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Abstract: Sea buckthorn (Hippophae rhamnoides L.) is a small tree, valued for its medicinal properties
throughout the ages. Sea buckthorn berries and leaves are a known source of phytochemicals and
have been used in the treatment of inflammation, oedema, hypertension, ulcers, and wounds in folk
medicine. Sea buckthorn seeds are natural dietary sources of various bioactive compounds as well, but
the number of studies on their content and biological properties is still insufficient. For the first time,
we examined the phytochemical content and biological activity of sea buckthorn seeds in vitro. We
have studied the effect of two extracts—from regular (no thermal processing) and roasted (thermally
processed) sea buckthorn seeds—on the levels of oxidative stress induced by H2O2/Fe2+ in plasma,
coagulation times, and white thrombus formation (measured by Total Thrombus-formation Analysis
System—T-TAS). We observed that sea buckthorn seeds contain diverse flavonoids, mostly glycosides
of isorhamnetin, kaempferol, and quercetin, as well as smaller amounts of proanthocyanidins and
catechin, triterpenoid saponins, and a number of unidentified polar and hydrophobic compounds.
Both extracts inhibited lipid peroxidation and protein carbonylation, but only the extract from
roasted seeds decreased oxidation of thiol groups in plasma treated with H2O2/Fe2+. They did not
alter coagulation times, but the extract from roasted seeds at the highest concentration (50 µg/mL)
prolonged the time needed for white thrombus formation. The results indicate that sea buckthorn
seeds have antioxidant activity that is not impaired by thermal processing and possess anticoagulant
potential, but more research is needed in order to ascertain which compounds are responsible for
these effects, especially in in vivo models.

Keywords: antioxidant; coagulation; phytochemicals; phenolic compounds; sea buckthorn; thermal
processing

1. Introduction

Sea buckthorn (Hippophae rhamnoides L.) is a small tree belonging to the Elaeagnaceae
(oleaster) family. Not only in vitro, but also in vivo studies indicate that preparations
obtained from different parts of sea buckthorn, including fruits and leaves, are sources of
various bioactive compounds that have antioxidant, anti-platelet, anticoagulant, anti-tumor,
or anti-ulcer activity [1–5]. However, the number of studies examining the biological
activity of sea buckthorn seeds in particular is still insufficient [6,7]. Sea buckthorn seeds
are rich in various unsaturated fatty acids (40% linoleic, 20% linolenic, and 17% oleic
acid), and are a source of phenolic compounds [7–9]. Arimboor et al. have reported,
that seed kernels had higher content of phenolic acids than seed coat and leaves [9]. In
a study by Zhao et al., HPLC analysis showed that the seeds contained protocatechuic
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acid (0.1278 ± 0.002 mg/g), rutin (0.134 ± 0.002 mg/g), quercetin (0.4128 ± 0.005 mg/g),
kaempferol (0.787 ± 0.003 mg/g), and isorhamnetin (0.5509 ± 0.006 mg/g) [10].

Antioxidant activity of sea buckthorn seeds has been described only in several pa-
pers [7,11–13]. For example, Fan et al. have reported that various seed extracts had good
DPPH radical scavenging capacity, which was positively correlated with the content of
proanthocyanidins [7].

Evidence shows that phenolic compounds play an important role in protection of hu-
man organs from oxidative stress and inflammatory, neurodegenerative, or cardiovascular
diseases (CVDs). Sea buckthorn seeds are not as well-known in phytopharmacology as
its other organs (e.g., fruits). Therefore, in continuation of our previous study, we aimed
to determine the phytochemical content of sea buckthorn seeds and assess their biologi-
cal properties related to oxidative stress and hemostasis in vitro. Biological activity was
determined in human plasma according to selected biomarkers of oxidative stress and
coagulation parameters. In addition, the anticoagulant potential was determined in whole
blood, using the Total Thrombus-formation Analysis System (T-TAS). We also compared
biological effects of the extract from sea buckthorn seeds with the activity of phenolic and
non-polar extracts from sea buckthorn fruits, as our earlier experiments showed that they
possess antioxidant and anticoagulant properties as well [14].

Nowadays, the interest in new nutraceuticals and functional foods that could decrease
the occurrence of civilization diseases is rising. Different forms of health-promoting food
products based on sea buckthorn fruits or oil are already available in various countries.
As sea buckthorn seeds are a rich source of nutrients and contain various phytochemicals
beneficial to human health, they may find potential use in functional foods, for example
as an additive for bakery products. As in this scenario seeds would be subjected to high
temperatures, another aim of this study was to investigate the effect of thermal processing
on their chemical content and biological activity (in vitro). It is an important to note
that all tested extracts were used within the concentration range 0.5–50 µg/mL, which
may correspond to the concentrations obtained in blood during supplementation with
phenolic compounds.

2. Materials and Methods
2.1. Chemicals

All reagents represented analytical grades and were purchased from commercial
suppliers (including Merck (Darmstadt, Germany), POCh (Gliwice, Poland), Acros (Poznań,
Poland), Kselmed (Grudziądz, Poland), and Chempur (Piekary Śląskie, Poland)).

2.2. Plant Material

Whole branches of sea buckthorn (H. rhamnoides L.) were obtained from a horticultural
farm in Sokółka, Podlaskie Voivodeship, Poland (53◦24′ N, 23◦30′ E). The fruits were hand-
picked and stored in a freezer. To isolate sea buckthorn seeds, the fruit was thawed and
homogenized in water with a blender. The seeds sedimented, and the fruit pulp and skins
were washed out with tap water. The isolated seeds were shortly submerged (for a few
seconds) in a small volume of methanol (to remove excess of water and facilitate drying),
drained, and air-dried. The dried seeds were stored at ambient temperature.

A portion of sea-buckthorn seeds was subjected to thermal treatment in the Bakery and
Confectionery of Łukasz Skałban, Skowieszyn 75A, 24-130 Końskowola. The temperature
of the air-steam mixture in the baking chamber at the beginning of (approx. 10 min) was
280 ◦C, and the relative humidity was 35%. In the second phase, the temperature was
lowered to 175 ◦C. The total roasting time was 36 min. The conditions were chosen to
mirror the process of rye bread baking. Regular and roasted seeds obtained in this way
were subjected to qualitative and quantitative tests.
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2.3. Preparation of Sea Buckthorn Seed Extracts and Fruit Extracts (Phenolic and
Non-Polar Extract)
2.3.1. The Extract from Sea Buckthorn Seeds

Sea buckthorn seeds were milled in a coffee grinder. The powdered seeds were defatted
with hexane at ambient temperature and dried. A 282.4 g portion of the defatted plant
material was extracted with 2.5 L of 80% methanol (v/v), for 5 h, at ambient temperature,
and then with 2.5 L of methanol, under the same conditions. The filtered extracts were
pooled, defatted by liquid-liquid extraction with hexane, and rotary evaporated to remove
organic solvents. The residue was diluted to the volume of about 400 mL with Milli-Q
water, and subjected to liquid-liquid extraction with butanol (4 × ~100 mL). The butanolic
extract was rotary evaporated to dryness, dissolved in 20% tert-butanol in Milli-Q water,
and freeze-dried (Gamma 2-16 LSC, Christ, Osterode am Harz, Germany), to yield 1.566 g
of the seed extract.

2.3.2. The Extract from Roasted Sea Buckthorn Seeds

Roasted sea buckthorn seeds were milled in a coffee grinder, defatted with hexane
at ambient temperature, and dried. The dried material (91 g) was subjected to a four-
step ultrasound-assisted extraction in an ultrasonic bath: 500 mL 80% methanol (v/v;
30 min), 400 mL 80% methanol (30 min.), 300 mL 80% methanol (30 min.), and 200 mL 100%
methanol (20 min.). The filtered extracts were pooled, defatted by liquid-liquid extraction
with hexane, and rotary evaporated to remove organic solvents. Next steps of the extract
preparation were the same as described above. Finally, 1.930 g of the extract was obtained.

2.3.3. The Extracts from Sea Buckthorn Fruits

Frozen fruits were ground, lyophilized, and defatted with hexane (Soxhlet extractor).
1835 g of defatted material was extracted twice with 80% methanol (the extraction was
enhanced with sonification), filtered, concentrated with a rotary-evaporator, and extracted
with n-hexane. The defatted extract was concentrated under reduced pressure to remove
organic solvents, and the residue was suspended in Milli-Q water. The final volume was
approximately 1500 mL. Next, the extract was extracted with n-butanol, rotary-evaporated,
suspended in Milli-Q water and freeze-dried. Due to the high content of sugars and organic
acids, the extract was further purified by SPE. Finally, the extract was fractionated to obtain
the phenolic extract (19.62 g) and the non-polar extract (5.04 g). A more detailed description
of this procedure can be found at [14].

2.4. UHPLC-MS Analyses of Extracts from Sea Buckthorn Seeds

UHPLC-MS analyses of the sea buckthorn seed extracts were performed using an
ACQUITY UPLC system (Waters Inc., Milford, MA, USA), equipped with a PDA detector,
and a triple quadrupole mass detector (TQD; Waters). Samples were chromatographed on
an ACQUITY BEH C18 (100 × 2.1 mm, 1.7 µm; Waters) column, the injection volume was
2.5 µL. Mobile phase was composed from Mill-Q water with 0.1% formic acid in (solvent
A) and acetonitrile with 0.1% formic acid (solvent B). Qualitative LC-MS analyses were
performed as previously described [15]. Briefly, the elution method (15 min.) started from
a 0.5 min. isocratic step (7% B), followed by a 11.4 min. linear gradient 7–80% B. Mass
analyses were performed in negative and positive ionization mode. Negative ionization:
capillary voltage was 2.8 kV; cone voltage 45 V; source temperature 150 ◦C, desolvation
temperature 450 ◦C, cone gas (N2) flow 100 L h−1, desolvation gas flow 900 L h −1, positive
ionization: capillary voltage was 3.1 kV, cone voltage 60 V, other settings—as above.
Compounds were identified on the basis of their MS and UV spectra, as well as literature
data. Quantitative analyses of flavonoids were performed using the following elution
program: 0.0–0.5 min., 2% B; 0.5–10.0 min., 2–32% B; 10.0–10.1, 32–95% B; 10.1–12.1 min.,
95% B; 12.1–12.2, 95–2%; 12.2–14.2 min., 2% B. The applied MS settings were the same as
those for the qualitative analyses.
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2.5. Phytochemical Characteristic of Sea Buckthorn Fruit Extracts (Phenolic and
Non-Polar Extracts)

Analysis of the chemical composition of phenolic and non-polar extracts was car-
ried out with Thermo Ultimate 3000RS (Thermo Fischer Scientific, Waltham, MA, USA)
chromatographic system. The description of this analysis can be found in Olas et al. [14].

2.6. Preparation of Stock Plant Extracts

Plant extracts were dissolved in 1 mL 50% dimethyl sulfoxide (DMSO). The final
concentrations of the extracts in plasma and blood samples were 0.5, 1, 5, 10, and 50 µg/mL
(for oxidative stress assays and coagulation time measurements) or 0.5, 5, and 50 µg/mL
(for T-TAS). The final concentration of DMSO in samples was under 0.05% (v/v). Low
concentrations of DMSO do not impact the results.

2.7. Blood Samples

Whole human blood was collected at “Diagnostyka” blood collection center (Brzechwy
7A, Lodz, Poland). All donors were non-smoking, healthy volunteers, that did not
drink alcohol or take medication (antioxidant and anti-platelet supplementation) for two
weeks prior to blood collection. Peripheral blood was drawn into tubes with CPDA (cit-
rate/phosphate/dextrose/adenine; 8.5:1; v/v; blood/CPDA) (for oxidative stress assays
and coagulation time measurements) or 3.2% sodium citrate (for T-TAS). The analysis of
blood samples was performed according to the guidelines of the Helsinki Declaration for
Human Research. Procedures were conducted with the consent of Bioethics Committee
at the University of Łódź (11/KBBN-UŁ/I/2019). Blood for the T-TAS assay was used
within 2 h after collection. For oxidative stress assays and coagulation times measurements,
plasma was separated from whole blood by differential centrifugation (2800× g, 20 min, at
room temperature).

2.8. Oxidative Stress Assays
2.8.1. Lipid Peroxidation Measurement

To assess the effect of the extracts on lipid peroxidation in human plasma, the levels
of thiobarbituric acid-reactive substances (TBARS) were measured. First, human plasma
was incubated (37 ◦C, 30 min) with an oxidative stress inducer (4.7 mM H2O2/3.8 mM
Fe2+/2.5 mM EDTA) and different concentrations of the extracts. Next, the samples were
mixed with equal volumes of cold 15% (v/v) trichloroacetic acid in 0.25 M HCl and 0.37%
(v/v) thiobarbituric acid in 0.25 M HCl, and placed in a heating block (100 ◦C, 15 min).
After cooling, the samples were centrifuged (10,000× g, 15 min, 18 ◦C). The absorbance of
the supernatant was measured at 535 nm (SPECTROstar Nano Microplate Reader—BMG
LABTECH Germany). The levels of TBARS were calculated with a molar extinction co-
efficient (ε = 156,000 M−1 cm−1). The results were expressed as nmol TBARS/mL of
plasma [16].

2.8.2. Thiol Group Oxidation Measurement

To measure the levels of thiol groups in plasma, a method with Ellman’s reagent—
5,5′-dithio-bis-(2-nitrobenzoic acid) (DTNB) was used. First, human plasma was incubated
(37 ◦C, 30 min) with an oxidative stress inducer (4.7 mM H2O2/3.8 mM Fe2+/2.5 mM EDTA)
and different concentrations of the extracts. 20 µg of 10% sodium dodecyl sulfate (SDS) and
160 µg of phosphate buffer (pH 8) were added to 20 µg of the samples, and absorbance was
measured at 412 nm (SPECTROstar Nano Microplate Reader—BMG LABTECH Germany).
Afterward, 16.6 µL of 10 µM DTNB was added (in blank phosphate buffer pH 8 was added
instead), and the samples were incubated at 37 ◦C for 60 min. Again, absorbance was
measured at 412 nm. The content of plasma protein in the samples was determined by
measuring absorbance at 280 nm. The levels of thiol groups were calculated with a molar
extinction coefficient (ε = 13,600 M−1 cm−1). The results were expressed as nmol thiol
groups/mg of plasma protein [16].
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2.8.3. Protein Carbonylation Measurement

To measure the levels of carbonyl groups in plasma, a method with 2,4-dinitropheny
lhydrazine (DNPH) was used. First, human plasma was incubated (37 ◦C, 30 min) with
an oxidative stress inducer (4.7 mM H2O2/3.8 mM Fe2+/2.5 mM EDTA) and different
concentrations of the extracts. The assay was carried out according to the method described
in Levine et al. [11] and Bartosz [16,17]. The levels of carbonyl groups were calculated with
a molar extinction coefficient (ε = 22,000 M−1 cm−1). The content of plasma protein in the
samples was determined by measuring absorbance at 280 nm. The results are presented
as nmol carbonyl groups/mg of plasma protein. The carbonyl group concentration was
measured using the SPECTROstar Nano Microplate Reader, BMG Labtech, Germany.

2.8.4. Measurement of Prothrombin Time

Prothrombin time was determined coagulometrically, according to the method de-
scribed by Malinowska et al. [18]. First, human plasma was incubated (37 ◦C, 30 min) with
different concentrations of the extracts. Next, the samples (50 µL) were incubated again
(37 ◦C, 2 min), and 100 µL of Dia-PT solution (commercial product—Kselmed, Grudziadz,
Poland) was added immediately before the measurements. The measurements were carried
out on Optic Coagulation Analyser, model K-3002 (Kselmed, Grudziadz, Poland).

2.8.5. Thrombin Time

Thrombin time was determined coagulometrically, according to the method described
by Malinowska et al. [18]. First, human plasma was incubated (37 ◦C, 30 min) with
different concentrations of the extracts. Next, the samples (50 µL) were incubated again
(37 ◦C, 1 min), and 100 µL of thrombin was added immediately before the measurements
(final concentration—5 U/mL). The measurements were carried out on Optic Coagulation
Analyser, model K-3002 (Kselmed, Grudziadz, Poland).

2.8.6. Activated Partial Thromboplastin Time

Activated partial thromboplastin time was determined coagulometrically, according
to the method described by Malinowska et al. [18]. First, human plasma was incubated
(37 ◦C, 30 min) with different concentrations of the extracts. Next, the samples (50 µL)
were incubated again (37 ◦C, 3 min) with 50 µL of Dia-PTT solution (Kselmed, Grudziądz,
Poland). Finally, 50 µL of Dia-CaCl2 solution (Kselmed, Grudziądz, Poland) was added. The
measurements were carried out on Optic Coagulation Analyser, model K-3002 (Kselmed,
Grudziadz, Poland).

2.8.7. Total Thrombus-Formation Analysis System (T-TAS) (AR-Chip)

AR-chip of the T-TAS system can measure white thrombus formation process in semi-
physiological conditions. All materials and chemicals for the assay were purchased from
Bionicum Sp. z.o.o., Poland. Whole blood (495 µL) was incubated with the extracts at
final concentrations of 0.5, 5, and 50 µg/mL (30 min, 37 ◦C). Next, 480 µL of blood was
added to 20 µL of CaCTI reagent (0.3M CaCl2, 1.25 mg/mL corn-derived trypsin inhibitor).
Afterward, 480 µL of blood mixed with CaCTI was added to a reservoir attached to the
AR-chip. The results were recorded as AUC30 (Area Under the Curve)—area under the
flow pressure curve recorded for 30 min after the start of the test. The AUC30 depicts the
growth, intensity, and stability of thrombus formation. Data were depicted as % of control.
Further information about the assay can be found in Hosokawa et al. [19].

2.9. Statistical Analysis

Statistical analysis was performed with Statistica 10 (StatSoft 13.3, TIBCO Software
Inc. Palo Alto, CA, USA). The distribution of data was checked by Shapiro-Wilk test, and
the homogeneity of variance by Levene’s test. Differences within and between groups were
assessed with ANOVA followed by Tukey’s test, or Kruskall-Wallis test. The results are
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presented as means ± SD or medians and interquartile ranges. The results were considered
significant at p ≤ 0.05. Dixon’s Q-test was used to eliminate uncertain data.

3. Results
3.1. Phytochemical Analysis of the Extracts

The composition of the extract from regular sea buckthorn seeds did not differ signif-
icantly from the extract from roasted seeds. Both extracts contained diverse flavonoids,
glycosides of isorhamnetin, kaempferol, and quercetin (Table 1), with mostly two or three
monosaccharide units. Some were acylated with sinapic, ferulic, or menthafolic acid, but
they constituted a minor group among the seed flavonoids. Total flavonoid content of
regular and roasted seed extracts was 157.2 ± 1.44 mg g−1 and 113.5 ± 2.28 mg g−1, re-
spectively. Other phenolic compounds were present in smaller amounts and comprised
mainly of B-type proanthocyanidins and catechin (Figure 1). Apart from phenolics, the
extracts contained triterpenoid saponins which gave deprotonated ions (negative ion mode)
at m/z 1459, 1401, 1297, 1313, 1255, as well as 1269, 1417, 1431. In addition, a number of
unidentified polar and hydrophobic compounds were present.

Table 1. Flavonoids in extracts from sea buckthorn seeds.

tR m/z # Tentative Identification Extract from Sea Buckthorn
Seeds (mg g−1)

Extract from Sea Buckthorn
Roasted Seeds (mg g−1)

4.02 771 Q-3-O-Hex-Hex-7-O-dHex 2.9 ± 0.01 * 2.3 ± 0.13 *

4.10 771 Q-3-O-Hex-Hex-7-O-dHex 13.5 ± 0.02 * 11.8 ± 0.22 *

4.30 755 K-3-O-Hex-Hex-7-O-dHex 4.0 ± 0.02 * 2.7 ± 0.07 *

4.40 755 K-3-O-Hex-Hex-7-O-dHex 25.9 ± 0.17 * 20.7 ± 0.36 *

4.63 785 I-3-O-Hex-Hex-7-O-dHex 5.3 ± 0.06 * 6.5 ± 0.15 *

4.66 785 I-3-O-Hex-Hex-7-O-dHex 18.6 ± 0.26 * 18.1 ± 0.28 *

4.97 755 Q-3-O-Hex-dHex-7-O-dHex 4.8 ± 0.05 * 3.1 ± 0.04 *

5.43 739 K-3-O-Hex-dHex-7-O-dHex 2.7 ± 0.09 * 1.9 ± 0.04 *

5.55 623 I-3-O-Hex-7-O-dHex 3.9 ± 0.08 * 2.9 ± 0.06 *

5.71 623 I-3-O-Hex-7-O-dHex 16.6 ± 0.21 * 10.7 ± 0.19 *

5.80 961 K-Hex-Hex-dHex-Sin 4.4 ± 0.08 * 3.1 ± 0.38 *

5.88 991 I-Hex-Hex-dHex-Sin 5.8 ± 0.08 * 4.7 ± 0.08 *

6.01 961 I-Hex-Hex-Fer-dHex-Fer 2.0 ± 0.03 * 1.3 ± 0.03 *

6.40 623 I-3-O-Rut 5.4 ± 0.06 1.6 ± 0.02

8.58 937 quercetin acylated derivative 4.3 ± 0.08 * 1.7 ± 0.02 *

8.91 921 isorhamnetin acylated derivative 2.7 ± 0.02 * 1.1 ± 0.05 *

9.03 951 isorhamnetin acylated derivative 4.3 ± 0.06 * 2.1 ± 0.07 *

other 30.1 ± 0.39 * 17.2 ± 0.18 *
Total 157.2 ± 1.44 * 113.5 ± 2.28 *

# negative ion mode; * isorhamnetin 3-O-rutinoside equivalent; I—isorhamnetin; K—kaempferol; Q—quercetin;
Hex—hexose; dHex—deoxyhexose; Rut—rutinoside; Fer—ferulic acid; Sin—sinapic acid.

Phenolic extract from sea buckthorn fruits contained mostly glycosides of isorhamnetin
and quercetin (including compounds that were acylated with an unidentified aliphatic
acid). It contained small amounts of putative and acylated triterpenes as well. The non-
polar extract from sea buckthorn fruits contained large amounts of triterpenes (including
acylated triterpenes) and other unidentified non-polar compounds. It also contained trace
amounts of flavonoid glycosides. A detailed composition of both fruit extracts can be found
in Olas et al. [14].
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Figure 1. UHPLC-UV (255 nm; (A)) and base peak chromatogram (negative ion mode; (B)) of sea
buckthorn seed extract. Pr + C—proanthocyanidins and catechin.

3.2. Oxidative Stress Assays

Both extracts inhibited plasma lipid peroxidation induced by H2O2/Fe2+. Regular
seed extract significantly decreased lipid peroxidation at concentrations of 5, 10, and
50 µg/mL (Figure 2A), and roasted seed extract at all tested concentrations (0.5–50 µg/mL)
(Figure 2B). The differences between the activity of both extracts were not significant. None
of the tested concentrations of regular seed extract changed the level of thiol groups in
plasma treated with H2O2/Fe2+ (Figure 2C). However, 0.5 and 1 µg/mL of roasted seed
extract significantly inhibited thiol group oxidation induced by H2O2/Fe2+ (Figure 2D).
Protein carbonylation in plasma treated with H2O2/Fe2+ was inhibited both by the extract
from regular (at concentrations of 1–50 µg/mL) (Figure 3A) and roasted seeds (at all tested
concentrations (0.5–50 µg/mL) (Figure 3B). In this case, the activity of the extracts was not
concentration-dependent.

3.3. Measurement of Coagulation Times (PT, TT, and APTT)

Both tested extracts did not significantly impact coagulation times (PT, TT, and APTT)
measured in human plasma at all used concentrations (0.5–50 µg/mL).

3.4. Measurement of White Thrombus Formation with T-TAS (AR-Chip)

Only the extract from roasted seeds at the highest concentration (50 µg/mL) signifi-
cantly prolonged the time of occlusion, demonstrating anticoagulant activity (Figure 4).

3.5. Comparison between Antioxidant Activity of Regular Seed Extract and Phenolic and
Non-Polar Extracts from Sea Buckthorn Fruits

It was demonstrated that the extract from regular sea buckthorn seeds (1 and 50 µg/mL)
had stronger antioxidant activity (measured by TBARS level (A) and protein carbonylation
(B)) than the phenolic extract from sea buckthorn fruits (1 and 50 µg/mL) and the non-polar
extract from sea buckthorn fruits (1 and 50 µg/mL) (Figure 5).
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Figure 2. Effect of the extracts from regular (A,C) and roasted (B,D) sea buckthorn seeds on the level
of thiobarbituric acid reactive substances (TBARS) and on the level of thiol groups in human plasma
treated with Fe2+/H2O2 (n = 8). Control (+) and test samples (0.5–50 µg/mL) were incubated (30 min,
37 ◦C) with Fe2+/H2O2—an oxidative stress inducer. The results are presented as nmol TBARS/mL
of plasma (A,B) and the results are also presented as nmol thiol groups/mg of plasma protein (C,D).
The data are expressed as means ± SD. The results were considered significant at p < 0.05 (* p < 0.05;
** p < 0,01; *** p < 0.001). The numbers above significant results are % of lipid peroxidation inhibition.
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Figure 3. Effect of the extracts from regular (A) and roasted (B) sea buckthorn seeds (at concentrations
0.5–50 µg/mL) on the level of carbonyl (CO) groups in human plasma treated with Fe2+/H2O2 (n = 8).
Control (+) and test samples (0.5–50 µg/mL) were incubated (30 min, 37 ◦C) with Fe2+/H2O2—an
oxidative stress inducer. The results are presented as nmol CO groups/mg of plasma protein. The
data are expressed as medians and interquartile ranges. The results were considered significant at
p < 0.05 (* p < 0.05; ** p < 0,01). The numbers above significant results are % of carbonyl groups
oxidation inhibition.
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coagulation in whole blood; OT—occlusion time (B). Figure 4B demonstrates selected diagrams (B).
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Figure 5. Comparative antioxidant activity of the extract from regular sea buckthorn seeds (at con-
centrations: 5 and 50 µg/mL, pre-incubation time—5 min), phenolic preparation from sea buckthorn
fruits (at concentrations: 5 and 50 µg/mL, pre-incubation time—5 min) and non-polar preparation
from sea buckthorn fruits (at concentrations: 5 and 50 µg/mL, pre-incubation time—5 min) in plasma
treated with H2O2/Fe2+ (incubation time—25 min). Results are given as mean ± SD (n = 8). Kruskal-
Wallis test: (A) for lipid peroxidation: * p < 0.05 (preparation of sea buckthorn seeds (at concentration:
1 µg/mL) vs. phenolic preparation of sea buckthorn fruits (at concentrations: 1 µg/mL) non-polar
preparation of sea buckthorn fruits (at concentrations: 5 µg/mL); ** p < 0.01 (preparation of sea
buckthorn seeds (at concentration: 50 µg/mL) vs. phenolic preparation of sea buckthorn fruits
(at concentrations: 50 µg/mL)/non-polar preparation of sea buckthorn fruits (at concentrations:
50 µg/mL); (B) for protein carbonylation: * p < 0.05, ** p < 0.01 (preparation of sea buckthorn seeds (at
concentration: 5 and 50 µg/mL) vs. phenolic preparation of sea buckthorn fruits (at concentrations:
5 and 50 µg/mL) non-polar preparation of sea buckthorn fruits (at concentrations: 5 and 50 µg/mL).

4. Discussion

Sea buckthorn seed extracts contained diverse flavonoids, mainly non-acylated gly-
cosides of isorhamnetin, kaempferol, and quercetin, most of them with two or three
monosaccharides. Similar flavonoids were also reported in earlier studies [20,21]. How-
ever, Arimboor and Arumughan [20] detected much higher amounts of isorhamnetin
3-O-rutinoside and isorhamnetin 3-O-glucoside. The investigated sea buckthorn seed
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extracts also contained flavonoids acylated with phenolic acids (sinapic, ferulic) or men-
thafolic acid ((2E)-2,6-dimethyl-6-hydroxy-2,7-octadienoic acid), similar to those previously
isolated from sea buckthorn seeds and fruits [22–24]. Apart from phenolic compounds,
the seed extracts contained triterpenoid saponins, mostly the same as those previously
detected in sea buckthorn leaves [25], but different from triterpenoid saponins isolated
from seeds of H. rhamnoides ssp. sinensis by Chen et al. [26] and Gao et al. [27].

Cardiovascular diseases (CVDs) can be prevented by modifying various risk factors,
such as cholesterol level, blood sugar level, oxidative stress, and body weight. Some papers
have suggested that diet rich in fruits and vegetables, and natural preparations with high
concentration of phenolic compounds may be a safer alternative for preventing and treating
CVDs. There are several studies that describe positive effects of sea buckthorn seeds on the
cardiovascular system. For example, in a clinical trial by Vashishtha et al. [13], 0.75 mL of
seed oil reduced blood pressure and decreased the levels of total cholesterol, triglycerides,
and LDL-cholesterol in both healthy and hypertensive subjects [13]. Chand et al. [28]
studied the effect of sea buckthorn seed supplementation (1, 2, and 3 g/kg of feed) on the
concentration of cholesterol in eggs. In this experiment, 40 birds that were supplemented sea
buckthorn seeds had decreased level of egg cholesterol [28]. Krejcarová et al. [29] also noticed
that supplementation of sea buckthorn seeds reduces serum cholesterol concentration [29].

Increased probability of thrombotic events is another risk factor in CVDs, especially in
ischemic heart disease. Often, patients have to take long-term anticoagulant medication
(e.g., aspirin), which can cause adverse effects, therefore new anticoagulant and antiplatelet
compounds are still being investigated. Earlier studies have noted anticoagulant activity
of preparations from different parts of sea buckthorn, (including fruits, leaves, and twigs)
but effects of the seeds on hemostasis have not been investigated yet [25,30]. Here, for the
first time we have shown that the extract from roasted seeds at the highest concentration
(50 µg/mL) prolonged the time needed for white thrombus formation. These results
indicate that sea buckthorn seeds have anticoagulant potential, but more research is needed
to ascertain which compounds are responsible for this effect.

Apart from their effects on the cardiovascular system, sea buckthorn seeds have shown
other biological activities that might prove beneficial for human health. Zhang et al. [6] stud-
ied the anti-melanogenesis activity of hydroalcoholic extract of sea buckthorn seed residues
in an in vitro model. The authors identified about 24 compounds in the extract. Kaempferol
and its derivatives (2796.2 ± 31.5 µg per g dry weight) were the main compounds. The
extract had strong antioxidant properties, with a slight cytotoxic effect on B16F10 mouse
melanoma cells. Strong inhibition of extracellular tyrosinase and decreased activity of
intracellular tyrosinase were described as well [6]. Wang et al. [11] observed protective
properties of proanthocyanidins from sea buckthorn seeds against visible light-induced
retinal degeneration (via anti-inflammatory, antioxidant and antiapoptotic mechanisms)
in vivo. In this study, pigmented rabbits were supplemented with proanthocyanidins
from sea buckthorn seeds (50 and 100 mg/kg/day) for 14 days. Oxidative stress was
measured by different parameters, including total antioxidant capacity (T-AOC), the level
of malondialdehyde (MDA), and the activity of catalase (CAT) and glutathione peroxidase
(GSH-Px) in the retinal homogenate. As the maximum intake of proanthocyanidins in
human populations can reach 400–450 mg/day and the average weight of an adult human
is considered 60 kg, Wang et al. [11] suggested that the used dose of 50 mg/kg could
be considered a moderate dose, while the dose of 100 mg/kg can be considered a high
nutritional dose. Biological properties of proanthocyanidins are generally attributed to
their metabolites with smaller molecular size, which are formed and absorbed in the colon.
Wang et al. [11] suppose that they may be a decisive factor in the protective effect of sea
buckthorn proanthocyanidins against oxidative stress [11].

It is important to note, that various technologies used in the food industry are not
entirely favorable to active compounds contained in plants. For example, phenolic com-
pounds can be degraded by high temperatures [31]. On the other hand, heat-induced
change in the chemical content and structure of phytochemicals can have positive effects
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as well. For example, Agbaria et al. [32] showed that controlled thermal processing of
black seed (Nigella sativa) induces significantly higher anti-proliferative activity in mouse
colon carcinoma (MC38) in vitro, associated with a higher thymoquinone content in seed
oil [32]. Here, we noted some degree of flavonoid loss in thermally processed seeds, but
the decrease (157.2 ± 1.44 to 113.5 ± 2.28 mg/g) was small in comparison with a study
by Ursache et al. [33], where the content of flavonoids in thermally processed (60–100 ◦C,
25 min) extracts from sea buckthorn berries was lower by 77.91 to 90.04% [33]. This is
consistent with the lack of significant differences in antioxidant activity of the extracts from
regular and roasted seeds in regard to lipid peroxidation and protein carbonylation in
plasma treated with H2O2/Fe2+.

A comparison between antioxidant activity of the extracts from sea buckthorn seeds
and fruits showed, that the regular seed extract was more efficient at preventing lipid perox-
idation and protein carbonylation than phenolic and non-polar extracts from the fruits. This
is consistent with the results of Sharma et al. [12], who compared the antioxidant activity
of various extracts from different parts of sea buckthorn. For example, 2,2′-azino-bis(3-
ethylbenzothiazoline-6-sulfonicacid) diammonium salt (ABTS) radical-scavenging ability
of the extracts (obtained by microwave-assisted extraction method) from H. rhamnoides
seeds and fruits were 182.13 ± 0.10 and 18.81 ± 0.19 mg Trolox equivalent/g of plant mate-
rial, respectively. The results of 2,2′-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay indicated higher antioxidant activity of the seeds as well (282.75 ± 0.12 mg Trolox
equivalent/g for the seeds and 28.40 ± 0.19 mg Trolox equivalent/g for the fruits). The
researchers have also reported, that seed extracts had a higher content of phenolics than
fruit extracts, which was correlated with their stronger antioxidant activity [12]. On the
other hand, a comparison of antioxidant capacity of different organs of H. rhamnoides ssp.
yunnanensis showed, that the seeds were superior antioxidants only in the Oxygen Radical
Absorbance Capacity (ORAC) assay, while the pulp was better at scavenging the ABTS and
DPPH radicals [13]. Our previous analysis showed that phenolic extract from sea buckthorn
fruits contained mostly glycosides isorhamnetin and quercetin, with small amounts of
triterpenes, while non-polar extract contained mostly triterpenes and acylated triterpenes,
with only small amounts of flavonoid glycosides [14]. Antioxidant activity of the phenolic
extract was the lowest, while the activity of the non-polar extract was lower than the activity
of the seed extract, but still evident. Alterations in the profile of flavonoid glycosides in
the phenolic extract and seed extract, or in their total flavonoid content might contribute
to the differences in their activity. The activity of the non-polar extract indicates that the
identified triterpenoids also possess antioxidant potential. A more detailed assessment of
the triterpenoid profile of non-polar and seed extracts would show if the compounds they
contain are similar.

5. Conclusions

Analysis of the chemical content of regular and roasted sea buckthorn seeds showed
that they contain diverse flavonoids, mainly non-acylated glycosides of isorhamnetin,
kaempferol, and quercetin, similar to compounds previously isolated from sea buckthorn
seeds and fruits. Flavonoid loss caused by thermal processing was relatively small in
comparison with results of Ursache et al. [33]. For the first time, our data indicate that sea
buckthorn seeds possess a wide positive spectrum of biological activity (including not only
antioxidant, but also anticoagulant) that is not impaired by thermal processing. This is
consistent with other studies describing antioxidant activity of sea buckthorn seeds and
anticoagulant activity of other parts of sea buckthorn (including fruits, leaves, and twigs)
but more research is needed to ascertain which compounds are responsible for these effects.
In depth analysis of the mechanisms responsible for the anticoagulant activity is required
as well. In the future, sea buckthorn seeds should also be studied in animal models, to
determine if these results can be replicated in vivo.
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N.S. and J.Ż; writing—original draft preparation, N.S. and J.Ż.; writing—review and editing, B.O. and
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