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Abstract 
 
Cyclopamine, a steroidal alkaloid from Veratrum californicum, is teratogenic causing a 
range of birth defects including cyclopia (synophthalmia) as well as other craniofacial 
and structural malformations. Previous studies have indicated that fetuses with cyclopia 
are smaller, under developed, and appear premature compared to gestational matched 
normal fetuses. Preliminary observations suggest this could be due to placental dysplasia. 
The objective of this study was to determine if there are placental dysplasias in ewes with 
fetuses with synophthalmia and other less severe craniofacial malformations. Ewes were 
dosed orally twice on gestation day (GD) 14 with 0.88 g/kg of dried V. californicum. 
Pregnancy, pre-partum fetal malformations, and placentome diameter were determined 
by ultrasound imaging on GD 45, 60, 75, 105, and 135. At GD 135 the ewes were 
euthanized and the fetuses were assessed for gross malformations and several fetal 
measurements were made as well as several measurements in the ewe. There was no 
difference between the controls and the treated animals in the placentome diameter 
measurements made in utero by ultrasound imaging. The 23 treated ewes were carrying 
26 fetuses. Eleven of the fetuses were cyclopic, nine had other craniofacial malformations 
including maxillary dysplasia, mandibular micrognathia, and superior deviation of the 
rostral mandible, while six fetuses appeared normal. Cyclopic fetuses were smaller than 
fetuses with less severe craniofacial malformations, which were similar in size to normal 
fetuses. The number of placentomes, placentome area, and placentome weight were all 
significantly smaller for ewes with cyclopic fetuses. There was no difference in the size 
or weight of the fetal pituitary glands between the different groups of fetuses. However, 
weights of the fetal adrenal glands were significantly less in the cyclopic fetuses. In 
summary, there appears to be a correlation between the severity of the malformed fetuses 
and placental dysplasia.  
 
Abbreviation   
GD, Gestational Day 
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Introduction 
 
Cyclopia and a number of other teratogenic 
malformations occur in lambs when pregnant ewes 
graze Veratrum californicum early in gestation 
(Binns et al. 1962, Binns et al. 1965, Keeler et al. 
1985, Keeler and Stuart 1987, Keeler 1990). 
Incidences as high as 25 percent were reported in 

flocks of 5,000-10,000 range ewes (Binns et al. 
1963). Early evaluation of the chronology of 
teratogenicity of V. californicum in sheep indicated 
that gestation day (GD) 14 is the critical day for 
synophthalmia malformations to occur (Binns et al. 
1965). Early embryonic death and resorption were 
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later associated with low reproductive rates when 
sheep were grazed in areas with abundant V. 
californicum (Binns et al. 1963, Van Kampen et al. 
1969). The alkaloids responsible for terata induction 
in V. californicum have been identified as jervine, 
11-deoxojervine (renamed cyclopamine), and 
cycloposine (the glycoside of cyclopamine) (Keeler 
and Binns 1968). The mechanism of cyclopamine-
induced birth defects has been shown to result from 
the inhibition of the Sonic Hedgehog signal 
transduction pathway (Cooper et al. 1998, Incardona 
et al. 1998). The Hedgehog signaling pathway plays 
an integral role in cell growth and differentiation, 
including embryonic development of the eyes and 
maxilla (Rubenstein and Beachy 1998, Lum and 
Beachy 2004). 

Previous studies demonstrated that fetuses with 
cyclopia were smaller, under developed, and 
appeared premature compared to normal fetuses of 
similar gestation age (Welch et al. 2009). 
Preliminary observations suggested this could be 
due to placental dysplasia (unpublished 
observations). The objective of this study was to 
determine if there are placental dysplasias in ewes 
with fetuses with synophthalmia and other less 
severe craniofacial malformations.  

 
Materials and Methods 
 
Plant Material 
Root material from V. californicum plants was used 
as the source of cyclopamine for the oral dosing 
experiments in this study. It has been demonstrated 
that both the aerial and root/rhizome portions of the 
plant contain the teratogen cyclopamine (Keeler and 
Binns 1966a), and that both can induce “monkey 
faced lamb” defects (Binns et al. 1965). However, 
the concentration of cyclopamine is 5-10 times 
higher in root material (Keeler and Binns 1966a, 
1966b, 1971). The plant material was collected in 
Muldoon Canyon at the headwaters of the Lost 
River Drainage in Idaho. Plant material was 
transported to our laboratory, air dried in sunlight, 
finely chopped, and stored in an enclosed shed at 
ambient temperature. Extraction of V. californicum 
for cyclopamine analysis was accomplished as 
described previously (Welch et al. 2009). 

 
Animal Studies 
Twenty-seven western white-faced ewes weighing 
78 ± 11 kg were synchronized in estrus using 
intravaginal sponges impregnated with fluorogestone 
acetate (Intervet International B.V., Netherlands). 
Each ewe was hand mated to Suffolk rams 3 times a 

day for 3 days following removal of the intravaginal 
sponges; the last day that each ewe exhibited 
standing estrus was considered day 0 of gestation 
(Keeler and Stuart 1987, Keeler and Baker 1989, 
Jainudeen et al. 2000). Each ewe was dosed at 7 a.m. 
and 3 p.m. on GD 14 with ground plant material in 
order to limit maternal toxic effects of V. 
californicum. Twenty-three ewes were dosed with 
0.88 g V. californicum/kg BW, and four ewes were 
dosed with 0.88 g alfalfa/kg BW as controls.  

Ewes were evaluated via ultrasound imaging for 
pregnancy on GD 30. Pregnancy, pre-partum fetal 
malformations, and placentome diameter were 
determined by ultrasound imaging on GD 45, 60, 75, 
105, and 135. The ewes were examined 
transabdominally using an Aloka SSD-900V scanner 
fitted with a 5 MHz convex electronic transducer 
(Wallingford, CT). The ewes were restrained on 
their backs to facilitate access to the hairless areas of 
the abdominal wall just in front of the udder. All 
ewes, including controls, were euthanized on GD 
135, and the fetuses were assessed for gross 
malformations, and several fetal measurements were 
made as well as several placental measurements as 
listed in tables 2-5. All uterine and placental 
measurements are reported once for each ewe for 
each comparison and not for each fetus. Normal 
gestation for these sheep is approximately 150 days. 
 
Analysis and Statistics 
Statistical comparisons between two groups were 
performed using a Student’s T-test and between 
three or more groups using ANOVA with a 
Bonferroni post hoc test of significance between 
individual groups as pairwise comparisons. 
Differences were considered significant at P < 0.05.   

 
Results 
 
Of the four ewes treated with alfalfa on GD 14, one 
was found to not be pregnant on GD 30 (table 1). 
The remaining three ewes each had normal fetuses 
(five fetuses total) at GD 135. Twenty-three ewes 
were treated with V. californicum on GD 14. Three 
of the 23 ewes were not pregnant on GD 30 (table 
1). Five of the remaining 20 treated ewes were not 
pregnant on GD 135, indicating that embryonic/fetal 
death had occurred in these ewes. Twenty-six fetuses 
were found in the remaining 15 ewes. Eleven of 
those fetuses had cyclopia (synophthalmia), nine had 
other less severe craniofacial malformations (which 
are referred to as monkey-faced fetuses), and six 
were normal. In this study, we use the term 
“cyclopia” to refer to fetuses with a single eye      
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Table 1. Summary of the effects of Veratrum treatment on embryonic loss, birth defects, and 
number of fetuses 

Category Number of 
ewes 

Number of 
fetuses 

Breeding results   
 Control ewes bred 4  
 Control ewes not pregnant on GD 30 1  
 Control ewes pregnant on GD 135 3 5 
 Treated ewes bred 23  
 Treated ewes not pregnant on GD 30 3  
 Treated ewes pregnant on GD 135 15 26 
 Treated ewes with confirmed loss of embryo after GD 30 5  
Type of birth defect     
 Cyclops fetus 8 11 
 Monkey-faced fetus 6 9 
 Normal fetus 7 11 
      Normal fetus from treated ewe 4 6 
      Normal fetus from control ewe 3 5 
 Mix of normal & monkey-faced fetus 1 2 
  Mix of cyclops & monkey-faced fetus 2 4 
Number of fetuses     
 Single 7 7 
      Normal  2 
      Monkey-faced fetus  1 
      Cyclops fetus   4 
 Twins 9 18 
      Normal  9 
      Monkey-faced fetus  5 
      Cyclops fetus  4 
 Triplets 2 6 
      Monkey-faced fetus  3 
       Cyclops fetus   3 

 
 

 
Figure 1. Craniofacial defects in fetuses associated with 
maternal ingestion of V. californicum. 
 
socket. All other fetuses with less severe craniofacial 
malformations that have two eye sockets are referred 
to as monkey-faced fetuses. Various representations 
of the craniofacial malformations are represented in 
figure 1. 

Seven ewes had single fetuses, two normal 
fetuses (one from a treated ewe and one from a 
control ewe), one monkey-faced fetus, and four 
cyclopic fetuses (table 1). Nine ewes had twin 
fetuses, nine normal fetuses (four from control ewes 
and five from treated ewes), five monkey-faced 

fetuses, and four cyclopic fetuses. Two ewes had 
triplet fetuses, three monkey-faced fetuses and three 
cyclopic fetuses. Each set of triplet fetuses were the 
same, i.e., all cyclopic or all monkey-faced. 
However, three of the sets of twins were mixed, one 
set of normal and monkey-faced fetuses and two sets 
of cyclopic and monkey-faced fetuses. 

Ultrasound imaging was used to measure the in 
utero placentome diameter on GD 45, 60, 75, 105, 
and 135 (figure 2). Measurements were recorded for 
each ewe throughout the experiment. Once the 
experiment was over, the ewes were then categor-
ized into either treated or control, depending upon 
their treatment. The ewes were also categorized 
according to the malformations that their fetuses 
had, i.e., normal, monkey-faced, or cyclopic. A 
statistical comparison of the in utero placentome 
diameters demonstrated no difference between 
control and treated ewes (P = 0.16, figure 2A), and 
there was no difference amongst three outcome 
groups (P = 0.19, figure 2B). In both comparisons, 
there was a day effect (P < 0.001), as the placen-
tomes were shown to increase in size from GD 45 to 
GD 60. However, there was no group x day effect 
for either comparison (P = 0.27 and P = 0.41). 
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Figure 2. Diameter of placentomes measured in utero via 
ultrasound imaging. Results represent the mean ± SD of 3 
to 15 ewes per group. (A) Control versus treated ewes; 
(B) ewes with cyclops, monkey-faced, or normal lambs.  
* P < 0.05 as compared to controls. 

 
At GD 135 all ewes were euthanized and their 

gravid uterus was removed. Numerous maternal and 
fetal measurements were made in order to determine 
if either Veratrum treatment or the type of fetus was 
correlated with the development of placentation. 
Due to the complexity and potential confounding 
factors, four different comparisons were performed: 
(1) comparison of treatment, (2) comparison of the 
type of fetuses, (3) comparison of the type of twin 
fetuses, and (4) comparison of the number of fetuses. 
First, the measurements from normal fetuses from 
treated ewes were compared to the measurements 
from the normal fetuses from control ewes to 
determine if Veratrum treatment had any effect 
(table 2). The only difference observed was that the 
fetuses from treated ewes had significantly larger 
adrenal glands as measured by weight (P = 0.001). 
Therefore, for the remaining comparisons, the 
normal fetus data for the treated and control ewes 
were combined in order to increase the sample size 
for statistical power. 

The comparison of the measurements between 
the types of fetus demonstrated that there was a 
difference in the number of placentomes and the 
placentome weight between ewes with normal and 
cyclopic fetuses, with ewes with normal fetuses 
having more placentomes that were also larger (table 
3). The cyclopic fetuses were found to be 
significantly smaller than both the monkey-faced 
and normal fetuses, demonstrated by the lower fetal 
weight and smaller crown to rump length, abdominal 
and thoracic circumference, as well as smaller fetal 
brain and adrenal weights. Of note, a comparison of 
the cyclopic fetus fetal adrenal weights compared to 
only the fetal adrenal weight from fetuses born to 
control ewes is still statistically significant (P <  
0.001). Similarly, the monkey-faced fetuses were 
also found to be smaller than the normal fetuses. In 
general, similar results were observed when 
restricting the comparison of the types of fetuses to 
only fetuses that were part of a set of twins (table 4). 
Notable exceptions were the fact that the gravid 
uterus weight for ewes with cyclopic fetuses was 
less than that of ewes with normal fetuses. Even 
though ewes with twin normal fetuses had more 
placentomes than ewes with twin cyclopic fetuses, 
there was no difference in the average placentome 
weights.  

A comparison of the measurements when 
categorized according to the number of fetuses from 
each ewe found only differences that would be 
expected with increasing number of fetuses in each 
gravid uterus, i.e., the gravid uterus weight, empty 
uterus weight, as well as the allantoic and amniotic 
fluid volumes were larger in ewes with multiple 
fetuses (table 5). The one additional difference 
observed was single fetuses had smaller average 
placentome weights than twin fetuses. 
 
Discussion 
 
Early embryonic development and maternal 
recognition of pregnancy require numerous 
processes to occur at specific times as well as 
specific hormonal balances in the uterine 
environment (DeSesso 2006). This environment is 
created by both the embryo and the uterus 
(Ashworth and Bazer 1989). The importance of 
environment and timing is highlighted by the fact 
that approximately 30 percent of the embryos are 
lost during early development (Dixon et al. 2007). 
The uterus exerts its own influence on embryonic 
development through histotrophic nutrition (Bazer et 
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Table 2. A comparison of normal fetuses from control ewes and normal fetuses from treated ewes 

Measurement Treated ewes  Control ewes 
AVG  SD n AVG  SD n 

Gravid uterus weight (kg) 14.6 ± 3.2 4 12.0 ± 3.2 3 
Empty uterus weight  (kg) 2.5 ± 0.4 4 2.3 ± 0.3 3 
Allantoic & amniotic fluid volume (l) 2.3 ± 0.8 4 1.8 ± 0.7 3 
Number of placentomes 83.0 ± 17.7 4 91.7 ± 3.1 3 
Placentome area  (cm2) 13.3 ± 3.4 4 7.9 ± 1.3 3 
Placentome weight (g) 14.8 ± 1.6 4 12.5 ± 2.7 3 
Fetal weight (kg) 5.6 ± 0.8 6 4.9 ± 0.4 5 
Crown rump length (cm) 51.6 ± 4.0 6 50.5 ± 4.7 5 
Abdominal circumference (cm) 33.2 ± 2.6 6 35.7 ± 2.2 5 
Thoracic circumference  (cm) 35.8 ± 1.7 6 35.9 ± 1.3 5 
Fetal brain weight (g) 56.9 ± 4.8 6 53.6 ± 3.6 5 
Fetal pituitary weight  (g) 0.5 ± 0.3 6 0.2 ± 0.0 5 
Fetal adrenal weight  (g) 0.6 ± 0.1* 6 0.4 ± 0.1 5 
Fetal trachea diameter  (cm) 1.1 ± 0.5 6 0.7 ± 0.1 5 
* = different from control at P < 0.05         
   
Table 3. Comparison of measurements between fetuses with different defects 

Measurement Cyclops fetuses Monkey-faced fetuses Normal fetuses 
AVG±SD n AVG±SD n AVG±SD n 

Gravid uterus weight (kg) 9.2 ± 2.8  8 13.9 ± 5.8  6 13.5 ± 3.2  7 
Empty uterus weight  (kg) 1.8 ± 0.5  8 2.2 ± 0.7  6 2.4 ± 0.4  7 
Allantoic & amnionic fluid volume (l) 3.4 ± 1.2  8 3.5 ± 1.4  6 2.1 ± 0.7  7 
Number of placentomes 59.1 ± 21.6 n 8 76.5 ± 22.0  6 86.7 ± 13.5 c 7 
Placentome area  (cm2) 7.7 ± 1.4  8 8.8 ± 1.8  6 10.9 ± 3.8  7 
Placentome weight (g) 9.5 ± 2.5 n 8 12.0 ± 3.2  6 13.8 ± 2.3 c 7 
Fetal weight (kg) 2.3 ± 0.5 m,n 11 4.2 ± 0.9 c,n 9 5.3 ± 0.7 c,m 11 
Crown rump length (cm) 41.3 ± 4.1 m,n 11 49.0 ± 3.6 c 8 51.1 ± 4.2 c 11 
Abdominal circumference (cm) 27.1 ± 2.6 n 11 28.4 ± 2.5 n 8 34.3 ± 2.6 c,m 11 
Thoracic circumference  (cm) 27.0 ± 1.4 m,n 11 30.9 ± 2.2 c,n 8 35.9 ± 1.5 c,m 11 
Fetal brain weight (g) 13.5 ± 8.6 m,n 11 33.5 ± 10.4 c,n 8 54.2 ± 4.7 c,m 11 
Fetal pituitary weight  (g) 0.3 ± 0.2  11 0.2 ± 0.2  7 0.3 ± 0.3  11 
Fetal adrenal weight  (g) 0.2 ± 0.1 m,n 11 1.5 ± 0.3 c 9 0.6 ± 0.1 c 11 
Fetal trachea diameter  (cm) 0.5 ± 0.3  11 0.9 ± 0.5  9 0.9 ± 0.4  11 
c = different from cyclops fetuses at P < 0.05 
m = different from monkey-faced fetuses at P < 0.05 
n = different from normal fetuses at P < 0.05 
 
Table 4. Comparison of measurements between twin fetuses with different defects 

Measurement Cyclops fetuses Monkey-faced fetuses Normal fetuses 
AVG±SD n AVG±SD n AVG±SD n 

Gravid uterus weight (kg) 11.0 ± 1.1 n 3 13.0 ± 2.8  4 15.2 ± 1.3 c 5 
Empty uterus weight  (kg) 2.0 ± 0.4  3 2.2 ± 0.5  4 2.6 ± 0.2  5 
Allantoic & amnionic fluid volume (l) 3.2 ± 0.8  3 2.7 ± 0.6  4 2.5 ± 0.5  5 
Number of placentomes 56.0 ± 15.7 n 3 77.3 ± 23.7  4 91.8 ± 3.8 c 5 
Placentome area  (cm2) 9.1 ± 0.3  3 8.9 ± 0.5  4 10.9 ± 3.7  5 
Placentome weight (g) 12.3 ± 0.3  3 12.5 ± 1.4  4 14.5 ± 2.3  5 
Fetal weight (kg) 2.6 ± 0.4 m,n 4 4.4 ± 0.7 c 5 5.1 ± 0.7 c 9 
Crown rump length (cm) 44.1 ± 5.0 m,n 4 50.1 ± 1.6 c 4 49.7 ± 2.9 c 9 
Abdominal circumference (cm) 25.6 ± 2.9 n 4 28.7 ± 3.6 n 4 34.0 ± 2.6 c,m 9 
Thoracic circumference  (cm) 27.5 ± 1.4 m,n 4 31.1 ± 2.2 c,n 4 35.7 ± 1.5 c,m 9 
Fetal brain weight (g) 21.3 ± 3.2 m,n 4 35.2 ± 11.7 c,n 5 54.5 ± 5.0 c,m 9 
Fetal pituitary weight  (g) 0.3 ± 0.1  3 0.3 ± 0.1  4 0.3 ± 0.3  9 
Fetal adrenal weight  (g) 0.2 ± 0.1 n 4 0.4 ± 0.2  5 0.6 ± 0.1 c 9 
Fetal trachea diameter  (cm) 0.8 ± 0.4  4 0.8 ± 0.5  5 0.9 ± 0.4  9 
c = different from cyclops fetuses at P < 0.05 
m = different from monkey-faced fetuses at P < 0.05 
n = different from normal fetuses at P < 0.05 
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Table 5. Comparison of measurements between single, twin, and triplet fetuses 
Measurement Single fetus Twin fetuses Triplet fetuses 

AVG±SD n AVG±SD n AVG±SD n 
Gravid uterus weight (kg) 7.6 ± 1.6 2,3 7 13.8 ± 2.4 1 9 15.2 ± 7.6 1 2 
Empty uterus weight  (kg) 1.6 ± 0.4 2,3 7 2.4 ± 0.4 1 9 2.6 ± 0.3 1 2 
Allantoic & amnionic fluid volume (l) 2.8 ± 1.5 3 7 2.7 ± 0.7 3 9 2.5 ± 0.9 1,2 2 
Number of placentomes 58.6 ± 19.0  7 80.1 ± 19.9  9 91.8 ± 3.5  2 
Placentome area  (cm2) 7.9 ± 3.4  7 10.0 ± 2.8  9 10.9 ± 2.8  2 
Placentome weight (g) 8.5 ± 2.8 2 7 13.4 ± 1.8 1 9 14.5 ± 4.0  2 
Fetal weight (kg) 3.5 ± 1.7  7 4.3 ± 1.2  18 5.1 ± 1.7  6 
Crown rump length (cm) 45.7 ± 8.5  7 48.4 ± 3.9  17 49.7 ± 2.9  6 
Abdominal circumference (cm) 30.4 ± 4.1  7 30.8 ± 4.6  17 34.0 ± 2.6  6 
Thoracic circumference  (cm) 30.3 ± 4.6  7 32.7 ± 3.8  17 35.7 ± 1.5  6 
Fetal brain weight (g) 22.3 ± 22.2  7 41.8 ± 15.6  18 54.5 ± 5.0  5 
Fetal pituitary weight  (g) 0.3 ± 0.3  4 0.3 ± 0.2  16 0.3 ± 0.3  4 
Fetal adrenal weight  (g) 0.3 ± 0.2  7 0.4 ± 0.2  18 0.6 ± 0.1  6 
Fetal trachea diameter  (cm) 0.6 ± 0.4  7 0.8 ± 0.4  18 0.9 ± 0.4  6 
1 = different from single fetuses at P < 0.05 
2 = different from twin fetuses at P < 0.05 
3 = different from triplet fetuses at P < 0.05 

 
al. 1993). In addition to uterine secretions, key 
embryonic secretions are also required for a   
synchronous interaction between uterine 
endometrium and embryonic tissues (Koch et al. 
2010). Between GD 8-16 the developing conceptus 
secretes interferon-τ, which is thought to initiate the 
process of maternal recognition of pregnancy and is 
required for normal embryonic development 
(Spencer et al. 2004). Other studies have identified 
embryonic proteins associated with early embryonic 
attachment (Lee et al. 1998). Consequently, any 
alteration to the uterine environment during the early 
stages of development of the embryo can affect the 
ability of the embryo to develop normally, survive, 
and undergo normal parturition. A number of 
compounds that are teratogenic, due to their ability 
to alter the uterine environment or normal 
embryonic development, are plant toxins (Keeler 
1984, Panter et al. 2011). In early studies of 
Veratrum-induced malformations, the observation 
was made that ewes with severely deformed fetuses 
had significantly prolonged gestations as a part of 
the syndrome (Binns et al. 1964, Van Kampen and 
Ellis 1972). In sheep, parturition is initiated by 
increased fetal hypothalamic-pituitary-adrenal 
(HPA) axis activity leading to fetal and maternal 
prostaglandin production and a rise in the maternal 
estradiol-progesterone (E2/P4) ratio (Kumarasamy et 
al. 2005). Estrogen up-regulates the expression of 
maternal endometrial prostaglandins, which 
stimulates myometrial contractility and labor ensues 
(Whittle et al. 2000). Corticotrophin releasing 
hormone (CRH) can stimulate the fetal release of 
ACTH to produce a cortisol surge, which leads to 
the onset of parturition, whereas inhibition of these 
processes can delay the onset of parturition (Chan et 

al. 1998). The placenta also plays an important role 
in normal hormone production, including growth 
hormone (Handwerger and Freemark 2000). 
Consequently, it is possible that veratrum treatment 
is altering normal HPA and/or placental function, 
resulting in delayed parturition and diminished fetal 
growth. 

The observation was made in a recent study that 
a set of twin fetuses from a ewe treated with 
Veratrum appeared to be at different stages of 
development (Welch et al. 2009). A monkey-faced 
fetus was of normal size and fully covered with 
wool, similar to normal fetuses. However, its 
cyclopic twin was approximately two-thirds the size 
and had no wool. Although it is not uncommon to 
have normal twin fetuses of differing size, the 
difference in wool covering of these two twins is 
very unusual. Interestingly, in the same study, 
cyclopic fetuses that were surgically removed on GD 
200 (normal gestation is 150 days) were of normal 
size and were fully covered in wool. Taken together, 
these observations indicate that the development of 
the cyclopic fetuses is hindered, and therefore more 
time is required for the fetus to reach normal weight 
and have normal wool covering. A potential, and 
possibly related, explanation could be deficiency of 
the placentation supporting cyclopic fetuses. The 
observation was made that the placentas from the 
ewes that delivered at GD 200 were not normal as 
the placentomes appeared smaller. Unfortunately, no 
assessments of the placentomes were made from the 
ewes that had delivered normally around GD 150. 
Consequently, the objective of this study was to 
determine if there are placental dysplasias in ewes 
with fetuses with synophthalmia and other less 
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severe craniofacial malformations versus ewes with 
normal fetuses.    

There is evidence that placental growth 
processes during mid-gestation are critical because 
placental size determined during this period may 
have important repercussions during late gestation 
for functional capacity of the placenta to deliver 
nutrients to the fetus (Mellor 1983, Bell et al. 1987). 
In normal pregnancy and fetal development, the 
placental component exhibits a rapid increase in 
tissue weight until GD 75-80 and then declines 
(Ehrhardt and Bell 1995). The endometerium and 
myometrium steadily increase in weight from GD40-
100, more than doubling in weight (Ehrhardt and 
Bell 1995). In this study, we found no difference in 
the uterine weight from a ewe with a cyclopic fetus 
versus a ewe with a normal fetus. However, the 
average placentome weights in ewes with cyclopic 
fetuses were lower than ewes with normal fetuses. 
There is a trend for an increase in placentome 
number from GD 40 to 60 which then remains 
unchanged after GD 60 (Ehrhardt and Bell 1995). In 
this study, we found a significantly lower number of 
placentomes in ewes with cyclopic fetuses versus 
ewes with normal fetuses. Additionally, using 
ultrasound imaging, we determined the maximum 
size of the placentomes to occur around GD 60 for 
ewes with monkey-faced fetuses and GD 75 for the 
remaining ewes (figure 2). Our results are similar to 
those in reported other studies wherein sheep 
placentas have been shown to display a period of 
maximal proliferative growth between GD 50-60 
and an abrupt cessation of mass accumulation 
between GD 75-80 (Ehrhardt and Bell 1995). 
Interestingly, there was no difference in the size 
(diameter) of the placentomes in ewes with cyclopic 
fetuses as determined by ultrasound imaging or at 
necropsy.  

In this study, 75 percent of the control ewes 
were found to be pregnant at GD 30 versus 87 
percent of the treated ewes. However, there was not 
any embryonic, or fetal, loss (as determined by loss 
of fetus after a positive confirmation on GD 30) in 
control ewes versus a 25 percent loss in the treated 
ewes. A recent study using conditional knockout 
mice demonstrated that the Hedgehog signaling 
pathway plays an important role in implantation 
during pregnancy (Harman et al. 2011). In these 
mice, smoothened, the key Hedgehog pathway 
signal transducer, was conditionally deleted. Mice 
with one or two functional smoothened alleles had 
approximately 9 pups per litter whereas homozygous 
knockout mice had approximately 4 pups per litter. 
Interestingly, there was no difference in the average 

interval between litters or in the percentage of pups 
that were weaned. There was a significant reduction 
in the number of implantation sites in knockout mice 
compared to controls but no difference in the 
number of corpora lutea. Embryonic loss was not 
due to insufficient luteal function, as the knockout 
mice did not differ in serum progesterone 
concentrations during GD 4-13. The authors suggest 
that conditional reduction of Hedgehog pathway 
signaling due to lack of smoothened in the uterus 
leads to deferred implantation beyond the normal 
window of receptivity and that delayed implantation 
was associated with developmental delay in the 
embryos (Harman et al. 2011).  

Normally, the ovine fetus exhibits an 
exponential growth pattern through GD 40-100. The 
fetus becomes the largest component of the gravid 
uterus near GD 100 and continues to gain size 
throughout the remainder of gestation (Ehrhardt and 
Bell 1995). In the study with conditional 
smoothened knockout mice, 20 percent of the fetuses 
in knockout mice were smaller than the wild type 
mice (Harman et al. 2011). The cyclopic fetuses 
assessed in this study were found to be significantly 
smaller than normal fetuses as determined by fetal 
weight, crown to rump length, abdominal and 
thoracic circumference, and fetal brain weight. 
Particularly striking was the large difference in the 
fetal brain weights. Several of the cyclopic fetuses 
had minimal brain tissue in the cranium with the 
presence of large amounts of fluid (figure 3). 
Consequently, with such lack of brain development, 
and likely function, the development of these fetuses 
would be severely compromised. 

Another possible explanation for the delayed 
development in cyclopic fetuses could be due to 
defects in the pituitary in the fetuses and 
subsequently deficiencies in the production of 
hormones involved in growth and development. In 
early studies, many severely deformed cyclopic 
lambs did not have a pituitary gland (Binns et al.  
1962). However, in this study, 55 percent of the 
cyclopic fetuses had a pituitary gland. Additionally, 
there was no difference in the size of the pituitary 
glands that were present in cyclopic fetuses versus 
those of normal fetuses. However, no histological or 
functional assessments of the pituitaries have been 
performed. Consequently, it is possible that the 
pituitary glands in the cyclopic fetuses were 
deficient in their ability to produce necessary 
hormones for normal development. 

In summary, the results from this study 
confirmed that cyclopic fetuses are smaller than 
normal fetuses as well as less severely malformed    
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Figure 3. Fluid-filled brain cavity and brain from a cyclopic lamb. 

 
fetuses. Additionally, we demonstrated that placental 
development in ewes with cyclopic fetuses is 
compromised. Due to the lack of brain and pituitary 
gland development in many of the cyclopic fetuses, 
it is quite likely that the lack of normal placental 
development in ewes with cyclopic fetuses is a result 
of insufficient contribution of the embryo during 
critical periods of placental development. 

 
Acknowledgments 
  
We acknowledge the technical assistance of Terrie 
Wierenga, Kendra Dewey, and Scott Larsen. We 
also acknowledge Al Maciulus, Rex Probst, and 
Danny Hansen for their help with the care and 
handling of the animals. This research was supported 
by USDA-ARS. Mention of trade names or 
commercial products in this publication is solely for 
the purpose of providing specific information and 
does not imply recommendation or endorsement by 
the U.S. Department of Agriculture. 
 
References 
 
Ashworth, C.J., and F.W. Bazer. 1989. Changes in ovine 
conceptus and endometrial function following 
asynchronous embryo transfer or administration of 
progesterone. Biological Reproduction 40:425-433. 

Bazer, F.W., R.D. Geisert, and M.T. Zavy. 1993. 
Fertilization, cleavage, and implantation.  In E.S.E. Hafez, 
ed., Reproduction in Farm Animals, pp. 188-212. Lea & 
Febiger, Philadelphia, PA. 

Bell, A.W., R.B. Wilkening, and G. Meschia. 1987. Some 
aspects of placental function in chronically heat-stressed 
ewes. Journal of Developmental Physiology 9:17-29. 

Binns, W., L.F. James, and J.L. Shupe. 1964. Toxicosis of 
Veratrum californicum in ewes and its relationship to a 

congenital deformity in lambs. Annals of the New York 
Academy of Science 111:571-576. 

Binns, W., L.F. James, J.L. Shupe, and G. Everett. 1963. 
A congenital cyclopian-type malformation in lambs 
induced by maternal ingestion of a range plant, Veratrum 
californicum. American Journal of Veterinary Research 
24:1164-1175. 

Binns, W., L.F. James, J.L. Shupe, and E.J. Thacker. 
1962. Cyclopian-type malformation in lambs. Archives of 
Environmental Health 5:106-108. 

Binns, W., J.L. Shupe, R.F. Keeler, and L.F. James. 1965. 
Chronologic evaluation of teratogenicity in sheep fed 
Veratrum californicum. Journal of the American 
Veterinary Medical Association 147:839-842. 

Chan, E.C., J. Falconer, G. Madsen, et al. 1998. A 
corticotropin-releasing hormone type I receptor antagonist 
delays parturition in sheep. Endocrinology 139:3357-
3360. 

Cooper, M.K., J.A. Porter, K.E. Young, and P.A. Beachy. 
1998. Teratogen-mediated inhibition of target tissue 
response to Shh signaling. Science 280:1603-1607. 

DeSesso, J.M. 2006. Comparative features of vertebrate 
embryology. In R.D. Hood, ed., Developmental and 
Reproductive Toxicology, pp. 147-198. CRC Press Taylor 
and Francis, Boca Raton, FL. 

Dixon, A.B., M. Knights, J.L. Winkler, et al. 2007. 
Patterns of late embryonic and fetal mortality and 
association with several factors in sheep. Journal of 
Animal Science 85:1274-1284. 

Ehrhardt, R.A.,and A.W. Bell. 1995. Growth and 
metabolism of the ovine placenta during mid-gestation. 
Placenta 16:727-741. 

Handwerger, S., and M. Freemark. 2000. The roles of 
placental growth hormone and placental lactogen in the 
regulation of human fetal growth and development. 
Journal of Pediatric Endocrinology & Metabolism 
13:343-356. 



Welch et al.: Veratrum-induced placental dysplasia in sheep 

62 

Harman R.M., R.G. Cowan, Y. Ren, and S.M. Quirk. 
2011. Reduced signaling through the hedgehog pathway 
in the uterine stroma causes deferred implantation and 
embryonic loss. Reproduction 141(5):665-674. 

Incardona, J.P., W. Gaffield, R.P. Kapur, and H. Roelink. 
1998. The teratogenic Veratrum alkaloid cyclopamine 
inhibits sonic hedgehog signal transduction. Development 
125:3553-3562. 

Jainudeen, M. R., H. Wahid, and E. S. E. Hafez. 2000. 
Reproduction in Farm Animals, 7th edition. Blackwell 
Publishing, Philadelphia, PA. 

Keeler, R.F. 1984. Teratogens in plants. Journal of 
Animal Science 58:1029-1039. 

Keeler, R.F. 1990. Early embryonic death in lambs 
induced by Veratrum californicum. Cornell Veterinarian 
80:203-207. 

Keeler, R.F., and D.C. Baker. 1989. Oral, osmotic 
minipump, and intramuscular administration to sheep of 
the Veratrum alkaloid cyclopamine. Proceedings of the 
Society for Experimental Biology and Medicine 192:153-
156. 

Keeler, R.F., and W. Binns. 1966a. Teratogenic 
compounds of Veratrum californicum (Durand). I. 
Preparation and characterization of fractions and alkaloids 
for biologic testing. Canadian Journal of Biochemistry 
44:819-828. 

Keeler, R.F., and W. Binns. 1966b. Teratogenic 
compounds of Veratrum californicum (Durand). II. 
Production of ovine fetal cyclopia by fractions and 
alkaloid preparations. Canadian Journal of Biochemistry 
44:829-838. 

Keeler, R.F., and W. Binns. 1968. Teratogenic 
compounds of Veratrum californicum (Durand). V. 
Comparison of cyclopian effects of steroidal alkaloids 
from the plant and structurally related compounds from 
other sources. Teratology 1:5-10. 

Keeler, R.F., and W. Binns. 1971. Teratogenic 
compounds of Veratrum californicum as a function of 
plant part, stage, and site of growth. Phytochemistry 
10:1765-1769. 

Keeler, R.F., and L.D. Stuart. 1987. The nature of 
congenital limb defects induced in lambs by maternal 
ingestion of Veratrum californicum. Journal of 
Toxicology-Clinical Toxicology 25:273-286. 

Keeler, R.F., S. Young, and R. Smart. 1985. Congenital 
tracheal stenosis in lambs induced by maternal ingestion 
of Veratrum californicum. Teratology 31:83-88. 

Koch, J.M., J. Ramadoss, and R.R. Magness. 2010. 
Proteomic profile of uterine luminal fluid from early 
pregnant ewes. Journal of Proteome Research 9:3878-
3885. 

Kumarasamy, V., M.D. Mitchell, F.H. Bloomfield, et al. 
2005. Effects of periconceptional undernutrition on the 
initiation of parturition in sheep. American Journal of 
Physiology-Regulatory Integrative and Comparative 
Physiology 288:R67-R72. 

Lee, R.S., T.T. Wheeler, and A.J. Peterson. 1998. Large-
format, two-dimensional polyacrylamide gel electro-
phoresis of ovine periimplantation uterine luminal fluid 
proteins: identification of aldose reductase, cytoplasmic 
actin, and transferrin as conceptus-synthesized proteins. 
Biology of Reproduction 59:743-752. 

Lum, L., and P.A. Beachy. 2004. The Hedgehog response 
network: sensors, switches, and routers. Science 
304:1755-1759. 

Mellor, D.J. 1983. Nutritional and placental determinants 
of foetal growth rate in sheep and consequences for the 
newborn lamb. British Veterinary Journal 139:307-324. 

Panter, K.E., K.D. Welch, and D.R. Gardner. 2011. Toxic 
plants. In R.C. Gupta, ed., Reproductive and 
Developmental Toxicology, pp. 689-706. Elsevier, 
London, U.K. 

Rubenstein, J.L., and P.A. Beachy. 1998. Patterning of the 
embryonic forebrain. Current Opinions in Neurobiology 
8:18-26. 

Spencer, T.E., G.A. Johnson, F.W. Bazer, and R.C. 
Burghardt. 2004. Implantation mechanisms: Insights from 
the sheep. Reproduction 128:657-668. 

Van Kampen, K.R., W. Binns, L.F. James, and L.D. 
Balls. 1969. Early embryonic death in ewes given 
Veratrum californicum. American Journal of Veterinary 
Research 30:517-519. 

Van Kampen, K.R., and L.C. Ellis. 1972. Prolonged 
gestation in ewes ingesting Veratrum californicum: 
Morphological changes and steroid biosynthesis in the 
endocrine organs of cyclopic lambs. Journal of 
Endocrinology 52:549-560. 

Welch, K.D., K.E. Panter, S.T. Lee, et al. 2009. 
Cyclopamine-induced synophthalmia in sheep: Defining a 
critical window and toxicokinetic evaluation. Journal of 
Applied Toxicology 29:414-421. 

Whittle, W.L., A.C. Holloway, S.J. Lye, et al. 2000. 
Prostaglandin production at the onset of ovine parturition 
is regulated by both estrogen-independent and estrogen-
dependent pathways. Endocrinology 141:3783-3791. 

 
Submitted: 6/17/2011 
Revised: 11/15/2011 
Accepted: 5/31/2012 
 

 


	Pereañez, J., I. Silvia, J. Jiménez, et al. 2008. Inhibición de las actividades proteolítica, coagulante y hemolítica indirecta inducidas por el veneno de Bothrops asper por extractos etanólicos de tres especies de heliconias. Vitae15:157-164.
	Tokarnia, C.H., J. Döbereiner, and P.V. Peixoto. 2002. Poisonous plants affecting livestock in Brazil. Toxicon 40:1635-60.
	The Resolution of Rayless Goldenrod (Isocoma pluriflora) Poisoning in Goats
	Abstract
	Rayless goldenrod (Isocoma pluriflora) occasionally poisons livestock causing myocardial and skeletal muscle degeneration and necrosis. The objectives of this study were to describe the resolution of the clinical and pathological changes of rayless go...
	Introduction
	Rayless goldenrod or jimmyweed [Isocoma pluriflora (Torr. & A. Gray) Greene (Asteraceae) previously Isocoma wrightii (A. Gray) Rydb and Happlopappus heterophyllus  (A. Gray) S.F. Blake] is found and sporadically poisons livestock in Arizona, Colorado,...
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	Figure 1. Rayless goldenrod (Isocoma pluriflora) from near Pecos, TX. It is an erect, 30-to-120-cm-tall, bushy perennial that arises from a woody rootstalk. It is unbranched or sparsely branched with alternate, linear leaves. It has between 7 and 15 y...
	rayless goldenrod usually occurs during fall and winter, when frosts may make rayless more palatable, when other forages have been depleted, or when snow makes alternative forages less accessible.
	Materials and Methods
	Plant Material
	Rayless goldenrod was collected in Pecos City, TX (06˚42.656' N / 34˚74.847' E). The plant was taxonomically identified as rayless goldenrod (Isocoma pluriflora; Intermountain Herbarium at Utah State University, Logan, UT vouchers 250012 and 250014). ...
	Results
	After 5 days of dosing, the treated goats became reluctant to move and preferred to remain recumbent. When forced to stand, they would stand with post-like, straight legs, their backs flexed in a humped up position, and their tails flexed vertically. ...
	Immediately after treatment, the recovery goats continued to be reluctant to rise and move. When forced to walk on the treadmill, they quickly fatigued and refused to walk. These signs were of similar intensity for the first recovery week; however, th...
	Serum Biochemistry
	After 7 days of rayless goldenrod treatment (no recovery group), serum CK, AST, ALT, and LDH activities were all significantly increased from pretreatment and control activities (table 1). During recovery, individual animals often had elevated enzyme ...
	Table 1. Selected mean serum biochemical data from recovering goats dosed with rayless goldenrod to obtain benzofuran ketone dosages of 40 mg/kg BW/day for 7 days*
	Discussion
	oxyangeloyltremetone—have been implicated in rayless goldenrod poisoning, definitive identification of the cause of myodegeneration or the mechanism has not been proven (Couch 1927, 1930; Zalkow et al. 1962; Beier et al. 1993; Lee et al. 2009). The va...
	As seen in previous studies, we found that the rayless goldenrod we used in these studies consistently poisoned Spanish goats. Using doses of ground plant material to obtain dosages of 40 mg/kg benzofuran ketones/day for 7 days, all study animals were...
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