
ABSTRACT
Background: Currently there is considerable interest in the
potential health benefits of oil seeds, such as soy and flaxseed,
especially in relation to cardiovascular disease and cancer.
Objective: We therefore evaluated health aspects of partially
defatted flaxseed in relation to serum lipids, indicators of oxida-
tive stress, and ex vivo sex hormone activities.
Design: Twenty-nine hyperlipidemic subjects (22 men and 7
postmenopausal women) completed two 3-wk treatment periods
in a randomized, crossover trial. Subjects were given muffins
that contributed <20 g fiber/d from either flaxseed (<50 g par-
tially defatted flaxseed/d) or wheat bran (control) while they
consumed self-selected National Cholesterol Education Program
Step II diets. Both muffins had similar macronutrient profiles.
Treatment phases were separated by ≥2 wk.
Results: Partially defatted flaxseed reduced total cholesterol
(4.6 ± 1.2%; P = 0.001), LDL cholesterol (7.6 ± 1.8%; P <
0.001), apolipoprotein B (5.4 ± 1.4%; P = 0.001), and apolipopro-
tein A-I (5.8 ± 1.9%; P = 0.005), but had no effect on serum
lipoprotein ratios at week 3 compared with the control. There
were no significant effects on serum HDL cholesterol, serum pro-
tein carbonyl content, or ex vivo androgen or progestin activity
after either treatment. Unexpectedly, serum protein thiol groups
were significantly lower (10.8 ± 3.6%; P = 0.007) at week 3 after
the flaxseed treatment than after the control, suggesting increased
oxidation.
Conclusions: These data indicate that partially defatted flaxseed is
effective in lowering LDL cholesterol. No effects on lipoprotein
ratios, ex vivo serum androgen or progestin activity, or protein car-
bonyl content were observed. The significance of increased oxida-
tion of protein thiol groups with flaxseed consumption requires fur-
ther investigation. Am J Clin Nutr 1999;69:395–402.
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INTRODUCTION

There is considerable interest in the potential health benefits
of oil seeds, such as soy and flaxseed, especially regarding car-

diovascular disease and cancer. This interest in oil seeds relates
to their high content of polyunsaturated fatty acids [particularly
a-linolenic acid (1–3)], vegetable protein (4–6), soluble fiber
(7), and flavonoids and related compounds (8–10), which may
possess cholesterol-lowering (11), antioxidant (12), and sex hor-
mone agonistic (13, 14) and antagonistic (15, 16) activities.

There is evidence that whole flaxseed may lower serum choles-
terol in both normal (17, 18) and hyperlipidemic (19) subjects.
Whole flaxseed contains 41% oil by weight, of which 70% is
polyunsaturated; more than half of the total fatty acid is a-linolenic
acid (20). However, no studies have been carried out with partially
defatted flaxseed (<10% fat by wt) to determine whether the non-
lipid components, especially the viscous fiber seed coat, are
responsible for the cholesterol-lowering effects. We therefore
selected partially defatted flaxseed as a more concentrated source
of the viscous seed coat gum to study the effects of flaxseed on
serum cholesterol in the absence of high n23 fatty acid intake.
Flaxseed is also a rich source of lignans, with potential weak
estrogenic and antiestrogenic activity similar to that of the
isoflavones found in soy (9, 21). These plant-derived sex hormone
analogues have attracted attention as possible anticancer agents,
especially for breast and prostate cancers (22, 23). In addition to
their estrogenic activity, if lignans block androgen or progesterone
receptors, they may alter the cardiovascular disease risk profile by
changing HDL-cholesterol metabolism (24). Lignans, like
flavonoids (12), have antioxidant activity (25) and therefore may
also be of benefit in the prevention of cardiovascular disease (12,
26, 27) and cancer (28, 29). We therefore assessed the potential
health benefits of partially defatted flaxseed in hyperlipidemic
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subjects with regard to serum lipids, serum protein thiol and car-
bonyl groups as markers of oxidative stress (30–32), and ex vivo
serum androgen and progestin activities (33, 34).

SUBJECTS AND METHODS

Subjects

Subjects were men and postmenopausal women with hyperlipi-
demia [LDL cholesterol >4.1 mmol/L (160 mg/dL) or triacylglycerol
>2.3 mmol/L (200 mg/dL)] (35) who had no clinical or biochemical
evidence of diabetes, liver disease, or renal disease. After recruitment,
subjects were instructed to follow a National Cholesterol Education
Program (NCEP) Step II diet (35). They received biweekly dietary
counseling on the NCEP Step II diet for a run-in period of ≥2 mo to
stabilize their baseline serum lipid concentrations.

Thirty-seven subjects participated during the run-in period,
and 36 remained for random assignment to the test (flaxseed) and
control (wheat bran) phases. Four subjects completed only 1 of
the 2 phases and failed to enter the final phase because of changes
in personal circumstances and general availability. Three subjects
withdrew during the course of 1 of the 2 phases because of either
recurrent, unrelated health problems (2 subjects in control phase)
or dislike of the muffins (1 subject in flaxseed phase). Twenty-
nine subjects (22 men, 7 postmenopausal women) completed both
phases of the study. Most subjects had normal weights [body
mass index (in kg/m2): 24.9 ± 0.5 (x– ± SEM); range: 19.6–29.8].
Mean subject age was 57 ± 2 y (range: 41–73 y). After following
an NCEP Step II diet for the minimum 2-mo run-in period, all
but 9 subjects still had baseline serum lipid concentrations above

the desirable range (35). Thirteen subjects had LDL-cholesterol
concentrations >4.1 mmol/L, 3 had triacylglycerol concentrations
>2.3 mmol/L, and 4 had both LDL-cholesterol concentrations >4.1
mmol/L and triacylglycerol concentrations >2.3 mmol/L. Two men
were taking hypolipidemic agents (hydroxymethylglutaryl-CoA
reductase inhibitors) and 3 were being treated with b-adrenergic
blocking agents. One man and one woman were taking L-thyroxin.
Two women were receiving hormone replacement therapy. Med-
ications and dosages were held constant during the course of the
study, and subjects were also asked to maintain a consistent level
of physical activity. The study was approved by the Ethics Com-
mittee of the University of Toronto. Informed consent was obtained
from all subjects.

Study design

In this randomized, crossover study the test and control phases
were separated by a washout period of ≥2 wk. Subjects were blinded
to the muffin type, but the flaxseed muffins were darker and had a
heavier consistency. Subjects were instructed to consume an NCEP
Step II diet throughout the study, including the washout period. Fast-
ing blood samples were obtained and blood pressure and body weight
were measured on day 0 and at the end of week 3 in both phases.
Seven-day diet records were obtained during the last week of each
phase and were analyzed to assess compliance.

Supplements

Muffins were baked in 2 batches and were kept frozen at 2208C;
both test and control muffins were baked in each batch. They were
provided to the subjects frozen and were kept frozen until required for
consumption. Subjects thawed the muffins overnight in the refrigera-
tor or heated them in a microwave oven for immediate consumption.
The test and control muffins had similar macronutrient profiles (Table
1). The daily supplement consisted of 4 test or control muffins. In the
test muffins, this dose provided <50 g partially defatted flaxseed
meal. In the control muffins, wheat bran and whole-meal flour
replaced flaxseed and white flour. Canola oil was added to the control
muffin mix to balance the residual oil in the partially defatted flaxseed
so that the total fat content of the 2 types of muffins would be equiva-
lent. Fatty acid analysis of the muffins indicated that a-linolenic acid
accounted for 31% and 8% of total fat in the test and control muffins,
respectively (17, 18). Subjects were instructed by a dietitian to reduce
their consumption of cereals and breads to minimize any potential
effect of the muffins on the dietary macronutrient profile.

Serum and dietary analyses

Serum was stored at 270 8C and all serum samples from one
subject were analyzed in a single run. Serum was analyzed for
total cholesterol, triacylglycerol, and HDL cholesterol after
magnesium chloride precipitation with an automated clinical
chemistry analyzer (CH1000; Technicon Inc, Tarrytown, NY)
by using the chemical methods of the Lipid Research Clinics
Program (36). LDL-cholesterol concentrations were calculated.
The precision and accuracy of the total cholesterol, triacyglyc-
erol, and HDL-cholesterol measurements were certified by the
Centers for Disease Control and Prevention–National Heart,
Lung, and Blood Institute Lipid Standardization Program.
Internal and external quality-control procedures were followed
(36). Previous studies showed that the average between-run
CVs for such analyses were as follows: total cholesterol, 1.5%
(range: 0.8–3.2%); HDL cholesterol, 3.2% (range: 1.6–5.3%);
and triacylglycerol, 3.0% (range: 1.9–5.0%) (37).
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TABLE 1
Muffin composition and contribution to daily diet1

Control muffin Flaxseed muffin

Daily supplement (g) 186 229
Energy 

(MJ) 1.74 1.75
(kcal) 415 418

Protein 
(g) 21.4 24.2
(% of energy) 20.6 23.2

Total fat
(g) 11.0 11.3
(% of energy) 23.8 24.3

SFA
(g) 1.1 1.1
(% of energy) 2.5 2.4

MUFA
(g) 5.3 3.9
(% of energy) 11.6 8.4

PUFA
(g) 4.1 5.9
(% of energy) 8.8 12.8

Available carbohydrate
(g) 57.8 55.0
(% of energy) 55.7 52.6

Total dietary fiber
(g) 17.2 19.4
(g/MJ) 9.9 11.1
(g/1000 kcal) 41.4 46.4

1SFA, saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.



Serum concentrations of apolipoproteins A-I and B were
measured with a Behring BN100 nephelometer (Behring Werke
AG, Marburg, Germany) in samples that had been stored at
270 8C (38). Jenkins et al (37) reported previously that the aver-
age within-run CVs were 3.4% for apolipoprotein A-I (range:
3.0–3.5%) and 2.7% for apolipoprotein B (range: 1.8–2.9%).
Serum lipoprotein(a) concentrations were measured with a com-
mercial enzyme-linked immunosorbent assay (Macra Lp(a) Kit;
Strategic Diagnostics, Newark, DE).

Serum protein thiol groups were measured spectrophotometri-
cally by using 5,59dithio-bis(nitrosobenzoic acid) (DTNB) (39).
Serum samples were diluted with 0.25 mol tris-EDTA buffer/L,
pH 8.2, and were incubated with 100 mmol DTNB/L (final con-
centration) and methanol for 15 min at room temperature. Samples
were centrifuged (3000 3 g for 5 min at room temperature) and
the absorbance of the supernate was measured at 412 nm. Thiols
were calculated by using the molar extinction coefficient of 13.6.
Serum protein carbonyl groups were measured spectrophotometri-
cally with the 2,4-dinitrophenylhydrazine (DNPH) binding assay
(40). Serum samples were incubated with 5 mmol DNPH/L (final
concentration) for 1 h at room temperature, were precipitated with
10% trichloroacetic acid, and were then centrifuged (3000 3 g for
10 min at 4 8C). The pellet was washed 3 times with
ethanol:ethyl acetate (1:1, by vol) and was redissolved in 6 mol
guanidine/L, pH 2.3. Absorbance of the solution was measured
at 366 nm against a blank, and protein carbonyl groups were cal-
culated by using the molar extinction coefficient of 22.0. CVs of
replicates were 1.6 ± 1.0% and 9.8 ± 11.4% for protein thiols and
carbonyls, respectively.

We recently developed a tissue culture system suitable for
assessing agonistic and antagonistic activity of steroid hor-
mones ex vivo (33, 34). In this system, breast cancer cell lines
(BT-474 or T-47D) that are positive for steroid hormone recep-
tors are stimulated with the agonist of interest, and prostate-spe-
cific antigen protein is measured after 8 d in the tissue culture
supernate with a highly sensitive immunofluorometric assay
(41). Androgens and progestins, but not estrogens, up-regulate
this gene. To study antagonistic activity, the cell line is first
treated with the antagonist and then stimulated with a progestin
(norgestrel) or an androgen (dihydrotestosterone). By compar-
ing experiments with and without the antagonist, the androgen-
and progestin-blocking activity can be calculated as a percent-
age. The experimental procedures are described in detail else-
where (33, 34). We showed that agonistic and antagonistic
activity can be assessed in serum samples after a 3-fold dilution
in culture media (42).

Seven-day diet records, which were compiled by the subjects
during week 3 of each phase, were analyzed for macronutrients
and total dietary fiber by using a database in which most foods
were derived from US Department of Agriculture data (43).
These data were supplemented with our own analyses of foods
such as flaxmeal and other muffin components; we used meth-
ods of the Association of Official Analytical Chemists for
macronutrients (44) and total dietary fiber (45). Fatty acids
were measured in Folch extracts of foods by gas chromatogra-
phy (17, 18).

Statistical analyses

Results are expressed as means ± SEMs. The significance of per-
centage differences between and within treatments was assessed with
Student’s t test for paired data (two-tailed). The treatment effect was

assessed with the PROC GLM procedure in SAS (version 6.12; SAS
Institute, Inc, Cary, NC), with treatment, sex, and their interaction as
categorical (class) variables; subject as a random variable nested
within sex; and the baseline value as a covariate (46).

A total of 29 subjects were studied in both the test and control
phases. Of the 29 subjects, 4 (2 men, 2 women) were studied
twice, once when receiving the first batch of test and control
muffins and again when receiving the second batch of muffins.
Mean values from their 2 studies were used in all calculations.
Twenty subjects (13 men, 7 women) and 15 subjects (12 men, 3
women) provided adequate amounts of serum for measurements
of protein thiol and carbonyl groups, respectively. Twelve sub-
jects (10 men, 2 women) and 10 subjects (8 men, 2 women) pro-
vided sufficient serum for determination of ex vivo androgen and
progestin activity, respectively.

RESULTS

The subjects reported consuming 92.5 ± 1.8% of the flaxseed
muffins and 93.5 ± 1.5% of the control muffins. The mean
intakes of macronutrients during the flaxseed muffin phase (< 19%
of energy from protein, 55% from available carbohydrate, 24%
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TABLE 2
Calculated dietary intakes for week 3 of control and flaxseed treatment
periods1

Control Flaxseed
(n = 29) (n = 29)

Energy
(MJ/d) 8.08 ± 0.39 8.15 ± 0.45
(kcal/d) 1933 ± 94 1950 ± 107

Total protein
(g/d) 86 ± 4 90 ± 4
(% of energy) 18 ± 1 19 ± 0

Available carbohydrate
(g/d) 266 ± 11 265 ± 13
(% of energy) 56 ± 1 55 ± 1

Total dietary fiber
(g/d) 42 ± 2 43 ± 2
(g/MJ) 5.4 ± 0.3 5.5 ± 0.2
(g/1000 kcal) 22 ± 1 23 ± 1

Total fat
(g/d) 52 ± 5 54 ± 6
(% of energy) 23 ± 1 24 ± 1

SFA
(g/d) 14 ± 2 13 ± 2
(% of energy) 6 ± 0 6 ± 0

MUFA
(g/d) 21 ± 2 20 ± 2
(% of energy) 9 ± 0 9 ± 0

PUFA
(g/d) 14 ± 1 16 ± 12

(% of energy) 6 ± 0 7 ± 02

Dietary cholesterol
(mg/d) 129 ± 19 133 ± 17
(mg/MJ) 15.5 ± 1.7 16.2 ± 1.5
(mg/1000 kcal) 65 ± 7 68 ± 6

Alcohol
(g/d) 7 ± 2 7 ± 2
(% of energy) 2 ± 1 2 ± 1

1 x– ± SEM. SFA, saturated fatty acids; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids.

2Significantly different from control period, P < 0.02.



from fat, and 2% from alcohol) were not significantly different
from intakes during the control muffin phase (Table 2). During
the flaxseed phase, mean intakes of energy (8.15 MJ/d), total
dietary fiber (43 g/d), and dietary cholesterol (133 mg/d) were
also not significantly different from intakes during the control
phase. There was no significant change in body weight during
either phase and no significant difference in body weight
between phases at weeks 0 or 3 (Table 3).

Baseline (week 0) serum lipid and lipoprotein concentrations
did not differ significantly between the flaxseed and control
phases (Table 3). From baseline to week 3 of the flaxseed muf-
fin phase, there were significant reductions in total cholesterol
(5.5 ± 1.2%), LDL cholesterol (9.7 ± 1.8%), and apolipoprotein
B (5.9 ± 1.5%), but a significant increase in triacylglycerol
(10.2 ± 4.8%). No significant changes in blood lipids occurred
between baseline and week 3 of the control phase. When serum
lipoprotein and apolipoprotein concentrations at the end of the
flaxseed phase were compared with those at the end of the con-
trol phase, the following were significantly lower with the
flaxseed treatment: total cholesterol (4.6 ± 1.2%), LDL choles-
terol (7.6 ± 1.8%), apolipoprotein B (5.4 ± 1.4%), and
apolipoprotein A-I (5.8 ± 1.9%) (Figure 1). There were no
significant differences in blood pressure between the control
and flaxseed treatments at week 3. There were also no signifi-
cant differences in treatment effects between men and women.

In the 20 subjects for whom data were available, serum pro-
tein thiol content did not change significantly during either treat-
ment (Figure 2). However, thiol concentrations were signifi-
cantly lower at the end of the flaxseed phase than at the end of
the control phase (10.8 ± 3.6%). Protein carbonyl content
(n = 15) did not differ significantly either across or between
treatments (Figure 2).

We observed no significant differences in ex vivo androgen
and progestin agonistic and antagonistic activities of serum
between the control and flaxseed phases at either week 0 or week

3 (data not shown). Androgen antagonistic activity decreased dur-
ing the control phase by 7.5 ± 3.2% (P = 0.038).

DISCUSSION

Dietary supplementation with partially defatted flaxseed
reduced serum concentrations of total cholesterol, LDL choles-
terol, and apolipoprotein B compared with the control treatment.
Although the decrease in HDL cholesterol was not significant,
apolipoprotein A-I concentrations were reduced significantly dur-
ing flaxseed supplementation. Ratios of LDL to HDL cholesterol
and of apolipoprotein B to apolipoprotein A-I were not affected
by flaxseed supplementation. Despite the lack of reduction in
lipoprotein ratios, the changes we observed with partially defat-
ted flaxseed supplementation have been described as beneficial
for cardiovascular health (7). Partially defatted flaxseed had no
effect on ex vivo androgenic or progesterogenic activity. How-
ever, flaxseed supplementation reduced protein thiol groups com-
pared with the control, possibly indicating increased oxidative
activity. The decrease in protein thiol groups, which indicates
increased oxidative stress, would currently be seen as an undesir-
able effect. Increased oxidative stress may damage proteins, cel-
lular membranes, and genetic material (28). On the other hand,
generation of oxygen radicals appears to be involved in the initia-
tion of apoptosis (47) and the natural defense against transformed
or foreign cells (48, 49).
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FIGURE 1. Mean (± SEM) percentage differences between flaxseed
and control in serum lipoprotein and apolipoprotein (apo) concentrations
of hyperlipidemic subjects after 3 wk of supplementation. Compared with
the control, flaxseed significantly reduced total cholesterol, LDL choles-
terol (LDL-C), apo A-I, and apo B concentrations but did not signifi-
cantly lower HDL cholesterol (HDL-C) or LDL:HDL (Student’s t test for
paired data, two-tailed). There were no significant differences between
baseline values obtained before the 2 treatments. n = 29 for total C, HDL-
C, apo A-I, and apo B. LDL-C could not be calculated in 3 subjects
because triacylglycerol concentrations were elevated (> 4.0 mmol/L) and
thus n = 26 for LDL-C and LDL:HDL.

FIGURE 2. Mean (± SEM) serum protein thiol content (n = 20) and
serum protein carbonyl content (n = 15) at baseline (week 0) and after 
3 wk of treatment with either partially defatted flaxseed or wheat bran
(control). *Significantly lower than control (10.8 ± 3.6%; P = 0.007,
Student’s t test for paired data, two-tailed), indicating increased thiol
oxidation with flaxseed supplementation.



This situation may be analogous to the double-edged sword
effect seen with long-chain n23 fatty acids in marine oil. These
fatty acids are more susceptible to oxidation, may increase hepatic
glucose output, and may raise LDL-cholesterol concentrations
(50, 51); on the other hand, they reduce VLDL-triacylglycerol
concentrations and decrease platelet aggregation (52, 53). In pre-
vious studies in which full-fat flaxseed was consumed, no signifi-
cant reduction was seen in thiobarbituric acid–reactive substances
(TBARS), as indicators of increased lipid oxidative stress, despite
high concentrations of lignans as potential antioxidant phenolics.
This lack of effect might have been related to the relatively high
content of a-linolenic acid in the full-fat flaxseed (17, 18).

The components of flaxseed to which health benefits have been
ascribed include its high contents of lignans, vegetable protein,
and a-linolenic acid and its seed coat gum (54). This gum is a
highly viscous mixture of acidic and neutral polysaccharides that
have been characterized as primarily glucuronic acids, rhamnose,
arabinose, xylose, and galactose (55). This polysaccharide gum
makes up <8% of full-fat flaxseed (55–57). The 50 g partially
defatted flaxseed consumed daily in the present study provided
<5–6 g flaxseed gum. The reduction in LDL cholesterol in our
study was between 7% and 8%, similar to reductions measured in
other studies in which 5–10 g viscous soluble fibers, including
guar, pectin, psyllium, and b-glucan, were consumed in foods or
given as supplements (37, 58–62). As with lipid changes observed
with other viscous fiber sources, the reduction in serum choles-
terol that we observed was probably related to greater fecal losses
of bile acid (62, 63) and increased primary bile acid synthesis (64,
65). Partially defatted flaxseed had no effect on the ratios of LDL
to HDL cholesterol or of apolipoprotein B to apolipoprotein A-I.
A similar lack of change in lipoprotein ratios was reported for
other diets high in soluble fiber, despite significant reductions in
LDL cholesterol (58). Unchanged lipoprotein ratios have also
been reported after other dietary manipulations recommended for
reducing LDL cholesterol (35), including reductions in saturated
fat and dietary cholesterol and increases in polyunsaturated fatty
acid intake (66).

If the decreases in serum LDL cholesterol were due to flaxseed
gum, it appears that this component is more hypocholesterolemic
per gram than most other viscous fibers. However, the supplement

also provided 24.2 g vegetable protein/d from flaxseed. Soy pro-
teins in amounts of 30–50 g/d have been shown to lower serum
cholesterol (4–6, 67) and it has been suggested that the amino acid
composition of the protein may be responsible for this effect (5, 6).
Another explanation may be the content of phenolic substances,
such as isoflavonoids (4, 11). Because neither the flaxseed protein
nor the phenolic flaxseed lignans have been tested individually for
their hypolipidemic effect, one or both components may have con-
tributed to the cholesterol reduction observed.

Attention has focused on the ability of soy isoflavonoids and
flaxseed lignans to block sex hormone receptors in the prevention
of hormone-dependent cancers. It has been proposed that the low
incidences of breast cancer in Japan and China relate to the large
amount of soy consumed (8, 9). Studies have shown that soy
isoflavonoids block estrogen activity in vitro (8, 9, 15, 16). Inhi-
bition of tumor growth in the breast, prostate, skin, and liver has
been observed in animal models (68–70), suggesting that soy may
have other endocrine and nonendocrine effects. Similar data are
now emerging for flaxseed (71, 72). Until now, studies have
focused on estrogen activity. This study is the first attempt of
which we are aware to assess androgen and progestin activities ex
vivo by analyzing serum from subjects who consumed flaxseed.
No agonistic or antagonistic effects that might have suggested a
beneficial effect of flaxseed in prostate cancer prevention were
observed. Furthermore, reduced androgen activity might have
increased HDL-cholesterol concentrations (24), but this was not
observed. It is possible that the lack of effect was because the lig-
nans were primarily in the conjugated glucuronide form in urine,
and this form has little such activity (10).

The phenolic lignans may also have antioxidant activity. Cer-
tain dietary antioxidants appear to offer protection from cardio-
vascular disease (12, 26, 27), possibly by reducing LDL-choles-
terol oxidation and therefore atherogenicity. Antioxidants may
also reduce cancer risk (29) by reducing oxidative damage to
DNA and thereby preserving the genome (28, 73). Because we
previously found no major effect of whole flaxseed on markers
of lipid peroxidation, including serum TBARS and urinary mal-
ondialdehyde excretion (17, 18), we measured oxidation of
plasma proteins as an indicator of longer-term oxidant activity.
Serum protein thiol groups were selected because they have been
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TABLE 3
Body weight, blood lipid concentrations, and blood pressure at weeks 0 and 3 of control and flaxseed treatment periods1

Control Flaxseed

Week 0 Week 3 Percentage change2 P Week 0 Week 3 Percentage change2 P

Body weight (kg) 72.0 ± 2.1 72.0 ± 2.0 0.0 ± 0.2 0.926 71.7 ± 2.1 71.6 ± 2.1 20.0 ± 0.2 0.935
Total C (mmol/L) 6.55 ± 0.18 6.38 ± 0.17 22.0 ± 1.9 0.287 6.42 ± 0.16 6.06 ± 0.15 25.5 ± 1.2 <0.001
HDL-C (mmol/L) 1.21 ± 0.06 1.22 ± 0.06 1.6 ± 1.8 0.404 1.20 ± 0.07 1.17 ± 0.06 21.4 ± 2.8 0.611
LDL-C (mmol/L) 4.39 ± 0.15 4.26 ± 0.12 21.8 ± 2.6 0.495 4.36 ± 0.13 3.92 ± 0.11 29.7 ± 1.8 <0.001
Triacylglycerol (mmol/L) 2.14 ± 0.16 2.06 ± 0.16 0.6 ± 5.6 0.914 2.09 ± 0.22 2.18 ± 0.18 10.2 ± 4.8 0.044
Apo A-I (g/L) 1.61 ± 0.05 1.62 ± 0.05 0.4 ± 1.2 0.766 1.59 ± 0.05 1.52 ± 0.05 23.7 ± 2.0 0.070
Apo B (g/L) 1.66 ± 0.05 1.63 ± 0.05 21.5 ± 2.0 0.447 1.63 ± 0.04 1.53 ± 0.04 25.9 ± 1.5 0.001
Total C:HDL-C 5.65 ± 0.21 5.44 ± 0.21 23.0 ± 2.1 0.169 5.71 ± 0.27 5.49 ± 0.24 22.7 ± 2.2 0.222
LDL-C:HDL-C 3.68 ± 0.16 3.54 ± 0.16 23.0 ± 2.9 0.303 3.71 ± 0.19 3.46 ± 0.18 25.2 ± 3.1 0.097
Apo B:apo A-I 1.05 ± 0.04 1.02 ± 0.03 21.7 ± 1.9 0.371 1.06 ± 0.04 1.03 ± 0.04 21.5 ± 2.0 0.476
Lipoprotein(a) (mg/L) 20.9 ± 4.1 23.4 ± 4.3 11.4 ± 7.6 0.142 22.1 ± 4.3 20.7 ± 4.1 6.2 ± 13.5 0.651
Blood pressure (mm Hg)

Systolic 129 ± 3 125 ± 3 23.0 ± 1.1 0.014 128 ± 4 124 ± 2 22.0 ± 1.8 0.284
Diastolic 81 ± 2 80 ± 1 21.1 ± 1.2 0.373 81 ± 1 79 ± 1 21.6 ± 1.4 0.261

1 x– ± SEM; n = 29 except for LDL-C and LDL-C:HDL-C (n = 26), lipoprotein(a) (n = 27), and blood pressure (n = 28); C, cholesterol; Apo, apolipoprotein.
2Percentage change = (week 32week 0) 3 100/week 0.



shown to be particularly sensitive indexes of oxidation (31, 32,
74, 75). The flaxseed supplement reduced serum protein thiol
groups, indicating increased oxidation. If confirmed, this would
be interpreted as an undesirable effect. However, some prooxi-
dant activity may be beneficial in cancer prevention and tumor
cell destruction (76). T lymphocytes destroy foreign cells and
pathogens by mechanisms including free radical generation (77).
The generation of intracellular oxygen radicals also appears to
play a role in the induction of apoptosis (47). Malignant tissue
has diminished peroxidizability (78–81), and antioxidants
appear to accumulate in malignant cells. Whether the effect of
flaxseed on serum protein thiol groups has any bearing on these
activities remains to be determined.

In conclusion, these data confirm that supplementing the diet
with partially defatted flaxseed results in reductions in serum
LDL-cholesterol concentrations similar to those observed with
full-fat flaxseed (17–19). The flaxseed gum is likely the major
active ingredient in flaxseed responsible for the lipid-lowering
action, but the isolated gum requires testing, as do the vegetable
protein and phenolic lignan components. Androgen antagonistic
activity in serum did not increase, and therefore the data do not
support a potential protective role of lignans in prostate cancer
related to altered sex hormone activity. No evidence was found
for an antioxidant role of flaxseed components. However, the
reduction in protein thiol groups raises the question of whether
increased prooxidant activity resulting from flaxseed consump-
tion has any physiologic significance.

We thank Dennis McIntosh for much help and advice, Robert Gaffney of
Omega Nutrition Canada for providing cold pressed flaxseed, and Bill
Snelling, Mary Ann Ryan, Livia SA Augustin, and Brenda Lee for their assis-
tance on this project.

REFERENCES
1. Dolecek TA. Epidemiological evidence of relationships between

dietary polyunsaturated fatty acids and mortality in the Multiple
Risk Factor Intervention Trial. Proc Soc Exp Biol Med
1992;200:177–82.

2. Conquer JA, Holub BJ. Supplementation with an algae source of
docosahexaenoic acid increases (n23) fatty acid status and alters
selected risk factors for heart disease in vegetarian subjects. J Nutr
1996;126:3032–9.

3. de Lorgeril M, Renaud S, Mamelle N, et al. Mediterranean alpha-
linolenic acid-rich diet in secondary prevention of coronary heart
disease. Lancet 1994;343:1454–9.

4. Kritchevsky D. Dietary protein, cholesterol and atherosclerosis: a
review of the early history. J Nutr 1995;125(suppl):589S–93S.

5. Carroll KK. Review of clinical studies on cholesterol-lowering
response to soy protein. J Am Diet Assoc 1991;91:820–7.

6. Anderson JW, Johnstone BM, Cook-Newell ME. Meta-analysis of
the effects of soy protein intake on serum lipids. N Engl J Med
1995;333:276–82.

7. Anderson JW, Deakins DA, Floore TL, Smith BM, Whitis SE.
Dietary fiber and coronary heart disease. Crit Rev Food Sci Nutr
1990;29:95–147.

8. Messina MJ, Persky V, Setchell KD, Barnes S. Soy intake and can-
cer risk: a review of the in vitro and in vivo data. Nutr Cancer
1994;21:113–31.

9. Adlercreutz H, Mousavi Y, Clark J, et al. Dietary phytoestrogens
and cancer: in vitro and in vivo studies. J Steroid Biochem Mol Biol
1992;41:331–7.

10. Setchell KD. Discovery and importance of lignans. In: Cunnane SC,
Thompson LU, eds. Flaxseed in human nutrition. Champaign, IL:
AOCS Press, 1995:82–98.

11. Potter SM. Soy protein and serum lipids. Curr Opin Lipidol
1996;7:260–4.

12. Hertog MG, Feskens EJ, Hollman PC, Katan MB, Kromhout D.
Dietary antioxidant flavonoids and risk of coronary heart disease:
the Zutphen Elderly Study. Lancet 1993;342:1007–11.

13. Collins BM, McLachlan JA, Arnold SF. The estrogenic and antie-
strogenic activities of phytochemicals with the human estrogen
receptor expressed in yeast. Steroids 1997;62:365–72.

14. Zava DT, Duwe G. Estrogenic and antiproliferative properties of
genistein and other flavonoids in human breast cancer cells in vitro.
Nutr Cancer 1997;27:31–40.

15. Wang TT, Sathyamoorthy N, Phang JM. Molecular effects of genis-
tein on estrogen receptor mediated pathways. Carcinogenesis
1996;17:271–5.

16. Molteni A, Brizio-Molteni L, Persky V. In vitro hormonal effects of
soybean isoflavones. J Nutr 1995;125(suppl):751S–6S.

17. Cunnane SC, Hamadeh MJ, Liede AC, Thompson LU, Wolever TM,
Jenkins DJ. Nutritional attributes of traditional flaxseed in healthy
young adults. Am J Clin Nutr 1995;61:62–8.

18. Cunnane SC, Ganguli S, Menard C, et al. High alpha-linolenic acid
flaxseed (Linum usitatissimum): some nutritional properties in
humans. Br J Nutr 1993;69:443–53.

19. Bierenbaum ML, Reichstein R, Watkins TR. Reducing atherogenic
risk in hyperlipemic humans with flaxseed supplementation: a pre-
liminary report. J Am Coll Nutr 1993;12:501–4.

20. Bhatty RS. Nutrient composition of whole flaxseed and flaxseed
meal. In: Cunnane SC, Thompson LU, eds. Flaxseed in human nutri-
tion. Champaign, IL: AOCS Press, 1995:22–42.

21. Adlercreutz H, Hockerstedt K, Bannwart C, et al. Effect of dietary
components, including lignans and phytoestrogens on enterohepatic
circulation and liver metabolism of estrogens and on sex hormone
binding globulin (SHBG). J Steroid Biochem 1987;27:1135–44.

22. Barnes S, Peterson TG, Coward L. Rationale for the use of genistein-
containing soy matrices in chemoprevention trials for breast and
prostate cancer. J Cell Biochem 1995;22(suppl):181S–7S.

23. Ingram D, Sanders K, Kolybaba M, Lopez D. Case-control study of
phyto-oestrogens and breast cancer. Lancet 1997;350:990–4.

24. Thompson PD, Cullinane EM, Sady SP, et al. Contrasting effects of
testosterone and stanozolol on serum lipoprotein levels. JAMA
1989;261:1165–8.

25. Xue JY, Liu GT, Wei HL, Pan Y. Antioxidant activity of two diben-
zocyclooctene lignans on the aged and ischemic brain in rats. Free
Radic Biol Med 1992;12:127–35.

26. Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner B,
Willett WC. Vitamin E consumption and the risk of coronary disease
in women. N Engl J Med 1993;328:1444–9.

27. Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA,
Willett WC. Vitamin E consumption and the risk of coronary heart
disease in men. N Engl J Med 1993;328:1450–6.

28. Ames BN, Shigenaga MK, Hagen TM. Oxidants, antioxidants, and
the degenerative diseases of aging. Proc Natl Acad Sci U S A
1993;90:7915–22.

29. Giovannucci E, Ascherio A, Rimm EB, Stampfer MJ, Colditz GA,
Willett WC. Intake of carotenoids and retinol in relation to risk of
prostate cancer. J Natl Cancer Inst 1995;87:1767–76.

30. Rice-Evans CA, Diplock AT, Symons MC. Techniques in free radi-
cal research. New York: Elsevier, 1991.

31. Agarwal S, Sohal RS. Aging and protein oxidative damage. Mech
Ageing Dev 1994;75:11–9.

32. Radi R, Bush KM, Cosgrove TP, Freeman BA. Reaction of xanthine
oxidase-derived oxidants with lipid and protein of human plasma.
Arch Biochem Biophys 1991;286:117–25.

33. Yu H, Diamandis EP, Zarghami N, Grass L. Induction of prostate
specific antigen production by steroids and tamoxifen in breast can-
cer cell lines. Breast Cancer Res Treat 1994;32:291–300.

34. Zarghami N, Grass L, Diamandis EP. Steroid hormone regulation of
prostate-specific antigen gene expression in breast cancer. Br J
Cancer 1997;75:579–88.

400 JENKINS ET AL



35. The Expert Panel. Summary of the second report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel II). JAMA 1993;269:3015–23.

36. Lipid Research Clinics Program. Manual of laboratory operations.
Vol 1. Lipid and lipoprotein analysis. Washington, DC: US Govern-
ment Printing Office, 1982. [US Department of Health, Education
and Welfare publication no. (NIH) 75–628.]

37. Jenkins DJ, Wolever TM, Vidgen E, et al. Effect of psyllium in
hypercholesterolemia at two monounsaturated fatty acid intakes.
Am J Clin Nutr 1997;65:1524–33.

38. Fink PC, Romer M, Haeckel R, et al. Measurement of proteins with
the Behring Nephelometer. A multicenter evaluation. J Clin Chem
Clin Biochem 1989;27:261–76.

39. Hu ML. Measurement of protein thiol groups and glutathione in
plasma. Methods Enzymol 1994;223:380–5.

40. Levine RL, Garland D, Oliver CN, et al. Determination of carbonyl
content in oxidatively modified proteins. Methods Enzymol
1990;186:464–78.

41. Ferguson RA, Yu H, Kalyvas M, Zammit S, Diamandis EP. Ultra-
sensitive detection of prostate-specific antigen by a time-resolved
immunofluorometric assay and the Immulite immunochemilumi-
nescent third-generation assay: potential applications in prostate
and breast cancers. Clin Chem 1996;42:675–84.

42. Zarghami N, Grass L, Sauter ER, Diamandis EP. Prostate specific
antigen levels in serum during the menstrual cycle. Clin Chem
1997;43:1862–7.

43. Agricultural Research Service. Composition of foods. Agriculture
handbook no. 8. Washington, DC: US Department of Agriculture,
1992.

44. Association of Official Analytical Chemists. AOAC official methods
of analysis. Washington, DC: Association of Official Analytical
Chemists, 1980.

45. Prosky L, Asp NG, Furda I, De Vries JW, Schweizer TF, Harland
BF. Determination of total dietary fiber in foods and food products:
collaborative study. J Assoc Off Anal Chem 1985;68:677–9.

46. SAS Institute Inc. SAS/STAT user’s guide, version 6.12. Cary, NC:
SAS Institute Inc, 1997.

47. Delia D, Aiello A, Meroni L, Nicolini M, Reed JC, Pierotti MA.
Role of antioxidants and intracellular free radicals in retinamide-
induced cell death. Carcinogenesis 1997;18:943–8.

48. Dormandy TL. Free-radical oxidation and antioxidants. Lancet
1978;1:647–50.

49. Hassett DJ, Cohen MS. Bacterial adaptation to oxidative stress:
implications for pathogenesis and interaction with phagocytic cells.
FASEB J 1989;3:2574–82.

50. Glauber H, Wallace P, Griver K, Breechtel G. Adverse metabolic
effects of v-3 fatty acids in non-insulin-dependent diabetes melli-
tus. Ann Intern Med 1988;108:663–8.

51. Kasim S, Stern B, Khilnani S, McLin P, Bociorowski S, Jen KL.
Effects of omega-3 fish oils on lipid metabolism, glycemic control
and blood pressure in type II diabetic patients. J Clin Endocrinol
Metab 1988;67:1–5.

52. Harris WS. Fish oils and plasma lipid and lipoprotein metabolism in
humans: a critical review. J Lipid Res 1989;30:785–807.

53. Freese R, Mutanen M. a-Linolenic acid and marine long-chain n23
fatty acids differ only slightly in their effects on hemostatic factors
in healthy subjects. Am J Clin Nutr 1997;66:591–8.

54. Cunnane SC, Thompson LU, eds. Flaxseed in human nutrition.
Champaign, IL: AOCS Press, 1995.

55. Mazza G, Oomah BD. Flaxseed dietary fiber and cyanogens. In:
Cunnane SC, Thompson LU, eds. Flaxseed in human nutrition.
Champaign, IL: AOCS Press, 1995:56–81.

56. Bhatty RS, Cherdkiatgumchai P. Compositional analysis of labora-
tory-prepared and commercial samples of linseed meal and of hull
isolated from flax. J Am Oil Chem Soc 1990;67:79–84.

57. BeMiller JN. Quince seed, psyllium seed, flaxseed, and okra gums.
In: Whistler RL, BeMiller JN, eds. Industrial gums. 2nd ed. New
York: Academic Press, 1973:339–67.

58. Anderson JW, Story L, Sieling B, Chen WJ, Petro MS, Story J.
Hypocholesterolemic effects of oat-bran or bean intake for hyperc-
holesterolemic men. Am J Clin Nutr 1984;40:1146–55.

59. Davidson MH, Dugan LD, Burns JH, Sugimoto D, Story K, Dren-
nan K. A psyllium-enriched cereal for the treatment of hypercholes-
terolemia in children: a controlled, double-blind, crossover study.
Am J Clin Nutr 1996;63:96–102.

60. Braaten JT, Wood PJ, Scott FW, et al. Oat beta-glucan reduces blood
cholesterol concentration in hypercholesterolemic subjects. Eur J
Clin Nutr 1994;48:465–74.

61. Sprecher DL, Harris BV, Goldberg AC, et al. Efficacy of psyllium in
reducing serum cholesterol levels in hypercholesterolemic patients
on high- or low-fat diets. Ann Intern Med 1993;119:545–54.

62. Miettinen TA, Tarpila S. Effect of pectin on serum cholesterol, fecal
bile acids and biliary lipids in normolipidemic and hyperlipidemic
individuals. Clin Chim Acta 1977;79:471–7.

63. Kritchevsky D, Story JA. Binding of bile salts in vitro by non-nutri-
tive fiber. J Nutr 1974;104:458–64.

64. Everson GT, Daggy BP, McKinley C, et al. Effects of psyllium
hydrophilic mucilloid on LDL-cholesterol and bile acid synthesis in
hypercholesterolemic men. J Lipid Res 1992;33:1183–92.

65. Marlett JA, Hosig KB, Vollendrof NW, et al. Mechanism of serum
cholesterol reduction by oat bran. Hepatology 1994;20:1450–7.

66. Schaefer EJ, Levy RI, Ernst ND, Van Sant FD, Brewer HB Jr. The
effects of low cholesterol, high polyunsaturated fat, and low fat
diets on plasma lipid and lipoprotein cholesterol levels in normal
and hypercholesterolemic subjects. Am J Clin Nutr 1981;
34:1758–63.

67. Sirtori CR, Agradi E, Conti F, Mantero O, Gatti E. Soybean-protein
diet in the treatment of type-II hyperlipoproteinaemia. Lancet
1977;1:275–7.

68. Lamartiniere CA, Moore JB, Brown NM, Thompson R, Hardin MJ,
Barnes S. Genistein suppresses mammary cancer in rats. Carcino-
genesis 1995;16:2833–40.

69. Sharma OP, Adlercreutz H, Strandberg JD, Zirkin BR, Coffey DS,
Ewing LL. Soy of dietary source plays a preventive role against the
pathogenesis of prostatitis in rats. J Steroid Biochem Mol Biol
1992;43:557–64.

70. Barnes S, Grubbs C, Setchell KD, Carlson J. Soybeans inhibit mam-
mary tumors in models of breast cancer. In: Pariza MW,
Aeschbacher HU, Felton JS, Sato S, eds. Mutagens and carcinogens
in the diet. New York: Wiley-Liss, 1990:239–53.

71. Thompson LU, Rickard SE, Orcheson LJ, Seidl MM. Flaxseed and
its lignan and oil components reduce mammary tumor growth at a
late stage of carcinogenesis. Carcinogenesis 1996;17:1373–6.

72. Thompson LU, Seidl MM, Rickard SE, Orcheson LJ, Fong HH.
Antitumorigenic effect of a mammalian lignan precursor from
flaxseed. Nutr Cancer 1996;26:159–65.

73. Wu J, Karlsson K, Danielsson A. Effects of vitamins E, C and catalase
on bromobenzene- and hydrogen peroxide–induced intracellular
oxidation and DNA single-strand breakage in Hep G2 cells. J Hepatol
1997;26:669–77.

74. Kadota K, Yui Y, Hattori R, Murohara Y, Kawai C. Decreased
sulfhydryl groups of serum albumin in coronary artery disease. Jpn
Circ J 1991;55:937–41.

75. Hall NC, Gillan AH. Effects of antirheumatic drugs on protein
sulphydryl reactivity of human serum. J Pharm Pharmacol
1979;31:676–80.

76. Dormandy TL. In praise of peroxidation. Lancet 1988;2:1126–8.
77. Thorne KJ, Svvennsen RJ, Franks D. Role of hydrogen peroxide

in the cytotoxic reaction of T lymphocytes. Clin Exp Immunol
1980;39:486–95.

HEALTH ASPECTS OF FLAXSEED 401



78. Thiele EH, Huff JW. Lipid peroxide production and inhibition by
tumour mitochondria. Arch Biochem Biophys 1960;88:208–12.

79. Utsumi K, Yamamoto G, Inaba K. Failure of Fe2+-induced lipid
peroxidation and swelling in the mitochondria isolated from ascites
tumour cells. Biochim Biophys Acta 1965;105:368–71.

80. Cheeseman KH, Collins M, Proudfoot K, et al. Studies on lipid per-
oxidation in normal and tumour tissues. The Novikoff rat liver
tumour. Biochem J 1986;235:507–14.

81. Masotti L, Casali E, Galeottic T. Lipid peroxidation in tumour cells.
Free Radic Biol Med 1988;4:377–86.

402 JENKINS ET AL


