
Abstract
As lactating cows in severe negative energy balance have poor

reproductive performance, the effect of dietary fat supplementation (fish oil,
soybean oil) on PGFM secretion, ovarian function and blood metabolites is
investigated. In this experiment, the effects of dietary polyunsaturated fatty
acids on plasma metabolites, ovarian function and prostaglandin secretion of
20 primiparous Holstein cows was studied. The cows were randomly allocated
to one of four groups that were fed either: 1) a control diet; 2) a diet with 3%
(Feed dry matter basis) fish oil; 3) a diet with 3% soybean oil; or 4) a diet with
1.5% fish oil and 1.5% soybean oil. Groups were synchronized using the heat-
synch method and were fed their respective diets for 35 days, allowing 14 days
for dietary adaptation and 21 days for data collection. Concentration of plasma
glucose, triglycerides and low density lipoprotein (LDL) cholesterol were not
affected by the treatments, but plasma total cholesterol and high density
lipoprotein (HDL) cholesterol concentrations were significantly higher in
cows that consumed the oil-containing diets (p < 0.05).The number of
follicles, corpus luteum size and plasma estradiol, progesterone and
prostaglandin F metabolite (PGFM) concentrations were similar across all
treatments. However, the size of the largest follicle was significantly greater in
cows that consumed a diet containing fish oil or soybean oil (p < 0.05). These
results suggest that polyunsaturated fatty acids can influence both ovarian and
uterine function in cows, but further studies are required to test their effects on
dairy cow reproduction.
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Introduction

Since lactating cows in severe negative energy
balance have poor reproductive performance (Butler
and Smith 1989), dietary fat supplementation could
increase net energy intake and thus decrease the
duration and magnitude of negative energy balance
(Oldick 1997). Additional dietary fat has been
found to increase levels of cholesterol (Staples
1998) and progesterone and the lifespan of induced
corpora lutea (CLs) in cattle (Williams and Stanko,
1999). Cholesterol serves as a precursor for the
synthesis of progesterone, which in turn prepares the
uterus for implantation of the embryo and also helps to
maintain pregnancy. Increased concentration of plasma
progesterone has been associated with improved
conception rates in lactating ruminants (Staples
1998). Increased concentrations of cholesterol from fat
supplementation may lead to an increase in
progesterone synthesis (Staples 1998) or reduced
rate of its clearance from the blood (Hawkins

,

et al.,
et al.,

et al.,

et al.,
et al.,

1995). It has been suggested that the fatty acids
themselves, not the additional energy provided,
stimulated ovarian function (Lucy, 2001).

There are two main families of essential fatty acid,
omega-3 and omega-6, which have been linked to
fertility. The main source of omega-6 fatty acid is
dietary linoleic acid (C18:2n-6), which is the
precursor of the dienoic (2-series) prostaglandins, such
as PGF (Abayasekara and Wathes, 1999). In addition,
excess linoleic acid can be converted to a shunt
metabolite, eicosadienoic acid (C20:2), rather than to
arachidonic acid (Kaduce 1982), thereby
reducing synthesis of series 1 and 2 prostaglandins. The
inhibition mechanism is thought to involve
competition between linoleic acid and arachidonic acid
for binding with the key enzyme, cyclooxygenase.
Eicosapentaenoic acid (EPA, C20:5n-3) and
docosahexaenoic acid (DHA, C22:6n-3) also have
been shown to inhibit cyclooxygenase activity (Smith
and Marnett, 1991). Competition between omega-3
and omega-6 for the binding site on prostaglandin

inter alia
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synthetase means that increasing the concentration of
omega-3 fatty acids will decrease production of
dienoic prostaglandins (Barnouin and Chassagne,
1991). Both EPA and DHA have been found to inhibit
secretion of PGF in different animal cell culture
systems (Achard ., 1997), including bovine
endometrial cells (Mattos ., 2004). Treatments that
reduce endometrial synthesis of PGF may reduce
embryonic mortality (Mattos ., 2000). Soybean oil,
which is rich in linoleic acid, has been used as a source
of omega-6 fatty acid; and fish oil, which is rich in
omega-3 fatty acids, is an excellent source of EPA and
DHA. PGF secretion can be measured from plasma
concentrations of 13, 14 dihydro, 15-keto PGF
(PGFM), the metabolite of PGF Changes in the
amounts or ratios of dietary polyunsaturated fatty acids
may affect production of prostaglandins in the bovine
reproductive system (Thatcher ., 1994).

As there is minimal data on the effect of dietary
omega-3 and omega-6 fatty acids on bovine
reproductive function, the aim of our investigation was
to study the influence of dietary fish oil, soybean oil or
their blend on PGFM secretion, ovarian function and
blood metabolites.

A population of 20 Holstein primiparous cycling
cows (47 ± 11 days in milk or DIM) were selected and
divided into four groups. Each group was fed one of the
diets in a randomized design over a total period of 35
days. The first two weeks was used to allow cows to
adjust to the experimental diets and data was collected
during weeks three, four, and five. Dietary treatments
consisted of either no additional fat (control diet, C),
3% (feed dry matter basis) fish oil (FO), 3% soybean oil
(SO) or a blend of 1.5% fish oil and 1.5% soybean oil
(FO+SO). Cows were housed in tie-stall barn and fed a
total mixed ration (TMR) four times daily at
approximately 0800, 1000, 1400, and 1600 h in
amounts that resulted in 5% orts. The TMR (Table 1)
was formulated to contain more than adequate amounts
of major nutrients (NRC, 2001). Cows were milked
three times daily at 0830, 1600, and 2400 h.

At the beginning of experiment, cows' estrous cycles
were synchronized with two injections of PGF

and an injection of estradiol benzoate
(1 mg; Aboreihan Co., Iran) on day 19 and 20
respectively (day -3 & -2) (Stevenson 2004). Cows
that did not respond to the first dose of PGF were given a
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(2 ml D.
Cloprostenol, Abureihan Co., Iran) 14 days apart. This
was followed by administration of 8 μg of a GnRH
agonist (Gonadrolin; Aborayhan Co., Iran) on day 12 of
the next cycle (day -10 in heatsynch), followed by an
injection of PGF

Materials and Methods

Animals and diets

Reproductive management

second injection, and regression of the CL was confirmed
by ultrasonography. Ultrasonography was carried out
transrectally using a Concept/MCV ultrasound scanner
equipped with a linear-array 7.5 MH probe (Tokyo Keiki
Co. Ltd., Tokyo, Japan) on day 6, 8, 10, 12, 14, 16, 18 and
20 of the estrous cycle. The size of the largest ovarian
follicle was measured 24 and 72 h after PGF2
administration as the average vertical and horizontal
diameter, using electronic calipers. Follicle size was then
monitored at 6-h intervals until it disappeared (ovulation)
or until 102 h after PGF2 injection (Stevenson,
2004). The size and number of all follicles > 3 mm were
recorded on detailed follicular maps. Follicles were
grouped into three classes for analysis: class 1 (3.0 to 4.9
mm), class 2 (5.0 to 9.9 mm) and class 3 ( 10 mm). The
size of CL was also recorded. On day 15 of the following
estrus cycle (at the end of the luteal phase and start of the
follicular phase), cows were injected intravenously with
oxytocin (100 IU) to stimulate uterine secretion of PGF
(Oldick 1997).

Daily dry matter intake (feed offered minus orts)
and milk production were recorded for each cow from
day 0 to 18 of the estrous cycle (approximately day 15
to 33 of the experimental period). Samples were stored
at -20 C until analyzed. Feed and ort samples were
dried in a forced-air oven at 60 C for 48 h, and dry
weights were used to determine feed intake.
Subsamples of feed and ort were dried at 105 C for 24 h
to correct to 100% dry matter (DM).After being ground
through a 1 mm screen, feed samples were composited
by week and analyzed for DM, crude protein (CP),
ether extract (EE), acid detergent fiber (ADF), neutral
detergent fiber (NDF), Ca, P, and Mg (AOAC, 2000).
Fatty acid analysis of TMR, fish oil, soybean oil and
milk fat samples was carried out using the method
described by Sukhija and Palmquist (1998). Blood
samples were taken via the coccygeal vein on day 6, 10,
12, and 14 of the estrous cycle. All blood samples were
collected in sodium heparinized tubes, immediately
placed on ice, and centrifuged at 3000g at 4 C for 15
min. Plasma samples were analyzed by colorimetric
methods for triglycerides (kit no. 10-525; ZiestChem
Diagnostics Co., Tehran, Iran), total cholesterol (kit no.
10-508), HDL cholesterol (kit no. 10-507), and glucose
(kit no. 10-505). All plasma samples were analyzed in
duplicate for progesterone (kit no. EIA-1561; DRG
Instruments GmbH, Germany) and estradiol (kit no.
EIA-2693) by competitive ELISA assay (Rosenfeld

2001). Oxytocin was injected on day 15 of the
estrous cycle, as previously described, and blood
samples were taken every 15 min from 60 min pre-
injection to 240 min post-injection (Oldick
1997). Plasma was harvested, stored at -20ºC and later
assayed in duplicate for PGFM by radioimmunoassay
(Guilbault 1984).
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Statistical analysis
The means of intake and production variables were

obtained for each treatment for each cow for statistical
analysis. Data were analyzed by a least squares ANOVA
assay using the general linear model procedure of the
SAS (SAS Institute, 1999). A Duncan's multiple range
test was used for comparing means, and significance was
declared at p < 0.05. Data on follicular development,
hormones, blood metabolites and size of the CL were
analyzed as repeated measurements with time using
PROC MIXED of SAS. Scheffe's test was used to
determine the effect of treatments on the size of corpus
luteum, the difference in size between the largest and
second largest follicle and the class and number of
follicles. PGFM levels were analyzed as repeated
measurements with time and also as the mean
concentration over the 5-h sampling period.

The chemical composition of the four diets is
shown in Table 1. The control diet contained 2.5% EE
(DM basis), and the EE content of FO, SO and FO+SO
was 5.4, 5.1, and 5.2%, respectively. Consequently, the
diets containing supplemental fat had a higher net
energy for lactation (NE ) concentration (1.62 to 1.66
compared with 1.57 Mcal/kg for the control diet).

The fatty acid compositions of TMR, fish oil and
soybean oil are presented in Table 2. Soybean oil
contained the highest concentration of linoleic acid (53.2
g/100 g fatty acid). Fish oil was characterized by an

Results

L

Table 1: Ingredient and nutrient content of experimental diets.

1

2

3

4

C = No supplemental fat; FO = 3% fish oil; SO = 3% soybean oil; FO+SO =

1.5% fish oil + 1.5% soybean oil. Mineral and vitamin mix contained 0.8% Ca,

0.7% P, 0.8% K, 0.4% Mg, 0.3% S, 1.4 mg/kg I, 100 mg/kg Mn, 100 mg/kg Zn,

0.3 mg/kg Co, 0.5 mg/kg Se, 99,450 IU/kg of vitamin A, 13,260 IU/kg of

vitamin D, and 497 IU/kg of vitamin E. NFC = Nonfiber carbohydrates, NFC =

100 – (CP + NDF + EE + ash). Calculated according to NRC (1989) values.

Table 2: Fatty acid composition (g/100 g of fatty acids) of experimental

diets, fish oil, and soybean oil.

1

2

Control = No supplemental fat; FO = 3% fish oil; SO = Soybean oil; FO +

SO = 1.5% fish oil + 1.5% soybean oil. Expressed as number of carbon

atoms: number of double bonds.

Table 3: Plasma composition of Holstein cows fed experimental diets.

ab 1
Means in the same row with different letters differ (p < 0.05). Control =

no supplemental fat; FO = 3% fish oil; SO = 3% soybean oil; FO+SO =

1.5% fish oil + 1.5% soybean oil.

abundance of long chain (>C20) fatty acids and was
particularly rich in EPA and DHA, whose concentrations
were found to be 11.5 and 10.3 g/100 g of fatty acid,
respectively. Results of milk yield, milk composition,
milk fatty acid profiles and feed intake have been
published in a parallel experiment (Fatahnia 2008).

The effect of experimental diets on plasma
metabolites concentrations are shown in Table 3.
Plasma glucose, LDL cholesterol and triglycerides
concentrations were not significantly affected by
supplemental fat. While, plasma concentrations of
total cholesterol and HDL cholesterol were
significantly higher for the cows that fed fat
containing diets (P < 0.05). The effect of dietary

et al.,

Table 4: Reproductive data of Holstein cows fed experimental diets.

ab 1
Means in the same row with different letters differ (p < 0.05). Control = No

supplemental fat; FO = 3% fish oil; SO = 3% soybean oil; FO+SO = 1.5%

fish oil + 1.5% soybean oil.
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treatments on follicles number, follicles and CL size
and plasma concentrations of progesterone,

Table 4.
There were no significant effects of treatments on
the mean numbers of follicles, mean size of the
second largest follicle, mean CL size or plasma
concentrations of progesterone, and
PGFM the size of the largest follicle was greater for
cows on the 1.5% fish oil plus 1.5% soybean oil diet
(P< 0.05).

As there was no data on supplementary effect of
omega-3 and omega-6 fatty acids on plasma
metabolites, ovarian function and prostaglandin
secretion, we aimed at understanding the effect of
dietary polyunsaturated fatty acids on reproduction
function in lactating dairy cows. Our results suggest
that plasma glucose concentration was not affected
by supplementary fat. Although this is consistent
with some previous studies (Oldick 1997; Petit
and Twagiramungu, 2006), other work suggested
t h a t f i s h o i l d e c r e a s e s p l a s m a g l u c o s e
concentrations (Mattos 2004). The authors of
that study concluded that this could be due to the
reduced dry matter intake associated with that diet.
Another possible explanation is that gluconeogenic
enzymes are inhibited by components of fish oil, for
example eicosapentaenoic acid was found to inhibit
t h e e x p r e s s i o n o f p h o s p h o e n o l p y r u v a t e
carboxykinase (Murata 2001), an essential
enzyme in glucose production. In the present study,
it is possible that the eicosapentaenoic acid may did
not have same inhibitory effect, therefore plasma
glucose concentrations were similar among
treatments. Plasma concentrations of total
cholesterol and HDL-cholesterol were significantly
higher in cows fed a fat containing diet, consistent
with previous results (Oldick 1997; Thomas

1997; Petit and Twagiramungu, 2006). There
was no effect on plasma LDL-cholesterol or
triglyceride concentrations, in agreement with
previous work (Petit and Twagiramungu, 2006;
lammoglia 1996; Thomas 1997). In
contrast, oldick (1997) have been reported
increased of plasma triacylglycerol concentration of
cows that fed supplemental fat. Differences in
plasma cholesterol values between studies could
have been affected by the source of dietary fats,
breed, reproductive status of the animal and
differences in fat concentrations in the diets
(Lammoglia 1997). In the current study, this
increased cholesterol likely is due to need for
increased absorption of fatty acids packaged in
chylomicrons and very low density lipoproteins
from the small intestine (Staples 1998).

estradiol-17β and PGFM are shown in

estradiol-17β

Discussion

et al.,

et al.,

et al.,

et al., et
al.,

et al., et al.,
et al.

et al.,

et al.,

Although fish oil has been found to less
cholesterologenic than soybean oil (Byers and
Schelling, 1998), the present experiment showed no
major differences in cholesterol and HDL-
cholesterol concentrations between the diets. There
were no significant effects of treatments on the mean
numbers of follicles or the mean size of the second
largest follicle, consistent with Petit (2002).
However, some previous studies reported an
increase in the number of medium-sized follicles
after administration of polyunsaturated fatty acid in
the form of soybean oil or rice bran (Ryan
1992; Lammoglia 1996; Thomas 1997).
In the current study, the size of the largest follicle
was greater in cows fed the blend of fish oil and
soybean oil (FO + SO diet). Dietary fat may enhance
follicular development via metabolic hormones that
act on the central nervous system to stimulate GnRH
secretion; lipid-supplemented cows have been
found to have increased basal LH concentrations
(Hightshoe 1991). Another way in which
dietary fat may affect follicular development is
through metabolic hormones acting at the ovarian
level. Plant oils such as soybean oil are rich in
linoleic acid, which has been shown to increase
ruminal propionate production, increasing
g l u c o n e o g e n e s i s a n d t h e r e f o r e i n s u l i n
concentration (Chalupa 1986). Thomas and
Williams (1996) found that

ent
is cholesterol. Fat supplements have been found to
increase total and HDL-cholesterol concentrations
(Thomas and Williams, 1996), which Bao
(1995) demonstrated

. As
cholesterol is the precursor of all steroids, increased
substrate availability may increase follicular steroid
synthesis (Carrol 1990). During ovarian
follicle growth and differentiation, increasing
amounts of estrogen are produced. This in turn
upregulates the synthesis and release of LH, which
promotes the final stage of follicle growth
(Rosenfeld 2001).

d soybean oil, more
research is required to better understand the
mechanisms by which dietary fats stimulate
follicular development. The mean size of the CL was
not significantly affected by supplemental fats.
Although this is in line with results from a previous
study (Petit 2001), other studies reported an
increase in CL size (Petit 2002; Petit and

et al.

et al.,
et al., et al.,

et al.,

et al.,

et al.

et al.,

et al.,

et al.,
et al.,

follicular development,
along with plasma insulin and follicular IGF-І
concentrations, was enhanced by soybean oil.
Another influential factor on follicular developm

stimulate cell division and
IGF-І production in cultured granulosa cells

Therefore, the increase in
plasma glucose and estradiol-17β concentrations in
the current study probably increased the
concentrations of insulin and LH, respectively.
Although this may explain the large size of follicles
in the diet containing fish oil an
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Twagiramungu, 2006), possibly due to greater size
of the largest follicle (Lucy, 2001; Vasconcelos

2001). Another possibility for the numerical
larger CL in the oil containing diets may be the lower
plasma concentrations of PGFM, a PGF metabolite
(Table 4).

may
explain the numerical

than an increase in their secretion
(Hawkins 1995; Sangritavong 2002).
Another factor that may explain the numerical
increase in these hormones is the higher
concentration of plasma total cholesterol and HDL-
cholesterol because cholesterol is the precursor for
all steroids (Carrol 1990). A positive
correlation has been found between plasma
progesterone concentration and pregnancy rate
(Petit and Twagiramungu, 2006). Plasma PGFM
concentrations during the oxytocin challenge were
similar among treatments, in agreement with Petit
and Twagiramungu (2006). There is conflicting
evidence as to the effect of dietary fat on plasma
PGFM concentration; although one study reported
an increase (Petit 2002), two other studies
reported a decrease (Thatcher 1997; Mattos

2000). The mechanism by which EPA and DHA
inhibit secretion of uterine prostanoids is not fully
understood. It is thought to require incorporation of
EPA and DHA into cellular lipid pools and may
involve competition with arachidonic acid for
processing by the cyclooxygenase -1 and -2
enzymes. Feeding fish meal has been found to
increase the proportion of EPA and DHA in
endometrial lipids in beef cows (Burns 2000),
indicating that dietary changes can alter the fatty
acid composition of the uterus. EPA and arachidonic
acid are broken down by cyclooxygenase to series 2-
and 3 prostanoids, respectively. Because both EPA
and arach idon ic ac id a re subs t ra tes fo r
cyclooxygenase, increased availability of dietary
EPA could displace arachidonic acid, leading to
greater synthesis of 3-series than 2-series
prostanoids (Mattos 2004). Series 3
prostanoids are less bioactive (Needleman
1979), and there appears to be no evidence for their
role in ruminant luteolysis. Besides of this
competitive mechanism, EPA and DHA may reduce
the expression of cyclooxygenase genes (Achard

1997), making it less available and reducing
prostanoid synthesis. Additionally, cyclooxygenase
convert EPA into 3-series prostanoids less
efficiently manner than it converts arachidonic acid

et
al.,

et al., et al.,

et al.,

et al.,
et al., et

al.,

et al.,

et al.,
et al.,

et
al.,
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Plasma concentrations of progesterone
and estradiol-17β were not affected by diet. The
greater size of the CL and largest follicle

increases in plasma estradiol-
17β and progesterone concentrations, respectively.
P r e v i o u s w o r k s u g g e s t e d t h a t e l e v a t e d
concentrations of these hormones resulted from a
decrease in clearance rate from the circulatory
system rather

into 2-series prostanoids, possibly resulting in
reduced total prostanoid synthesis. According to the
results of current experiment, the four diets differed
primari ly in terms of their n-3 and n-6
polyunsaturated fatty acid content and ratio of n-3:
n-6. Total plasma cholesterol and HDL-cholesterol
concentrations and size of largest follicle increased
in all fat supplemented groups but other parameters
were not affected significantly. The non-significant
decrease in plasma PGFM concentration in cows fed
fish oil and soybean oil may support our hypothesis
that the ratio of omega-3 to omega-6 fatty acids will
affect synthesis of the dienoic PG (PGF ), but
requires further study.

2α

References

1. Abayasekara, D.R.E.; Wathes, D.C. (1999) Effects of
altering dietary fatty acid composition on prostaglandin
synthesis and fertility. Prostaglandins Leukot. Essent.
FattyAcids. 61: 275-287.

2. Achard, D.; Gilbert, M.; Benistant, C.; Slama, S.B.; De
Witt, D.L.; Smith, W.L. and Lagarde. M. (1997)
Eicosapentaenoic and docosahexaenoic acids reduce
PGH synthase 1 expression in bovine aortic endothelial
cells. Biochem. Biophys. Res. Com. 241: 513-518.

3. Association of Offical Analytical Chemists. (2000)
Official Methods of Analysis. 17 edition. AOAC Int.
Gaithersburg, MD.

4. Bao, B.; Thomas, M.G.; Griffith, M.K.; Burghardt, R.C.
and Williams, G.L. (1995) Steroidogenic activity,
insulin–like growth factor-1 production and
proliferation of granulosa and theca cells obtained from
dominant preovulatory and nonovulatory follicles
during the bovine estrus cycle. Biol. Reprod. 53: 1271-
1279.

5. Barnouin, J.; Chassagne, M. (1991) An aetiological
hypothesis for the nutrition-induced association
between retained placenta and milk fever in the dairy
cows.Ann. Res. Vet. 22: 331-343.

6. Burns, P.D.; Abbey, D.B.; Bonnette, T.R.; Harris, M.A.
and Whittier, J.G. (2000) Effects of fish meal
supplementation on bovine endometrial concentrations
of n-3 fatty acids. Proc. West. Am. Soc. Anim. Sci.
51:360.

7. Butler, W.R.; Smith, R.D. (1989) Interrelationship between
energy balance and postpartum reproductive function in
dairy cattle. J. Dairy Sci. 72: 767-783.

8. Byers, E.M.; Schelling G.T. (1988) Lipids in ruminant
nutrition. In: D.C. Church (ed.). The Ruminant Animal
Digestion, Physiology and Nutrition. Prentice-Hall,
Inglewood Cliffs, NJ, USA.

9. Carrol, D.J.; Jerred, M.J.; Grummer, R.R.; Combs, D.K.;
Person, R.A. and Hauser, E.R. (1990) Effects of fat
supplementation and immature alfalfa to concentrate
ratio on plasma progesterone, energy balance, and
reproductive traits of dairy cattle. J. Dairy Sci. 73: 2855-

th

pp. 298-310.

Int.J.Vet.Res. (2011), 5; 2: 129-135 133

Ghasemzadeh-Nava, H. Effects of dietary polyunsaturated fatty acids . . .



2863.
10. Chalupa, W.; Vecchiarelli, B.; Elser, A.; Kronfeld, D.S.;

Sklan, D. and Palmquist, D.L. (1986) Ruminal
fermentation in vivo as influenced by long–chain fatty
acids. J. Dairy Sci. 69: 1293-1301.

11. Fatahnia, F.; Nikkhah, A.; Zamiri, M.J. and Kahrizi, D.
(2008) Effect of dietary fish oil and soybean oil on milk
production and composition of Holstein cows in early
lactation.Asian–Aust. J.Anim. Sci. 21(3): 386-391.

12. Guilbault, L.A.; Thatcher, W.W.; Foster, D.B. and
Coton, D. (1984) Relationship of 13, 14, dihydro 15-keto
PGF concentrations in peripheral plasma with local
uterine production of F series prostaglandins and
changes in uterine blood flow during the early
postpartum period of cattle. Biol. Reprod. 31: 870-878.

13. Hawkins, D.E.; Niswender, K.D.; Oss, G.M.; Moeller,
C.L.; Odde, K.G.; Sawyer, H.R. and Niswender, G.D.
(1995) An increase in serum lipids increases luteal lipid
content and alters the disappearance rate of
progesterone in cows. J.Anim. Sci. 73: 541-545.

14. Hightshoe, R.B.; Cochran, R.C.; Corah, L.R.; Kiracofe,
G.H.; Harmon, D.L. and Perry, R.C. (1991) Effects of
calcium soaps of fatty acids on postpartum reproductive
function in beef cows. J.Anim. Sci. 69: 4097-4103.

15. Kaduce, T.L.; Spector,A.A. and Bar, R.S. (1982) Linoleic
acid metabolism and prostaglandin production by
cultured bovine pulmonary artery endothelial cells.
Arteriosclerosis, 2: 380-389.

16. Lammoglia, M.A.; Willard, S.T.; Oldham, J.R. and Randel,
R.D. (1996) Effects of dietary fat and season on steroid
hormonal profiles before parturition and on hormonal,
cholesterol, triglycerides, follicular patterns, and postpartum
reproduction in Brahman cows. J. Anim. Sci. 74: 2253-
2262.

17. Lucy, M.C.; Savio, J.D. and Thatcher, W.W. (1992) Factors
that affect ovarian follicular dynamics in cattle. J. Anim.
Sci. 70: 3615-3626.

18. Lucy, M.C. (2001) Reproductive loss in high–producing
dairy cattle: where will it end? J. Dairy Sci. 84: 1277-
1293.

19. Mattos, R.; Staples, C.R.; Artech, A.; Wiltbank, M.C.;
Diaz, F.J.; Jenkins, T.C. and Thatcher, W.W. (2004) The
effects of feeding fish oil on uterine secretion of PGF ,
milk composition and metabolic status of periparturient
Holstein cows. J. Dairy Sci. 87: 921-932.

20. Mattos, R.; Staples, C.R. and Thatcher, W.W. (2000) Effects
of dietary fatty acids on reproduction in ruminants. Rev.
Reprod. 5: 38-45.

21. Murata, M.; Kaji, H.; Lida, K. and Chihara, K. (2001)
Dual action of EPA in hepatoma cells. J. Biol. Chem.
276: 31422-31428.

22. National Research Council. (2001) Nutrient Requirements
of Dairy Cattle. 7 edition. Rev. ed. Natl. Acad. Sci.,
Washington, DC.

23. Needleman, P.A.; Raz,A.; Minkes, M.S.; Ferrendelli, J.A.
and Sprecher, H. (1979) Triene prostaglandins:
prostacyclin and thromboxane biosynthesis and unique

2α

2α

th

biological properties. Proc. Natl.Acad. Sci. 76: 944-948.
24. Oldick, B.S.; Staples, C.R. and Thatcher, W.W. (1997)

Abomasal infusion of glucose and fat. Effects on
digestion, production and ovarian and uterine function
of cows. J. Dairy Sci. 80: 1315-1328.

25. Petit, H.V.; Dewhurst, R.J.; Proulx, J.G.; Khalid, M.;
Haresign, W. and Twagiramungu, H., (2001) Milk
production, milk composition, and reproductive
function of dairy cows fed different fats. Can. J.Anim.
Sci. 81: 263-271.

26. Petit, H.V.; Dewhurst, R.J.; Scollan, N.D.; Proulx, J.G.;
Khalid, M.; Haresing, W.; Twagiramungu, H. and Mann,
G.E. (2002) Milk production and composition, ovarian
function, and prostaglandin secretion of dairy cows fed
omega-3 fats. J. Dairy Sci. 85: 889-899.

27. Petit, H.V.; Twagiramungu, H. (2006) Conception rate
and reproductive function of dairy cows fed different
fat sources. Theriogenology, 66: 1316-1324.

28. Rosenfeld, C.S.; Wagner, J.S.; Michael, R. and Lubahn,
D.B. (2001) Intraovarian actions of oestrogen. Reprod.
122: 215-226.

29. Ryan, D.P.; Spoon, R.A. and Williams, G.L. (1992) Ovarian
follicular characteristics, embryo recovery, and embryo
viability in heifers fed high – fat diets and treated with
follicle stimulating hormone. J.Anim. Sci. 70: 3505-3513.

30. Sangritavong, S.; Mashek, D.G.; Gumen, A.; Haughian,
J.M.; Grummer, R.R. and Wiltbank, M. (2002)
Metabolic clearance rate of progesteron

31. SAS Institute, Inc. (1999) Inc.: SAS User Guide:
Statistics, version 8.01 Ed. SAS Inst., Inc., Cary, NC.

32. Smith, W.L.; Marnett, L.J. (1991) Prostaglandin
endoperoxide synthase: structure and catalysis.
Biochem. Biophys.Acta. 1083: 1-17.

33. Staples, C.R.; Burke, J.M. and Thatcher, W.W. (1998)
Influence of supplemental fats on reproductive tissues
and performance of lactating cows. J. Dairy Sci. 81:
856-871.

34. Stevenson, J.S.; Tiffany, S.M. and Lucy, M.C. (2004) Use
of estradiol cypionate as a substitute for GnRH in
protocols for synchronizing ovulation in dairy cattle. J.
Dairy Sci. 87: 3298-3305.

35. Sukhija, P.S.; Palmquist, D.L. (1988) Rapid method for
determination of total fatty acid content and composition
of feedstuffs and feces. J. Agric. Food Chem. 36: 1202-
1206.

36. Thatcher, W.W.; Binelli, M.; Butler, J.M.; Staples, C.R.;
Ambrose, J.D. and Coelho, S. (1997) Antiluteolytic
signals between conceptus and endometrium.
Theriogenology, 47: 131-140.

37. Thatcher, W.W.; Staples, C.R.; Danet-Desnoyers, G.;
Oldick, B. and Schmitt, E.P. (1994) Embryo health and
mortality in sheep and cattle. J. Anim. Sci. 72 (Suppl.
3): 16 (Abstract only)

38. Thomas, M.G.; Bao, B. and Williams, G.L. (1997) Dietary
fats varying in their fatty acid composition differentially
influence follicular growth in cows fed isoenergetic diets.

e and estradiol-
17β is decreased by fat. J. Dairy Sci. 85 (Suppl. 1).

Int.J.Vet.Res. (2011), 5; 2: 129-135134

Ghasemzadeh-Nava, H.Effects of dietary polyunsaturated fatty acids . . .



J.Anim. Sci. 75: 2512-2519.
39. Thomas, M.G.; Williams, G.L. (1996) Metabolic

hormone secretion and FSH – induced superovulatory
response of beef heifers fed dietary fat supplements
containing predominantly saturated or polyunsaturated
fatty acids. Theriogenology, 45: 451-458.

40. Vasconcelos, J.L.M.; Sartori, R.; Oliveira, H.N.;
Guenther, J.G. and Brazil, S.P. (2001) Reduction in
size of the ovulatory follicle reduces subsequent
luteal size and pregnancy rate. Theriogenology, 56:
307-314.

41. Williams, G.L.; Stanko, R.L. (1999) Dietary fats as reproductive
nutraceuticals in beef cattle. J. Anim. Sci.,
Available:http://www.asas.org/jas/symposia/proceedings/0915.p
df.Accessed September 24.

Int.J.Vet.Res. (2011), 5; 2: 129-135 135

Ghasemzadeh-Nava, H. Effects of dietary polyunsaturated fatty acids . . .






