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Abstract. This study was designed to evaluate the effects of different amounts of dietary 
vitamin E on platelet tocopherol levels and 12-lipoxygenase activity when exogenous arachi- 
donic acid was used as substrate. Weanling male Sprague-Dawley rats were fed diets containing 
0,50, and 5000 ppm of D-a-tocopherol acetate for 4 months. Platelet tocopherol was increased 
with increasing concentrations of dietary vitamin E; however, the conversion of exogenously 
added arachidonate by platelet to 12-HETE ( 12-hydroxyeicosatetraenoic acid) and thrombox- 
ane B2 from these three dietary groups was essentially the same. This study provides direct 
evidence that platelet 12-lipoxygenase activity is independent of its vitamin E content when 
exogenously added arachidonate was used as substrate. o 1988 Society for Experimental Biology and 

Medicine. 

Platelets are capable of metabolizing ara- 
chidonic acid via two major pathways lead- 
ing to the formation of biologically active ei- 
cosanoids. One pathway is catalyzed by cy- 
clooxygenase, a membrane-bound enzyme 
responsible for the biosynthesis of throm- 
boxanes and prostaglandins (1, 2), and the 
other by 12-1ipoxygenase, a soluble enzyme 
which catalyzes the oxidative conversion of 
arachidonate to 12-HPETE ( 12-hydroper- 
oxy-eicosatetraenoic acid) which is rapidly 
reduced by peroxidase to 12-HETE (1 2-hy- 
droxy-eicosatetraenoic acid) (3,4). Although 
it is well established that the products of the 
cyclooxygenase reaction are mediators of 
platelet aggregation (2, 5), the precise biologi- 
cal role of the lipoxygenase products is less 
clear. Traditionally 12-HETE has been 
thought to act solely as a stimulator of neu- 
trophil chemotaxis (6), but recently 12- 
HETE has been reported to be a potent in- 
hibitor of platelet phospholipase A2 (7) and 
may, therefore, regulate arachidonate metab- 
olism at the level of its release from phospho- 
lipids. 

The enzymic oxygenation of arachidonic 
acid is a free radical-initiated reaction re- 
quiring a small but continuous presence of 
cellular peroxides for activation (8). Endoge- 
nous compounds that have pro- or antioxi- 
dant properties can alter the rate of peroxide 
formation and, hence, the rate of the eico- 
sanoid pathways. We have previously dem- 

onstrated that in rat platelets, thrombin- 
stimulated thromboxane synthesis from en- 
dogenous arachidonate can be suppressed by 
increasing amount of vitamin E in the diet 
(9). However, there is conflicting evidence on 
the effect of vitamin E on lipoxygenase. For 
example, platelets from vitamin E-deficient 
rabbits have been shown to form greater 
amounts of 12-HETE from exogenous ara- 
chidonate than controls (10); other studies 
indicate that vitamin E has no effect on 12- 
HETE formation in rat or human platelets, 
respectively ( 1 1, 12). The present study was 
undertaken to determine (a) the extent by 
which tocopherol levels in platelets can be 
regulated by the intake of this vitamin and 
(b) the effect of such alteration on platelet 
metabolism of exogenously added arachi- 
donic acid. 

Materials and Methods. Animals, diets, 
and chemicals. Male weanling Sprague- 
Dawley rats (average body weight 50 g) were 
fed a semi-purified diet which contained ei- 
ther 0, 50, or 5000 ppm of D-a-tocopherol 
acetate for 4 months. The composition of the 
basal diet was (% weight): vitamin-free casein 
(20%), DL-methionine (0.3%), corn starch 
(10.2%), dextrose (50%), alphacel fiber (5%), 
AIN salt mix (3.5%), AIN vitamin mix with- 
out tocopherol (1 .O%), stripped corn oil 
(10%). Food and tap water were provided at 
all times. 1 -[ ''C]Arachidonic acid, specific 
activity 56.5 mCi/mmole, was obtained from 
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New England Nuclear Corp. (Boston, MA). 
Unlabeled arachidonic acid (AA) was from 
Sigma Chemical Co. (St. Louis, MO). 

Isolation of platelets. Blood was obtained 
via aortic puncture from rats under light 
diethyl ether anesthesia and collected into 
citrate-containing tubes to a final concentra- 
tion of 0.38% citrate. Platelets were isolated 
by differential centrifugation as described 
previously (1 3). The isolated platelets were 
washed and resuspended in a calcium-free 
Ringer-Tyrode buffer containing 2 m M  
EDTA. 

Determination of 12-lipoxygenase activity. 
Both labeled and unlabeled arachidonate 
were mixed to give a specific activity of 3.42 
pCi/pmole and was purified by silicic acid 
column before use. In a routine assay, plate- 
let protein was predetermined by the method 
of Lowry et al. (16) and 150 pg of washed 
intact platelet was incubated with 30 pM of 
AA (120,000 dpm) for 3 min at 37°C with 
gentle stirring. AA was added in 5 pl ethanol 
to a volume of 500 pl platelet suspension. 
Incubation was stopped with the addition of 
1 N formic acid to pH 3.5. AA and its prod- 
ucts were recovered using two diethyl ether 
extractions of six times the assay volume, 
separated by thin-layer chromatography 
(250 pm silica gel G-coated, J. T. Baker 
Chemical Co., Phillipsburg, NJ), and devel- 
oped in ch1oroform:methanol:acetic acid: 
water (90:8: 1 :0.8, v/v/v/v). Products were vi- 
sualized and quantitated by a Berthold thin- 
layer chromatography linear analyzer 
equipped with a radiodetector. All extrac- 
tions and separation by thin-layer chroma- 
tography were done immediately after incu- 
bation of platelets. However, we found that 
12-HETE and TxB2 were stable in ether ex- 
tract when stored at 4°C overnight. 

Determination of platelet tocopherol. Total 
lipid from an appropriate amount of plate- 
lets was extracted by the method of Bligh and 
Dyer (14) and a known amount of tocoph- 
erol acetate was added as internal standard. 
These compounds were separated by HPLC 
with a reverse-phase column (C- I8 Bonda- 
pac) using a solvent system containing meth- 
ano1:water 95:5, v/v. Tocopherol was quan- 
titated by using the peak height ratio between 
tocopherol and tocopherol acetate as pre- 
viously described ( 15). Protein was deter- 

mined by the method of Lowry et al. (16) 
using bovine serum albumin as standard. 
Statistical analysis was performed by the 
analysis of variance. 

Results. Metabolism of arachidonate by 
rat platelet and efects of inhibitors. In order 
to optimize the incubation conditions, the 
time course and amount of platelet protein 
in the conversion of arachidonic acid (AA) 
by washed intact rat platelets from chow-fed 
rats were studied (Figs. 1 and 2). Conversion 
of both lipoxygenase product 12-HETE and 
cyclooxygenase product TxB2 were linear up 
to 4 min of incubation time. This was ac- 
companied by a linear loss of added AA (Fig. 
1). However, these conversions were ex- 
tremely sensitive to the amount of platelets 
present in the incubation. Figure 2 shows 
that 12-HETE production was linear below 
300 pg of platelet protein whereas TxB2 gen- 
eration was linear below 100 ug of platelet 
protein. 

In order to verify that the products de- 
tected were indeed from the lipoxygenase 
and cyclooxygenase pathways, the known li- 
poxygenase inhibitor nordihydroguaiaretic 
acid (NDGA) and the cyclooxygenase inhibi- 
tor indomethacin were tested in the incuba- 
tion system. Table I shows that both com- 
pounds were effective but nonspecific inhibi- 
tors of the lipoxygenase and cyclooxygenase 
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FIG. 1. Time course of the conversion of arachidonate 
(AA) by washed intact platelets from chow-fed rats (1 50 
pg protein) via the lipoxygenase and cyclooxygenase 
pathways. 12-HETE, 12-hydroxy-5,8,10,14-eicosatetra- 
enoic acid; TxB2, thromboxane Bt. Details of incuba- 
tion conditions and quantitation of products are de- 
scribed under Materials and Methods. 
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FIG. 2. Conversion of arachidonate (AA) by washed 
intact platelets from chow-fed rats via the lipoxygenase 
and cyclooxygenase pathways; dependency of amount of 
platelet protein. Incubation time was 5 min. Details of 
incubation conditions and quantitation of products are 
described under Materials and Methods. 

pathways. At 5 pM, indomethacin exerted a 
45% inhibition in both 12-HETE and TxB2 
conversion while NDGA inhibited 67 and 
69% of lipoxygenase and cyclooxygenase 
products, respectively. It is worth noting that 
at the concentrations tested, none of the in- 
hibitors was able to completely abolish the 
enzymic conversion of AA. 

Eflect of dietary vitamin E on platelet vita- 
min E and AA metabolism. After 4 months 
of feeding similar diets containing different 
levels of vitamin E, rat platelet tocopherol 

showed a trend which reflects the amount of 
vitamin E present in the diets (Table 11). 
However, raising the dietary vitamin E con- 
tent 100-fold (represented by the 5000 ppm 
supplemented diet) only resulted in a 2-fold 
increase in platelet tocopherol concentra- 
tion. There is significant difference (P 
< 0.05) among platelet tocopherol values for 
the three dietary groups. In this study, the 
platelet tocopherol level from animals fed 50 
ppm a-tocopherol were in complete agree- 
ment with that reported by Lehmann (1 8). 

The conversion of AA by washed intact 
platelets from the three dietary groups was 
investigated. In spite of an increase in to- 
copherol levels which is reflective of dietary 
intake, the conversion of AA into 12-HETE 
via the 12-lipoxygenase pathway was essen- 
tially unaltered. The conversion of AA into 
TxB2 via the cyclooxygenase pathway, how- 
ever, showed a decreasing trend against in- 
creasing dietary intake, but the difference is 
not statistically significant (Table 11). Hence, 
the data indicate that the activities of 12-li- 
poxygenase and cyclooxygenase in rat plate- 
let are not dependent on the tocopherol level 
in these cells when exogenous arachidonate 
is used as substrate. 

Discussion. Results from this study show 
that intact unstimulated rat platelets rapidly 
metabolize exogenously added arachidonate 
via the lipoxygenase and cyclooxygenase 
pathways and the rate of these reactions is 
highly dependent on the reaction time as well 

TABLE I. INHIBITORY EFFECT OF INDOMETHACIN AND NDGA (NORDIHYDROGUAIARETIC ACID) ON RAT 
PLATELET LIPOXYGENASE AND CYCLOOXYGENASE PATHWAYS= 

1 2-HETEb 96 Inhibition TxB2' % Inhibition 

Indomethacin (pM) 
0 18.08 
2.5 13.1 1 
5.0 9.97 

0 2 1.49 
2.5 9.95 
5.0 7.16 

10.0 3.06 

NDGA (pM)  

0 6.84 0 
28 5.03 26 
45 3.79 45 

0 7.86 0 
54 3.70 53 
67 2.4 1 69 
86 2.02 74 

a Washed intact rat platelets ( 150 pg protein) were preincubated for 5 min with various amounts of drug in 5 p1 of 
dimethylsulfoxide (DMSO). Reaction was initiated with the addition of labeled arachidonate for 3 min. Extraction 
and quantitation of products were as described under Materials and Methods. 

Represents the percentage conversion of added labeled arachidonate. 12-HETE, 12-hydroxy-5,8,10,14-eicosatet- 
raenoic acid; TxB2, thromboxane, B2. 



200 VITAMIN E AND PLATELET LIPOXYGENASE 

TABLE 11. EFFECTS OF VARYING DIETARY VITAMIN E CONCENTRATIONS ON PLATELET 
TOCOPHEROL LEVELS AND 12-LIPOXYGENASE ACTIVITY 

Dietary vitamin E Platelet tocopherolb 12-HETE‘ TxB2‘ 
(PPm) (Pg/mg protein) (% conversion) (% conversion) 

0 
50 

5000 

0.06 f 0.02 (5)d 
1.36 f 0.20 (6) 
2.62 f 0.30 (6) 

19.7 k 2.7 (5) 
21.2 f 4.0 (5) 
21.6 f 3.0 (4) 

13.6 f 0.9 (6) 
12.0 f 0.5 (6) 
10.9 f 1.3 (6) 

a All values are means f SEM; the methods of determing platelet tocopherol and 12-lipoxygenase activity are 
described under Material and Methods. 

Platelet tocopherol values are significantly different (P < 0.05) among all three dietary groups. 

Number in parentheses is number of rats. 
‘ Reaction was initiated with the addition of labeled arachidonate to 150 pg platelet protein for 3 min. 

as the amount of platelets present. It is worth 
noting that under the present experimental 
conditions, the “known” inhibitors for cy- 
clooxygenase and lipoxygenase (indometha- 
cin and NDGA) were found to be effective 
but nonspecific inhibitors for these two 
pathways. That these findings are not in 
complete agreement with the literature may 
in part be due to the relatively low concen- 
trations of the inhibitors used in the incuba- 
tions. 

When fed an increasing level of vitamin E, 
the retention of tocopherol by rat platelets 
appears to be logarithmatically related to the 
vitamin concentration in the diets. Thus the 
level exceeding the requirement by 100- 
fold resulted in only a 2-fold increase in 
platelet tocopherol concentration. In spite of 
such an increase in tocopherol level, the con- 
version of exogenously added arachidonate 
to 12-HETE and thromboxane was essen- 
tially the same among the three dietary 
groups. This lack of difference strongly sup- 
ports observations from other laboratories 
( 1 1, 12) and furthermore, this study provides 
direct evidence that the activity of the soluble 
12-lipoxygenase is independent of the 
amount of tocopherol present in rat platelets. 
However, we have previously reported that 
in the humans, tocopherol supplementation 
(400 mg/day) exerted a transitory stimula- 
tion of platelet 12-lipoxygenase activity dur- 
ing the first 3 weeks of supplement ( 1  7). 
While the duration of vitamin E feeding in 
the present study would have been too long 
to allow observation of any transient alter- 
ation in lipoxygenase activity, the results 
from these two studies suggest that factors 

affecting lipoxygenase activity may be differ- 
ent for rat and human platelets. It is also 
plausible that in the human platelets, to- 
copherol may act as a short-lived activator(s) 
on 12-lipoxygenase activity. 
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