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In humans, polyphenol supplementation studies have resulted in inconsistent findings in lipid
peroxidation. Our aim was to investigate the effects of a 4-week consumption of polyphenol-rich
phloem on serum lipids and lipid peroxidation in the hydrophilic fraction of serum and on isolated
lipoproteins. We conducted a randomized double-blind supplementation study consisting of 75
nonsmoking hypercholesterolemic men. Participants consumed 70 g daily of either rye bread (placebo)
or phloem-fortified rye bread containing 31 mg (low polyphenol, LP) or 62 mg (high polyphenol, HP)
of catechins. The ex vivo susceptibility of total serum lipids and VLDL and LDL to oxidation after
copper induction was measured as a lag time to the maximal oxidation rate at the baseline and after
the supplementation. In the HP group, an increase in the oxidation resistance of total serum lipids
was observed (11.4%), while no effect was seen in the LP group (—0.8%) or in the placebo group
(—1.0%) (p = 0.007). No differences were observed in the oxidation resistance of VLDL and LDL
between the study groups. The phloem also increased in vitro oxidation resistance of serum lipids
and radical scavenging activity (DPPH-) in a dose-dependent manner. Our results suggest that
polyphenols may inhibit lipid peroxidation in the hydrophilic fraction of serum.

KEYWORDS: Lipid peroxidation; antioxidants; polyphenols; phloem; healthy men; randomized double-
blind supplementation study

INTRODUCTION miological studies suggests that high intake of flavonoids may
decrease the risk of coronary heart disease (CHD) Fla-
Oxidative modification of low-density lipoprotein (LDL)  vonoids and other polyphenolic compounds have been demon-
plays an important role in atherogenedis 8), and it is plausible  strated to possess relatively high antioxidant capanititro
that agents that prevent oxidation of LDL in the arterial wall (8—10). Additionally, evidence from animal studies suggests
also attenuate the development of atherosclerosis (4). Amongthat ingestion of polyphenols may decrease the oxidation of LDL
the most potent diet-derived antioxidants are flavonoids and and retard the progression of atherosclerosis (11—14). In
other polyphenols. Flavonoids are widely distributed in veg- humans, controlled long-term polyphenol supplementation stud-
etables, fruits, and beverages such as tea and wine and are thu€s have resulted in inconsistent findings concerning the effects

consumed daily by most peoplé6). Evidence from epide- ~ ©n the resistance of LDL to oxidatio®,(15—21). The use of
different flavonoids and different methods in assessing the
oxidizability of LDL could partly explain the inconsistency of
* To whom correspondence should be addressed: Research Institute ofthe results. In the supplementation studies, the oxidizability has
E;‘.’Qﬁdf'Eg'xtf‘;é’g‘ﬁ?s_%z%fggugﬂﬁ’éi,':"jaoak,f;‘_’xml},iﬁgj,?ﬁ_l KUople.  peen determined usually after isolation of LDL from the aqueous
T Research Institute of Public Health, University of Kuopio. phase of serum (22). However, it has been speculated that

* Department of Public Health and General Practice, University of isolation of LDL may not be appropriate for the studies of the
Kuopio.

8 University of Helsinki. effects of polyphenolic compounds on lipoprotein oxidation (23).
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lipoprotein particles 12, 14, 16, 23, 24). Also, it is possible  Taple 1. Nutrient Content of Phioem Powder and Study Breads per
that a part of the antioxidative effect of flavonoids is due to 100 g2
their ability to chelate oxidizing metal4 Q). The studies of the

effect of flavonoids on the oxidation of serum lipoproteins in , phioem placebo  LP HP
humans are scarce compared to those dealing with the LDL nutrient powder  bread  bread  bread
fraction, but in a recent study, ingestion of a single bolus of energy Ek;:al) 140.0 2433 2335 2249
; ; i ot protein (g 25 9.0 8.5 8.0
green tt};{;\l.tresfulll'[ed |nt a srggll decrease in the oxidation carbohydrates (g 269 163 s 108
susceptibility of lipoproteins (23). fat (g) 23 21 91 20
The phloem powder, which is manufactured from the bark total fiber (g) . 575 8.4 12.0 14.7
layer of pine tree, has a very high content of insoluble fiber ol amOhU_m of catechins (mg) ~ 756.0 06 44.0 88.5
and different polyphenols such as lignans and different forms g;tisgtelgém%g) 298'2 8'5 Zﬁ 43'2
of catechins, and thus, it has aroused interest, e.g., in the Nordic  procyanidins (mg)® 450.0 0.0 187 373
countries as a potential part of the healthy diet. In addition to
catechins and lignans, phlqem contains |Igrﬂ5)( WhiCh is a 2LP, low polyphenol bread; HP, high polyphenol bread. ? Epicatechin-(45—8)-
polymer of different phenolic compound2q). It is very likely catechin (B1), epicatechin-(45—8)-epicatechin (B2), and catechin-(4a—8)-epicat-

that part of those phenolic compounds are not completely boundechin (B4).

to an insoluble fiber fraction, and therefore, they may be

absorbed from the gut like catechins and lignans. Previously, records were checked by a nutritionist together with the subjects and
phloem powder has been widely used in Finland as a flour then analyzed by using the Nutrica software (version 2.5). The
substitute in bread during the times of famine, for example, in compliance was also checked with a questionnaire designed to assess
the beginning of 20th century. We have shown that lignans in the amount of breads eaten. Blood samples were drawn with Venoject
phloem are at least partly bioavailabl27§, and in addition, vacuum tubes (Terumo) after an overnight fast (10 h). All measurements
French maritime pine bark (Pinus pinaster), which resembles Were done at the baseline and after the 4-week supplementation period.
phloem in nutritional composition, has been shown to increase  Resistance of Total Serum Lipids and Isolated VLDL and LDL
antioxidant capacity in human2g). The aim of this randomized 0 Oxidation. The resistance of total serum lipids to oxidation was

double-blind supplementation study was to study the long-term measured as described previous?@); Briefly, serum was diluted to
effects of polyphenol-rich phloem on serum lipids and the a concentration of 0.67% in 0.02 mol/L phosphate-buffered saline (PBS)

oxidation of linoproteins in hvoecholesterolemic men at pH 7.4. Oxidation was initiated by addition of 100 of 1 mmol/L
pop Ins in hyp ! ’ CuCk into 2 mL of diluted, prewarmed (3TC) serum. The formation

of conjugated dienes was followed by monitoring the change in 234

nm absorbance at 3@ on a spectrophotometer (Beckman DU-6401,
MATERIALS AND METHODS Fullerton, CA) equipped with a six-position automatic sample changer.
The change in absorbance was recorded every 5 min for 4 h. The time
required from the start to the maximal rate of the reaction (lag time)

Subjects. A total of 75 nonsmoking male volunteers-3710 years .
was determined.

of age were recruited from the Kuopio area in eastern Finland through o ) ) )
newspaper advertisements. Potential participants were screened in an Very low-density lipoprotein (VLDL) and LDL were isolated in a
initial telephone interview using the following inclusion criteria by a ~ combined fraction from fresh ethylenediamine tetraacetic acid (EDTA)
public health nurse: (1) no severe obesity [body mass index (BMI) plasma by uItrapentrlfugatlon. EDTA and gradient salts were removed
32 kg/nf], (2) elevated serum cholesterol concentration (total cholesterol by gel-permeation columns. VLDL and LDL was exposed to copper-
of 6—9 mmol/L), (3) no regular use of any drug or supplement with |nducgd oxidation, and the lag time was determined as previously
antioxidant g-carotene or vitamins C or E) or lipid-lowering properties, described (30).
(4) no chronic diseases such as diabetes, CHD, or other major illness, Other Measurements.Serum cholesterol (Konelab, Espoo, Finland)
(5) willingness to consume 70 g of dried rye bread per day for 4 weeks. and triglycerides (Roche Diagnostics, Mannheim, Germany) were
All criteria were ascertained prior to entering the study by a physician. determined with enzymatic colorimetric tests. Serum high-density
A written informed consent was obtained from all participants. The lipoprotein (HDL) cholesterol was measured from supernatant after
study protocol was approved by the Research Ethics Committee, magnesium chloride dextran sulfate precipitation. The blood cell count,
Hospital District of Northern Savo, Kuopio, Finland. including erythrocyte, leukocyte, and thrombocyte counts and hemo-
Study Design.The study was a 4-week randomized double-blind globin, was measured by a blood cell counter (Cell Dyn 610, Sequoia
supplementation study. Subjects were randomly assigned to consumelurner, Mountain View, CA), and serum aspartate aminotransferase
daily 70 g of normal dried rye bread (placebo gromp= 30), rye (ASAT), alanine aminotransferase (ALAT), and creatinine were
bread in which 7% of the rye flour was substituted with phloem powder Mmeasured with a clinical chemistry analyzer (Konelab, Espoo, Finland).
(low polyphenol, LP groupn = 30), or bread in which 14% of the rye Serum fatty acids were analyzed after an extraction with chloroform
flour was substituted with phloem powder (high polyphenol, HP group, methanol and methylation with sulfuric aeithethanol by a gas
n = 15). The study was conducted in two parts: for the first part, 15 chromatograph (HewlettPackard 5890, Avondale, PA) equipped with
+ 15 men were recruited for the placebo and LP groups. To test the a flame ionization detector and a NB-351 Capillary column (HNU-
effects of a higher amount of polyphenols, in the second part; 15 Nordion, Helsinki, Finland).
+ 15 men were recruited for the placebo, LP, and HP groups. The  Catechin and Procyanidin Contents of the Phloem Powder and
nutrient content of phloem powder and study breads is presented in Study Breads.Catechins occur in nature as aglycones, and therefore,
Table 1. The placebo group received 0.6 mg; LP group, 30.8 mg; and the analytes can be directly extracted with a solvent from the sample
HP group, 62.0 mg of catechins daily from the study bread. matrix. Catechins and procyanidins present in the rye bread, phloem
The breads used in this study were packed in 30 1-day servings, bread, and phloem powder were extracted in 2 h at 50 °C with 50%
and subjects were instructed to consume the breads throughout the daymethanol (MeOH) containing 0.1 M hydrochloric aci@ilj. Catechin
The subjects were advised to discontinue the use of tea, red wine, cocoagnd procyanidin analyses were carried out with HPLC using a
and chocolate 1 week prior to the study and to avoid the use of alcohol coulometric electrode array detector (ESA, Inc., Chelmsford, MA) as
and analgesics 3 days and vigorous physical activity 1 day before the described earlier (31). Six different catechinst){catechin, (—)-
study visits. A 4-day food recording was required before and during catechin gallate,€)-epicatechin, (—)-epicatechin gallate; ¢epigal-
the last week of the intervention period to control possible confounding locatechin, and-f)-epigallocatechin gallate and three different procy-
factors and to check the compliance with the given instructions. Food anidins: epicatechin-(#—8)-catechin (B1), epicatechin{{4>8)-
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epicatechin (B2), and catechine(4-8)-epicatechin (B4) were analyzed.  Tapje 2. Baseline Characteristics and Estimated Nutrient Intakes at
Catechin and procyanidin contents of the study breads are presentedBaseline Based on a 4-Day Food Recording?
in Table 1.

Both LP and HP breads contained 16% less total catechins than was placebo
expected according to the amount of catechins quantified in phloem group LP HP
powder. Heating the phloem powder at 180 caused a loss of (n=129) (n=129) (n=15)
catechins, and higher temperature increased and speeded up the 10SS. ;06 (1ears) 519+124 475494 5454092
A decomposition of catechins above the temperature of “T3Wvas BMI (kg/m?) 258+27 253+23 26.6 + 3.4
recently reported also by Pineiro and co-worke38)( In our study diastolic blood pressure 815+77 81.8+83 87.2+97
breads, the loss of procyanidins was 40%, while the loss of total (mmHg)
catechins was only 16%. When the amount of catechin monomers and energy intake (MJ/day) 92+23 94%20 92+19
procyanidins in the phloem and phloem breads was determined, it was total fat (E%)” 319+5.1 328+44 322+44
not possible to distinguish whether the catechin monomers are those,  SAFAs (E%) 128+32 136+32 128+24
detected in unprocessed phloem, or whether they were cleavage products ~ MUFAS (E%) 10.7£20 106+16 108+£22
PUFAs (E%) 51+14 53+10 5217

of procyanidins. Carboncarbon bonds in procyanidins are relatively

stable, but the processing of rye bread dough may have effected Ci?:rrn(ig/(ljz)intake 23; f gg %g :‘: éog Zgg :‘: gé

procyanidins. Therefore, part of the observed catechin monomers may (molday) T T R

originate from procyanidins, and a loss of phloem originating catechin ;i = intake 76.6 +51.2 103.1+700 024 +565

monomers may be more intensive than can be shown with the analytical (mglday)

results. [B-carotene intake 2120 28+17 26+20
Effects of the Phloem Breads and Catechin on Serum Lag Time (mg/day)

in Vitro. To study the effects of phloem polyphenols on the oxidation  folate intake («g/day) 251 + 66 321+78 268 + 69

resistance of total serum lipids vitro, the breads were grinded and

100 mg were extracted 3 times with 3 mL of 80% MeOH. Supernatants  apean + SD. LP, low polyphenol group; HP, high polyphenol group.
were taken into 10 mL volumetric flask after the centrifugation, and s percentage of total daily energy intake.

the flask was filled with 80% MeOH. Into five different vials were
taken 0, 10, 50, 100, and 2@ of phloem bread extract, which was .
then evaporated undenRow. The dry residue was dissolved in control ~ Study (data not shown). The activity of ASAT and ALAT
serum, which was diluted to a concentration of 0.67% with PBS buffer ©€nzymes was significantly different between the study groups
at 30 °C. The oxidation was initiated by the addition of 1 mmol/L (P = 0.050 and 0.045, respectively) at the study bas€Tiadle
CuCk. The formation of conjugated dienes was followed as described 3). According to two 4-day food records and the questionnaire,
above. The effect of catechin was studied with a pure compound in athe compliance of the 73 remaining volunteers to the given
separate assay. Different serum was used in the bread assays andietary and lifestyle instructions was good during the experiment

catechin assay, and serum in the catechin assay had a lower baselingnd no adverse effects were reported by the subjects during the
lag-time value. Thén vitro concentrations of phloem-derived catechins study.

in serum ranged from 0.01 to 0.24/mL for placebo bread, from 0.88

to 17.6 ug/mL for LP bread, and from 1.77 to 35:g/mL for HP ~The consumption of placebo, LP, or HP bread did not

bread. Thein sitro concentration of the catechin standard in serum Significantly alter the serum total, LDL or HDL cholesterol, or

ranged from 2.0 to 39.2g/mL. triglyceride concentrations (Table 3). An increase in the
Measurement of 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radical oxidation resistance of total serum lipids measured as a lag time

Scavenging Capacity of the Study Bread<Extracts of the study breads ~ to the maximal oxidation rate was observed in the HP group

were prepared by an ultrasonication-assisted extraction with 50% (11.44 13.8%), while no effect was seen in the LP groui)(8

MeOH. The concentration of the extracts obtained was 250 mg of raw + 12 89%) or in the placebo group-(.0 + 10.8%). According

material/mL of solvent. For the DPPH assay, these extracts were dilutedq the Tukey’s post hoc analysis, the increase in the oxidation

in MeOH into a range of concentrations to enable determination of ; Aif :

ICso value. A total of 600uL of a DPPH-solution (60xM in MeOH) resistance waES|gn|f|cantIy greater in the HP group as compared
with the LP © = 0.005) and with the placebo group< 0.004).

was added to 600L of each diluted sample, and the resulting solution Th ianifi dif in the ch f th
was allowed to react for 30 min in the dark at ambient temperature. | €€ Were no significant differences in the changes of the

The absorbance caused by the DPRidical at 517 nm was determined ~ O0Xidation resistance of VLDL and LDL between the study

by a Unicam UV 500 spectrophotometer (Unicam, U.K.) as described groups.

earlier (33,34). Radical scavenging capacity is expressed assd/IC There was an increase in the concentration of serum creatinine

and values are the means of three replicates. in the HP group (7.8 10.1%), while there was no change
Statistics. Results are displayed as means and standard deviationsgither in the LP group (0.3 8.1%) or in the placebo group

(SDs). Means between the study groups were compared by the analysq_l_sj: 13.7%). In the post hoc analysis, the increase of serum

of variance (ANOVA), and the post hoc Tukey's test was used creatinine concentration was significantly greater in the HP
whenever a statistically significant heterogeneity between the groups

was shown by ANOVA. Differences with two-sidgdvalue of 0.05 or group as compared with the LP ¢ 0.04) and placebop(=

less were considered significant. The SPSS for Windows, software 0-01) groups. This Signific_ant Chaﬂge observed in th_e HP group
version 10.0 was used. was mostly due to a large increase in the concentration of serum

creatinine in a single subject, rising from 84 to 1amol/L.
We tested that, if this subject would have been excluded from

RESULTS the analysis, the differences between the study groups in the
change of serum creatinine were not statistically significant (
All of the 75 recruited men completed the study. Two = 0.100). There were no differences in the other safety

participants were excluded from the study, one in the LP group Measurements, changes of the blood cell count, hemoglobin,
because of a pathological concentration of serum triglycerides activity of serum liver enzymes, or concentrations of serum fatty
(8.8 mmol/L) and one in the placebo group because of an acids between the study groups.

insufficient dietary compliance. The physical characteristics or  In our in vitro study, the phloem increased the oxidation
the dietary intake of various nutrients did not differ significantly resistance of serum in a dose-dependent marfiguie 1).
between the study groups at the entfalfle 2) or during the After incubation of the placebo, LP, and HP breads, the
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Table 3. Serum ASAT, ALAT, Creatinine, Serum Lipoproteins, and Oxidation Kinetics before and after a 4-Week Consumption of Study Breads?

placebo group LP HP
(n=29) (n=29) (n=15)
baseline change baseline change baseline change i

ASAT (units/L) 26+6 0+5 217 -0+6 31+9 -3+12 0.318
ALAT (units/L) 31+11 3+11 34+18 -1+15 44+ 20 -5+11 0.139
creatinine («mol/L) 92+ 15 —2+14 94 +11 -0+7 93+10 7+8 0.037
LDL cholesterol (mmol/L) 482+1.15 -0.20+0.59 4,96 +0.92 -0.11+£0.78 4.77+0.90 -0.12+0.58 0.886
HDL cholesterol (mmol/L) 1.38+0.34 -0.02+0.15 1.26 £0.24 0.00+0.15 1.19+0.23 0.02+0.24 0.776
triglycerides (mmol/L) 1.72+0.85 -0.18+0.75 1.74 +£0.92 0.24 +0.68 2.23+1.37 -0.01+1.09 0.152
serum lipid oxidation resistance 165 + 25 -3+17(28) 180 + 22 —2+24 175+ 27 20£23(12) 0.007

(lagtime, min)
VLDL and LDL oxidation resistance 64+5 3+7 66 £6 2+9 666 -1+3(14) 0.341

(lagtime, min)

aMean = SD. n= 29 in placebo and LP group and 15 in HP group, except where otherwise indicated in brackets. LP, low polyphenol group; HP, high polyphenol group.
b p for the differences in changes between the study groups (one-way ANOVA).

380 DISCUSSION

320 The phloem powder, which is manufactured from the bark
280 —+—Placebo layer of pine tree, has a very high content of insoluble fiber
3% | —=—Low polyphenol bread and different polyphenols such as lignans and different forms
220 =~ High polyphenol bread of catechins and thus may have an effect on serum lipids and

—»— Catechin*

180 4 lipid oxidation. Our aim was to study the long-term effects of
140 /"’”’H/ phloem on serum lipids and the oxidation of lipoproteins in

Serum lag time (min)
[
=
<

100 ; hypercholesterolemic but otherwise healthy nonsmoking men.
0 2 1o 20 40 The main finding of this study was that, after a 4-week
Incubated study bread (mg of bread/ml of serum) consumption of phloem-fortified bread, the resistance of total
Figure 1. Effects of study breads and catechin on the oxidation resistance serum lipids to oxidation was enhanced in the group receiving
of serum. An asterisk indicates that the tests with catechin were conducted the highest amount of polyphenols (62 mg of catechins per day).
in a separate assay with different serum. No effect was seen in the groups that received a lower amount

of polyphenols (31 mg of catechins per day) or rye bread.
Neither the phloem-powder-enriched rye breads nor the normal
rye bread has any detectable effects on the susceptibility of
VLDL and LDL to oxidationexvivo or serum lipids. In addition,
the phloem increasdd vitro the resistance of total serum lipids
to oxidation and the ability to scavenge radicals in a dose-

1000

900

800

700 dependent manner. Our results suggest that phloem polyphenols
may increase the oxidation resistance in the hydrophilic fraction
600 of serum but not isolated lipoproteins. In addition, there might
be a threshold concentration of phloem polyphenols, which must
500 be achieved, before any effects on lipid peroxidation can be
observed, because no effect was seen with the lower amount.
400 One of the drawbacks of this study was that we did not
measure the bioavailability of catechins and procyanidins.
300 However, we have published results from this same study

showing that other polyphenolic compounds of phloem, lignans,

200 . . . .
are bioavailable as phloem supplementation increased the serum

DPPH- radical scavenging capacity [1/1C50(mg/ml)]

concentration of enterolacton27), which is a metabolite of
100 . . . .
plant lignans present in the phloem. In addition, catechins and
ol procyanidins have been shown to be at least partly bioavailable,
Placebo bread Low polyphenal  High polyphencl and thus, we assume that those compounds were, at least to
bread bread some extent, absorbed from phloeBt). The change in the
Figure 2. DPPH- radical scavenging capacity [1/ICso (mg/mL)] of the study serum concentration of enterolactone did not correlate with the
bread extracts. change in the oxidation resistance of serum (data not shown).

Thus, other polyphenols such as catechins are most likely
oxidation resistance increased 18, 90, and 137%, respectively.responsible for the increase in oxidation resistance. We also
The effect of pure-)-catechin on the oxidation resistance was analyzed the amount of different phenolic acids (cinnamic and
42% in comparison to the baseline value in the catechin assay.benzoic acid derivates), flavonols, flavones, and flavonones in
Radical scavenging capacity (DPPH-) also increased linearly the phloem. The amount of phenolic acids was 1.8 mg/g in the
with the amount of phloem in the study breaéggire 2). The phloem itself, while the other compounds were not detected.
radical scavenging capacity of LP and HP bread was 257 andThe amount of terpenes was not determined, and they may have
564% higher, respectively, when compared with the placebo an effect on the lipid peroxidation in humans when present in
bread. high concentrations (3@&7).
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