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ABSTRACT

Vitamin E supplementation has been reported to
decrease the incidence of cystic ovarian disease
(COD) and retained placenta (RP) in cattle how-
ever the mechanism of action is not known. In
humans, vitamin E supplementation twofold the
daily requirements decreases plasma plasmi-
nogen activator inhibitor-1 (PAI-1) activity. As
proteolysis may be involved in both COD and RP,
vitamin E may be reducing these disorders in
cattle through its effects on PAI-1. To evaluate
the effects of vitamin E on plasma PAI-1 activity
in cattle, six non-lactating beef cows (h = 3 per
treatment) were injected with 0 (Control) or 2750
IU of vitamin E (Vitamin E) IM once every four
days for 24 days (Day 0 = first day of treatment).
Blood samples were collected every two days
for 28 days starting on Day 0 and plasma PAI-1
and tissue-type plasminogen activator (tPA)
concentrations and activities were determined.
No differences (P > 0.05) were observed due to
vitamin E supplementation in plasma PAI-1 and
tPA concentrations and activities or concentra-
tions and activities adjusted relative to the Day 0
value for each cow. Day of treatment was a sig-
nificant effect in all tPA measurements. The ratio
of adjusted PAI-1 to tPA concentrations did not
differ (P > 0.05) due to vitamin E supplementa-
tion however the ratio of PAI-1 to tPA activity
tended to be greater (P = 0.097) in Control com-
pared to Vitamin E cows (1.0 £ 0.1 and 0.7 £ 0.1,
respectively). These data suggest vitamin E
supplementation may contribute to the reduced
incidence of COD and RP in cattle by shifting the
ratio of plasma PAI-1 to tPA activity to a state
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favoring proteolysis.
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1. INTRODUCTION

Vitamin E or a-tocopherol is a common dietary sup-
plement for cattle and several investigators have ob-
served a reduced incidence of both cystic ovarian disease
(COD) [1] and retained placenta (RP) [2] when more
than the minimum daily requirements are provided. Both
COD and RP are reproductive diseases particularly pro-
minent in lactating dairy cattle. Cystic ovarian disease is
defined as a follicle at least 2.5 cm in diameter which
persists for at least 10 days [3]. The pathogenesis of
COD has been an area of significant research during the
last 30 years with multiple pathologies proposed [4,5].
Polycystic ovarian syndrome (PCOS) in women is phe-
notypically similar to COD and is associated with ele-
vated plasma plasminogen activator inhibitor-1 (PAI-1)
concentrations and activities [6,7]. Plasminogen activator
inhibitor-1 is the principal inhibitor of tissue-type plas-
minogen activator (tPA) and both have primary roles in
fibrinolysis [8]. The PA system is also an integral com-
ponent of the proteolytic cascade in ovulation, directly
through the production of plasmin, and indirectly thr-
ough plasmin activation of matrix metalloproteases
(MMP) [9]. Inhibition of PA activity by elevated PAI-1
may interrupt this cascade and lead to ovulatory dysfunc-
tion.

Plasma vitamin E concentrations are associated with a
decreased incidence of RP as an increase of 1 pg/ml one-
week pre-partum reduced the risk of RP by 20% [10].
Bovine placentomes express both MMP-2 and -9 during
the third phase of parturition [11] and placentomes from
cows with RP have reduced MMP expression and activi-

OPEN ACCESS


mailto:alfred.r.menino@oregonstate.edu

A. K. McNeel, A. R. Menino Jr. / Open Journal of Animal Sciences 3 (2013) 114-120 115

ty compared to normal placentomes [12]. As PA indi-
rectly activate MMP through the production of plasmin, a
reduction in PAI-1 would favor plasmin production, sub-
sequent MMP activation and overall proteolysis at the
cotyledonary-caruncular interface. In humans, dietary
supplementation with vitamin E twofold the daily re-
quirements significantly reduced plasma PAI-1 concen-
trations [13]. Given evidence vitamin E reducing the in-
cidence of COD and RP in cattle and plasma PAI-1 in
humans, the objective of this preliminary study was to
evaluate the effects of vitamin E supplementation on
plasma PAI-1 and tPA concentrations and activities in
non-lactating beef cattle.

2. MATERIALS AND METHODS
2.1. Animals

Six cross-bred beef cows were housed in the same pen
at the Oregon State University Beef Center. Cows were
provided access to same grass hay and water ad libitum
four weeks prior to and during the course of the experi-
ment. Cows were allocated into one of two groups (Con-
trol and Vitamin E; n = 3 per group) and were sorted
among treatments by age with each group having a mean
age of 5.3 years. All experiments were performed in ac-
cordance with the Oregon State University Institutional
Animal Care and Use Committee.

2.2. Vitamin E Supplementation

Animals in the Vitamin E group received 2750 IU
(2.75 x the recommended minimum dose) of vitamin E
(dl-a-tocopherol) in an injectable solution IM (RO-
CAVIT E, Hoffman-LAROCHE, Nutley, NJ) once every
four days for 24 days beginning on Day 0 (Day 0 = day
of first injection). Likewise, Control animals received an
equal volume of the vehicle in ROCAVIT E, identical to
the solution used to suspend the vitamin E (20% ethanol,
1% benzyl alcohol and 79% sterile-DPBS, v:v).

2.3. Blood Collection

Blood samples were collected via jugular or coccygeal
venipuncture every two days for 28 days starting on Day
0 (total of 15 blood draws per cow) using 10 ml Vacu-
tainer (Becton, Dickinson and Company, Franklin Lakes,
NJ) blood collection tubes containing 100 pl of 0.5 M
EDTA, pH 8.0 as the anti-coagulant. Samples were
transported back to the laboratory within 1 h of collec-
tion. Plasma was separated from whole blood by cen-
trifugation at 2500 x g for 15 min. Aliquots of plasma
were aspirated from the top half of the plasma column
and samples were stored at —20°C in 0.5 ml microcentri-
fuge tubes until analysis.
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2.4. Assays

2.4.1. Plasminogen Activator Inhibitor-1
Concentration

Plasma PAI-1 concentrations were quantified using the
IMUCLONE®™ Rat PAI-1 ELISA (American Diagnostica
Inc., Stamford, CT). Briefly, 100 pl of standard or un-
known were incubated in duplicate with 100 pl of
anti-rat PAI-1 horseradish peroxidase conjugate for two h
at RT in the provided microwells. After the initial incu-
bation, microwells were washed five times with 300 pl
of wash solution. Two hundred microliters of 3, 3°, 5, 5’
tetramethylbenzidine (TMB) solution were added and the
microwells were incubated for 5 min at RT. The reaction
was stopped with the addition of 50 pl of 0.45 M H,SO,
to each microwell. Microwells were incubated for 10 min
at RT to facilitate color stabilization and absorbance at
450 nm was measured on a microplate reader (Bench-
mark Microplate Reader, Bio-Rad Laboratories Inc.,
Hercules, CA). Plasminogen activator inhibitor-1 con-
centrations were determined from equation of the line
calculations. Intra- and inter-assay coefficients of varia-
tion were 8.1% and 7.6%, respectively.

2.4.2. Plasminogen Activator Inhibitor-1 Activity

Plasminogen activator inhibitor-1 activity in bovine
plasma was quantified using Spectrolyse® (pL) PAI-1
(American Diagnostica Inc.) with some modifications.
Briefly, 25 pl of plasma were incubated with 25 pul of 40
IU/ml TPA solution in a 1.5 ml microcentrifuge tube for
15 min in a 25°C water bath to quench ay-antiplasmin
activity. Following incubation, 50 ul of acetate buffer
were added to the microcentrifuge tube and incubated for
20 min in a 39°C water bath. At the end of this incuba-
tion, 1 ml of distilled water was added to the tube and
mixed. Twenty microliters of diluted standard or plasma
were aliquoted to individual microwells in duplicate. To
each microwell, 200 ul of ice cold Plasminogen Activa-
tor Reagent was added and the microtiter plate was cov-
ered and incubated for 90 min at 39°C. The reaction was
stopped using 50 ul of provided Stop Reagent and ab-
sorbance at 405 nm was measured on a microplate reader
within 30 min. Activity of PAI-1 was determined ac-
cording to manufacturer’s instructions. Intra- and inter-
assay coefficients of variation were 2.5% and 7.5%, re-
spectively.

2.4.3. Tissue-Type PA Concentration

Plasma tPA concentrations were measured in duplicate
using the IMUBIND" tPA ELISA (American Diagnostica
Inc.). Briefly, 50 pl of the reconstituted supplied PBS-
EDTA-TWEEN 20 (PET) buffer were added to each of
the provided microwells with 20 pl of either standards or
plasma. The 96-well plate was covered with an acetate
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sheet and agitated on a plate shaker at 500 - 600 rpm at
RT for 1 h. The acetate sheet was removed and 50 pl of
the detection antibody conjugate solution were added to
each well. The acetate sheet was replaced and the plate
was agitated for an additional 15 min at 500 - 600 rpm at
RT. Microwells were emptied and washed with 300 pl of
PET buffer four times. After the last wash, 100 ul of
chromogenic substrate were added to each microwell, the
plate was again covered with the acetate sheet and agi-
tated on a plate shaker for 15 min at 500 - 600 rpm at RT.
The reaction was stopped by the addition of 50 pl of Stop
solution (1.5 M H,SOy) to each microwell and the plate
was allowed to stabilize for 10 min in the dark at RT.
Absorbance at 490 nm was measured within 30 min of
adding the stop solution using a microplate reader. Con-
centrations of tPA were determined using equation of the
line calculations. Intra- and inter-assay coefficients of
variation were 5.5% and 9.5%, respectively.

2.4.4. Tissue-Type PA Activity

Plasma tPA activity was quantified using a chromo-
genic assay. Ten microliters of tPA standards or plasma,
90 pl of 1 x Tris-Imidazole buffer (0.003 M Tris, 0.003
M imidazole, 0.023 M NaCl, pH 8.0) and 10 ul of 5
nmol/ml SPECTROZYME®™ (American Diagnostica Inc.),
a tPA specific chromogenic substrate, were aliquoted into
a 96-well microtiter plate, covered and incubated at 39°C
for 2 h. Plasma samples incubated with chromogenic
substrate were designated as CH. An additional replicate
was prepared for plasma samples where the SPEC-
TROZYME® reagent was replaced with 10 pl of the
Tris-Imidazole buffer and designated as NC. Absorbance
was measured at 405 nm on a microplate reader. For
plasma samples, the NC absorbance was subtracted from
the CH absorbance. For the standards, the absorbance for
0 IU/mL was subtracted from all standards before active-
ties were determined by equation of the line calculations.
Intra- and inter-assay coefficients of variation were 1.2%
and 11.8%, respectively.

2.5. Statistical Analysis

Plasma PAI-1 and tPA concentrations and activities
and the ratios of plasma PAI-1 to tPA concentrations and
activities were analyzed by repeated measures ANOVA
where vitamin E supplementation, day of blood collec-
tion and the vitamin E supplementation x day of blood
collection interaction were the main effects. Differences
between means were determined using Duncan’s multi-
ple comparison’s test if significant differences were ob-
served in the ANOVA. All analyses were performed us-
ing the Number Cruncher Statistical System software
program [14].
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3. RESULTS

Plasma PAI-1 antigen concentrations were similar (P >
0.05) between Control and Vitamin E cows (4.0 and 7.4
ng/ml, respectively; pooled s.e. = 4.9 ng/ml). Neither day
of collection nor the vitamin E x day of collection inter-
action was a significant source of variation in plasma
PAI-1 concentrations.

Plasma PAI-1 activities also did not differ (P > 0.05)
between Control and Vitamin E cows (18.9 and 21.2
IU/ml, respectively; pooled s.e. = 1.5 IU/ml). Day of
collection and the interaction between vitamin E x day of
collection were not significant sources of variation in
plasma PAI-1 activity.

No difference (P > 0.05) was observed in plasma tPA
concentrations between Control and Vitamin E cows (1.0
and 0.5 ng/ml, respectively; pooled s.e. = 0.4 ng/ml).
Plasma tPA concentrations differed (P < 0.01) by day of
collection where concentrations were lower on Days 0, 2,
6, 8, 10, 12 and 28 compared to Days 14, 16, 20 and 22
(Figure1). The interaction was not significant.

Similar to plasma tPA concentrations, no difference (P
> 0.05) was observed in plasma tPA activities between
Control and Vitamin E cows (70.6 and 71.7 IU/ml, re-
spectively; pooled s.e. = 3.5 IU/ml). Plasma tPA activity
differed (P < 0.01) by day of collection where activities
were lower on Day 0 compared to Days 6, 18, 20 and
Day 4 compared to Day 18 (Figure 2). The interaction
was not significant.

Plasma concentrations and activities of PAI-1 and tPA
varied significantly between cows. To reduce this varia-
tion, all data were subsequently expressed relative to the
Day 0 measurement (adjusted) for each cow and re-ana-
lyzed. Neither adjusted PAI-1 concentrations nor active-
ties differed (P > 0.05) due to vitamin E supplementation
(Table 1). Day of collection and the interaction were not
sources of variation for either adjusted PAI-1 concentra-
tions or activities.

Adjusted tPA concentrations also did not differ (P >
0.05) due to vitamin E supplementation (Table 1). Al-
though adjusted tPA activity was 1.7-fold greater in Vi-
tamin E compared to Control cows, no difference (P >
0.05) was observed (Table 1). However, day of collec-
tion exerted significant effects on both adjusted tPA con-
centrations and activities. Adjusted tPA concentrations
were lower (P < 0.05) on Days 0, 2, 4, 6, 8, 10, 12 and 28
compared to Days 14, 16, 18, 20 and 22 (Figure 3) and
adjusted tPA activity was lower (P < 0.05) on Day 0
compared to Day 18 (Figure 4). Neither interaction was
significant for adjusted tPA concentrations or activities.

Vitamin E supplementation and the interaction were
not significant sources of variation in the ratios of ad-
justed PAI-1 to tPA concentrations (Table 2). Adjusted
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Figure 1. Effect of vitamin E on plasma tPA concentrations in
Control (open circles) and Vitamin E (closed circles) cows.
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Figure 2. Effect of vitamin E on plasma tPA activities in Con-
trol (open circles) and Vitamin E (closed circles) cows.

Table 1. Effect of vitamin E on mean plasma plasminogen
activator inhibitor-1 (PAI-1) and tissue-type plasminogen acti-
vator (tPA) concentrations and activities adjusted to day 0 in
non-lactating cows.

Vitamin PAI-1 tPA
E (@0 Concentration ~ Activity ~ Concentration  Activity
0 0.7 1.1 1.4 1.2
2750 1.0 1.1 1.3 1.9
P‘;f’elf’d 02 0.1 0.1 03

Statistical analysis was performed using repeated measures ANOVA with
vitamin E supplementation, day of blood collection and the vitamin E sup-
plementation x day of blood collection interaction as the main effects; n =
45 per treatment group.

PAI-1 to tPA concentration ratios differed by day of col-
lection where ratios were greater (P < 0.05) on Days 2
and 10 compared to Days 18, 22, 26 (data not shown).
However, there was a tendency for the ratio of adjusted
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Figure 3. Effect of vitamin E on adjusted plasma tPA concen-
trations expressed relative to the day 0 measurement in the
experimental period in Control (open circles) and Vitamin E
(closed circles) cows.
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Figure 4. Effect of vitamin E on adjusted plasma tPA activities
expressed relative to the day 0 measurement in the experimen-
tal period in Control (open circles) and Vitamin E (closed cir-
cles) cows.

Table 2. Effect of vitamin E on mean adjusted ratios of plasma
plasminogen activator inhibitor (PAI-1) to tissue-type plasmi-
nogen activator (tPA) concentrations and activities in non-lac-
tating cows.

Vitamin E (IU)
Ratio 0 2750 S.E.
Adjusted PAI-1/
tPA concentration 0.6 0.9 0.1
Adjusted PAI-1/ 10 07 01

tPA activity

Statistical analysis was performed using repeated measures ANOVA with
vitamin E supplementation, day of blood collection and the vitamin E sup-
plementation x day of blood collection interaction as the main effects; n =
45 per treatment group.

PAI-1 to tPA activity to be greater (P = 0.097) in Control
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compared to Vitamin E cows (Table 2). Neither day of
collection nor the interaction was a significant source of
variation for the ratios of adjusted PAI-1 to tPA activities
(Figureb).

4. DISCUSSION

Supplementing cows with vitamin E at a comparable-
dose and treatment regimen similar to what reduced
PAI-1 in humans [13] failed to alter plasma PAI concen-
tration and activity. Nothing is known of the interaction
of vitamin E with the fibrinolytic pathway in cattle and
this is the first study of its kind to investigate this rela-
tionship. Although plasma PAI-1 and tPA concentrations
and activities did not differ, there was a tendency (P =
0.097) for vitamin E to shift the adjusted ratio of
PAI-1:tPA activity to a pro-fibrinolytic state. The reduc-
tion in adjusted PAI-1 to tPA activity is probably due to
the greater adjusted tPA activity, albeit not statistically
different, observed in cows receiving vitamin E. How-
ever, because the ratio of adjusted PAI-1 to tPA concen-
tration did not differ due to vitamin E supplementation
this suggests PAI-1 and tPA protein levels did not change
but tPA activity was increased. One potential mechanism
for vitamin E to increase plasma tPA activity would be
through suppressing other inhibitors of tPA, such as
PAI-2 or protein C inhibitor (PCI), of which the latter
was known as PAI-3 [15]. Vitamin E has been shown to
reduce PAI-1 in humans and can modulate gene expres-
sion of some MMP and their inhibitors, however no ef-
fects have been reported for tPA, PAI-2 or PCI [13]. Al-
ternatively, and maybe more likely, the antioxidant effect
of vitamin E may reduce peroxynitrate (OONO ") forma-
tion by scavenging superoxide anion thereby increasing
tPA activity while not affecting expression [16]. Per-
oxynitrates are the products of nitric oxide (NO) and
superoxide anion and cause tyrosine nitration in proteins
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Figure 5. Effect of vitamin E on ratio of adjusted PAI-1 to tPA
activities in Control (open circles) and Vitamin E cows (closed
circles).
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to form nitrotyrosines. Nitrotyrosine formation is corre-
lated with decreased enzyme activities in both tPA and
plasmin [16,17]. Although Vitamin E has been shown to
increase NO synthesis, Nielsen and coworkers [16] ob-
served no effect of NO alone on tPA function and nitro-
tyrosine content. Hence, in the cow, the effect of vitamin
E on the fibrinolytic system may be targeted through tPA
rather than PAI-1 as had been observed in humans [13].

Plasma PAI-1 and tPA concentrations and activities
were subject to substantial between animal variation
which may have contributed to the lack of significant
differences observed between Control and Vitamin E
groups. Perhaps an increase in animal numbers in each of
the groups may have reduced the variation encountered
and rendered greater statistical significance among the
measured parameters. Genetic differences between indi-
viduals, as in single nucleotide polymorphisms in the
PAI-1 gene, have been identified as having an effect on
PAI-1 expression and plasma concentrations in humans
[18]. The increase in tPA concentration and activity ob-
served approximately midway through the experiment
may indicate increased vascular expression due to stress
resulting from the repeated blood collections. Plasma tPA
is subject to various stressors where psychological and
surgical stresses can increase circulating tPA within min-
utes [19].

The effects of vitamin E supplementation on reproduc-
tion in cattle is subject to some inconsistency which is
likely due to pre-supplementation differences in plasma
vitamin E concentrations in individual animals [10]. Vi-
tamin E content of grass hay is quickly degraded [20]
and cows fed grass hay are known to have low vitamin E
concentrations [21]. This could be particularly deleteri-
ous for dairy cattle in confined feeding operations as
plasma vitamin E concentration drops precipitously two
weeks prior to parturition, most likely due to reduced
feed intake, and increases at four weeks of lactation [22].
How vitamin E decreases the incidence of COD [1] and
RP [2,23] is currently unknown. Vitamin E supplementa-
tion appears to modulate fibrinolytic capacity through the
NO pathway. Vitamin E supplementation alone decreased
PAI-1 concentrations and increased NO synthesis in hu-
mans with type 2 diabetes [24]. Nitric oxide is a known
inhibitor of PAI-1 release from platelets [25] and has also
been demonstrated to modulate epinephrine stimulated
tPA release in hypertensive and normotensive humans
[26]. Plasminogen activator inhibitor-1 inhibits both tPA
and urokinase-type plasminogen activator (uPA) by co-
valently binding in 1:1 stoichiometry [8], thereby limit-
ing conversion of plasminogen to the active protease
plasmin. Mice genetically engineered to over-express
PAI-1 display ovaries phenotypically similar to PCOS
[27]. In COD, the ovulation cascade is dysfunctional
whereby a preovulatory follicle persists and enlarges for
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an undefined period of time. As PAI-1 is the principal
inhibitor of tPA, a decrease in the PAI-1 to tPA ratio in
the follicle due to vitamin E supplementation may be
beneficial in preventing COD by shifting these enzy-
matic systems towards proteolysis.

Le Blanc and coworkers [10] have shown that an in-
crease of 1 ug/ml in plasma vitamin E one week pre-
partum reduces the risk of RP by 20%. Vitamin E sup-
plementation may be reducing the incidence of RP di-
rectly through the actions of NO because extravillous
trophoblasts isolated from term human placenta express
endothelial NO synthase (NOS) [28]. Nitric oxide regu-
lates MMP-9 expression [29] and increases MMP ex-
pression and activity in human trophoblasts in vitro [30].
Inhibition of NOS reduces expression of MMP-9 [31].
Bovine placentomes express both MMP-2 and -9 during
the third phase of parturition [11,12]. Placentomes from
cows with RP have more collagen [32] and reduced
MMP expression and activity, specifically MMP-2,
compared to normal placentomes. As our results suggest
vitamin E supplementation shifts the activity of the PA
system towards a state favoring plasma proteolysis, the
proportion of active MMP would increase via reciprocal
activation [9]. While the present study focused on the
effects of vitamin E on plasma tPA and PAI-1, further
research is needed to elucidate the effects of vitamin E
supplementation on the PA and MMP systems at the level
of the ovary and periparturient placentome in order to
identify the physiologic link between vitamin E, COD
and RP.

5. CONCLUSION

There is a tendency for vitamin E to enhance the fi-
brinolytic profile in non-lactating beef cows by increas-
ing tPA activity. Combined with previous reports, further
investigation into the effects of vitamin E on the fibri-
nolytic capacity of cattle is warranted.
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