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Absorption of Flavonols Derived from Sea Buckthorn
(Hippophaé® rhamnoides L.) and Their Effect on Emerging Risk
Factors for Cardiovascular Disease in Humans
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Sea buckthorn (Hippophaé rhamnoides L.) is a rich source of flavonols, especially isorhamnetin.
Most prospective cohort studies have indicated some degree of inverse association between flavonoid
intake and coronary heart disease. Animal and human studies suggest that sea buckthorn flavonoids
may scavenge free radicals, lower blood viscosity, and enhance cardiac function. The effects of flavonol
aglycones derived from sea buckthorn on the risk factors of cardiovascular disease as well as their
absorption were studied in humans. The flavonols, ingested with oatmeal porridge, did not have a
significant effect on the levels of oxidized low-density lipoprotein, C-reactive protein, and homocysteine,
on the plasma antioxidant potential, or on the paraoxonase activity. Flavonols at two dosages in
oatmeal porridge were rapidly absorbed, and a relatively small amount of sea buckthorn oil added to
the porridge seemed to have increased the bioavailability of sea buckthorn flavonols consumed at
the higher dose.

KEYWORDS: Flavonols; flavonol absorption; oxidized LDL; lipid oxidation; high-performance liquid
chromatography; baseline diene conjugation; cardiovascular disease

INTRODUCTION Sea buckthornHippophdaerhamnoided..) is a yellow-orange

Experimental studies on animals and cultured human cell lines P&y rich in oil, vitamin C, tocopherols, carotenoids, and
support the role of polyphenols in the prevention of cardiovas- flavonoids. The flavonoids in sea buckthorn fruit pulp are mainly

cular disease. Itis, however, difficult to predict from these results flavonols, of which isorhamnetin is typically found in the largest
the effects of polyphenol intake on disease prevention in humans@mounts Eigure 1). Quercetin is also present, as well as small
(1). Epidemiological data on the effect of flavonoids, a major amouqts of kaempferol. In the berrles., flavonols are present as
group of polyphenols, on health is conflicting, but most g!ycogldes and aglycones. The most |mportant flavono! glyco-
prospective cohort studies have indicated some degree (fromSides in sea buckthorn are isorhamnetin-3-O-sophoroside-7-O-
weak to modest) of inverse association between flavonoid intake "amnoside, isorhamnetin-3-O-rutinoside, isorhamnetin-3-O-
and coronary heart diseas®.(However, the epidemiological ~ 9lucoside, quercetin-3-O-rutinoside, and quercetin-3-O-glucoside
evidence is difficult to interpret because of potential confounding (3:4)- Some studies carried out earlier suggest that sea buckthorn
factors. Dietary intake data do not provide specific information flavonoids may scavenge free radicals, lower blood viscosity,
on individual compounds that are ingested. In addition to dietary @hd enhance cardiac functioB«11). Dietary sea buckthorn
intake data, it is important to use serum biomarkers in the oil has been shown to have beneficial effects on skin and to
epidemiological studies on associations between flavonoids andinhibit platelet aggregation, and it may have synergistic effects
risk of diseases. The few clinical studies on biomarkers of With sea buckthorn flavonolslg, 13).

oxidative stress and cardiovascular disease risk factors have A substantial proportion of cardiovascular events occurs in

given contradictory and inconclusive resulfs. individuals without the established risk factors such as elevated
blood pressure, dyslipidemia, smoking, or diabetes mellitds (
. *To évgéjrg gggggggncéence_lshould be@addr?_ssed.—'F658—2—3336871. In recent years, a number of new potential risk factors or markers
ax: + -Z- . E-mall: jusuom@utu.fi. H H H
T Department of Biochemistry and Food Chemistry, University of Turku. have _bee_n proposed _as pred'.CtorS of af‘ther(?sc'erqSIS and its
* Department of Physiology, University of Turku. complications. C-reactive protein (CRP) is a circulating acute-
ﬁéfomt;%h Iitdf'H ith and Exercise & P Nurmi Center. Universit phase reactant that is increased many-fold during the inflam-
of Turpearment ofHealth and Exercise & Faavo Turmi Lenter, PVEISY matory response to tissue injury or infectidt®). An evolving
U Sport Institute of Finland. body of work suggests that even small increases in CRP within
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Table 1. Information on the Subjects?

HO = 0. 2y B age (years) 466+56 479+79
\[ T ]/ | | weight (kg) 83.6+9.7 83.6+938
\(Y\OH e OH height (cm) 180.1+ 4.7 1814 +6.5

0 0 ST aResllts expressed as means + SD. ? Total amount of subjects: 14. ¢ Total
Isorhamnetin Kaempferol amount of subjects: 22.

Human Study 1 (Crossover Study).The double-blind, placebo-
controlled, crossover study was designed to investigate the effects of
sea buckthorn flavonol extract on biomarkers/risk factors of cardio-
vascular disease. Fourteen healthy, nonsmoking males (agesiB35
with a slightly elevated total cholesterol level (5.3.2 mmol/L) were
recruited for the studyTable 1). The effects of oatmeal porridge
(portion size, 185 g; contained peeled apple and cinnamon as flavorings)
supplemented with a sea buckthorn flavonol extract were studied against
a control porridge that did not contain the flavonols. The extract (0.4

Quercetin Tamarixetin g) added to the porridge contained a total of 78 mg of flavonol
Figure 1. Molecular structures of some flavonol aglycones. aglycones, of which 54.1 mg of isorhamnetin, 20.2 mg of quercetin,
and 3.4 mg of kaempferol were present. Flavonols were extracted from

the normal range are predictive of future vascular evebds ( fruit pulps of sea buckthorn with an etharelater solution. The extract
9 P was purified by extraction of oil with hexane and removal of sugars

Homocysteine is a highly reactive amino acid formed as a i water.

byprqdu_ct of the metabolism of _the essel_'mal amino acid  Exclusion criteria were hormonal, renal, hematological, or hepatic
methionine £6). Numerous observational studies have reported dysfunction, a myocardial infarction, treatment with lipid-lowering or
on the association between homocysteine levels and vasculanonsteroidal inflammatory drugs, cardiovascular medication, and an
risk (14). The role of low-density lipoprotein (LDL) in athero-  ongoing inflammatory state or disease. Each subject provided an
genesis has been known for several years. Studies suggest thagformed written consent, and they were free to discontinue their
the atherogenic LDLs are modified, mainly oxidized, LDL participation in the study at any point without explanation. The study
particles (7—19). Paraoxonase is an antioxidative enzyme that plan was approved by the Ethics Committee of the Hospital District of
has a role in removing oxidized lipids from LDL and high- Southwest Finland.

oo . . During two study periods of 4 weeks, the subjects consumed daily
der_ls_lty I_|popr_0te|n (HDL). Stud_les suggest t_hat low paraoxonase a portion of oatmeal porridge with or without the sea buckthorn flavonol
activity is a risk factor of cardiovascular disea8)(

extract. The order of the study periods was randomized. The study
Flavonoids and their in vivo metabolites may affect disease periods were separated by a washout period of 4 weeks. Before and
states by their antioxidative properties, by their ability to regulate after each study period, after a 12 h fast, blood samples were collected
cell signaling, and also by currently unknown mechanis2is ( by venipuncture for the determination of CRP, homocysteine, paraoxo-
As opposed to the antioxidative effects, the effects on the hase activity, and conjugated dienes and oxidized TAG in LDL.
modulation of cell signaling are not necessarily changed even Human Study 2 (Absorption Study). The study was designed to

if the metabolite would be a weaker antioxidant than the original investigate the absorption of sea buckthorn flavonols and the influence
molecule £2) of sea buckthorn oil on the absorption efficiency. Twenty-two healthy,

. .. nonsmoking males (aged 3%9) were recruited for the study on the

In the present research project, the effects of a nonglycosidic ahsorption of the nonglycosidic flavonol extraaple 1). Exclusion
sea buckthorn flavonol extract (contains 19.4% flavonol agly- criteria were the same as in the crossover study. The subjects provided
cones as well as 0.25% proanthocyanidins) on the potential riskan informed written consent before the study. The study plan (a
factors of cardiovascular disease were studied in human subjectsontinuation of the earlier study) was approved by the Ethics Committee
(study 1). The extract was mixed in oatmeal porridge, which of the Hospital District of Southwest Finland. The subjects were divided
was regarded as a good matrix. The absorption and plasmarandomly into two groups (see footnotesTaible 3). During each of
concentrations of the flavonol aglycones were investigated. Also, WO Separate visits, after an overnight fast, the subjects were given a
the effect of added sea buckthorn oil on the absorption and S"9!é dose of oatmeal porridge (portion size, 185 g; unflavored)

. L . containing the flavonol extract (group 1, 78 mg of total flavonols; group
bioavailability of the flavonols was studied (study 2). 2, 39 mg of total flavonols). Each subject was also gideg of sea

buckthorn oil mixed in one of the two meals. The oil (donated by
MATERIALS AND METHODS Aromtech Ltd., Tornio, Finland) had a standardized composition of a
mixture of sea buckthorn seed oil and berry oil extracted with
Safety.Volunteers were asked about their health status at a prestudy supercritical C@. The oil did not contain any flavonoids. The order of
examination and with a questionnaire. The subjects were healthy. Eachthe meals (with or without oil) was randomized. The subjects were
subject provided an informed written consent. The study plan was asked to restrain from flavonol-rich foods for 2 days preceding the
approved by the Ethics Committee of the Hospital District of Southwest meals. Blood samples were collected before and 1, @ 4dmafter the

Finland. meals for the determination of the levels of flavonols.
Chemicals and ReagentsType HP-2Helix pomatiaextract with Measurement of Blood Parameters.The blood samples were
glucuronidase and sulfatase activity and O,O-diethy-@itrophe- centrifuged to yield plasma and serum, which were frozen and stored

nylphosphate were obtained from Sigma (St. Louis, MO), and A§NO in —70°C. Plasma total cholesterol, HDL-cholesterol, LDL-cholesterol,
9H,0 was obtained from Fluka (Buchs, Switzerland). Quercetin, triglycerides, and glucose were measured by standard spectrophoto-
kaempferol, and isorhamnetin were purchased from Extrasynthesemetric methods. Paraoxonase activity was determined using paraoxon
(Genay, France). All solvents were of chromatography or analytical (O,0-diethyl-Op-nitrophenylphosphate) as the substrate and measuring
grade and were purchased from local suppliers. The oxidized derivativesthe formation of 4-nitrophenol by increase of absorbance at 412 nm
of synthetic triacylglycerols (TAG) were prepared as described earlier (25). Determination of high-sensitivity CRP concentrations was per-
(23, 24). formed from the serum using an ultrasensitive immunoas2g)y The
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Table 2. Blood Parameters Measured Before and After Study Periods
of the Human Study 12

flavonol period placebo period

before after before after
tot.chol? 58+0.7 56+05 58+0.6 56+06
HDL-chol? 14+04 14+03 15+0.47 1.4+0.48
LDL-chol? 33+05 34+04 34+03 34+06
glucose®? 52+05 53+0.8 53+0.6 53+06
trigly? 15+08 16+11 15+06 16+08
homocysteine¢  10.1+2.2 99+23 101+£24 10.0+23
CRPH 0.8+06 08+06 0.7+04 09+0.7
BDC¢ 320+89 321+6.4 326+104 321101
TRAP¢ 838 + 137 793 + 152 863 + 176 863 + 134
paraoxonase® 80.9+583 76.6+498 77.1+511 795+544

@ Results expressed as means + SD, n = 14. Different letters in a row indicate
significant differences between the four time points. Tot.chol, total cholesterol; HDL-

chol, HDL-cholesterol; LDL-chol, LDL-cholesterol; trigly, triglycerides; CRP, C-reactive
protein; BDC, baseline diene conjugation in 234 nm; TRAP, antioxidant potential
masured by resistance of 2,2'-azobis(2-amidinopropane)dihydrochloride-induced
peroxidation. ® mmol/L. ¢umol/L. 9mg/L, n = 12. € units/L.
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Figure 2. lon chromatograms showing oxidized LDL TAGs of 52 acyl

carbons and their postulated molecular structures (not regioisomers) after
a study period with flavonol-containing porridge (pooled sample). Molecules
were detected as [M + NaJ* ions.

plasma homocysteine level was analyzed by fluorescence polarization
immunoassayZ7). The antioxidant potential of the plasma samples
was measured by their potency in resisting-a2obis(2-amidinopro-
pane)dihydrochloride (ABAP)-induced peroxidation (TRAP method)
(298).

Determination of Oxidized Lipids. LDL was isolated by a
precipitation method29). The precipitation buffer consisted of 0.064
M trisodium citrate adjusted to pH 5.05 Wit N HCI and contained
50000 IU/L heparin. Before precipitation of LDL, plasma samples [to
which 1 mg/mL of ethylenediaminetetraacetic acid (EDTA) were added]
and precipitation reagents were allowed to equilibrate to room tem-
perature. One milliliter of the sample was added to 7 mL of the
heparin-citrate buffer. After it was mixed with a Vortex mixer, the
suspension was allowed to stand for 10 min at room temperature. The
insoluble lipoproteins were then sedimented by centrifugation atd 000
for 10 min. The pellet was resuspended in 1 mL of-fypdosphate
buffer, pH 7.4, containing 0.9% of NaCl. Total lipids were extracted
from LDL using chloroform-methanol (2:1, by vol). For the estimation
of oxidation by the baseline level of diene conjugation (BDC) in the
lipoproteins (LDL-BDC method), the extracted lipids were dissolved
in cyclohexane and analyzed spectrophotometrica§). (

To study oxidized TAG molecular structures in LDL, oxidized TAGs
were separated from total lipids of LDL by thin-layer chromatography
(TLC) and analyzed by high-performance liquid chromatography
electrospray ionizationmass spectrometry (HPLC-ESI-MS)3J 30,

31). Heptane/di-isopropyl ether/acetic acid (60:40:4, by vol) solution
was used as the mobile eluent in TLC performed with silica G-plates.
The HPLC system consisted of a Hitachi (Tokyo, Japan) L-6200
Intelligent Pump with a Discovery HS C18 column (250 mum4.6

mm i.d.; Supelco Inc., Bellefonte, PA). The column was eluted at 0.85
mL/min, and a linear gradient was used as follows: 20% 2-propanol
in methanol was changed to 80% 2-propanol in 20 min. The final
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Figure 3. Plasma concentrations («g/L) of quercetin (A), kaempferol (B),
and isorhamnetin/tamarixetin (C) before and 1, 2, and 4 h after different
meals (quercetin results are close to the limit of quantitation). Results
are expressed as means, n = 11. See Table 3 for the descriptions of
the meals.

composition was held for 10 min. Eighty-five percent of the effluent
(0.72 mL/min) was led to a Sedex 75 (S.E.D.E.R.E., Alfortville, France)
evaporative light scattering detector. An evaporation temperature of
70 °C and a nebulizer gas (air) pressure of 2.7 bar were used in the
detector. Fifteen percent of the effluent (0.13 mL/min) was led to a
Finnigan MAT TSQ 700 triple quadrupole mass spectrometer (Finnigan,
San Jose, CA) equipped with a nebulizer-assisted electrospray interface.
Full-scan MS spectra were collected in positive/4 450—-1100)
ionization mode. The electrospray voltage used wds5 kV.

Analysis of Flavonol Absorption. In the absorption study, flavonol
conjugates were hydrolyzed to determine plasma levels of quercetin,
kaempferol, and isorhamneti@2). A 0.8 mL amount of EDTA plasma
was incubated with 8gL of 0.78 M sodium acetate buffer (pH 4.8),
80 uL of 0.1 M ascorbic acid, and 32L of a crude preparation from
H. pomatig containing 3200 U off-glucuronidase and 160 U of
sulfatase activity, for 17 h at 37C.

After incubation, the sample was diluted with 2 mL of phosphate
buffer (70 mM, pH 2.4) and added to a Bond Elut C18 solid-phase
extraction column (Varian Inc., Palo Alto, CA), preconditioned with 6
mL of methanol and 6 mL of phosphate buffer. The column was washed
with 9 mL of phosphate buffer and 0.5 mL of water. The column was
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Table 3. Total Flavonol Concentrations in Plasma Samples (Human Study 2)?

time
meal? Oh 1h 2h 4h
quercetin
1A 481+152 Ay 59.7+19.1A; y 56.3+ 18.8A; 57.5+230A;
1B¢ 524+ 16.1A; ¢y 65.2+20.1A; y 628 +152A; ¢ 62.1+234Ay
2A 496 +135A; 59.6 £ 20.6 A; v 538+ 139A; ¢y 538+ 152A; ¢
2B 485+ 157 AB; p 58.2+18.4 CD; 3 57.9 + 18.9 ACE; v 48.8 +16.0 BDF; 1
kaempferol
1A 2274+ 958 A; ¢ 3795+ 115.0B; ¢ 346.1+103.1C; y 296.0 + 119.6 D;8y
1B¢ 2274 +59.6 A,y 396.7 £119.9B; ¢ 366.0 £ 98.9 BC; v 346.1+1385C;8
2A 2289+547A;y 313.7+63.5BC; y 288.0 £50.7 CD; v 264.2 +72.0 AD;8y
2B 2113+ 47.1A; 9 292.1+89.1B; vy 282.3+88.1B; 216.1+60.9A; 9
isorhamnetin (+ tamarixetin)
1A 296+52A; y 84.1+26.8B; 8y 712+222C; 8y 60.8 +21.8 C; §y
1B¢ 341+ 140A;y 92.3+2858B;8§ 775+21.2C; 8§ 81.7+41.0BC; §
2A 299£36Ay 639+123B;y 50.1+7.7C; A 470£93C;y
2B 310t 4.6A; 64.4+20.6 B; y 55.2 £ 15.2 B; A 453+10.0C;

@Results expressed as ug/L (means = SD, n = 11). Means between different time points without a common capital letter differ (P < 0.05). Means between different
meals within a time point without a common symbol differ (P < 0.05). ? Meal 1A, 78 mg of total flavonols in porridge; 1B, 78 mg of total flavonols and 3 g of sea buckthorn
oil in porridge; 2A, 39 mg of total flavonols in porridge; and 2B, 39 mg of total flavonols and 3 g of sea buckthorn oil in porridge. ¢ n = 10.

dried by suction, and flavonols were eluted into a glass tube with 2 consumption of test meals during the study periods did not have

mL of methanol. The methanol eluate was dried with nitrogen and clear effects on the proportion of these structures in the LDL
dissolved in a small amount of methanol. The samples were immediately tota] lipids.

frozen and stored in-70 °C. In human study 2, plasma flavonol concentrations were
Plasma levels of flavonols (quercetin, kaempferol, and isorhamnetin/ y 4 P

tamarixetin) were determined by HPLC with fluorescence detection, €Stimated by using standard compounds, which went through
where AI(NO)s was used as a chelating age88) The sample was  the same sample preparation procedures as the plasma samples.
dried and dissolved in methanelvater (1:1, by vol) and was injected  After this, a series of dilutions were made and standard curves
onto Phenomenex Prodigy ODSn (3) column (250 mmx 4.60 were prepared. Limits of detection based on the standard curves
mm, 5um; Torrance, CA) using acetonitrile/0.025 M phosphate buffer were approximately 3@g/L plasma for quercetin, 4@g/L

(pH 2.4), 31:69 (by vol), as the mobile phase at a flow rate of 1 mL/  plasma for kaempferol, and 2@/L plasma for isorhamnetin.

min. The column was placed in a column oven set &@G0The column  gensitjvity of the method was estimated to be 0.03 area units/

effluent was mixed with 0.4 mL/min 1.5 M AI(N§s in methanol L) for rcetin 2ar ni L) for kaempferol. an
containing 7.2% (by vol) acetic acid in a postcolumn reactor placed in gugg )argaqujrit;%ll_,)ofgr i;jloff?al#nnt:grq ) for kaempferol, and

the column oven. The reactor consisted of a 15 m (0.25 mm internal
diameter) Teflon tubing connected to the HPLC column with a low [N plasma, absorbed flavonols are mostly present as glucu-
dead volume tee. The fluorescence of the flavermetal complexes ronides and sulfates regardless of the form that they are ingested
was measured at 485 nm using a Shimadzu RF-530 (Shimadzuin (glycosidic or nonglycosidic)33, 35). In order to analyze
Corporation, Kyoto, Japan) fluorescence detector with an excitation the aglycones, the ester bonds were enzymatically cleaved. The
wavelength set at 422 nm. Areas under the concentratiore curve flavonols added to porridge, both with and without added sea
(AUC) were Callcu'al‘ted using the t(;apeZOida' rule. Areas under baseline b ckthorn oil, increased the plasma levels of isorhamnetin and
concentration levels were ignored. =~ _ kaempferol with both doses of the flavonoid extragigire 3
Statistical Methods. SPSS 12.0 (Chicago, IL) for Windows was ndTable 3). Although the trend was similar after all meals,
used for data analysis. Analysis of variance for repeated measures an . . - .
Friedman tests were used to compare the values between different tim he |_n_crease in the plasma querc_:etln concent_ratlon was only
points. T-tests for independent and paired samples as well as corre- Significant after meal 2B. Quercetin concentrations were close

sponding nonparametric tests were used to compare individual pairsto the limit of quantitation. The relatively high standard
between groups and time points. Appropriate Bonferroni corrections deviations and hence somewhat poor precision were not caused

were used. by HPLC separation or fluorescense detection but rather by
sample preparation steps. Despite this, the results clearly
RESULTS AND DISCUSSION demonstrate the absorption of the flavonol aglycones.

In human study 1, the porridge with the sea buckthorn —AUCs were also calculated, and both with and without added
flavonol extract did not have effects on most of the parameters S€a buckthorn oil, the results showed significan®y< 0.05)
measured Table 2). However, HDL-cholesterol was slightly ~ higher plasma levels of kaempferol and isorhamnetin, when a
decreased during the control period. There seems to have beefigher dose of the extract was uséable 4).

a minor decrease in total cholesterol level as well during both  The chromatographic response of kaempferol was relatively
periods, although this decrease was not significant. The phe-low with the present approach. This could at least partly be
nomenon could be explained by the daily use of oatmeal explained by kaempferol degradation. It was shown that the
porridge by the subjects. Oats are a good source of soluble fiberscompound was partly broken down during the sample prepara-
that lower plasma total cholesterd@4). However, a decrease tion procedure involving the enzyme treatment. A relatively

in HDL-cholesterol level is not an expected effect of the fibers. large peak eluting much earlier than kaempferol appeared in

In all subjects, some oxidized TAG molecules of 50 and 52 the UV chromatogram when reference compounds treated like
acyl carbons were detected in LDL after both study periods. samples were analyzed in 270 nm (data not shown). Because
The molecules were observed to contain keto and epoxy of the poor sensitivity of UV detection, the phenomenon could
structures in their fatty acid residudsigure 2). However, the not be shown with the samples, although it probably also took
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Table 4. Flavonol Absorption Data As AUC during a Period of 4 h ethylenediaminetetraacetic acid; ESI, electrospray ionization;
Postprandially (Human Study 2)? HDL, high-density lipoprotein; HPLC, high-performance liquid
. chromatography; LDL, low-density lipoprotein; MS, mass
quercetin spectrometry; TAG, triacylglycerol; TLC, thin-layer chroma-
isorhamnetin tography.
meal? quercetin kaempferol (+ tamarixetin)
1A 38.9+348 399.1+1315 148.3+73.8 ACKNOWLEDGMENT
1B¢ 438+259 497.6 +249.6 1708 +82.1
2A 276+312 215141254 815+273 Saara Lun@e, Jaana Suni, and the staff of MCA Research
28 28.0+18.7 200.5 £ 1435 84.0£410 Laboratory Ltd. (Turku, Finland) are thanked for technical
assistance.

@Results expressed as ug/L h (means + SD, n = 11). Meals 1A and 1B led
to significantly (P < 0.05) higher plasma levels of kaempferol and isorhamnetin LITERATURE CITED
than meals 2A and 2B. © See Table 3 for the description of the meals. ¢ n = 10.
(1) Scalbert, A.; Manach, C.; Morand, C.; Remesy, C.; Jimenez, L.
Dietary polyphenols and the prevention of diseas®#. Rev.
. . Food Sci. Nutr.2005 45, 287—306.
place in them. The results suggest a very high plasma ;) gryng, I. Review of the flavonoids quercetin, he naringenin.

concentration for kaempferolT@ble 3) even in the fasting Dietary sources, bioactivities, and epidemioloyytr. Res2004
samples. This is surprising and could be partly explained by 24, 851—874.

possible traces of kaempferol lh pomatiaextract. Neverthe- (3) Kallio, H.; Yang, B.; Halttunen, T. Flavonol glycosides of berries
less, the kaempferol concentration increased considerably after of three major sea buckthorn subspecitippophaerhamnoides
the meals. In addition to the absorption of kaempferol itself, ssp.rhamnoidesssp.sinensisand sspmongolica. Proc. Inited
dehydroxylation of quercetin and demethoxylation of isorham- Speeches Second Int. Seabuckthorn Assoc. 200§ 29-35.

(4) Résch, D.; Krumbein, A.; Mugge, C.; Kroh, L. W. Structural

netin can give rise to kaempferol and might partly explain the
g P ght partly exp investigations of flavonol glycosides from sea buckthdtip¢

increased plasma concentration. However, to our knowledge, pophéerhamnoideypomace by NMR Spectroscopy and HPLC-

it is not known if these reactions take place in vivo. ESI-MSn.J. Agric. Food Chem2004 52, 4039-4046.
Figure 3 demonstrates a rapid absorption for isorhamnetin. 5) Gou, H.; Li, G. The clearing effect of total flavonoids of

As with quercetin and kaempferol, the plasma concentration of Hippophaerhamnoideson active oxygen radicald. Pharmacol.
isorhamnetin peakkl h after the meal and started to decrease China199Q 6.

after that. It is noteworthy that some of the isorhamnetin found  (6) Wang, B. The effect of total flavonoids Blippophaerhamnoides

in the plasma may originate from quercetin methylated after L. (TFH) on cardiac performance and hemodynamics of normal
absorption (3methylation) 86). The degree of '3methylation people.J. Xian Med. Uni. 1994 14.

in humans as compared to-dethylation is not known. (7) Wang, B. Effect of total flavonoids dflippophaerhamnoides

L. on cardiac performance and blood stream dynamics of rabbit.
Hippoph&el1993 6.
(8) Wang, B. The rheological effect of sea buckthorn total flavonoids

However, it seems that most of the quercetin remains un-
methylated 2, 37, 38). The HPLC method used does not
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