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Abstract

Background Epidemiological studies indicate beneficial
effects of flavonoids on cardiovascular disease (CVD) risk.
Aim of the study To study the effect of flavonoid-rich sea
buckthorn berry (SBB) on circulating lipid markers asso-
ciated with CVD risk and plasma flavonol concentration.
Also investigated was whether changes in the circulating
flavonol concentrations correlate with the SBB induced
changes in C-reactive protein (CRP) concentration
observed previously.

Subjects and methods In all 229 healthy participants
completed the randomized double-blind study and con-
sumed daily 28 g of SBB or placebo for 3 months. Fasting
blood samples for the analysis of lipid markers and flavo-
nols were obtained at the beginning and end of the study.
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Results Compared to the placebo, the consumption of
SBB increased the plasma concentration of the flavonols
quercetin and isorhamnetin significantly [treatment differ-
ences 3.0 ng/ml (P = 0.03) and 3.9 ng/ml (P < 0.01),
respectively]. The increase of kaempferol concentration
was not significant [treatment difference 0.7 ng/ml
(P = 0.08)]. SBB did not affect the serum total, HDL,
LDL cholesterol, or the serum triacylglycerol concentra-
tions. There was no correlation between the changes in
flavonol and CRP concentrations of participants.
Conclusions The consumption of SBB significantly
increased the fasting plasma concentration of quercetin and
isorhamnetin indicating that it is a good dietary source of
flavonols. However, this did not convert to affecting the
circulating concentrations of lipid markers in healthy,
normolipidemic adults having healthy diets.
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Introduction

Sea buckthorn (Hippophaé rhamnoides L.) berries (SBB) have
a long tradition in eastern medicine where they are used,
among other things for improving blood circulation [42].
Epidemiological studies suggest the beneficial effects of
flavonoids on cardiovascular disease risks [2]. SBB are a rich
source of flavonoids, mainly flavonol glycosides and proan-
thocyanidins [23, 37]. The flavonoid composition of the berries
is exceptional because of the high proportion of the flavonol
isorhamnetin (3’-methylquercetin) [23, 37, 39]. Other main
flavonols in SBB include quercetin and kaempferol [18, 37].
SBB flavonoids protected endothelial cells against
injuries induced by oxidized LDL in cell culture [3], and
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have been shown to possess inhibitory effects on throm-
bosis in mice and on platelet aggregation in vitro [6].
Although epidemiological data and in vitro studies indicate
the beneficial effects of flavonols, the results of interven-
tion studies, mostly carried out on quercetin and quercetin-
containing foods, have been more inconsistent [2, 41].
Intervention studies reported in the Chinese literature
describe positive effects of SBB flavonoids/products con-
taining SBB flavonoids on hyperlipemia, coronary heart
disease, and ischemic heart disease [22, 40].

Inflammation and increased levels of C-reactive protein
(CRP) are associated with a higher risk of cardiovascular
disease [34, 36]. We found that consumption of SBB
reduced serum concentrations of CRP in healthy adults
[21]. Based on these findings, the objective was to study
the effects of SBB on other cardiovascular disease risk
factors (serum concentrations of total, HDL and LDL
cholesterol, and triacylglycerols) and circulating flavonols
in humans. It was also investigated whether changes in the
circulating flavonol concentrations of the participants cor-
relate with the SBB induced reduction of CRP levels
reported in our previous article.

Subjects and methods
Subjects and study design

The participants in the trial were healthy women and men,
from 19 to 50 years old. They gave written informed
consent to the study procedures, which were approved by
the Ethics Committee of the Hospital District of Southwest
Finland. The participants were, in a double-blind manner,
randomly assigned to receive either SBB (n = 127) or
placebo (n = 127) product. During the 90-day study
period, the participants daily consumed 28 g of SBB or
placebo. The SBB product was frozen puree, made of
berries of the Hippophaé' rhamnoides spp. mongolica cv.
Prozcharachnaya. The placebo product was similar in
appearance, taste and smell to the active product. At the
beginning and end of the study, blood samples were
obtained after a 12-h fast. Two hundred thirty-three par-
ticipants completed the study period. Both fasting blood
samples were obtained from 229 of these. The outcome
measures were serum total, HDL and LDL cholesterol, and
triacylglycerol concentrations, and plasma concentrations
of isorhamnetin, quercetin, and kaemferol. Details of study
design and products are described previously [21].

Laboratory methods

The serum total, HDL cholesterol and triacylglycerol
concentrations were measured by standard enzymatic
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methods using Roche Diagnostics reagents (Roche Diag-
nostics, GmbH, Mannheim, Germany) with a fully
automated analyzer Roche Modular P800 (Roche Diag-
nostics, GmbH, Mannheim, Germany) in TYKSLAB
(Turku, Finland). LDL cholesterol was calculated using the
Friedewald formula [13]. Serum CRP concentrations were
measured by TYKSLAB with high-sensitivity particle
enhanced immunoturbidometric assay using Roche tina-
quant reagents (Roche Diagnostics, GmbH, Mannheim,
Germany) and a fully automated analyzer Roche Modular
P800 (Roche Diagnostics) [21].

Plasma concentrations of the flavonols quercetin,
kaempferol, and isorhamnetin were analyzed as aglycones
after an enzymatic hydrolysis [10, 38] using a HPLC
fluorescence method [16, 38]. For hydrolysis of flavonol
conjugates, a crude preparation of Helix pomatia having
both f-glucuronidase and sulfatase activity (f-glucuroni-
dase, type HP-2, Sigma, Saint Louis, MO, USA) was used.
The H. pomatia preparation was contaminated with flavo-
nols [5] and therefore purified using active charcoal prior to
the analyses [27]. For quantitative analysis, the internal
standard rhamnetin (Extrasynthese, Genay, France) was
added to each sample. Methods used for the SBB puree
composition analysis are described previously [21].

Statistical analysis

The analysis of total, HDL and LDL cholesterol, and tri-
acylglycerol concentrations was carried out using linear
models (MIXED procedure, covariates: baseline concen-
tration of the analyte, consumption of fish; consumption of
milk, sour milk, yoghurt or sour whole milk; exercise
activity; consumption of fish oil supplements and choles-
terol reducing medication). Flavonol data was abnormally
distributed, and therefore analyzed using rank analysis of
covariance with the baseline measurement as a covariate.
Due to the abnormal distribution of values, the flavonol
data is expressed as medians (quartiles). Two-sided tests
and significance levels of 0.05 were used throughout. SAS
software (SAS Institute Inc., NC), version 9.1.3 SP2, was
used for the group comparison analyses. Correlations
between relative changes in the circulating flavonol and
CRP concentrations were calculated with the Spearman
correlation coefficient using SPSS software (SPSS Inc.,
Chicago, IL), version 16.0.

The sample size estimation (a total of 254 participants
randomized) was based on assumptions made about the
common cold incidence and duration, which were the main
interest in the infection—part of the sea buckthorn health
effects—study [21]. To save time and cost, a random
sample of 170 participants was generated for the flavonol
analyses. All randomized subjects who gave fasting blood
samples at the beginning and end of the study period were
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included in the primary analysis [intention to treat (ITT)
data]. In flavonol analyses, eight participants belonging
to the random sample of 170 had to be left out due to
technical difficulties in the laboratory analysis and conse-
quently running out of sample. In addition, the analyses
including only participants who were totally compliant
with the protocol [per protocol (PP) data] were conducted.
Also, participants using lipid lowering medication [sea
buckthorn group (n = 0), placebo group (n = 2)] were
excluded, from the lipid marker PP analyses.

Results
Study products

The daily SBB dose contained 16.7 mg flavonol glyco-
sides, about 9.0 mg/day calculated as aglycones.
Glycosides of isorhamnetin were the most abundant [fla-
vonol glycosides, mg/28 g of puree (SD): isorhamnetin
3-0-glucoside-7-O-rhamnoside 5.8 (0.7), quercetin 3-O-
rutinoside 1.5 (0.9), quercetin 3-O-glucoside 1.6 (0.4),
isorhamnetin 3-O-rutinoside 5.1 (0.8), isorhamnetin 3-O-
glucoside 2.4 (0.4) and kaempferol 3-O-rutinoside 0.3 (0.4,
tentative identification)]. The amount of aglycones equates
roughly to 167% of the estimated average Finnish daily
flavonol intake of 5.4 mg [33], which is low compared to
the intakes reported in other Western countries [25]. The
amounts of vitamin C and a-tocopherol were about 21 and
11-14% of the recommended daily intake [12].

The calculated daily energy intakes from the study
products were approximately 88 and 18 kJ from the SBB
and placebo, respectively. Though the products were not
isocaloric, the daily energy intake from both products was

small and thus not likely to cause differences between the
groups.

Participants

Participants in both groups had similar characteristics and
diets (Table 1). There were no major differences in the
characteristics of participants in the PP data either (data not
shown).

Circulating total, HDL and LDL cholesterol,
triacylglycerols and flavonols

Consumption of SBB did not affect the circulating con-
centrations of lipids in the ITT (Table 2) or PP population
(data not shown). Compared to the placebo group, there
was a significant increase in the serum isorhamnetin and
quercetin concentration in the SBB group in ITT (Table 2)
and PP populations (data not shown). The serum concen-
tration of kaempferol also increased, but the difference was
not significant (Table 2).

Correlations between changes in circulating
concentrations of flavonols and C-reactive protein

Compared with the placebo, there was a significant
reduction in circulating concentrations of CRP in the SBB
group during the study (difference between groups in
median change —0.06 mg/L, P = 0.04) [21]. There was no
correlation between the relative changes of plasma flavo-
nols and the changes of CRP in the sea buckthorn group
(ITT and PP data). The correlation coefficients in the ITT
data were —0.02 (P = 0.86), —0.7 (P = 0.54) and —0.01
(P = 0.95) for the correlations of quercetin, kaempferol,

Table 1 Characteristics of
participants

Cholesterol and triacylglycerol analyses Flavonol analyses

SBG PG SBG PG

Women, n (%) 90 (78.3) 88 (77.2) 65 (77.4) 63 (80.8)

Smokers, n (%) 7 (6.1) 9 (7.9) 6 (7.1) 6 (7.7)

Regular consumers of vitamin/mineral/ 44 (38.3) 47 (41.2) 33 (39.3) 32 (41.0)

nutrient supplements, n (%)

Consumption of fruit and berries, n (%)

Daily 53 (46.1) 62 (54.4) 44 (52.4) 42 (53.9)

>Once/week 55 (47.8) 49 (43.0) 36 (42.9) 35 (44.9)
Values are numbers of <Once/week 7 (6.1) 3 (2.6) 4 (4.8) 1(1.3)
participants (%) or mean Consumption of vegetables, n (%)
(standard deviatior}) in ITT data. Daily 80 (69.6) 85 (74.6) 57 (67.9) 56 (71.8)
Sﬁa‘ilyest:r‘i;ﬁi‘fgﬁfgﬁ? >Once/week 33 (28.7) 29 (25.4) 26 (31.0) 22 (282)
(SBG) n = 115, placebo group <Once/week 2(1.7) 0 (0) 1(1.2) 0 ()
(PG) n = 114; flavonol BMI (kg/m?), mean (SD) 23.2 (2.8) 23.1 (3.0) 229 (2.7) 227 (2.8)
analyses: SBG n = 84, PG Age (years), mean (SD) 30.6 (8.6) 30.9 (8.9) 313 (8.6) 31.3(9.3)

n=7178

@ Springer



280

Eur J Nutr (2009) 48:277-282

Table 2 Serum concentrations of triacylglycerols, total, LDL and HDL cholesterol and flavonols quercetin, kaempferol and isorhamnetin in
healthy adults at baseline and after consumption of sea buckthorn or placebo product for 3 months

SBG PG Treatment P (95% CI)
difference
BL Change BL Change
3 months — BL 3 months — BL

Triacylglycerols® 1.17 (0.51) 0.03 (0.40) 1.22 (0.58) —0.03 (0.41) 0.05 0.23 (—0.04; 0.16)
Total cholesterol® 4.98 (0.89) 0.08 (0.48) 4.95 (0.92) 0.12 (0.52) —0.04 0.70 (—0.16; 0.11)
HDL cholesterol® 1.57 (0.39) 0.03 (0.20) 1.56 (0.40) 0.07 (0.20) —0.04 0.15 (—0.09; 0.01)
LDL cholesterol® 2.87 (0.85) 0.04 (0.44) 2.84 (0.81) 0.06 (0.45) —-0.03 0.75 (—0.13; 0.10)
Quercetin® 8.9 (5.6; 16.1) 2.5 (—1.5;8.1) 12.1 (6.0; 16.8) —0.5 (—3.9;4.3) 3.0 0.03%*
Kaempferolb 49 (3.4;64) 0.7 (—=0.7; 2.9) 5.1 (3.8; 6.0) 0.1 (—=0.9; 2.1) 0.7 0.08
Isorhamnetin® 4.5 (2.8; 6.6) 3.9 (1.7, 7.8) 4.9 (3.4, 6.7) 0.0 (—1.3;1.9) 3.9 <0.01*

% Values are mean (standard deviation) (mmol/L); sea buckthorn group (SBG) n = 115, placebo group (PG) n = 114
® Values are median (quartiles) (ng/ml) due to the abnormal distribution of the data; SBG n = 84, PG n = 78

* Significant difference between the sea buckthorn and placebo groups (P < 0.05)

and isorhamnetin change versus the CRP change, respec-
tively. The conclusions did not change when the
participants having highly elevated CRP values (>10 mg/
L), indicating acute infection or inflammation, were
excluded (data not shown). Also, there was no correlation
between the flavonol and CRP changes when the sum of all
flavonols, or the sum of quercetin and isorhamnetin in the
sea buckthorn group, was considered (data not shown).

Discussion

Isorhamnetin is found in high amounts only in few food-
stuffs [39] and there is limited data concerning its
bioavailability and metabolism [20], especially in humans
and in long-term consumption. In foods, flavonols are
present mainly in a glycosylated form. Glycosylation and
the nature of the sugar moiety influence the absorption of
flavonols [25]. Lan et al. [20] showed absorption of isorh-
amnetin glycosides in rats. The Ty, values ranged from 6.4
to 8.0 h from administration, depending on the dose. Suo-
mela et al. [38] detected absorption of isorhamnetin
aglycone from a mixture of SBB flavonols in humans. T},ax
for the isorhamnetin aglycone was considerably shorter,
only 1 h after ingestion of the aglycones. In our study,
accumulation of isorhamnetin after consumption of isorh-
amnetin glycoside-rich berries for 3 months was detected
after a 12-h fast. As the participants were allowed to take the
product at any time of day, the span from eating the berries
to the sampling time varied from 12 to more than 24 h.
Flavonols in circulation exist mostly as diverse methyl-,
glucuronyl-, glucosyl- and sulpho-conjugates, extensively
bound to albumin [20, 25, 30]. The biological activities of
the flavonol metabolites can differ from the activities of
aglycones, which emphasizes the importance of clinical
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and in vivo studies in evaluating their biological effects.
Though isorhamnetin in large quantities is not common in
foodstuffs, part of the dietary quercetin can be methylated
in the liver to form isorhamnetin [24, 30]. Methylation is
extensive in rats [29], but is likely of less importance in
humans unless large quantities of quercetin are ingested
[24]. Also other components in foods can affect the rate of
methylation [8].

Anti-inflammatory effects of sea buckthorn berry juice
and flavonols isorhamnetin, quercetin and kaempferol,
have been detected in cell culture studies [4, 15]. In this
trial, there was no correlation between the changes of
plasma flavonol and serum CRP concentrations. This
indicates the detected changes in CRP [21] were probably
caused by synergetic effects of several compounds in SBB
instead of being the effects of the flavonols alone. Suomela
et al. [38] did not see any CRP effect after 4 weeks sea
buckthorn flavonol aglycone supplementation (78 mg/day)
in healthy adults. Still, epidemiological data suggests
consuming foodstuffs rich in flavonols and other flavonoids
does have inflammation suppressing effects [31].

Dyslipidemia, where a person has increased serum LDL
cholesterol or triacylglycerol concentrations, or reduced
HDL cholesterol concentration, is an important risk factor
in the development of atherosclerosis [7]. According to
Arai et al. [1], there is an inverse association between
quercetin intake and total and LDL cholesterol concentra-
tions in Japanese women. It is possible that quercetin can
reduce the hepatic lipogenesis [32].

The participants in this study had healthy diets. Igarashi
and Ohmuma [17] detected a serum total cholesterol low-
ering effect of dietary isorhamnetin and quercetin (0.1% of
diet) in rats fed with a cholesterol enriched diet, but not in
those having a cholesterol-free diet. In the Chinese inter-
vention studies by Liu et al. [22] and Wang et al. [40] SBB
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juice and sea buckthorn total flavonoids reduced the plasma
triacylglycerol and/or cholesterol levels of hypertriglyce-
mic participants without clear effects on the corresponding
parameters of subjects with normal triacylglycerol levels.
The SBB dose in the study by Liu et al. was 13 ml of
8.3 times concentrated SBB juice/day (approximate to
100 ml original juice) for 90 days for participants with
coronary heart disease (n = 25), and for 60 days for par-
ticipants without coronary heart disease (n = 36) [22]. In
the study by Wang et al., the daily dose was 600 mg SBB
flavonoids for 3 months for 40 participants with ischemic
heart disease [40].

Suomela et al. [38] did not detect changes in serum lipid
concentrations after sea buckthorn flavonol supplementa-
tion in participants with slightly elevated cholesterol levels.
In a trial by Eccleston et al. [9], no significant changes in
the serum lipids were detected after consumption of 300 ml
of SBB juice (containing ca. 355 mg flavonoid glycosides)
for 8 weeks in normolipidemic participants, although there
was a tendency to increased plasma HDL and triacylglyc-
erol concentrations. The mean serum lipid concentrations
of the participants in our study were within the limits of the
European recommendations [7].

In flavonol and berry intervention studies where effects
on blood lipids have been detected, the daily intake of
flavonols/berries has been higher than in this study [11, 22,
40]. In Finland, the average consumption of fresh berries is
only 13 and 7 g/day by women and men, respectively [26],
and we chose a berry dose with only about 65% increase in
flavonol intake. As SBB contains several bioactive com-
pounds, synergetic effects were assumed [28]. We wanted
to use a moderate berry dose, realistic for the regular
consumption of the average person. The dose used here
approximates the dosage of dried SBB (3-9 g) prescribed
in the Chinese Pharmacopeia for improving blood circu-
lation [35]. Subspecies, environment, and maturity affect
the amount of bioactive compounds in SBB [14, 19]. Thus,
the results of this study cannot be generalized as con-
cerning all sea buckthorn products.

In conclusion, the consumption of sea buckthorn berries
increased the serum concentration of isorhamnetin and
quercetin, but had no effect on serum total, LDL or HDL
cholesterol, or triacylglycerol concentrations in healthy,
mostly normolipidemic, adults. There was no correlation
between the changes of circulating concentrations of
flavonols and changes in CRP. Results indicate the previ-
ously reported CRP reducing effect of sea buckthorn
berries detected in this trial is likely to derive from a
combination of multiple bioactive compounds in the berry.
Future studies should investigate the effects of sea buck-
thorn berry on cardiovascular disease risk markers in
different populations, using different dosages, and on
mechanisms other than the lipid lowering effect.
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