur pue uonepixorad
(6002) ‘Te 1@ nsH pidi 3uniqryur ‘A1edoid jueprixonue pue 109j59 aandajoidojedoy 90TW YDJ dS[ewW g/ SyoaMm § Aqrep 8y/8w 9'z pue €' 92°0 110 pass
(Sewrrue d1WA[0ISAOYIdAY
(£007) ‘Te 19 nseq £11adoid Srusforape-nuy pue [eULIOU) S}IqqeI ouIq[e )YM J[eU OF syjuowr g Afrep Tur 1 110 paas
S9IpNIS [RWITUY
syjuowr
S90UDI9JY s10931 s102[qng  /syeam/sheq asoq o

*(sjuawILIadXa OAIA UT) IO WIOYPRONQ BIS JO

s10adse [I[eay [eaUaq Y],

v dIqelL

188



B. Olas

Sea buckthorn seed oil is known to relieve dexamethasone-induced
gastric ulceration and erosion in dogs when administered at 5 ml/an-
imal, twice daily (Dogra et al., 2013). Some evidence also suggests that
the oil may also have anti-depression properties (Tian et al., 2015).

Yang et al. (1999, 2000) report that while the seed oil has a bene-
ficial effect on atopic dermatosis, the pulp oil has no effect. The authors
attribute this difference in activity to differences in their fatty acid
composition. However, both oils absorb ultraviolet light and promote
healthy skin: sea buckthorn oil was used in a skin cream by Russian
cosmonauts as protection against solar radiation (Christaki, 2012). The
oils are also used as raw material for the cosmetic industries
(Suryakumar and Gupta, 2011). Table 4 presents the beneficial aspects
of sea buckthorn oil in in vivo experiments. Although many observa-
tions are based on animal studies, there have also been trials in humans
(Table 4).

7. Medicines and health products from sea buckthorn

Various forms of medicines and health products based on sea
buckthorn are available in China: (I) raw plant materials, such as clear
juice, unstrained juice, concentrated juice, fruit oil, seed oil, fruit re-
sidual oil, raw powder and pigment; (2) beverages including soft drinks
(syrup), nutrient solution and alcoholic drinks, e.g. wine and, beer; (3)
cosmetics such as skin care cream, hair shampoo, body lotion and
beauty cream; (4) medicines, e.g. (acetylsalicylic) Flavonoid Tablets
used to treat ischemic cardiopathy and oil-embolus extractum, as well
as capsules for treating ulcer and inflammation (Mingyu et al., 1991).

The fruits are also consumed in other countries as various products
such as juices, jams and wines (Beveridge et al., 1999). The fruit of sea
buckthorn can be also used to make pies and liquors (Li and Hu, 2015).
The ripe fruits can be used to make refreshing drinks, the leaves to
make tea, and the seeds to make oil (Hu, 2005). In addition, sea
buckthorn yellow is a food colorant listed under the China national food
additive hygiene standard GB 2760-2011 (Li and Hu, 2015).

8. Conclusion

Sea buckthorn is a unique plant with great medical value. Various
parts, especially the fruit, are sources of many bioactive compounds
with antioxidant, anti-platelet, anti-cancer, anti-bacterial and antiviral
activities (Christaki, 2012). Its nutritional and medicinal potential
make it a functional food. In addition, sea buckthorn oil contains a
unique range of compounds (Suryakumar and Gupta, 2011; Xu et al.,
2011; Malinowska and Olas, 2016; Olas, 2016a, 2016b; Zielinska and
Nowak, 2017).

In vivo and in vitro studies have found the bioactive elements
present in sea buckthorn oils to have cardioprotective properties and to
protect against cardiovascular diseases via a range of mechanisms, such
as reducing plasma LDL concentration, inhibiting platelet activation
and ameliorating oxidative stress. In addition, its preventive properties
against cardiovascular disorders have been attributed to its high un-
saturated fatty acid content and range of constituent phytosterols,
especially beta-sitosterol.

Although the cardioprotective action of the oil on humans is not
well known, these properties could be clarified by animal studies and in
vitro trials. Therefore, further well-controlled and high-quality studies
based on human subjects are required to determine the prophylactic
and therapeutic doses of sea buckthorn oil for use in later clinical stu-
dies. Further studies are also needed to understand the various bene-
ficial properties of the oil, such as those regarding cancer and cardiac
disease, from the mechanistic point of view.

The oil also has high concentrations of palmitoleic acid, which is a
major component of skin fat, and contains a number of other lipophilic
and hydrophilic compounds, whose other properties and clinical po-
tential remain the subject of further experiments. Future research may
open the way to more effective use of sea buckthorn oil as a cosmetic,
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i.e. in treatment of dermatosis or other skin diseases, or as a nu-
traceutical in the general promotion of health.
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