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Abstract

Fescue toxicity is a nutritional-related disease generated in a forage-based beef herd exposed to ergot alkaloids (i.e. ergovaline) 
present in endophyte-infected tall fescue that produces important economic losses. The combination of a genetic test for 
susceptibility to fescue toxicity and supplementation with rumen-protected niacin could potentially reduce the toxic effects 
of ergovaline on beef cow and heifers’ reproductive performance during mid-gestation by improving uterine blood flow. Our 
main objective was to use color Doppler ultrasonography to evaluate the occurrence of any alteration in uterine arterial blood 
flow in pregnant, genotyped beef cows and heifers exposed to endophyte-infected tall fescue seeds and supplemented with 
rumen-protected niacin. We hypothesize that genetically-tested susceptible control beef cows will have narrower uterine 
arteries and decrease blood flow as compared to tolerant cows that received rumen-protected niacin. Rumen-protected niacin 
was selected for this study due to its well-known effect as a vasodilator. Therefore, it might help cope with blood vessel 
constriction generated by ergovaline present in endophyte-infected tall fescue seeds. Results showed the negative effect of 
exposure to ergovaline in the uterine blood flow of pregnant beef cattle through an increase in the resistivity index. No Doppler 
parameters detected positive effects of genetic and nutritional treatments.
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Introduction

Tall fescue [Lolium arundinaceum (Schreb.) Darbysh] 
is a widely adapted, cool season perennial grass present in 

over 14 million hectares in the Southeastern United States 
[1]. Most tall fescue plants are naturally infected with an 
endophyte, Epichloë coenophiala [2], which produces ergot 
alkaloids (e.g., ergovaline), known to induce fescue toxicity 
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in livestock, causing adverse effects on their performance 
[3-5]. Economic losses associated with tall fescue toxicity 
have been estimated to be close to $3.5 billion annually [6]. 
In order to mitigate these economic losses to benefit the 
forage-based livestock industry, we determined whether 
a combination of a genetic test for susceptibility to fescue 
toxicity and supplementation with rumen-protected niacin 
(RPN) could potentially reduce the toxic effects of ergovaline 
on beef cow and heifer reproductive performance during 
mid-gestation by improving uterine blood flow.

All ergot alkaloids, especially ergovaline, are vasoactive. 
Therefore, vasoconstriction can occur in peripheral 
vasculature of animals grazing fescue [7]. One of the most 
common fescue toxicity symptoms is associated with 
extremity vasoconstriction [8]. Furthermore, the results of 
a previous study indicated that a chronic exposure to ergot 
alkaloids from endophyte-infected tall fescue seed reduced 
ovarian and uterine vessel area, restricting blood flow to the 
reproductive organs [9]. To counteract this negative effect, 
rumen-protected niacin was selected for this study due to its 
well-known effect as a vasodilator; hence, we hypothesize 
that rumen-protected niacin might help to cope against blood 
vessel constriction generated by toxic levels of ergovaline 
present in endophyte-infected tall fescue seeds.

Trans-rectal color Doppler ultrasonography has been 
established as a method for obtaining more precise and 
objective ultrasound measurements. In veterinary medicine, 
this procedure was first applied to examine cyclic changes in 
uterine blood flow in cows [10]. It is a non-invasive technique 
used to examine potential disturbances in uterine blood flow 
at any stage of gestation [11]. Therefore, our main objective 
was to use color Doppler ultrasonography to evaluate the 
occurrence of any alteration in uterine arterial blood flow 
in pregnant, genotyped beef cows and heifers exposed to 
endophyte-infected tall fescue seeds and supplemented with 
RPN. We hypothesize that genetically-tested susceptible 
control beef cows and heifers will have narrower uterine 
arteries and decrease blood flow as compared to tolerant 
cows and heifers that received RPN. The possibility to select 
tolerant animals to fescue toxicity and supplement them with 
RPN could mitigate the economic losses that beef producers 
from the South East of the United States are currently facing.

Materials and Methods

All procedures for this study were conducted in 
accordance with a protocol approved by the Auburn 
University Institutional Animal Care and Use Committee 
(IACUC) protocol # 2019-3484. Hair samples were 
collected from a total of 153 Angus × Simmental cows and 
53 replacement heifers from the Alabama Agricultural 

Experiment Station Black Belt Research and Extension 
Center (Marion Junction, AL) by pulling approximately 20-
30 hairs from the animal’s tail switch, making sure that hair 
roots were present in the sample. Tolerant and susceptible 
animals were selected based on information obtained from a 
genetic test for tolerance to fescue toxicity (Agbotanica, LLC, 
Columbia, MO). This genetic test provides a tolerance index 
and results are usually presented to cattle producers in a 
six-point star rating scale for most susceptible animals (zero 
stars) or most tolerant animals (five stars). After receiving 
the results from the genetic test, a total of 28 pregnant 
animals (i.e., beef cows and heifers) between 6 and 7 months 
of gestation were selected for the study and separated into 
two groups of 14 animals tolerant to fescue toxicity (Star 
rating = 4 and 5 stars) and 14 animals susceptible to fescue 
toxicity (Star rating = 0 and 1 star). This research study is 
considered a pilot study. The results presented here belong 
to a broader study whose main objective was to carry out 
transcriptome studies in the offspring’s liver. Therefore, the 
sample size used in this study was established based on a 
power analysis contemplating this type of analysis.

The two groups were transported to the Auburn 
University Beef Cattle Evaluation Center (Auburn, AL) for 
the RPN supplementation phase of this trial. Within these 
two groups, seven randomly selected animals received 
supplemental RPN (AnevisTM, QualiTech, Inc., Chaska, MN) 
and seven animals received a control diet without RPN. 
Therefore, there were four different groups: susceptible 
control (SC), susceptible niacin (SN), tolerant control (TC) 
and tolerant niacin (TN) (Figure 1). Treatments SC, SN and 
TN consisted of four heifers and three cows and, TC group 
was represented by five heifers and two cows. Ideally, 
animals of similar age should be used in research studies, 
but we did not count with enough heifers genotyped as 
susceptible or tolerant to fescue toxicity; therefore, we added 
cows pregnant with their second calf to the study.

Rumen-protected niacin was top-dressed in the RPN-
supplemented diet, using manufacturer’s recommended 
maximum dose of 6g/hd/day. The supplemental diet 
consisted of ground corn and soybean meal pellets 
(50:50) mixed with endophyte-infected tall fescue seeds 
and 6% molasses. The amount of fescue seeds provided 
was established based on the ergovaline concentration. 
Ergovaline concentration in fescue seeds was 5,000 ppb on 
a DM basis, as measured by HPLC (detection limit = 25 ppb) 
[12] at the Veterinary Medical Diagnostic Laboratory of the 
University of Missouri. The daily dose of ergovaline required 
to produce characteristic signs of fescue toxicity in beef 
cattle range from 10 µg/kg BW/day [13] to 20 µg/kg BW/
day [14]. Therefore, a maximum ergovaline concentration 
of 20 µg/kg of BW/day was provided through toxic fescue 
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seed supplementation. Cows and heifers were trained to 
a Calan gate system (Northwood, NH) to ensure a daily 
supplementation of 6 grams of RPN, which allowed use of the 
individual cow/heifer as the experimental unit. In order to 
have a fall-calving season starting August until late October 
2019, animals were bred from November 2018 to January 

2019. Animals began receiving RPN supplementation when 
they were on average 6 months pregnant, and received RPN 
supplementation for approximately 30 days. They returned 
to Black Belt Research and Extension Center in August 2019, 
one month before the expected calving date of the animals 
that were bred by AI in November 2018.

Figure 1: Experimental design and study timeline.

Doppler ultrasound measurements were performed by 
a single operator using a SonoScape X5 digital color Doppler 
ultrasound system (SonoScape Medical Corp., Guangdong, 
China) equipped with an intracavitary 16.0-4-MHz linear 
transducer (L741V) adapted for trans-rectal examination 
in large domestic animals. All observations started at 06:00 
h  and the cows and heifers were properly restrained. This 
study was performed when cows and heifers were in mid-
gestation in the month of July. During summer months, there 
is a higher chance to detect fescue toxicity in cows grazing 
endophyte-infected tall fescue grass. We only considered 
the mid-gestation period for this study because it coincides 
with the time of highest probability of developing fescue 
toxicity. Doppler ultrasound measurements were collected 
when cows and heifers were on average 180, 188, 195 
and 205 days pregnant (Figure 1). Observations lasted 
approximately 30 min for each cow. The uterine arteries 
ipsilateral and contralateral to the conceptus were scanned 
weekly during the 30-day RPN supplementation period. 
The uterine artery was examined using a method previously 
described [11,15]. In brief, the uterine artery was identified 
within the mesometrium near its origin at the rudimentary 
umbilical artery and near the external iliac artery. At this 

location, uterine blood flow spectral tracing was obtained 
using pulsed wave Doppler by placing the Doppler gate over 
the uterine artery, adjusted to the diameter of the vessel and 
angle corrected. B mode ultrasound images were obtained 
with the same machine to provide information on anatomical 
structure of soft tissue. The height, width, diameter and 
circumference were the parameters evaluated in middle 
uterine arteries. Circumference is presented in two forms, as 
tracing of the arteries in the Doppler machine and through 
the calculation of the circumference using π × diameter, 
or 2 π r (Table 1). To optimize ultrasound image texture, a 
dynamic range (DR) of 170 was used and µScan (µS) equal to 
2 was used to improve the image quality. Finally, the option 
power (PWR) was used at 100% to have the maximum 
ultrasound acoustic power produced by the probe in the B 
mode. Uterine blood flow was measured using pulsed wave 
Doppler (PW) mode. Doppler PW mode measures velocity in 
a sample volume and displays the information in a spectral 
trace with audio output. The following variables were 
determined: height, width, peak systolic velocity (PS), end 
diastolic velocity (ED) and resistivity index (RI). The RI was 
calculated using the formula: RI = [(PS-ED)/PS].
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Variable Height Width Circ. 
(traced)

Radius 
(height)

Circ. 
(height)

Radius 
(width)

Circ. 
(width) PS ED RI Gestation

Height 1           

Width 0.60* 1          

Circ. (traced) 0.89* 0.87* 1         

Radius (height) 1* 0.60* 0.89* 1        

Circ. (height) 1* 0.60* 0.89* 1* 1       

Radius (width) 0.60* 1* 0.87* 0.60* 0.60* 1      

Circ. (width) 0.60* 1* 0.87* 0.60* 0.60* 1* 1     

PS 0.21* 0.17** 0.24* 0.21* 0.21* 0.17** 0.17** 1    

ED 0.13*** 0.14** 0.20* 0.13*** 0.13*** 0.14** 0.13** 0.59* 1   

RI -0.04 -0.01 -0.02 -0.04 -0.04 -0.01 -0.01 0.02 0.58* 1  

Gestation 0.19* 0.19** 0.20* 0.19* 0.19* 0.18** 0.19** 0.03 0.03 0.04 1

Table 1: Pearson’s rank correlation coefficients between Doppler ultrasonographic parameters in pregnant, genotyped beef 
cows and heifers supplemented with rumen-protected niacin and exposed to endophyte-infected tall fescue seeds.

Uterine ipsilateral and contralateral arteries height and 
width, circumference traced manually, circumference width 
and height, radius height and width, peak systolic velocity 
(PS), end diastolic velocity (ED) and resistivity index (RI) and 
gestation length, n = 224. Statistically significant differences 
were declared at P < 0.01 denoted as (*), P > 0.01 and < 0.05 
(**) and tendencies at P > 0.05 and < 0.1 (***).

For placentome evaluation, color flow images were 
used. Color flow imaging adds the color-coded qualitative 
information in the B-mode image. Color flow imaging 
is helpful to evaluate the flow, the relevant qualitative 
information, and flow velocity. Furthermore, we used the 
“color flow mapping mode” (CFM Mode), which is a color 
flow imagining technology, which adds the color-coded 
qualitative information concerning the relative velocity and 
direction of fluid motion in the B-mode images. A frequency 
(F) equal to 5 MHz was utilized in order to optimize the 
penetrability and the sensitivity of the color flow. A color 
flow gain (GN) between 120 and 165 was used to optimize 
color flow continuity with less noise interference. A low 
level of wall filter (WF) was used to filter the low-frequency 
noise from tissues, such as the vascular wall. Furthermore, a 
pulse repetition frequency (PRF) of 3 MHz was used to adjust 
the velocity scale. Diameter, circumference, and blood flow 
were recorded in the placentomes and in the uterine arterial 
walls. The device calculated all indices automatically and 
they were saved on a USB removable disk. Changes over time 
in the mentioned parameters were compared between the 
treatment groups at 4 different time points.

Statistical Analysis 

Data were analyzed with linear mixed models using the 

GLIMMIX procedure of SAS (ver. 9.4; SAS Institute Inc., Cary, 
NC). Fixed effects in the statistical model for each response 
variable analyzed (e.g., uterine artery width and height) 
included genetic test results (susceptible and tolerant), 
dietary treatment (RPN and control), side (ipsilateral and 
contralateral), time (four weekly measurements from each 
cow, with the repeated measurements analyzed using 
a heterogeneous first-order autoregressive correlation 
structure), and their interactions. Animal category (i.e., cow 
or heifer) and gestation length were included as covariates. 
Significant differences were declared at P < 0.05.

The full statistical model used was: Yijklmn = μ + Ti + Dj + 
Wk + Sl + Cm + Gn + (T × D)ij + (T×W)jk + (T × S)il + (D × W)jk + 
(D × S)jl + (W × S)kl + (T × D × W)ijk + (T × D × S)ijl + (T × W × S)
ikl + (D × W × S)jkl + (T × D × W × S)ijkl + εijklmn; where, Yijkl is the 
variable of interest; μ is the overall mean; Ti is the fixed effect 
of time (4 levels); Dj is the fixed effect of the genetic test (2 
levels); Wk is the fixed effect of cow’s RPN supplementation 
(2 levels); Sl is the side (2 levels); Cm is the category (2 levels); 
Gn is the gestation length; T × D, T × W, T × S, D × W, D × S, and 
W × S are the second-order interactions of the main effects; T 
× D × W, T × D × S, T × W × S, and D×W× S are the third-order 
interactions of the main effects; ; T × D × W × S is the fourth-
order interaction of the main effects; and εijklmn is the random 
error (0, σe

2) associated with Yijklmn. Preliminary analyses 
indicated that none of the interactions were significant (P > 
0.10) in models for any of the variables of interest; therefore, 
models for all variables of interest were reduced to main-
effects-only models: Yijklmn = μ + Ti + Dj + Wk + Sl + Cm + Gn 
+ εijklmn. Comparisons between least-squares means of factor 
levels were performed using 2-sided t-tests, with p-values for 
multiple comparisons adjusted using the Shaffer-Simulated 
method. Finally, correlation analysis was performed using 
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the CORR procedure of SAS.

Results

Animals

Overall, animals under study were in good health 
conditions with no clinical signs of fescue toxicity. 
Nevertheless, excessive salivation was observed in some of 
the dams. More information about the animals under study 
is presented in a complementary publication. Animals had 
a good adaptation to the diet mixed with fescue seeds due 
to the addition of molasses, which increased palatability 
significantly.

Blood Flow in the Uterine Arteries

There were not significant four- or third-order 
interaction between time, genetic and nutritional treatment 
and side for any of the variables analyzed (data not shown). 
We expected to observe significant interactions between 
side and treatments applied due to the presence of the fetus 
in the ipsilateral uterine horn which usually has a greater 
blood flow than the contralateral uterine artery [16], but 
this was not observed in our study. However, there was a 
category effect (i.e., heifer or cow) and a time effect for all the 
variables analyzed (P < 0.01). Resistivity index did not have 
any significant genetic or nutritional effect but values were 
greater for all treatments as compared to reference values 
for pregnant cows’ not exposed to ergovaline in fescue seeds 
(Horizontal lines in Figure 2).

Figure 2: Resistivity index measured by Doppler 
ultrasonography on days post conception 180, 188, 195 and 
205 in the ipsilateral and contralateral uterine arteries in 
pregnant, genotyped beef cows and heifers supplemented 
with rumen-protected niacin and exposed to endophyte-
infected tall fescue seeds.

Treatments: Susceptible Control (SC); Susceptible Niacin 
(SN); Tolerant Control (TC) and Tolerant Niacin (TN). Dashed 
lines represent contralateral side and straight lines represent 
ipsilateral side. Straight and dashed descendent lines across 
graph represent a typical RI value for a pregnant cow non 
expose to ergovaline for its ipsilateral and contralateral 
uterine artery respectively (Data obtained from (Bollwein, et 
al. 2002). Statistically significant differences were declared 
at P < 0.05 and tendencies at P > 0.05 and < 0.1.

There were positive correlations among all the Doppler 
parameters related to uterine arterial area (P < 0.01). 
Resistivity index did not have significant correlations, except 
for the correlation between RI and ED (P < 0.01). Furthermore, 
there were significant positive correlations between PS and 
ED and all the Doppler parameters related to uterine arterial 
area (P < 0.01). A strong positive correlation was observed 
between ED and PS and ED and RI (P < 0.01). Correlations 
between ED and uterine area measurements had tendencies 
for being slightly positive (P = 0.06). Finally, gestation length 
had significant correlations only for uterine area Doppler 
parameters (P < 0.01) but not for Doppler uterine blood flow 
parameters (P > 0.05) (Table 1).

Placentome’s Evaluation

Several Doppler placentome images show inflammation, 
calcification, and/or fibrotic areas. The image of the 
placentome in Fig. 5 has small areas of fibrosis along the 
fetal (outside) border. These findings are consistent with 
ergovaline effects on the placenta [17]. Knowing that each 
placentome have different hemodynamic characteristics, 
placentome’s blood flow was not measured due to the lack of 
certainty of being assessing the same placentome each time 
using the rectal probe.

Discussion

Differences between ipsilateral and contralateral uterine 
arteries are related to a single pregnancy, which leads to 
differences in blood supply in each horn. In species where 
twins are common, like ewes, no differences between sides 
are expected with similar blood supply in each horn [18]. 
We did not detect twin pregnancies. Furthermore, we did 
not observe differences in any Doppler parameter when 
comparing ipsilateral and contralateral uterine horns.

A progressive decrease in uterine arterial height was 
observed throughout the study (Figure 3A). However, an 
opposite pattern was observed in all Doppler parameters 
related to blood vessels area (Figure 3B). Administration of 
toxic fescue seeds in the diet of all animals under study could 
be the reason for the decrease in uterine arterial height. In 
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a previous study, endophyte-infected tall fescue exposure of 
pregnant animals resulted in marked medial proliferation of 

placental vessels with subsequent placental thickening [19].

Figure 3: Doppler ultra-sonographic parameters measured on days post conception 180, 188, 195 and 205 in the ipsilateral 
and contralateral uterine arteries in pregnant, genotyped beef cows and heifers supplemented with rumen-protected niacin 
and exposed to endophyte-infected tall fescue seeds. 

Treatments: Susceptible Control (SC); Susceptible Niacin 
(SN); Tolerant Control (TC); and Tolerant Niacin (TN). 
Dashed lines represent contralateral side and straight lines 
represent ipsilateral side. Statistically significant differences 
were declared at P < 0.05 and tendencies at P > 0.05 and < 0.1

Measurements of blood flow volume usually show an 
exponential increase during pregnancy because the fetus 
is growing and the increased metabolic requirements of 
the fetus are met by a commensurate increase in uterine 
blood flow [20]. Our data did not show this trend (Figure 4). 
However, there was a significant positive correlation between 
gestation length and uterine blood vessel height (Table 1).

Figure 4: Representative sonogram showing the variation 
of blood flow indices measured from the uterine artery in 
pregnant, genotyped beef cows supplemented with rumen-
protected niacin and exposed to endophyte-infected tall 
fescue seeds.

Figure 5: Representative sonogram showing a placentome 
in a pregnant, genotyped beef cow supplemented with 
rumen-protected niacin and exposed to endophyte-
infected tall fescue seeds.

The RI is the negative relationship between the extent of 
resistance in the tissues and vascular perfusion; the greater 
the RI, the lesser the perfusion. The lesser RI is interpreted 
as an increased blood flow to the reproductive organs [21]. 
The RI increases if the proximal conditions remain constant 
and the distal vascular bed constricts. Conversely, a low 
value for the RI indicates decreased impedance of blood 
flow in the distal vasculature [22]. In previous studies, the 
RI decreased significantly in the first 8 months of pregnancy 
[11] and remained at a relatively constant level thereafter 
[23]. In the present study, cows and heifers were on average 
approximately 6 months pregnant at the beginning of 
Doppler measurements; however, no significant decrease in 
RI was observed (Figure 3), which may also be a result of all 
animals on the study were consuming toxic fescue seeds and, 
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some effect on the RI. Consumption of feeds with ergovaline 
is known to have altered uterofetoplacental progestagen 
metabolism leading to alterations in the placenta [17]. 
Chorioallantoic changes following fescue toxicity include 
edema, smooth muscle hyperplasia, mucoid degeneration 
of vessels and fibrosis [17]. These changes occur following 
anoxia due to vasoconstriction. Lipomatosis, also called fat 
necrosis, is reported to occur as a result of cows consuming 
ergovaline feed stuffs [17]. The lipolytic process can result 
from vasoconstriction, directly or secondarily to a febrile 
condition, or increased oxidative stress which all occur with 
fescue toxicity [17]. The lipolytic process has the ability to 
affect the placentome, the site of maternal-fetal nutrient 
exchange in ruminant animals, and can lead to inflammation, 
fibrosis and calcification of the structure with a resultant 
reduction of blood flow to the fetus and with no significant 
decrease in RI. Additionally, a previous study evaluating 
the response of uterine arteries and umbilical arteries to 
ergovaline, it was found that following consumption of 
ergovaline in ewes, the uterine arteries were not responsive 
to the exposure but the umbilical arteries were responsive 
(P < 0.05) [24]. These findings indicate that maternal blood 
supply to the placenta appears protected from negative 
effects of ergot alkaloids; however, umbilical vasculature is 
not, and this could and does adversely influence fetal growth.

Niacin generates vasodilation [25], producing the 
opposite effect of the ergovaline alkaloid present in 
endophyte-infected tall fescue, which is a vasoconstrictor 
[26,27]. The alkaloid ergovaline inhibits physiological 
peripheral vasodilation, which is an important mechanism 
for temperature homeostasis in cattle. Beef cattle under 
fescue toxicity usually experience heat stress [28]. In our 
study, supplementation of RPN at mid-gestation did not 
exert its expected vasodilator effect in uterine arteries. It 
might be because the uterine arteries were not as affected by 
the ergovaline so the RPN did not have a measurable effect. 
Therefore, there were no improvements in uterine perfusion 
in the cows and heifers under this study. Further studies with 
larger numbers of animals per group and further evaluation of 
umbilical artery and placentomes’ blood flow are warranted 
to clarify the effect of RPN on pregnant, genotyped beef cows 
exposed to endophyte-infected tall fescue seeds.

Conclusion

The use of rumen-protected niacin supplementation in 
mid-gestation on genotyped beef cows and heifers tested 
to be tolerant or susceptible to fescue toxicity did not 
demonstrate any significant effects in uterine blood flow 
parameters measured using Doppler ultrasonography.
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