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OBJECTIVE — To study the effect of vitamin E supplementation on platelet hyperaggregability in type 1 diabetic patients.
RESEARCH DESIGN A N D METHODS — Written informed consent according to the
Institutional Review Board on Human Experimentation guidelines was obtained from diabetic
patients (n = 29) and their age-matched normal siblings (n = 21) to participate in this study. Diabetic patients were supplemented with DL-a-tocopherol (vitamin E) capsule (orally, 100 IU/day)
or placebo for 3 months in a double-blind clinical trial. Alternate diabetic patients were assigned
to vitamin E or placebo during regular visits to the clinic. Fasting blood was collected from each
diabetic patient before the start and after the vitamin E or placebo supplementation. Platelet aggregability was assessed by competitive enzyme-linked immunosorbent assay of the blood TxB2 (a
stable thromboxane metabolite). Plasma vitamin E and MDA (malondialdehyde, a product of
lipid peroxidation) was assessed by high-performance liquid chromatography. Data were analyzed
statistically on 12 diabetic patients on vitamin E and 12 on placebo supplementation.
RESULTS— Diabetic patients (n = 29) had 62% higher (P < 0.05) levels of TxB2 and 15%
higher levels (P < 0.05) of MDA in comparison to normal subjects (n = 21). Plasma TxB2 levels had a significant correlation with MDA levels (r = 0.45, P < 0.02) but not with the HbAj
(r = —0.08), glucose (r= —0.13), duration of diabetes (r= —0.04), or age (r = 0.12) of diabetic
patients. Vitamin E supplementation lowered MDA levels by 30% (P < 0.04), TxB2 levels by
51% (P < 0.03), and triglyceride levels by 22% (P < 0.04) in diabetic patients. There were no
differences in these parameters before versus after placebo supplementation.
CONCLUSIONS — The elevated blood level of TxB2 (hyperaggregability of platelets) is
significantly related to the level of lipid peroxidation products (oxidative stress) in type 1 diabetic patients. Supplementation of modest doses of vitamin E (100 IU/day) significantly lowers blood TxB2 and lipid peroxidation products levels in type 1 diabetic patients.
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H

yperaggregability of platelets is known
to contribute to the development of
thrombotic disease (1-7). Platelets of
diabetic patients have increased aggregability

when exposed in vitro to antagonists, such
as collagen, ADP, and epinephrine (4-7).
The mechanisms accounting for platelet
activation in diabetes are not yet clear.
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Recent studies have documented that
hyperglycemia can cause generation of oxygen radicals, increased oxidative stress, and
accumulation of lipid peroxidation products, such as malondialdehyde (MDA) in the
blood of diabetic animals and patients
(8-19). Oxidative stress is known to increase
phospholipase-A2 activity and stimulate the
release of arachidonic acid, a powerful agonist that induces platelet activation and generation of thromboxane-A2 (TxA2) (20-22).
Arachidonic acid can also be converted by
cycloxygenase to prostaglandins. TxA2 is
primarily produced by platelets and formed
from hydroperoxide prostaglandin (PGH2)
by prostaglandin synthetase. TxA2 can
induce aggregation of platelets, formation of
clots, and smooth muscle contraction. TxB2
is a stable metabolite of TxA2.
Different studies have shown that both
blood levels of TxB2 and TxB2 generation in
platelets ex vivo in response to antagonists
are lower after vitamin E supplementation
in animals (23-25). Vitamin E addition to
normal plasma in vitro (26,27) and vitamin
E supplementation in normal volunteers
inhibit Tx generation in parallel with suppression of platelet aggregability (28-33).
The degree of in vitro aggregability and
TxB2 production is inversely related to vitamin E levels of platelets from diabetic
patients (34,35). In diabetic rats, vitamin E
supplementation lowers TxA2 generation
by platelets back to normal levels (35-38).
In diabetic patients, vitamin E supplementation (600 mg/day for 2-4 weeks) lowered
ADP-induced platelet aggregation and TxB2
production in 14 type 2 diabetic patients
with proliferative retinopathy (39). Similarly, diminution in ADP-induced Tx production was reported in platelets of 22 type
1 diabetic patients receiving 400 mg DL-atocopherol acetate daily for 4 weeks (40)
and 9 insulin-requiring patients receiving
1,000 mg vitamin E daily for 5 weeks (41).
There is no study on the role of increased
oxidative stress in platelet aggregability in
diabetic patients.
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Table 1—Age, HbAh duration of diabetes, glucose, TxB2, MDA, and vitamin E levels of(DL-a-tocopherol) and placebo capsules
were supplied by the Hoffmann-La Roche
normal subjects and type 1 diabetic children
(Paramus, NJ). All other chemicals were
purchased from Sigma (St. Louis, MO)
Diabetic children Normal subjects
P value unless otherwise stated. Data were analyzed using a Mann-Whitney U test, paired
n
21
29
Students t test, and Pearson correlation
10.9 ±0.9
Age (years)
12.7 ±0.8
NS
coefficient with the Sigma Stat 1 statistical
16/13
14/8
NS
M/W
software.
—
Duration of diabetes (years)
5.2 ±0.7
12.3 ±0.6
5.9 ±0.1
HbA! (%)
0.001
Fasting glucose (mmol/l)
10.5 ±1.1
4.9 ±0.1
0.001 RESULTS — Table 1 shows data on age,
HbA1( fasting blood glucose, duration of
269 ±7
278 ±9
NS
Platelet counts
diabetes, sex ratio, and the levels of TxB2,
TxB2 (pg/ml)
1,501 ±237
924 ±151
<0.05
MDA, and vitamin E in the diabetic
0.43 ± 0.02
MDA (nmol/ml)
0.38 ± 0.04
<0.05
patients and normal siblings. This shows
MDA (nmol/umol total lipids)
<0.03
0.05 ± 0.003
0.04 ± 0.003
that the ages and sex distribution of the diaa-Tocopherol (nmol/ml)
17.3 ±0.8
15.2 ±1.0
NS
betic population are similar to those of the
a-Tocopherol (nmol/umol total lipids)
2.07 ±0.07
1.94 ±0.12
NS
control subjects. Diabetic patients had a
Data are means ± SEM. Note significant increases in HbA b fasting glucose, MDA, and TxB2 levels in dia62% higher level (P < 0.05) of TxB2 and a
betic patients in comparison to normal subjects.
25% higher level (P < 0.03) of MDA than
did normal subjects. Figure 1 illustrates
The present study was undertaken to patients. Twenty-one normal subjects that plasma TxB2 levels had a significant
test the hypothesis that elevated oxidative (healthy siblings) were also enrolled to correlation with the MDA levels. This relastress increases the blood Tx level and serve as controls. Fasting blood from each tionship was significant irrespective of
platelet aggregability in type 1 diabetic chil- patient was collected into tubes with and whether MDA was expressed as per millidren. Specific aims of this study were to without EDTA before the start of and after liter plasma (r = 0.38, P < 0.04) or after the
examine any correlation between the MDA the vitamin E or placebo supplementation. normalization with lipid concentration (r =
and TxB2 levels in the blood and to ascer- All analyses were done immediately after 0.45, P < 0.02). The TxB2 level did not
show any relationship with the HbAi (r =
tain whether modest vitamin E supple- blood collection.
mentation can reduce MDA and TxB2 levels
Tx was determined by the competitive -0.08), glucose (r = -0.13), duration of
in type 1 diabetic patients.
enzyme-linked immunosorbent assay of diabetes (r = -0.04), or age (r = 0.12) of
the stable analog TxB2 (42). Platelet counts diabetic patients. Nor was there any relawere obtained by Coulter Counter. The tionship between HbAx and plasma MDA
RESEARCH DESIGN AND
M E T H O D S — Informed written con- glycosylated hemoglobin (HbAi) value was levels (r = —0.04 with MDA expressed as
sent of all patients was obtained in accor- measured by Glyc-affinity columns (Iso-Lab, per ml, r = —0.17 after normalization of
dance with the protocol approved by the Akron, OH); MDA and a- and "y-tocopherol MDA with lipid). There was no difference
Institutional Review Board. Diabetic were measured by high-performance liquid in the vitamin E levels between diabetic
patients who agreed to participate in this chromatography (43,44); serum glucose, and normal subjects, nor was there any
study were asked to come to the clinic after triglycerides, and total cholesterol were relationship (r = 0.02) of TxB2 with vitamin
overnight fasting and before taking any measured by auto-analyzer; and total phos- E levels in diabetic patients.
insulin. They were told to bring their pholipid was measured as described previFigure 2 illustrates TxB2 levels in diainsulin and syringes for use after drawing ously (45). Total lipid concentration was betic patients before and after vitamin E or
the blood. All patients were provided with determined by adding total phospholipid, placebo supplementation. There was no diffree breakfast at the medical center cafete- cholesterol, and triglyceride concentra- ference in the baseline level of TxB2 between
ria after the blood drawing. The routine tions. Before the codes were opened, five the two diabetic groups. However, TxB2
check-up of the patients was done after subjects were deleted for noncompliance levels were significantly lower (P < 0.03) in
they ate their breakfast. Alternate diabetic for the following reasons: a lost bottle, lost patients supplemented with vitamin E (771
patients visiting the clinic were assigned to contact with the patient, taking of another ± 90 pg/ml) compared with respective baseoral vitamin E (100IU) or placebo capsule medicine, and the rinding, in one patient, line values (1,569 ± 319 pg/ml). There was
daily till the next visit (after 3 months). of a thyroid disorder. After the biochemical no effect on TxB2 levels in placebo-suppleThere was no control on the diet of these analyses and the breaking of the code, 12 mented diabetic patients compared with
patients, and there is no apparent reason to diabetic patients (Di) were on vitamin E baseline values. Table 2 shows that a-tocobelieve that dietary intake was different and 12 (D2) were on placebo supplemen- pherol levels were 79% higher in the vitabetween the two groups. Except for the tation. These diabetic patients did not have min E-supplemented group compared with
nurse in charge, nobody knew about the signs of any clinical complications. No elec- baseline values. Placebo-supplemented
assignment of patients to vitamin E or trocardiograms were obtained. Fundo- patients did not have any change in ot-tocoplacebo. Both placebo and vitamin E cap- scopic exams were normal in all patients, pherol levels compared with their respective
sules used in this study were similar in with no exudates or hemorrhage. No baseline level.
appearance, taste, texture, and smell. patients had proteinuria. Sensation to light
Table 3 shows data on MDA, lipids,
Enrolled in this study were 29 diabetic touch was normal in all patients. Vitamin E insulin use, body weight, and blood pres-
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r=0.39 (n=29, p<0.04)
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sure levels in diabetic patients before and
after vitamin E or placebo supplementation. There was no difference in the baseline levels of these parameters between the
two diabetic groups. However, MDA and
triglycerides were significantly lower after
vitamin E supplementation compared with
respective baseline values. There was no
effect on MDA and triglycerides levels in
placebo-supplemented diabetic subjects
compared with baseline values. Total cholesterol, insulin use, or gain in body weight
did not differ in the vitamin E- and
placebo-supplemented groups compared
with respective baseline values.
There was no difference between vitamin E- and placebo-supplemented diabetic patients in the distribution of age
(12.1 ± 1.0 vs. 12.7 ± 1.0 years), duration
of diabetes (4.7 ±1.0 vs. 5.7 ±1.1 years),
duration of supplementation (13.3 ± 0.4
vs. 13.6 ± 0.4 weeks), platelet counts (273
± 10 vs. 256 ± 10), mean insulin dosage
intake (0.88 ±0.11 vs. 1.01 ± 0.10), or
weight gain (2.39 ± 0.57 vs. 2.04 ± 0.49
kg). The range of HbAx was 7.5-18.4% in
the vitamin E group and 8.8-17.4% in the
placebo group.

blood TxB2 levels in diabetic patients in
comparison with age-matched healthy
control subjects. These diabetic patients
did not have signs of any clinical complications, which suggests that hyperaggregability of platelets in diabetes is not related
to complications. The mechanisms for the
increased platelet aggregability in diabetes
are not clear. The present study found a
significant relationship of TxB2 with the
MDA levels in diabetic patients. The relationship of TxB2 with endogenous vitamin
E levels before any supplementation in diabetic patients was not significant, which
suggests that the balance between the
effects of oxidants and all of the antioxidants—not just vitamin E—determines
level of oxidative stress. The lack of any
relationship of TxB2 with HbAj or duration
of diabetes does not support a role of glycosylation and duration of diabetes in the
hyperaggregability of platelets. Supplementation with modest vitamin E (100
IU/day, 3 months) significantly lowered

D2

D2+P

Figure 2—Plasma TxB2 level of diabetic patients
before and after the vitamin E or placebo treatments. D], baseline level of diabetic patients on
vitamin E supplementation; D2, baseline level of
diabetic patients on placebo supplementation.
Note a significant reduction of TxB2 levels after
the vitamin E supplementation but not after
placebo supplementation in diabetic patients.

both plasma MDA and TxB2 levels in diabetic patients. The present study did not
determine vitamin E or MDA levels or TxB2
generation in response to agonists in the
platelets; however, the blood levels of TxB2
are widely used to determine the degree of
platelet aggregability in vivo (29,43). Vitamin E supplementation can decrease
effects of oxidative stress and thereby
platelet aggregability and TxB2 generation.
Theoretically, MDA and TxB2 are formed in
equimolar amounts during prostaglandin
metabolism (47,48). Thus, increased
platelet activity can, in part, contribute to
elevated MDA levels in diabetic patients.
However, the absolute reduction in molar
levels of MDA by vitamin E supplementation was 50-fold more than TxB2. This
argument—along with data from previous

Table 2—Effect of oral vitamin E or placebo supplementation on plasma vitamin E levels in
type 1 diabetic patients

CONCLUSIONS— Evidence for increased in vivo platelet activation in diabetic
patients was demonstrated by Davi et al.
(46) by measuring high levels of 11-dehydro-TxB2, the stable metabolite of TxA2.
TxB2 levels in plasma correlate significantly
with TxB2 production in platelet-rich
plasma, indicating that plasma TxB2 levels
assess platelet synthesis of TxB2, and its
blood levels are widely used to determine
the degree of platelet aggregability (29,43).
In agreement with previous studies,
the present study also found elevated

Data are means ± SEM. n is the number of patients in each diabetic group. Differences in values between *
and T are significant (P < 0.0001). Note a significant increase in a-tocopherol and decrease in 7-tocopherol
in vitamin E-supplemented but not in placebo-supplemented diabetic subjects.
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(DO

Vitamin E
(Di+E)

Baseline
(D2)

Placebo
(D2+P)

12

12

12

12

16.3 ±1.1*
1.96 ±0.10*

29.1 ± 1.7t
3.77±0.18t

18.5 ±1.2
2.26 ±0.11

17.6 ±1.8
1.99 ±0.10

5.5 ±0.7*
0.62 ± 0.06*

2.0±0.3t
0.26 ± 0.04t

6.8 ±0.8
0.77 ±0.06

5.5 ±1.1
0.55 ± 0.07

Baseline
n
a-Tocopherol (nmol)
Per milliliter
Per micromole total lipids
7-Tocopherol (nmol)
Per milliliter
Per micromole total lipids
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Figure 1—Relationship between plasma TxB2 and MDA levels in type 1 diabetic patients. Note a
significant relationship of TxB2 with the MDA levels even after normalization to the lipid concentration.

D 1+ E

Vitamin E supplementation, thromboxane, and lipid peroxides

Table 3—Effect of oral vitamin E or placebo supplementation on plasma MDA, lipids, insulin
use, body weight, and blood pressure levels in type 1 diabetic patients

(DO

Vitamin E
(Dx + E)

Baseline
(D2)

Placebo
(D2+P)

12

12

12

12

Baseline
Group

0.44 ± 0.05*
0.05 ± 0.006*

0.34±0.02t 0.38 ± 0.03 0.36 ± 0.02
0.04 ± 0.004T 0.05 ± 0.005 0.05 ± 0.003

3.97
2.98
44.4
0.91

3.95 ±0.17
2.32±0.23t
46.6 ± 5.7T
0.89 ±0.10

±0.22
±0.29*
±5.6*
±0.12

102 ± 4
62 ± 3

106 ± 4
65 ± 3

4.07
2.42
52.0
0.99

4.18 ±0.18
2.64 ±0.29
57.7±5.3t
0.91 ±0.09

±0.21
± 0.24
±5.2*
± 0.08

112 ±4
61 ±3

102 ±2
65 ±2

Data are means ± SEM. n is the number of patients in each diabetic group. Differences in values between *
and t are statistically significant (P < 0.04). Note a significant reduction in blood levels of lipid peroxidation and triglycerides after vitamin E supplementation but not after placebo supplementation.

in vitro studies (20-22) that hydrogen peroxide and other agents known to generate
active oxygen species and induce lipid peroxidation can enhance platelet aggregation—suggests that increased oxidative
stress can contribute to increased platelet
aggregability of diabetic patients and that
vitamin E supplementation may be beneficial in reducing platelet aggregation.
The present study also found an
inhibitory effect on triglyceride accumulation after vitamin E supplementation in
diabetic patients. Previous studies have

shown an increase in the activity of lipoprotein lipase and inhibition of triglyceride
accumulation after vitamin E supplementation in diabetic rats. Whether vitamin E
supplementation increases lipoprotein
lipase activity and thereby causes inhibition
of triglyceride accumulation in the vitamin
E-supplemented diabetic patients of the
present study is not known (49,50).
Free radical-generating agents can promote coagulability of blood (51,52).
Ceriello et al. (53) have shown a relationship between the in vitro oxidative suscep-

Membrane Phospholipids
Hyperglycemia
(Diabetes)

Lipid
Peroxidation'

Acknowledgments— This study was supported in part by the Research Awards from the
American Heart Association (Louisiana Affiliate)
and grants-in-aid from Henkel Corporation,
Kankakee, IL, and Hoffmann-La Roche, Paramus, NJ.

PLase-Aj

Arachidonic Acid
Lipoxygenase

Cycloxygenase
^

References
1. Glassman AB: Platelet abnormalities in diabetes mellitus. Ann Clin Lab Sci 23:47-50,
1993
2. Colwell JA, Sagel J, Crook L: Correlation of
platelet aggregation, plasma factor activity
and megathrombocytes in diabetic subjects
with and without vascular disease. Metabolism 26:279-285, 1977
3. Klein R: Hyperglycemia and micro vascular
and macrovascular disease in diabetes. Diabetes Care 18:258-268, 1995
4. Gisinger C, Watanabe J, Colwell JA: Vitamin E and platelet eicosanoids in diabetes

Endoperoxides

Thromboxane
synthetase

I Vitamin El

TxA 2

TxB 2

mellitus. Prostaglandins Leukot Essent Fatty
Thromboses

Figure 3—Proposed scheme for a role of hyperglycemia in the increased levels of MDA and TxB2 and
for the effect of vitamin E in lowering these levels and the risk of thromboses in diabetic patients. PLaseA2, phospholipase-A2. Solid boxes indicate sites where vitamin E can have inhibitory/beneficial effects.

1514

Acids 40:169-176,1990
5. Colwell JA, Lopes-Virella MF: A review of
the development of large-vessel disease in
diabetes mellitus. Am J Med 85 (Suppl.
5A): 113-118,1988
6. Shukla SD, Paul A, Klachkot DM: Hyper-

DIABETES CARE, VOLUME 21, NUMBER 9, SEPTEMBER 1998

Downloaded from http://diabetesjournals.org/care/article-pdf/21/9/1511/586534/21-9-1511.pdf by guest on 07 August 2022

n
MDA (TBA reactivity)
Nanomoles per milliliter
Nanomoles per micromole
total lipids
Total cholesterol (mmol/1)
Triglycerides (mmol/1)
Body weight (kg)
Insulin use (1U • kg" 1 • day"1)
Blood pressure (mmHg)
Systolic
Diastolic

tibility to 2,2'-azobis-(2-amidinopropane)
dihydrochloride and elevated fibrinogen,
prothrombin fragments 1+2, and D-dimer
levels of plasma in type 2 diabetic patients.
Whether there is any relationship between
changes in TxB2 and the above hemostatic
variables in diabetes is not yet known.
Whether increasing the dose of vitamin E
supplementation will further reduce level
of platelet aggregability in diabetic patients
is not known. Figure 3 summarizes the
proposed scheme by which hyperglycemia
can cause lipid peroxidation and thereby
generation of TxB2. It also outlines how vitamin E supplementation can scavenge lipid
peroxidation and lower the levels of MDA
and TxB2, thereby possibly lowering the
risk of platelet aggregation and thromboses
in diabetic patients.
The present study demonstrating a
significant relationship between the level of
lipid peroxidation products and TxB2 and
the effect of vitamin E supplementation on
ameliorating the levels of both MDA and
TxB2 suggests that platelet aggregation is
favored by an oxidant-antioxidant imbalance. Daily supplementation with a modest
dose of vitamin E (100 IU/day) may reduce
the risk for platelet aggregability and
thrombotic disease in type 1 diabetic
patients.

Jain and Associates

DIABETES CARE, VOLUME 21, NUMBER 9, SEPTEMBER

1998

Haemost (Stuttgart) 51:313-316,1984
35. Karpen CW, Cataland S, O'Dorisio TM,
Panganamala RV: Interrelation of platelet
vitamin E and thromboxane synthesis in
type I diabetes mellitus. Diabetes
33:239-243,1984
36. Karpen CW, Pritchard KA Jr, Arnold JH,
Cornwell DG, Panganamala RV: Restoration of prostacyclin/thromboxane A2 balance in the diabetic rat: influence of dietary
vitamin E. Diabetes 31:947-951,1982
37. Gilbert VA, Zebrowski EJ, Chan AC: Differential effects of megavitamin E on prostacyclin and thromboxane synthesis in
streptozotocin-induced diabetic rats. Horm
Metab Res 15:320-325,1983
38. RufJC, Ciavatti M, Gustafsson T, Renaud S:
Effects of PP-56 and vitamin E on platelet
hyperaggregability, fatty acid abnormalities,
and clinical manifestations in streptozocininduced diabetic rats. Diabetes 40:233-239,
1991
39. Kunisaki M, Umeda F, Inoguchi T, Watanabe J, Nawata H: Effects of vitamin E
administration on platelet function in diabetes mellitus. Diabetes Res 14:37-42,1990
40. Gisinger C, Jeremy J, Speiser P, Mikhailidis
D, Dandona P Schernthaner G: Effect of vitamin E supplementation on platelet thromboxane A2 production in type I diabetic
patients. Diabetes 37:1260-1264,1988
41. Colette C, Pares-Herbute N, Monnier LH,
Cartry E: Platelet function in type I diabetes: effects of supplementation with large
doses of vitamin E. Am J Clin Nutr
47:256-261, 1988
42. Viinikka L, Ylikorkala O: Measurement of
thromboxan-B2 in human plasma or serum
by radioimmunoassay. Prostaglandins
20:759-766, 1980
43. Hatam LJ, Kay den HJ: A high performance
liquid chromatographic method for the
determination of tocopherol in plasma and
cellular elements of the blood. J Lipid Res
20:639-645, 1979
44. Esterbauer H, Lang J, Zadravec S, Slater T:
Detection of malonaldehyde by high-performance liquid chromatography. Methods
Enzymol 105:319-328, 1984
45. Jain SK, Wise R, Bocchini JA: Vitamin E and
vitamin E-quinone levels in red blood cells
and plasma of newborn infants and their
mothers J Am Coll Nutr 15:44-48, 1996
46. Davi G, Catalano I, Averna M, Notarbartolo
A, Strano A, Ciabattoni G, Patrono C:
Thromboxane biosynthesis and platelet
function in type-II diabetes mellitus. N Engl
JMed 322:1769-1774, 1990
47. Panganamala, R, Cornwell DG: The effects
of vitamin E on arachidonic acid metabolism. N YAcad Sci 393:376-391, 1982
48. Diczfalusy P, Falardeau P, Hammarstrom S:
Conversion of prostaglandin endoperoxides to C17-hydroxy acids catalyzed by
human platelet thromboxane synthase.
FEBS Lett 84:271-274, 1977

1515

Downloaded from http://diabetesjournals.org/care/article-pdf/21/9/1511/586534/21-9-1511.pdf by guest on 07 August 2022

sensitivity of diabetic human platelets to 21. Ohyashiki T, Kobayashi M, Matsui K: Oxygen-radical-mediated lipid peroxidation
platelet activating factor. Thromb Res
and inhibition of ADP-induced platelet
66:239-246,1992
aggregation. Arch Biochem Biophys
7. Somova L, Kamenov Y Doncheva M, Kirilov
288:282-286, 1991
G, Vassileva M: Pathogenesis of cardiovascular disorders in streptozotocin-induced 22. Iuliano L, Colavita AR, Leo R, Pratico D,
diabetes in rat. Ada Physiol Pharmacol Bulg
Violi F: Oxygen free radicals and platelet
14:57-62,1988
activation. Free Radic Biol Med 22:9991006, 1997
8. Zoppini G, Targher G, Monauni T, Faccini
G, Pasqualini E, Martinelli C, Zenari ML, 23. Hwang DH, Donovan J: In vitro and in vivo
Muggeo M: Increase in circulating products
effects of vitamin E on archidonic acid
of lipid peroxidation in smokers with
metabolism in rat platelets. J Nutr 112:
IDDM. Diabetes Care 19:1233-1236,1996
1233-1237, 1982
9. Baynes JW: Role of oxidative stress in devel- 24. Stickel F, Meydani M, Wu D, Branson R,
Martin A, Smith D, Meydani SN, Russell
opment of complications in diabetes. DiaRM: Effect of vitamin E supplementation
betes 40:405-411,1991
on prostaglandin concentrations in aspirin10. Oberly LW: Free radicals and diabetes. Free
induced acute gastric injury in aged rats.
Radic Biol Med 5:113-124, 1988
Am] ClinNutr 66:1218-1223, 1997
11. Giugliano D, Ceriollo A, Paolisso G: Oxidative stress and diabetic vascular complica- 25. Hamelin S, Chan AC: Modulation of
tions. Diabetes Care 19:257-267, 1996
platelet thromboxane and malonaldehyde
by dietary vitamin E and linoleate. Lipids
12. Gallaher DD, Csallany AS, Shoeman DW,
18:267-269, 1983
Olson JM: Diabetes increases excretion of
urinary malonaldehyde conjugates in rats. 26. FongJSC: Alpha tocopherol: its inhibition
Lipids 28:663-666,1993
on human platelet aggregation. Experientia
13. Santini SA, Marra G, Giardino B, Cotroneo
32:639-641,1976
P, Mordente A, Martorana GE, Manto A, 27. Creter D, Pavlotzky F, Savir H: Effect of vitGhirlanda G: Defective plasma antioxidant
amin E on platelet aggregation in diabetic
defenses and enhanced susceptibility to
retinopathy Acta Haemat 62:74-77, 1979
lipid peroxidation in uncomplicated 28. Salonen JT, Salonen R, Seppanen K, RintaIDDM. Diabetes 46:1853-1858,1997
Kiikka S, Kuukka M, Korpela H, Alfthan G,
Kantola M, Schalch W: Effects of antioxi14. Jain SK, McVie R, Duett J, HerbstJJ: Erydant supplementation on platelet function:
throcyte membrane lipid peroxidation and
a randomized pair-matched, placebo-conglycosylated hemoglobin in diabetes. Diatrolled, double-blind trial in men with low
betes 38:1539-1543,1989
antioxidant status. Am J Clin Nutr
15. Selvam R, Anuradha CV: Lipid peroxidaton
53:1222-1229, 1991
and antiperoxidative enzyme changes in
erythrocytes in diabetes mellitus. Indian J 29. Meydani M, Meydani SN, Blumberg JB:
BiochemBiophys 25:268-272, 1988
Modulation by dietary vitamin E and selenium of clotting whole blood thromboxane
16. Kaji H, Kurasaki M, Ito K, Saito T, Saito K,
A2 and aortic prostacyclin synthesis in rats.
Niioka T, Kojima Y, Ohsaki Y, Ide H, Tsuji
J Nutr Biochem 4:322-326, 1993
M, Kondo T, Kawakami Y: Increased
lipoperoxide value and glutathione peroxi- 30. Szczeklik A, Gryglewski RJ, Domagala B,
dase activity in blood plasma of type 2
Dworski R, Basista M: Dietary supplemen(non-insulin-dependent) diabetic women.
tation and vitamin E in hyperlipoproteineKlin Wochenschr 63:765-768, 1985
mias: effects on plasma lipid peroxides,
antioxidant activity, prostacyclin generation
17. Jain SK, Levine SN, Duett J, Hollier B: Eleand platelet aggregability. Thromb Haemost
vated lipid peroxidation levels in red blood
54:425-430, 1985
cells of streptozotocin-treated diabetic rats.
Metabolism 39:971-975, 1990
31. Pritchard KA, Karpen CW, Merola AJ, Pan18. Rajeswari R Natarajan R, Nadler JL, Kumar
ganamala RV: Influence of dietary vitamin E
D, Kalra VK: Glucose induces lipid peroxion platelet thromboxane A2 and vascular
dation and inactivation of membrane-assoprostacyclin I2 in rabbit. Prostaglandins
ciated ion-transport enzymes in human
Leukot Med 9:373-378, 1982
erythrocytes in vivo and in vitro. J Cell 32. Catherine C, Bruckdorefer KR, Rice-Evans
Physiol 149:100-109, 1991
C: The influence of antioxidant nutrients
19. Jain SK: Hyperglycemia can cause memon platelet function in healthy volunteers.
brane lipid peroxidation and osmotic
Atherosclerosis 128:97-105, 1997
fragility in human red blood cells. J Biol 33. Machlin LJ, Filipski R, Willis AL, Kuhn
Chem 264:21340-21345,1989
DC, Brin M: Influence of vitamin E on
20. Hashizume T, Yamaguchi H, Kawamoto A,
platelet aggregation and thrombocythemia
Tamura A, Sato T, Fujii T: Lipid peroxide
in the rat. Proc Soc Exp Biol Med 149:
makes rabbit platelet hyperaggregable to
275-277, 1975
agonists through phospholipase A2 activa- 34. Watanabe J, Umeda F, Wakasugi H,
tion. Arch Biochem Biophys 289:47-52,
Ibayashi H: Effect of vitamin E on platelet
1991
aggregation in diabetes mellitus. Thromb

Vitamin E supplementation, thromboxane, and lipid peroxides

49. Pritchard KAJr, Patel ST, Karpen ON, NewOxygen radicals, lipid peroxidation and the
plasma lipoprotein abnormalities in diabetic
man HA, Panganamala RV: Triglyceridecoagulation system. Agent Action 22:
rats. DiabNutrMetabol 6:135-138,1993
lowering effect of dietary vitamin E in 51. Jain SK: In vivo externalization of phos347-348,1987
streptozocin-induced diabetic rats: increased
phatidylserine and phosphatidylethanol- 53. Ceriello A, Bortolotti N, Pirisi M, Crescenlipoprotein lipase activity in livers of diaamine in the membrane bilayer and
tini A, Tonutti L, Motz E, Russo A, Giabetic rats fed high dietary vitamin E. Diahypercoagulability by the lipid peroxidacomello R, Stel G, Taboga C: Total plasma
betes 35:278-281,1986
tion of erythrocytes in rats. J Clin Invest
antioxidant capacity predicts thrombosis76:281- 286, 1985
prone status in NIDDM patients. Diabetes
50. Onuma T, Tsutsui M, Ochiai S, Boku A,
Care 20:1589-1593, 1997
Tamazawa A, Takebe K: Effect of vitamin E on 52, Barrocliffe TW, Gutteridge JM, Gray E:

Downloaded from http://diabetesjournals.org/care/article-pdf/21/9/1511/586534/21-9-1511.pdf by guest on 07 August 2022

1516

DIABETES CARE, VOLUME 21, NUMBER 9, SEPTEMBER

1998

