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Corn oil-induced decrease in arterial thrombosis
tendency may be related to altered plasma

vitamin K transport
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Abstract In this article we report the effects of low and
high fat diets on the arterial thrombosis tendency in rats.
The animal system used was the aorta loop model, in which
we compared the effect of saturated (hardened coconut oil,
HCO) and unsaturated (sunflower seed oil, SSO; corn oil,
CO) fatty acids on the arterial thrombosis tendency at high
fat intake (50 energy%, 45 energy% of which was either
HCO, SSO, or CO). Under these conditions both SSO and
CO had a beneficial effect (relative to HCO) on the arterial
thrombosis tendency. In a subsequent study we compared
these high fat diets with a low fat diet (5 energy%). As com-
pared with the low fat diet, only CO significantly decreased
the thrombosis risk. Serum vitamin K and triglycerides had
decreased substantially after the CO diet, and to a much
lesser extent after the SSO diet.Bil It is concluded that corn
oil may have a mildly anticoagulant effect, the potential
benefit of which is discussed.—Schurgers, L. J., and C. Ver-
meer. Corn oil-induced decrease in arterial thrombosis ten-
dency may be related to altered plasma vitamin K transport.
J- Lipid Res. 2001. 42: 1120-1124.

Supplementary key words PUFA o vessel wall ¢ atherosclerosis o
phylloquinone e aorta loop ¢ nutritional oils e fatty acid

It is well known that a diet rich in saturated fatty acids
(SAFA) forms a risk factor for atherosclerosis in humans
(1, 2), and that their inclusion in the diet increases the ar-
terial thrombosis tendency (ATT) in rats (3). At our insti-
tute we have an operational animal model for ATT, known
as the aorta loop model (4). In this model, thrombogenic
diets such as those rich in hardened coconut oil (HCO)
induce an increase of the ATT. Diets rich in monounsat-
urated fatty acids (MUFA) and PUFA, such as are found in
corn oil (CO), sunflower seed oil (SSO), linseed oil, or saf-
flower oil, exhibit this effect to a much lesser extent, but
most of these oils will show a beneficial effect only if they
are used to replace SAFA in a high fat diet (1). In humans,
several studies have shown that fasting factor VIIc, which
is regarded as an independent risk factor for cardiovascular
disease, is decreased by low fat diets. A similar effect has
been reported for diets in which the SAFA composition
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was substituted by MUFA or PUFA (5). Exceptions in this
respect may be fish oil (rich in n—-3 PUFA) and CO (n-6
PUFA). Several studies have shown that both fish oil and
CO consumption leads to a reduction of blood cholesterol
and triglycerides (6—9).The mechanism underlying such
beneficial effect is still a matter of debate (10, 11), but one
hypothesis is that the protective effect against cardiovascular
disease is due to a decrease in the serum cholesterol and
triglyceride levels (12), and to a mild reduction in the cir-
culating vitamin K-dependent blood coagulation factor
concentrations (12, 13). The latter phenomenon may be
mediated by a lipid-lowering effect that affected the lipo-
protein transport and delivery of vitamin K to the liver,
thereby reducing the synthesis of active vitamin K-dependent
coagulation proteins. The credence of such a hypothesis
is reinforced by findings that plasma concentrations of
phylloquinone (vitamin K;), the predominant circulating
and dietary form of vitamin K, show a strong positive corre-
lation with plasma triglycerides (14-16), reflecting the fact
that triglyceride-rich lipoproteins (TGRLP) are the major
transporters of vitamin K; in both the postprandial and fast-
ing states (17, 18). This suggests that factors that influence
the metabolism of TGRLP may also affect the transport,
tissue distribution, and bioavailability of vitamin K (17-19).

To test this hypothesis we have compared whether lipid-
lowering diets based on n—6 PUFA may affect the ATT (in
rats only) and vitamin K metabolism (rats and humans).
CO and SSO were the experimental fats selected for this
study because, in contrast to most other plant oils, their
vitamin K content is low. Moreover, these oils are com-
monly used for food preparation in The Netherlands.
First, we have compared in experimental animal studies
the effects of CO, SSO, and HCO on the ATT, and we

Abbreviations: ATT, arterial thrombosis tendency; CO, corn oil;
HCO, hardened coconut oil; OT, obstruction time of aorta loop; SSO,
sunflower seed oil.
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have tried to find an explanation for the observed differ-
ences from a number of biomarkers in serum.

MATERIALS AND METHODS

Materials

Phylloquinone was purchased from Sigma (St. Louis, MO).
HCO and SSO were purchased from Chempri (Raamsdonksveer,
The Netherlands). CO was a kind gift from CPC-Bestfoods (Heil-
bronn, Germany). All other chemicals and reagents were of ana-
lytical or HPLC grade. Powdered stock rat food was from Hope
Farms (Woerden, The Netherlands), and had been made vita-
min K deficient by irradiation (0.9 mrad). Stocks for preparing
high fat (25%, w/w) stocks contained 23% cerelose/glucose,
whereas the low fat (5% w/w) stocks contained 54% cerelose/
glucose. In this way the caloric values for all diets had been made
similar. Other dietary components (protein, fiber, and trace ele-
ments) were present as described previously (20). Before each
study the fats (as indicated) were mixed with the stocks at our ex-
perimental animal department. The fatty acid composition of
the oils is shown in Table 1.

Animals and diets

Male Wistar rats were housed individually in wire-bottom cages
with a 12-h light-dark cycle and controlled temperature (20 *
2°C) and humidity (50 = 10%). The vitamin K-deficient food was
supplemented with vitamin K; (2 pg/g) as an oil solution,
whereas the added oils provided less than 5 ng of K; per g of food.
On the basis of these data the vitamin K intake was estimated to be
39 wg/day. Food for the low fat regimen contained 5 energy% of
SSO as the only fat compound, food for the high fat regimen con-
tained 5 energy% of SSO plus 45 energy% of either HCO, SSO, or
CO (as indicated). To protect the foods from lipid peroxidation,
the diets were prepared freshly each week and stored at —20°C
under nitrogen until use. During the experiment the animals
were allowed to eat ad libitum. No significant differences between
the various groups were found with respect to their mean (*=SD)
daily food intake (19 = 5 g) and weight gain (17 * 7 g/week).
The protocol for this experiment was approved by the Maastricht
University Committee for Animal Experiments.

ATT in rats

The ATT was measured using the rat aorta loop model. This
model is based on the surgical insertion of a loop-shaped poly-
ethylene cannula in the abdominal aorta of the animals (3). The
wound is closed in such a way that the loop protrudes outside
the abdomen and remains available for visual inspection. At
places where the cannula is in permanent contact with the vessel
wall endothelial damage and flow disturbances result in the for-
mation of a thrombus, which is accompanied by a color change
of the loop. Eventually, a thrombus will develop in all cases, and
the time required for complete obstruction of the loop is called
the obstruction time (OT). It has been well documented that in
rats the OT is inversely correlated with the ATT, which may de-
pend on either diet or drugs (4, 21). In the experimental setup
groups of 24 rats each entered the study at the age of 5 weeks,
and received the indicated diets until completion of the experi-
ment. After a feeding period of 8 weeks the loops were im-
planted, and the OT values were recorded. Citrated blood was
collected shortly before implantation of the loops.

Various analytical techniques

Prothrombin concentrations were assessed with the one-stage
coagulation assay, using Thromborel S and human clotting

TABLE 1. Fatty acid compositions of the different oils

Type of Diet
LowFat  HCO SSO CO

Caloric intake additional

to standard diet (energy%) 0 45 45 45
SAFA (% of total fat) 12 100 12 13
MUFA (% of total fat) 25 0 25 33
PUFA (% of total fat) 63 0 63 54
Vitamin E (mg/day)

a-Tocopherol 0.48 0 4.35 1.23

y-Tocopherol 0.97 0 0.45 6.31
Vitamin K (pg/day) 0.09 0.05 0.79 0.14
Ubiquinone-9 (pg/day) 0.05 0 0.42 3.72

The standard diet (low fat ) for rats contained 5 energy% of SSO.
In the high fat diets (HCO, SSO, or CO) 45 energy% of either HCO,
SSO, or CO was added to the standard diet to a final 50 energy%.
HCO, hardened coconut oil; SSO, sunflower seed oil; CO, corn oil;
SAFA, saturated fatty acids; MUFA, monounsaturated fatty acids.

prothrombin-deficient plasma from Behringwerke (Marburg,
Germany). Plasma vitamin K concentrations were assessed by
HPLC, with on-line electrochemical detection of the effluent
and fluorescence detection (22, 23). Triglycerides and choles-
terol were determined by standard enzymatic techniques (Boeh-
ringer Mannheim, Germany) on a Beckman (Fullerton, CA)
Synchron CX 7-2 autoanalyzer.

Statistics

Because OT values show a log-normal distribution pattern,
logarithmic transformation of these values was performed be-
fore the differences between the groups were tested by one-way
ANOVA using the Bonferroni post-hoc procedure for multiple
group analysis. Mean OT values were calculated from the mean
log OT values. Effects on blood coagulation were tested non-
parametrically for each group, using the Mann-Whitney U test.
All statistics were performed with the statistical program Stat-
View 4.1 (Abacus Concepts, Cary, NC).

RESULTS

ATT in rats at high intake of different oils

The effects of high intake of three different oils were
compared in three groups of 24 rats each. The data are
shown in Fig. 1 and demonstrate that at high fat intake
both unsaturated oils (SO and CO) induced a signifi-
cantly decreased arterial thrombosis risk as compared
with the saturated oil. Remarkably, there was a significant
difference between both unsaturated oils as well, with the
lowest arterial thrombosis risk for the CO group.

Effects of high and low intake of dietary oils in rats

In a second, independent study, we compared the ef-
fects of high and low fat intake. One group of animals
received a low fat diet (5 energy% of SSO), and served
as a reference group in this experiment. The other
groups received high fat diets as described above. The
data of this experiment are summarized in Table 2. It
was found that the OT values in the HCO group were
significantly less than those in the low fat group, indi-
cating an increased ATT due to high intake of saturated
oil. No such effect was observed at high intake of SSO,
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Fig. 1. ATT at high fat intake: comparison of different fat types.
The time required for obstruction of the aorta loop (ATT) is in-
versely correlated with thrombosis tendency, and was expressed in
hours = SD. Statistical analysis was performed after log transforma-
tion of the data (see Materials and Methods).

which resulted in OT values comparable to those of the
low fat group. Consistent with the data in Fig. 1, high in-
take of CO resulted in very long OT values, suggesting
that high intake of CO significantly reduced the ATT both
as compared with low fat intake and high SSO intake.

In an attempt to explain these data, we have measured a
number of variables in the blood taken shortly before the
implantation of the loops (Table 2). None of the oils af-
fected the circulating prothrombin concentration. It
should be mentioned here that the assays were performed
with human reagents, which may have affected assay sensi-
tivity in a negative way. The HCO diet resulted in relatively
high circulating levels of triglycerides and vitamin K, whereas
in the CO and SSO groups the triglycerides were signifi-
cantly lower than in the low fat group. This effect was stron-
ger in the CO group than in the SSO group, but whether this
difference is sufficient to explain the strongly reduced ATT
in the CO group is not clear. Also, circulating vitamin K was
reduced during high intake of unsaturated oil, but the effect
was statistically significant only for the CO group.

DISCUSSION

This article is based on the initial discovery that in an
animal model system the ATT is decreased by replacing

HCO in the diet by either SSO or CO. Whereas these first
experiments were performed exclusively in animals on a
high fat regimen (50 energy%), later studies demon-
strated that the beneficial effect of SSO is lost if the high
fat diet is compared with low fat diets (5 energy%). For
high intake of CO, however, a substantial and significant
protective effect remained even when the diet was com-
pared with a low fat regimen (Table 2). The difference be-
tween CO and HCO was comparable to that obtained in
rats treated with low doses of vitamin K antagonist (G.
Hornstra, unpublished data) or with high doses of aspirin
(24). The difference between HCO and both plant oils
may be explained by the fact that the former is fully satu-
rated, whereas both CO and SSO contain a large fraction
of unsaturated fatty acids. Because the fatty acid composi-
tion of CO and SSO is remarkably similar, other explana-
tions must be found for their different effects on the ATT.
Substantial differences between CO and SSO were re-
ported with respect to their nonfat fraction. CO, for in-
stance, was reported to contain 10- to 20-fold more
ubiquinone and y-tocopherol than did SSO (6). Because
these compounds have a marked structural analogy with
vitamin K, our group and others have tested whether
either ubiquinone (25) or tocopherol (26) may act as
competitive inhibitors for the vitamin K-dependent car-
boxylase, thus inhibiting the biosynthesis of blood coagu-
lation factors. Although in vitro some inhibition was
found, the effect was weak and it is unlikely that it can ex-
plain the marked in vivo differences between both oils.

We have tested this hypothesis in rats as well as in a
human nutrition experiment. In rats we found no sig-
nificant effect of any of the oils on the circulating pro-
thrombin concentration. It should be kept in mind, how-
ever, that the prothrombin assay is not particularly
sensitive in detecting small fluctuations. A direct assay
for descarboxyprothrombin would be far more accu-
rate, but this test is not available for rats. As compared
with the low fat group, serum vitamin K had remained
constant in rats receiving SSO, but had significantly de-
creased in the CO group. Circulating triglycerides,
which play a major role in vitamin K transport, had de-
creased in both plant oils, but to a much larger extent in
the CO than in the SSO group. Hence it is at least feasi-
ble that the type of oil affects the bioavailability and tis-
sue distribution of vitamin K.

TABLE 2. Comparison of high and low dietary fat in the rat

Low Fat HCO SSO CO
Number of Rats/Dietary Fat (Energy%) 24/5 48/50 48/50 48/50
Obstruction time (h) 120 £ 8 91 * 11* 123 = 10 144 * 13*
Plasma prothrombin (% of reference) 96 = 7.6 99 9.2 102 £ 9.1 101 £5.5
Serum vitamin K; (ug/1) 0.8 0.2 1.9 = 0.3* 0.8 = 0.27 0.7 £ 0.2%
Serum triglycerides (mM) 1.0 = 0.1 1.8 £0.1* 0.9 £ 0.03* 0.6 = 0.05%
K, /triglyceride (pg/mmol) 0.8+0.2 1.1+0.2 09=*0.2 1.1+0.2

Rats were fed various diets for 8 weeks before blood was taken and aorta loops were implanted. Determina-
tions in plasma and serum were performed in duplicate and mean values for each animal were used to calculate
the mean of means (£SD) given here. The values obtained in the three high fat groups were compared with the
low fat group; differences were regarded to be significant at P < 0.05 (*).
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When trying to find an explanation for the observed ef-
fects of CO it is important to realize that after intestinal
absorption, vitamin K is transported in the blood via lipo-
proteins and that it is liberated therefrom during the
hydrolysis of the chylomicron triglycerides in a variety of
tissues (including the liver) before the chylomicron
remnants are cleared by the liver (27). Only a little vita-
min K is found in the LDL and HDL fractions (18). Obvi-
ously, the postprandial fatty acid content of the chylomi-
crons will depend on the composition of the diet. Animal
and some human studies suggest an increased activity of
endothelial lipoprotein lipase toward the hydrolysis of PUFA-
rich compared with SAFA-rich chylomicrons (8, 28). In
the context of vitamin K and vitamin K-dependent coagu-
lation proteins, a study of rats showed that the PUFA-rich
fish oil not only decreased serum cholesterol and triglyc-
eride levels, but also led to decreased levels of the vitamin
K-dependent coagulation factors prothrombin and factor
VII (12). These authors postulated that this hypocoagulable
effect may be mediated by limited delivery of vitamin K to
the liver and thereby the synthesis of vitamin K-dependent
coagulation proteins. Our data support the view that cir-
culating levels of vitamin K-dependent coagulation pro-
teins are linked to lipid metabolism in normal physiology
(29), with the intriguing possibility that part of this inter-
action with lipids may be mediated via an effect on vita-
min K metabolism (12). An explanation for such an ef-
fect could be that CO induces a different transport for
vitamin K with more extrahepatic vitamin K uptake
rather than accumulation in the liver, but this is specula-
tive at this time.

We and others have demonstrated that subclinical vi-
tamin K deficiency is common in the healthy adult popu-
lation and may be associated with low bone mass (30-32),
increased fracture rate in postmenopausal osteoporosis
(33), and increased vascular calcification (34). These phe-
nomena may be related to the synthesis of incompletely
carboxylated Gla proteins such as osteocalcin in bones
(35), and matrix Gla protein (MGP) in the arterial vessel
wall (36). Therefore, nutrients capable of shifting the
balance between hepatic and extrahepatic vitamin K up-
take may have a dual effect. On the one hand, they might
induce a mildly anticoagulant effect by decreasing the he-
patic vitamin K status, thus lowering the ATT. On the
other hand, they might improve vascular MGP carboxyla-
tion and thus contribute to the prevention of arterial
calcification. il
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