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Abstract: The objective of this study was to
determine the effect of rumen-protected arginine on
median caudal artery blood flow and LH dynamics
in cows fed toxic endophyte-infected tall fescue seed.
Four ruminally cannulated nonlactating beef cows
(539 ± 30 kg) were used in a 2 × 2 factorial arrangement of treatments utilizing a 4 × 4 Latin square design
with 4 periods of 31 d each. Each cow was assigned to
individual pens and fed orchardgrass hay (10.3% CP
and 85% NDF; OM basis) during a 10-d adaptation
period, followed by a 21-d collection period in which
each cow was assigned 1 of 4 treatments: 1) rumenprotected Arg (180 mg/kg of BW) and 1.0 kg/d of
toxic endophyte-infected fescue seed (AE+), 2) rumenprotected Arg (180 mg/kg of BW) and 1.0 kg/d of
endophyte-free fescue seed (AE−), 3) 1.0 kg/d of toxic
endophyte-infected fescue seed (E+) alone, or 4) 1.0
kg/d of endophyte-free fescue seed (E−) alone. In each
period, Doppler ultrasound measurements for blood
flow parameters were quantified on d 1, 5, 10, 15, and
20. On d 20 of each period, blood samples were collected every 10 min for 6 h and then once every hour
for 12 h for LH response following exogenous GnRH.

There was an Arg × fescue seed type interaction (P =
0.05) for median caudal artery blood flow due to an
increase in blood flow in cows fed rumen-protected
Arg with endophyte-free fescue seed. In addition, mean
blood flow velocity in the artery was greater (P = 0.01)
with the inclusion of rumen-protected Arg in the diet.
Median caudal artery area (P = 0.03) and diameter (P =
0.01) were decreased in cows consuming E+ compared
to those consuming E− with no effect (P ≥ 0.38) by Arg
inclusion. Circulating nitric oxide (NO) concentrations
tended to be influenced (P = 0.09) by the interaction of
Arg × fescue seed type with E+ alone decreasing NO
concentrations. Circulating NO concentrations were
unaffected by rumen-protected Arg (P = 0.48). Mean
serum LH concentration exhibited (P = 0.02) an Arg ×
fescue seed type interaction. Cows consuming E+ had
decreased (P < 0.05) LH concentrations compared to
all other treatments. However, cows consuming AE+
had (P ≥ 0.67) LH concentrations similar to those of
cows consuming AE− and E−. Thus, supplementing
rumen-protected Arg to cows consuming toxic endophyte-infected fescue seed has the potential to increase
reproductive performance and peripheral blood flow.
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INTRODUCTION
Tall fescue (Schedonorus arundinaceus), a coolseason perennial grass that grows predominately in the
temperate southeast United States (Thompson et al.,
2001), is grazed by over 8.5 million cattle (Hoveland,
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1993). However, grazing toxic endophyte-infected tall
fescue can negatively impact production in beef cattle
because of the endophytic fungus Epichloë coenophiala, which infects 90% of tall fescue pastures (Sleper
and West, 1996). A number of studies have shown
the negative impact toxic endophyte-infected fescue
has on pregnancy rates (Gay et al., 1988; Peters et al.,
1992; Coblentz et al., 2006), follicular development
(McKenzie and Erickson, 1991; Rhodes et al., 1995;
Bossis et al., 1999), and embryo quality (Schuenemann
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et al., 2005). In addition, systemic (Aiken et al., 2007)
and reproductive (Dyer, 1993) vasoconstriction that
occurs because of consumption of toxic endophyteinfected tall fescue may lead to decreased nutrient and
hormone uptake in target tissues. In total, these results
have been estimated to cost the U.S. cattle industry over
$600 million dollars annually (Hoveland, 1993).
Arginine (Arg) supplementation may have the
potential to be beneficial in animals grazing toxic
endophyte-infected tall fescue because of its role in
nitric oxide (NO) and glutamate production (Wu and
Morris, 1998). Nitric oxide increases blood flow by
causing vasodilation and stimulating the development
of blood vessels (Wu and Morris, 1998). On the other
hand, Arg is a precursor for the excitatory AA, glutamate, which promotes GnRH secretion (Donoso et al.,
1990). Therefore, the objective of this study is to determine the effect of supplementing rumen-protected Arg
with toxic endophyte-infected or endophyte-free tall
fescue seeds on peripheral blood flow, circulating LH,
and serum metabolites in beef cows. The hypothesis
for this study is that rumen-protected Arg will increase
LH release and increase peripheral blood flow in cows
consuming toxic endophyte-infected fescue seed.
MATERIALS AND METHODS
All animal handling and experimental procedures
were in accordance with guidelines set by the University of
Tennessee Institutional Animal Care and Use Committee.
This experiment was conducted at the Joe Johnson Animal
Research and Teaching Unit (JARTU) at the University
of Tennessee in Knoxville (35°56′N, 83°56′W).
Animals and Treatments
Prior to the initiation of the study, 8 ruminally cannulated Angus and Angus-crossed beef cows were provided ad libitum access to orchardgrass hay (Dactylis
glomerata) for 65 d to wash out any potential carryover
effects to grazing toxic endophyte-infected fescue pastures. Cows were then brought to JARTU on d −9, which
began the first day of the 10-d (d −9 to 0) adaptation period. At that time, cows were estrus synchronized utilizing
the 7 d CO-Synch + controlled internal drug-releasing
device (Eazi-Breed CIDR, Pfizer Animal Health, New
York, NY) synchronization protocol. On d −9, each cow
received a 2-mL i.m. injection of GnRH (Cystorelin,
Merial, Iselin, NJ) and a CIDR inserted in the vagina. On
d −2, the CIDR was removed, and the cows each received
a single 5-mL i.m. injection of PGF2α (Lutalyse, Pfizer
Animal Health, New York, NY). On d 0 cows each received another 2-mL i.m. injection of GnRH (Cystorelin,
Merial) to stimulate ovulation. On d 0 and 1, transrectal

ultrasonography was used by a trained technician to select the 4 cows that were most responsive to the estrus
synchronization protocol. Immediately after ultrasonography, treatments were randomly assigned to the 4 cows
that possessed the largest dominant follicles, whereas the
remaining 4 cows were discontinued from the study and
returned to the experiment station.
The 4 selected ruminally cannulated, nonlactating,
cyclic cows (approximately 2.5 yr of age; 539 ± 30 kg)
were used in a 2 × 2 factorial arrangement of treatments
utilizing a 4 × 4 Latin square design with 4 periods of 31
d each. Cows received a basal diet of orchardgrass hay
(10.3% CP and 85% NDF; OM basis) fed ad libitum
during the adaptation (d −9 to 0) and collection (d 1 to
21) periods at 0700 and 1700 h each day. During each
21-d treatment period , cows were assigned 1 of the 4
treatments: 1) rumen-protected Arg (180 mg/kg BW)
and toxic endophyte-infected fescue seed, 2) rumenprotected Arg (180 mg/kg BW) and endophyte-free fescue seed, 3) toxic endophyte-infected fescue seed alone,
or 4) endophyte-free fescue seed alone. A level of 180
mg/kg BW of arginine has been shown to improve vascular hemodynamics in steers (Meyer et al., 2011) and
sheep (Saevre et al., 2011). Treatments were given intraruminally to each cow to reduce variation in supplement intake. Toxic endophyte-infected (15.5% CP and
59% NDF; OM basis) and noninfected (15.9% CP and
59% NDF; OM basis) tall fescue seeds were fed at 0.5
kg of ground seed twice daily. Toxic endophyte-infected
seed was purchased from Turner Seed Inc. (Winchester,
KY; Falcon IV: 2.24 mg/kg ergovaline, 1.71 mg/kg ergovalinine) and the endophyte-free seed was purchased
from Tennessee Farmer’s Cooperative (Monticello, KY;
Kentucky 32: 0.02 mg/kg ergovaline, 0.00 mg/kg ergovalinine). Cows were housed in individual pens (2.4
× 4.8 m) at JARTU with automatic individual waterers. A 42-d washout period occurred between treatment periods in which cows grazed eastern gamagrass
(Tripsacum dactyloides) pastures to eliminate any potential carryover effect of the tall fescue treatments. The
42-d washout period was selected because of a minimum of 4 to 5 wk required to obtain adequate recovery
from ergot alkaloid exposure (Bussard, 2012).
Tall fescue seed samples were assayed for ergovaline and ergovalinine by HPLC florescence using
a modification of a procedure established by Yates
and Powell (1988). Tall fescue seed treatments were
ground through a 2-mm screen in a Wiley mill (Arthur
H. Thomas Co., Philadelphia, PA) before being dosed
ruminally. Treatments containing Arg were hand
mixed into the ground tall fescue seed before administration into the rumen. Rumen-protected arginine was
prepared at New Mexico State University and had a
rumen protection proportion of 56% (Miller, 2012).
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Sampling
Color Doppler ultrasonography was used on d 1,
5, 10, 15, and 20. Each scanning period began at approximately 1400 h and ended at approximately 1600 h.
Color Doppler scans of the median caudal artery under
the fourth coccygeal vertebra (Aiken et al., 2007, 2009)
of the tail were analyzed using a GE Healthcare LOGIQ
e Vet (GE Healthcare, Chicago, IL) with a 12L-RS linear
array transducer set to 2.5-cm depth. To determine the
mean artery lumen area, 5 cross-sectional scans were
taken for each cow, using brightness mode (B-Mode).
Each individual scan was frozen during maximal flow or
peak systolic phase, and then frames were saved within
the memory of the ultrasound. The median caudal artery
diameter 1 (cm), diameter 2 (cm), area (cm2), and circumference (cm) were traced utilizing the ellipse method. Brightness mode pulse frequency was set at 8 MHz,
and gain was set at 66. Five color Doppler images were
also scanned in a longitudinal transducer orientation.
Color Doppler pulse frequency was set at 5 MHz, and
gain was set at 13.5. Doppler insonation angle was set
to 60° to retrieve a good color signal. Peak systolic velocity, end diastolic velocity, mean velocity, resistance
index, and pulsatility index were measured over a cardiac cycle within each of the 5 scans and then averaged.
Pulsatility index and resistance index were both used as
measures of resistance within the blood vessel (Petersen
et al., 1997). Throughout the experiment, all measurements were taken by the same trained technician.
On d 7, a CIDR was reinserted in the vagina of each
cow to manipulate the estrous cycle to provide a sustained source of progesterone. A 5-mL i.m. injection of
PGF2α (Lutalyse, Pfizer Animal Health) was administered on d 7 and 8 to ensure regression of any corpus luteum present on the ovaries, and the CIDR was removed
on d 19. On d 20 an intravenous catheter was inserted
in the jugular vein of each cow 1 h prior to intensive
blood sampling. A 12-gauge hypodermic needle (Ideal
Instruments, Schiller Park, IL) was used to puncture
the jugular vein. Approximately 0.45 m of Tygon tubing (0.10 cm i.d., 0.18 cm o.d.; Cole-Parmer Instrument
Company, Vernon Hills, IL) was introduced through the
needle and into the jugular vein. The remaining tubing
was secured with adhesive tape to the neck of the cow
and down the middle of the back. A blunt-end 18-gauge
needle (Salvin Dental Specialties, Charlotte, NC) was
inserted into the end of the catheter, and a 10-mL syringe was used as a tubing end cap. Eighteen hours after
removal of CIDR, 9-mL blood samples were collected
every 10 min for 6 h and then once every hour for 12 h.
For the intensive bleeding period, cows were housed in
individual bleeding stanchions (0.91 × 2.4 m). Catheters
were flushed with 5 mL of a 0.9% sterile saline immediately before and after each collection time. After collec-
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tion, 9-mL blood samples were placed in Corvac serum
separator tubes (Corvac, Sherwood Medical, St. Louis,
MO). Blood samples were cooled and subsequently centrifuged for 20 min at 2,000 × g at 4°C. Serum was collected and stored at −20°C in plastic vials for later analysis. Serum samples were assayed for LH concentrations
by RIA using the procedures of Moura and Erickson
(1997). Inter- and intra-assay CV were less than 13%,
and sensitivity of the assay was 31.3 pg/mL. The number of LH pulses during the 18-h blood sampling period
was determined by taking the overall LH mean concentration and then adding 1 SD. Any value greater than the
LH mean plus SD was considered a pulse. In addition,
LH amplitude was determined by taking the concentration of LH from the baseline to the top of the peak
(Goodman and Karsch, 1980). Blood samples collected
at 0 (prior to supplemental treatments), 0.5 (postsupplemental treatments), 1, 2, 4, 6, 8, 10, and 12 h were also
utilized to analyze circulating NO (Cayman Chemical
Company, Ann Arbor, MI) using a commercial kit.
Statistical Analysis
The normality of data distribution was evaluated
using the PROC UNIVARIATE procedure (SAS Inst.
Inc., Cary, NC), and all data were found to be normally
distributed. Circulating blood metabolite concentrations and peripheral blood flow measurements were
analyzed with sample time as the repeated factor and
cow (period) as the subject with compound symmetry
as the covariance structure using the MIXED procedures of SAS. The compound symmetry covariance
structure was determined to be the most desirable covariance structure according to Akaike’s information
criterion. The fixed-effect model included treatment,
sample time, treatment × time interaction, and period as
an independent variable. Random effect included cow.
The LSMEANS option was used to calculate treatment
means. The separation of main effects and any interactions was accomplished using the PDIFF statement.
RESULTS AND DISCUSSION
Serum Luteinizing Hormone
Mean serum LH concentration exhibited (P =
0.02; Table 1) an Arg × tall fescue seed type interaction. Cows consuming toxic endophyte-infected tall
fescue seed without Arg had decreased (P < 0.05) LH
concentrations. However, when cows were fed toxic
endophyte-infected tall fescue seed with Arg, serum
LH concentrations were similar (P ≥ 0.67) to those of
cows consuming endophyte-free tall fescue seed with
and without Arg. Postruminal infusion of Arg has been
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Table 1. Effects of rumen-protected arginine and fescue seed type on serum LH dynamics in young beef cows
RP-Arg1
0
Measurement
LH mean, ng/mL
LH peaks, No.
LH amplitude, ng/mL

Endophyte free
0.49a
8.3
1.37a

180
Fescue seed2
Infected
Endophyte free
0.13b
0.53a
5.8
7.8
0.78b
1.41a

Infected
0.45a
7.9
1.21a

SEM
0.07
0.80
0.09

Arg
0.04
0.48
0.05

P-value
Fescue
0.05
0.09
0.02

Arg × fescue
0.02
0.16
0.10

a,bMeans

with different superscripts differ (P ≤ 0.05).
(RP-Arg) supplement fed at 0 or 180 mg/kg of BW.
2Endophyte-free tall fescue seed supplement fed at 0.5 kg twice daily; toxic endophyte-infected tall fescue seed supplement fed at 0.5 kg twice daily.
1Rumen-protected Arg

reported to increase mean plasma LH concentration in
prepubertal ewes (Recabarren et al., 1996). In the current study, mean LH was reduced (P = 0.03) in cows
fed toxic endophyte-infected tall fescue seed compared
to endophyte-free tall fescue seed; however, no difference (P = 0.60) was found between cows receiving Arg
with either tall fescue seed type. Similarly, McKenzie
and Erickson (1991) observed a 23% decrease in mean
LH concentration in 3-mo-old heifers consuming toxic
endophyte-infected tall fescue hay. Furthermore, LH
concentrations were reduced after ergotamine treatment in steers (Browning et al., 1997), Holstein cows
(Browning et al., 1998), and rats (Raj and Greep, 1973).
Christopher et al. (1990) reported that gonadotropes
were adversely affected when heifers consumed endophyte-infected tall fescue. There was no interaction (P =
0.16) of Arg and tall fescue seed type on the number of
LH peaks; cows receiving toxic endophyte-infected tall
fescue seed tended (P = 0.09) to have a lower number of
LH peaks compared to those receiving endophyte-free
tall fescue seed. In addition, the number of LH peaks
was not influenced (P = 0.48) by inclusion of Arg in the
diet. In contrast, ewes infused with Arg had a greater
percentage of LH pulses that were >1 ng/mL than ewes
not receiving Arg (Recabarren et al., 1996).
Luteinizing hormone amplitude tended (P = 0.10;
Table 1) to be influenced by Arg × tall fescue seed type
interaction. The tendency for the interaction was due
to the effect that rumen-protected Arg had on cows fed
toxic endophyte-infected tall fescue seed. Luteinizing
hormone amplitude was reduced (P < 0.01) for cows
receiving toxic endophyte-infected tall fescue seed
compared to endophyte-free tall fescue seed cows or
Arg-supplemented cows with and without toxic endophyte-infected seed. Similarly, Browning et al. (1997)
reported a decrease in LH amplitude in steers after intravenous ergotamine tartrate infusions. Within the toxic
endophyte-infected fescue seed treatments, rumen-protected Arg increased (P = 0.04) LH amplitude in cows
fed toxic endophyte-infected tall fescue seed compared
to cows receiving no rumen-protected Arg with toxic endophyte-infected tall fescue seed. In contrast, Recabarren

et al. (1996) reported no difference in mean LH pulse
amplitude when prepubertal ewes received Arg infusions. These results indicate that Arg supplementation in
young cows irrespective of toxic endophyte-infected tall
fescue may stimulate LH secretion and therefore affect
ovarian function and reproductive cyclicity.
Serum Nitric Oxide
Circulating NO concentrations tended to be influenced (P = 0.09; Table 2) by the interaction of Arg ×
tall fescue seed type. Nitric oxide concentrations were
reduced (P < 0.05) for cows receiving toxic endophyteinfected tall fescue seed compared to cows receiving
endophyte-free tall fescue seed or Arg-supplemented
cows with and without toxic endophyte-infected seed.
In cows receiving endophyte-free fescue seed, NO
concentrations were not altered (P = 0.68) by the addition of rumen-protected Arg to the diet. In contrast,
Morris et al. (2000) reported a significant increase in
circulating NO concentrations in healthy adult humans
receiving oral Arg supplementation. Furthermore, Arg
supplementation in rats resulted in increased endothelial NO production (Kohli et al., 2004). However, Liu
et al. (2009) reported no difference in NO production
in adult male humans supplemented with Arg, but subjects received Arg for only 3 d prior to NO metabolite analysis. At normal physiological concentrations
of Arg in healthy individuals, NO production may be
limited because of saturated levels of NO synthase
(Luiking et al., 2010). Thus, Arg supplementation may
not increase NO synthase activity; consequently, no
further NO production would be observed. In contrast,
Al-Tamimi et al. (2007) reported a decrease in nitrate
and nitrite concentrations in rats receiving toxic endophyte-infected tall fescue diets, indicating reduced endogenous NO production. However, the tendency for
NO concentrations to be greater when cows received
toxic endophyte-infected tall fescue seed with Arg
may be explained by the fact that NO production is
increased by Arg supplementation only in individuals
with endothelial dysfunction (Alvares et al., 2012).
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Table 2. Effects of rumen-protected arginine and fescue seed type on circulating serum nitric oxide in young
beef cows
RP-Arg1
0
Measurement
Nitric oxide, µM

Endophyte free
4.88a

180
Fescue seed2
Infected
Endophyte free
4.26b
4.68a

Infected
4.77a

SEM
0.16

Arg
0.48

P-value
Fescue
0.24

Arg × fescue
0.09

a,bMeans

with different superscripts differ (P ≤ 0.05).
(RP-Arg) supplement fed at 0 or 180 mg/kg of BW.
2Endophyte-free tall fescue seed supplement fed at 0.5 kg twice daily; toxic endophyte-infected tall fescue seed supplement fed at 0.5 kg twice daily.
1Rumen-protected Arg

Color Doppler Ultrasonography
Median caudal artery area (P = 0.03; Table 3) and
diameter (P = 0.01) were reduced in cows receiving toxic endophyte-infected tall fescue seed compared to cows
receiving endophyte-free tall fescue seed. Likewise, median caudal artery area has been reported to decrease for
beef heifers receiving toxic endophyte-infected tall fescue seed compared to heifers receiving endophyte-free
tall fescue seed (Aiken et al., 2007, 2009). Furthermore,
Aiken et al. (2013) reported a decrease in median caudal
artery area when steers grazed toxic endophyte-infected
tall fescue compared to steers grazing endophyte-free
tall fescue pastures. Osborn et al. (1992) reported a
decrease in blood flow to various peripheral tissues in
steers consuming a toxic endophyte-infected tall fescue
diet during thermoneutral and elevated environment
temperatures. This reduction in blood flow may lead to
a reduced ability for the animal to dissipate heat, therefore leading to elevated peripheral and core body temperatures (Rhodes et al., 1991) and increased respiration
rates. Rumen-protected Arg did not influence (P ≥ 0.84)
either mean caudal area or caudal diameter. In agreement, Yunta et al. (2015) reported no differences in uterine artery diameter in dairy heifers receiving daily intraperitoneal infusions of 40 mg Arg/kg BW.
Peak systolic velocity (PSV) did not differ (P = 0.35;
Table 3) between tall fescue seed treatments. Likewise,
Aiken et al. (2009) did not report a difference in PSV
for beef heifers treated with toxic endophyte-infected
tall fescue seed. In contrast, Aiken et al. (2007) reported
an increase in PSV from baseline at 76 h in beef heifers
after consumption of toxic endophyte-infected tall fescue seed compared to those consuming endophyte-free
tall fescue seed. Furthermore, PSV did not differ (P =
0.59) when cows receiving rumen-protected Arg were
compared to cows not receiving Arg. In contrast, PSV
in the corpus luteum increased in ewes treated with 90
and 360 mg/kg BW of rumen-protected Arg compared
to ewes not receiving rumen-protected Arg (Saevre et
al., 2011). However, end diastolic velocity (EDV) was
lower (P = 0.05) for cows receiving endophyte-free tall
fescue seed than for those receiving toxic endophyte-

infected tall fescue seed. In contrast, Aiken et al. (2007)
reported no difference in EDV in beef heifers receiving
either toxic endophyte-infected or endophyte-free tall
fescue seed. End diastolic velocity showed a tendency to
decrease (P = 0.09) when cows received rumen-protected Arg. This tendency was driven by an increase in EDV
for cows receiving toxic endophyte-infected fescue seed
rather than Arg altering EDV. However, the Arg × fescue
seed type interaction was not significant (P = 0.14) for
EDV. Mean velocity was greater (P = 0.01) for cows receiving rumen-protected Arg compared to those that did
not receive Arg. In agreement, Ohta et al. (2007) reported an increase in blood velocity in rats fed Arg at 50 and
150 mg/kg BW. Mean velocity did not differ (P = 0.68)
for cows receiving toxic endophyte-infected tall fescue
seed and those receiving endophyte-free tall fescue seed.
Likewise, other studies reported that toxic endophyteinfected tall fescue seed did not influence mean velocity
in beef heifers compared to those receiving endophytefree tall fescue seed (Aiken et al., 2007, 2009).
Cows receiving toxic endophyte-infected tall fescue seed had a decreased (P = 0.03) resistance index
(RI) compared to cows receiving endophyte-free tall
fescue seed. Furthermore, RI was increased (P = 0.05)
in cows receiving Arg compared to cows that did not
receive Arg. In addition, pulsatility index (PI) was
greater (P = 0.03) for heifers receiving endophytefree tall fescue seed compared to those receiving toxic
endophyte-infected tall fescue seed. However, Aiken
et al. (2007) reported no difference in PI in heifers
receiving toxic endophyte-infected tall fescue seed
versus those receiving endophyte-free tall fescue seed.
Furthermore, PI did not differ (P = 0.15) for cows receiving Arg compared to cows not receiving Arg. In
contrast, rumen-protected Arg did not influence RI
and PI in the CL or ovarian hilus in ewes (Saevre et
al., 2011). Blood flow was influenced (P = 0.05) by
the interaction of Arg × tall fescue seed type. Blood
flow was unaffected by tall fescue seed type. Blood
flow was increased in cows receiving Arg compared
to cows that did not receive Arg. Overall, supplementing Arg improved the rate of blood flow in cows that
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Table 3. Effects of rumen-protected arginine and fescue seed type on caudal blood flow parameters in young beef cows
RP-Arg1
0
Measurement
Endophyte free
Area, mm2
5.65
Diameter, mm
3.60
PSV,3 cm/s
54.09
EDV,4 cm/s
3.47
MNV,5 cm/s
35.84
Resistance index6
0.94
Pulsatility index7
1.44
Blood flow,8 mL/min
572a

180
Fescue seed2
Infected
Endophyte free
5.20
5.89
3.31
3.75
52.70
57.99
7.66
3.33
38.57
43.31
0.87
0.95
1.23
1.28
629a,b
793c

P-value
Infected
5.09
3.24
52.64
3.92
42.26
0.93
1.21
670b

SEM
0.25
0.20
2.92
1.22
1.99
0.02
0.07
58

Arg
0.84
0.89
0.59
0.09
0.01
0.05
0.15
0.01

Fescue
0.03
0.01
0.35
0.05
0.68
0.03
0.03
0.46

Arg × fescue
0.39
0.38
0.58
0.14
0.39
0.21
0.28
0.05

a–cMeans

with different superscripts differ (P ≤ 0.05).
(RP-Arg) supplement fed at 0 or 180 mg/kg of BW.
2Endophyte-freetall fescue seed supplement fed at 0.5 kg twice daily; toxic endophyte-infected tall fescue seed supplement fed at 0.5 kg twice daily.
3PSV = peak systolic velocity.
4EDV = end diastolic velocity.
5MNV = mean velocity.
1Rumen-protected Arg

6Resistance

index (RI) was calculated as RI = (PSV − EDV)/PSV.
index (PI) was calculated as PI = (PSV − EDV)/MNV.
8Blood flow was calculated as BF = MNV × cross-sectional diameter × 60.
7Pulsatility

received endophyte-free tall fescue seed compared to
non-Arg endophyte-free tall fescue seed cows.
Caudal hemodynamics in the current study was altered more by fescue seed type than the additional rumen-protected Arg. As expected, cows receiving toxic
endophyte-infected tall fescue seed experienced vasoconstriction. Furthermore, rumen-protected Arg did not
alter caudal area or diameter. This response was unexpected because of the influence Arg has on NO synthesis. Overall, these results may indicate that either Arg
supplementation was inadequate to elicit a vasodilation
effect in cows consuming toxic endophyte-infected tall
fescue seeds; however, Arg supplementation at 180 mg/
kg BW did increase caudal blood flow.
Overall Conclusions
Supplementing young cows grazing toxic endophyte-infected tall fescue with rumen-protected arginine
may offset negative effects of decreased blood flow and
LH concentration. The inclusion of rumen-protected Arg
with toxic endophyte-infected tall fescue seed led to an
increase in artery blood velocity and serum LH concentrations. This increase in peripheral blood velocity may
lead to increased nutrient and hormone uptake. The increase in LH during the follicular phase may provide
an optimal environment for ovulation, oocyte quality,
corpus luteum function, and subsequent embryonic development competence. Thus, this study indicates that
supplying additional postruminal arginine in livestock
grazing toxic endophyte-infected tall fescue may be ben-

eficial and potentially mitigate some negative effects of
fescue toxicosis in regard to blood flow and cow fertility.
However, future research will be needed to quantify if
these results translate in an applied production setting.
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