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SUMMARY: Washed Elatelets from selenium-deficient and control rats were in-
cubated with [l—l Cl-arachidonic acid and the lipoxygenase and cyclooxygenase
products were identified by gas chromatography/mass spectrometry. Platelets
from selenium—deficient rats showed a three to four-fold increased synthesis
of the lipoxygenase-derived isomeric trihydroxy fatty acids, 8,9,12-trihy-
droxy-5,10,14-eicosatrienoic acid and 8,11,12-trihydroxy-5,9,14~eicosatrienoic
acid. A major reduction in glutathione peroxidase activity was also observed
in platelets from deficient rats. These results support the interpretation
that these trihydroxy fatty acids arise from breakdown of the primary platelet
lipoxygenase product L-12~hydroperoxy-5,8,10,1l4-eicosatetraenoic acid (12-
HPETE) under conditions in which its reduction to the L-12-hydroxy product
(12-HETE) by a selenium-dependent glutathione peroxidase is limited. Further-
more, these results indicate a specific function for selenium in platelet
metabolism of essential fatty acids.

Platelets contain an active lipoxygenase (1,2) which converts arachi-
donic acid to L-12-hydroperoxy~5,8,10,1l4-eicosatetraenoic acid (12-HPETE).
Platelets efficiently reduce 12-HPETE to L-12-hydroxy-5,8,10,1l4-eicosatetrae-
noic acid (12-HETE) in a reaction which has been suggested to be catalyzed by
a glutathione peroxidase (3). Recently, other platelet lipoxygenase products
of arachidonate have been identified (3,4,5) namely the isomeric trihydroxy
fatty acids 8,9,12-trihydroxy, 5,10,l4-eicosatriencic acid and 8,11,12-tri-
hydroxy-5,9, l4-eicosatrienoic acid, collectively termed THETE, which are
probably formed by an intramolecular rearrangement of 12-HPETE (4). We specu-
lated that (5) THETE synthesis occurred when some 12-HPETE escaped reduction

by a glutathione peroxidase, thus being available for rearrangement to THETE.

Abbreviations: 12-HPETE, L-12-hydroperoxy-5,8,10,14-eicosatetraenoic acid;
12-HETE, L-12-hydroxy-5,8,10,l4-eicosatetraenoic acid; THETE, a mixture of
8,9,12-trihydroxy-5,8,10,1l4-eicosatrienoic acid and 8,11,12-trihydroxy-5,9,
l4-eicosatrienoic acid; TXBy, thromboxane Bp; ME, methyl ester; TMS,
trimethylsilyl; GSH-Px, glutathione peroxidase.
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Glutathione peroxidase activity has been shown to occur in both selenium
dependent (6) and selenium independent forms (7). This paper reports experi-
ments which indicate that selenium deficiency in the rat markedly lowers
platelet glutathione peroxidase activity and stimulates THETE synthesis from
added arachidonic acid.

MATERIALS AND METHODS

Weanling male rats (Fisher 344 in the first experiment and Sprague
Dawley in the second experiment) were housed in hanging wire cages and were
fed 5-6 weeks ad libitum either a selenium deficient basal diet (8) or the
basal diet supplemented with 0.5 ppm of Se as NajSeO, to serve as the control.
The basal diet also contained 500 ppm dl—u—tocophero% acetate and 0.3% dl~
methionine with the exception that dl-methionine was omitted from the diet
of the control animals in the first experiment.

Rats were anesthetized with sodium pentobarbital (6.5 mg/100 g L.P.)
and blood (4-7 ml) was obtained by cardiac puncture and then added to 1/10
volume of 90 wM EGTA, 0.35% NaCl anticoagulant. One half volume of 0.97% NaCl
was added to increase platelet yield (9). Red cells were sedimented at 250xg
for 10 min and the platelets were then sedimented at 720xg for 10 mim. The
platelet pellet was resuspended in 2 ml of 12 mM Tris HC1, 1.5 mM EDTA, 135
mM NaCl buffer (10), pH 7.4 containing 5 mM D-glucose and resedimented at
720xg for 10 min. The washed platelets were finally resuspended in modified
Krebs-Henseleit buffer (10) without calcium but containing 5 mM D-glucose.
Platelet yields from deficient animals were similar to controls. Aliquots
(0.25 ml) of the platelet suspensions (5 to 8x%103 platelets/ul) from indivi~
dual rats were incubated at 37° C for 10 min in siliconized tubes with 0.1
uCi of l1-14¢)-arachidonic acid (Amershame~Searle Corp.) which had been
diluted to a specific activity of 6 uCi/umole with unlabelled arachidonic
acid (Sigma Chemical Co.). Arachidonate metabolites were extracted from the
acidified incubation with ethyl acetate and analyzed by thin-layer chroma-
tography using solvent system I, iso-octane:ethyl acetate:acetic acid:water,
50:110:20:100 by volume (organic phase), as previously described (5).

Radicactive plates were scanned with a Vanguard model 940 Radiochromato-
gram Scanner and radiocactive peaks for TXB,, HETE and arachidonic acid were
identified by reference to unlabelled carrier TXBj, ricinoleic acid and ara~-
chidonic acid respectively, which were added to the incubation extracts.

These reference compounds were detected on the plates by phosphomolybdic acid
spray reagent. For quantitative determination of metabolite synthesis, radio-
active bands were first located exactly by autoradiography (11) and then were
scraped into scintillation vials containing 5 ml of Hydromix (Yorktown) and
counted,

Gas chromatography/mass spectrometry analyses were performed on a
Hewlett~Packard 59924 GC/MS (5) fitted with a 0.91 M x 2 mm I.D. column
packed with 3% SP2100 (Supelco). Methyl ester, trimethylsilyl ether deriva-
tives were prepared by successive treatment of samples with etheral diazo-
methane and trimethylsilyl imidazole (5). Authentic reference 8,9,12- and
8,11,12-trihydroxy~eicosatrienoic acid (THETE) was prepared as previously
degcribed (5).

Platelet glutathione peroxidase activity was assayed according to Kar-
patkin and Weiss (12). Aliquots of the washed platelet suspensions in the
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modified Krebs-Henseleit previously described were sonicated (4 x 10 sec) and
centrifuged at 105,000 x g for 1 hr at 4°C. The 105,000 x g supernatant

(200 ul) was added to a cuvette containing 64 umole sodium phosphate, pH 7.0,
3 umole EDTA, 3 umole NaN3, 5 umole GSH, 0.2 umole NADPH and 1 unit of
glutathione reductase to give a volume of 980 ul. After 5 min of preincubation
at 27°C, 20 ul, (0.35 umole) of t-butyl hydroperoxide was added. A linear
decrease in absorbance at 340 mu was observed between 1 and 4 min. Non~
enzymatic oxidation of giutathione by t-butyl hydroperoxide, assayed by sub-
stituting buffer for the platelet supernatant, was less than 10 per cent of
the platelet supernatant activity from selenium supplemented rats. This non-
enzymatic "blank' activity was subtracted from the enzymatic values. The
assays were done in duplicate and were in the linear portion of the activity
versus enzyme addition curve. The GSH-Px activity of platelet poor plasma

(50 ul aliquots) was determined by the same assay with inclusion of slightly
more sodium phosphate (76 umole), EDTA (4 umole) and NaNj (4 umole). The
GSH~-Px activity of red cells was assayed according to Thomgson et al. (13).
Student's t-test was used to compare means. Glutathione reductase, reduced
glutathione and NADPH were obtained from Sigma Chemical Co. and t-butyl hydro-
peroxide was supplied by Curtin Matheson Scientific, Inc.
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Fig. 1. Stimulation of THETE Synthesis from [l—lAC]~Arachidonic Acid in

Platelets from Selenium Deficient Rats. Washed platelets isolated from
selenium deficient (panels A and C) or selenium supplemented control (panels
B and D) rats were incubated with {1-14C]-arachidonic acid and analysed by
radioscanning TLC as described in Materjals and Methods. Platelets in panels
C and D were pretreated for 15 min. with aspirin (100 ug/ml). This figure is
representative of duplicate incubations with platelet preparations (unpooled)
from three rats (Fisher 344) in each dietary group.
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RESULTS

Washed platelets were prepared from weanling rats (strain Fisher 344, 3
animals per group) which were fed 5 to 6 weeks on either a selenium deficient
or selenium supplemented diet. Platelets from the two groups were incubated
with {l—IAC]—arachidonic acid and the products were analyzed by radioscanning
thin layer chromatography (Fig. 1). A distinctive and reproducible difference
between the two groups was observed in the arachidonate metabolite pattern
in that platelets from selenium deficient rats produced significant amounts
of the isomeric trihydroxy fatty acids 8,9,12-trihydroxy-5,10,l4-eicosatrie-
noic acid and 8,11,12-trihydroxy-5,9,l4-eicosatrienoic acids (THETE) which

migrated above TXB, on the TLC plate {(Fig. 1lA). The stimulation of THETE

2
synthesis with platelets of selenium deficient rats was more striking in
incubations pretreated with aspirin (Fig. 1C), since the closely migrating
TXB2 radioactive peak was then eliminated. THETE synthesis was barely detect-
able in selenium supplemented controls (Figs. 1B and 1D).

The identity of THETE synthesis in platelets from deficient rats was
positively confirmed by selected ion monitoring GC/MS as shown in Fig. 2.
Derivatized samples were analyzed by monitoring the mass ions (m/e) 213, 243
and 569 which are prominent in the mass spectra of the THETE-ME-(TMS)3 deriva-
tives (4,5). Platelets from deficient rats (Fig. 2A) gave a mass ion
chromatographic peak for THETE—ME—(TMS)3 with a retention time (3.3 min) and
mass ion ratios (100:71:0.2 for m/e 213/243/569) very similar to those for
an authentic reference sample (Fig. 2B) of THETE—ME—(TMS)3 which had a reten-
tion time of 3.3 min and mass ion ratios of 100:79:0.2. The identity of 12-
HETE and TXB2 was also confirmed by GC/MS in platelets from selenium deficient
and control rats.

Table 1 (Experiment #1) summarizes the quantitative changes in arachi-
donic acid metabolism of aspirin-treated platelets of the selenium deficient
rats. There was a moderate drop in HETE formation (30%) and a 4-fold stimula-

tion in THETE synthesis. Table 1 also shows the results (Experiment #2) of
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Fig. 2. Selected Ion Monitoring GC/MS of THETE from Platelets of Selenium
Deficient Rats. (Panel A) Platelets from selenium deficient rats were incu-
bated with arachidonic acid as described in Fig. 1 and the acidic ethyl acetate
extract was derivatized for GC/MS analysis. (Panel B) An authentic sample of
THETE methyl ester tris-trimethylsilyl ether (THETE-ME(TMS)3) was also prepared.
Both samples were analysed by monitoring mass ions (m/e) 213, 243 and 569 with
dwell times of 100, 100 and 700 msec respectively. The GC oven was set at 220°C.

another set of incubations (without aspirin pretreatment) from more selenium
deficient and control rats (strain Sprague Dawley, 4 animals per group)
maintained 5-6 weeks on the experimental diet. Again there was a marked
stimulation of THETE synthesis (3-fold) in the deficient group. In contrast,
there was no effect of selenium deficiency on thromboxane B» (TXBZ) synthesis.

TABLE 1

Stimulation of THETE Synthesis
in Platelets from Selenium Deficient Rats.

Conversion of [1-1%Cl-Arachidonic Acid (dpm x 1073

METABOLITE EXPERIMENT EXPERIMENT
#1a f#2¢

Control Deficient Control Deficient
THETE 1.7+0.37 6.7¢1.5 (p<.05) 2.6+0.7 6.951.2 (p<.05)
HETE 63+1 4415 (p<.025) 91+3 7410 (p<.2)
TXB, n.p.d N.D. 8.7+0.6 8.6+0.8
8 Strain Fisher 344, N=3
b+ g E.M.
3 Strain Sprague Dawley, N=4

not determined since platelets were treated with aspirin
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TABLE 2
Loss of Glutathione Peroxidase Activity in Platelets
from Selenium Deficient Rats.

Enzyme Source Activity

Control Deficient
Platelets 5.3:0.2850 0.7:0.1 (p<.001)
Erythrocytes 8716C 1171
Plasma 2.7+0.44 0.11+0.03 (p<.00L)
8 41 S.E.M., N=6
b umole/min/101} platelets
¢ umole/min/ml packed erythrocytes
d

umole/min/ml plasma (platelet poor)

The decrease in HETE synthesis in the second group of selenium deficient rats
was not statistically significant.

The glutathione peroxidase activity (Table 2) of both the plasma and red
cells from the animals on the selenium deficient diet was very low (47 and 13%
respectively) in comparison to controls. These results confirm that the
animals in the deficient group were indeed selenium deficient (14). The
glutathione peroxidase activity of platelets was also low (137 of controls)
in the deficient animals, The data shown in Table 2 is based on assays using
t-butyl hydroperoxide as a substrate. Very similar losses in activity in
plasma and platelets were obtained, using hydrogen peroxide as substrate (un-
published results).

DISCUSSION

The platelet lipoxygenase-derived trihydroxy fatty acids have been pro-
posed to arise from the 12-hydroperoxides produced by platelets based on
their lipoxygenase origin, chemical structure and similarity to other tri-
hydroxy fatty acid rearrangement products of fatty acid hydroperoxides
(15,4,5). We hypothesized that 8,9,12~THETE and 8,11,12-THETE are formed in
platelets when some 12-HPETE escaped glutathione peroxidase-catalyzed reduc-
tion to 12-HETE as shown in Figure 3 (16). 1In the experiments reported here,

platelet glutathione peroxidase levels were altered by dietary selenium de-
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Fig. 3. Proposed Role of Glutathione Peroxidase (GSH-Px) in Determining Product
Distribution of the Platelet Lipoxygenase Pathway.

ficiency in the rat and thus provided a model system to further study the role
of glutathione peroxidase in lipoxygenase metabolism.

Dietary selenium deficiency (5-6 weeks) in rats markedly decreased plate-
let glutathione peroxidase activity to only 13% of control levels. These
glutathione peroxidase deficient platelets also showed marked alterations in
lipoxygenase metabolism of arachidonic acid. Deficient platelets showed a
3- to 4-fold increased formation of 8,9,12-THETE and 8,11,12-THETE in compari-
son to platelets from control animals. In further support of the interpreta-
tion shown in Figure 3, there appeared to be a slight decrease in 12-HETE for—
mation, although the decrease was not always statistically significant (c.f.
Table 1). Further work will be necessary to evaluate the possible roles of
non-selenium dependent (7) and other peroxidases (17) in the lipoxygenase
pathway. In regards to the measurement of 12-HETE formation, Siegel et al.
(18) have reported that 12-HPETE has a chromatographic mobility in system I

similar to 12-HETE and may be present in the chromatographic band counted as
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12-HETE. In preliminary experiments, however, we have not found 12-HPETE in
extracts of either selenium-deficient or control platelets using a TLC system
(1) which separates 12-HPETE from 12-HETE.

In contrast to changes in lipoxygenase metabolism induced by selenium
deficiency, there was no measurable change in platelet prostaglandin cyclo-
oxygenase metabolism as monitored by the formation of thromboxane B,y (TXBj) .
These results are in accord with the finding that the peroxidase in bovine
seminal vesicles, which reduces 15-hydroperoxy-prostaglandin endoperoxide
(PGG) to the 15-hydroxy derivative (PGH), does not use glutathione as a re-
ducing agent (17).

While it is possible that the stimulation of 8,9,12- and 8,11,12-THETE
synthesis in platelets from selenium-deficient rats may be unrelated to the
decrease in platelet glutathione peroxidase levels, their association seems
very reasonable. It thus appears that a selenium-dependent glutathione perox-
idase plays a previously unappreciated role in platelet lipoxygenase metabo-
lism. Furthermore, this role, i.e. the reduction of 12-HPETE to 12-HETE,
appears to be the first clear example of a specific function for selenium as

a required component in the normal metabolism of essential fatty acid.
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