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Abstract 
Health status of donor cows during superovulation is important to ensure op-
timal embryo quality at time of collection. Because nutritional and metabolic 
status impact embryo quality some form of nutritional supplementation is 
often provided before and during superovulation. OmniGen-AF® (OG) feed-
ing has been shown to assist in the maintenance of animal health through 
regulation of metabolic status and balance and supporting aspects of immune 
function. We observed feeding donor cows OG decreased percent degenerate 
embryos recovered following superovulation increased serum progesterone 
concentration and improved in vitro embryo development. Evaluation of OG 
feeding on markers of metabolic function and inflammatory and immune 
function in beef cattle embryo donors are reported here. Similarly, cow me-
tabolic and inflammatory response with repeated superovulation protocols is 
not known. Biomarkers to monitor and evaluate cow health during supero-
vulation may provide management options to improve embryo recovery and 
quality. Twenty-four Angus cross-bred cattle were randomly assigned to four 
treatment groups, fed 0 or 56 g/hd/day for 49 days and superovulated with 
200 or 400 mg Folltropin V (FSH). Blood was collected weekly for analyses. 
The protocol was repeated on all cows 90 - 120 d later with cows reassigned to 
their original groups. No differences (P > 0.10) were observed due to OG 
feeding or FSH dose on metabolic and inflammatory markers. Replicate ex-
erted a significant effect where serum concentration of albumin, IL1β, IL6, 
PGE2 and leptin were lower (P < 0.05) in Replicate 1 compared to 2. There 
was also a similar pattern of change in several of the metabolic and inflam-
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matory markers during the superovulation protocol where concentrations 
were higher at the time of estrus and ovulation. Taken together, physiologic 
changes during the estrous cycle and the number of superovulation protocols 
can modulate metabolic markers and inflammatory response. 
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1. Introduction 

Embryo collection and transfer are two commonly used assisted reproductive 
techniques in the cattle industry. These techniques are used to improve herd ge-
netics through the use of genetically desirable dam and sire matings [1]. Embryo 
collection requires superovulation of the donor cow which involves multiple in-
jections of follicle stimulating hormone to stimulate ovulation of multiple fol-
licles during one cycle. Embryos are frequently collected at day 7 of gestation 
and either transferred directly or cryopreserved and transferred later into es-
trus-timed recipients [2].  

During superovulation, it is important to reduce potential factors that can 
cause a decrease in embryo quality. Decreased embryo quality is associated with 
donor age, nutritional status, stress, and metabolic and health status [3]. For 
example, donor age has a role in embryo quality as older oocytes may be more 
susceptible to fertilization failure and early embryonic death. Donor nutritional 
status is also important as a poor plane of nutrition can decrease body condition 
score leading to decreased fertilization rates and embryo quality [3].  

Nutrition is important in maintaining metabolic function in cattle because 
poor nutrition decreases metabolic function resulting in disrupted homeostasis, 
increased stress response and decreased reproductive function [4]. Folliculogene-
sis, ovulation and early embryonic development rely on proper nutrition and 
metabolic status due to the nutrient need for follicular growth and endocrine 
response [5]. Glucose and insulin are important regulators of metabolic status 
and are important for reproductive function. Dysregulation in insulin response 
to glucose can cause alterations in ovulation, fertilization and conception success 
[5]. Other markers of metabolic status are blood urea nitrogen (BUN), non- 
esterified fatty acids (NEFA), and beta-hydroxybutyrate (BHB). BUN is a prod-
uct of rumen undegradable protein (RUP) and fluctuates throughout the day [6]. 
Research has shown a negative impact with increased serum BUN concentra-
tions on overall reproductive performance. NEFA concentrations are an impor-
tant marker to determine mobilization of fat stores within the body. Reproduc-
tive function is correlated with NEFA concentration because when NEFA is ele-
vated there is a negative impact on ovulation and early embryonic development 
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[7]. BHB is a ketone body that is also involved with mobilization of fat break-
down and when concentrations are elevated it will also cause a negative impact 
on reproductive performance [8]. The relationship among these markers of fat 
and protein mobilization may be a key element of maintaining the nutrient bal-
ance required for reproductive function while maintaining an optimal uterine en-
vironment during fertilization followed by embryo growth and attachment.  

Acute phase proteins (APP), pro-inflammatory cytokines, and other hormones 
such as prostaglandin E2 (PGE2) and leptin have roles in influencing reproductive 
success. Haptoglobin, serum amyloid A (SAA) and albumin are important APPs 
because increased serum concentrations are indicative of an inflammatory event 
[9]. For example, a bacterial infection in the uterus results in the liver increase 
production of positive APP leading to a decrease in ovulation and fertilization 
[10]. Pro-inflammatory cytokines, such as interleukin 1-beta (IL1-β) and inter-
leukin 6 (IL6), are also part of the inflammatory response network because in-
creased serum levels lead to the production of APP by the liver [9]. The complex-
ity of the ovulation process results in an ovarian localized inflammatory event 
and increased concentrations of pro-inflammatory cytokines are important for 
cellular turnover after ovulation and formation of the corpus luteum [11]. The 
balance of systemic and localized inflammatory response for efficient reproduc-
tive function and cyclicity underscores the need to increase our understanding of 
the changes in inflammatory biomarkers associated with reproductive function. 

PGE2 is involved in early embryonic development as increased concentrations 
decrease myometrial contractility, a part of the sequence of events that maintains 
a conducive uterine environment for embryo attachment [12]. Leptin is a key 
metabolic regulator and is involved with reproduction with neuroendocrine reg-
ulation and an increased serum concentration leads to decreases in follicular size 
and ovulation rates [13]. There are different physiological mechanisms that re-
gulate inflammatory and metabolic markers to support the precise tissue envi-
ronmental conditions required for fertilization and early embryonic develop-
ment. One approach commonly used to help to maintain optimal metabolic sta-
tus is nutritional supplementation. A nutritional supplement shown to modulate 
metabolic markers during stress is OmniGen-AF® (OG; Phibro Animal Health, 
Teaneck, New Jersey).  

Research with feeding OG to cattle demonstrated a supportive effect on res-
ponses to maintain animal health during periods of stress, such as heat stress 
and pathogen challenges [14] [15]. The response appears to be linked through 
regulation of metabolic status and support of aspects of the innate and adaptive 
immune system [16] [17]. Two specific markers of immune status are interleu-
kin-8 receptor (CXCR2) and L-selectin (CD62L) and both are upregulated with 
OG supplementation [18]. OG feeding can also influence metabolic pathways 
and maintain overall animal health [19] [20]. Despite the close link between 
immune function, metabolism and reproductive function, evaluating the effects 
of OG supplementation on reproductive performance have focused on produc-
tion measurements in dairy cows [21]. We have demonstrated that feeding OG 
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to cows during a superovulation protocol resulted in decreased percentage of 
degenerate embryos at the time of collection [22]. However, the underlying bio-
logical changes to support oocyte quality or embryo development when feeding 
OG are not known. We hypothesized that differences in metabolic balance and 
inflammatory factors could lead to altered embryogenesis. Therefore, the objec-
tive of this study was to evaluate the effect of feeding OG on markers of meta-
bolic activity and immune status during a superovulation protocol when donors 
were treated with two different doses of follicle stimulating hormone.  

2. Material and Methods  

2.1. Animal Care and Use  

All animals were humanely treated and cared for in accordance with Oregon 
State University IACUC Guidelines.  

2.2. Animal Housing and Feeding  

Cross-bred Angus cows (n = 24) were housed in a free stall barn in the Oregon 
State University Beef Cattle Center in Corvallis, OR with access to ad libitum 
grass hay and water. Cows were blocked for age and randomly assorted into four 
treatment groups (six cows per treatment) supplemented with 0 or 56 g/OG/ 
animal/day (completely mixed into a mixture of corn and molasses) and treat-
ment with 200 or 400 mg Folltropin V® (FSH; Bioniche, Athens, GA) as pre-
viously described [22]. The duration of the supplementation was 49 d with a 
28-d pre-feeding phase prior to the start of the superovulation protocol as pre-
viously described [22].  

2.3. Estrous Synchronization, Superovulation and Artificial  
Insemination  

Estrous synchronization, superovulation and artificial insemination protocols 
used were previously described [22]. Briefly, estrous synchronization was in-
itiated in all cows on Day 28 of the feeding period with a 25-mg i.m. injection of 
prostaglandin F2α (PGF; Lutalyse®, Zoetis, Florham Park, NJ). Ten days after the 
first injection of PGF, cows received a 4-day regimen of FSH within their respec-
tive groups. Signs of behavioral estrus were monitored starting 24 h after the 
second PGF injection administered on Day 12 and at 12-h intervals thereafter. 
Cows were artificially inseminated with 0.5 cc of semen at 0, 12, and 24 h post- 
estrus onset. Cows failing to display signs of behavioral estrus by 36 h following 
the second PGF injection were artificially inseminated at 0, 12 and 24 h after the 
injection. All cows received 100 µg of GnRH (Factrel®, Zoetis, Florham Park, NJ) 
at the time of the first artificial insemination.  

2.4. Blood Collection  

Blood samples were collected by jugular venipuncture on Days 0, 10, 14, 21, 28, 
38, 42, 43, and 49 of the study, as previously described [22]. Briefly, serum sam-
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ples were collected in 10-ml serum separator tubes with and without clot activa-
tor and gel (BD Vacutainer systems, Franklin Lakes, NJ). Serum tubes were cen-
trifuged at 3000 × g for 20 min at 4˚C and sera were stored at −80˚C until fur-
ther analysis. Samples for gene expression were collected with Tempus Blood 
RNA Tubes (Cat. No. 4342792, Thermo Scientific, Waltham, MA). Immediately 
after blood collection, tubes were shaken vigorously for 15 sec and stored at 
−20˚C until RNA purification (within 3 months). 

2.5. RNA Purification and qPCR Analysis 

RNA was purified using the Tempus Spin RNA Isolation kit (Cat. No. 4380204, 
Thermo Scientific) following the manufacturer’s instructions and upon comple-
tion samples were stored at −80˚C until RTqPCR. RNA was evaluated for quality 
and concentration using the Thermo Scientific NanoDrop Lite Spectrophotome-
ter (Cat. No. ND-LITE, Waltham, MA). RNA with an absorbance ratio (260/280 
nm) above 2.0 was used for analysis. All samples were diluted to 5 ng/µl for 
RT-qPCR analysis. Each sample was run in duplicate for specific target genes and 
concentrations were based on a standard curve for each gene. Two target genes of 
interest were chosen based on previous research of immune regulation with OG 
supplementation. The target gene markers were interleukin-8 receptor (CXCR2) 
[23] and L-selectin (CD62L) [15]. All primers were ordered from the pre-designed 
catalog of bovine primers from ThermoFisher Scientific. The reaction mix per 
well was as follows: 5 µl RNA, 9 µl RNase/DNase free water (Cat. No. RO582, 
ThermoFisher Scientific, Grand Island, NY), 5 µl Taqman Fast-Virus Master Mix 
(Cat. No. 4444434, ThermoFisher Scientific, Carlsbad, CA), and 1 µl target pri-
mer. RT-qPCR analysis was conducted in a CFX96 optics unit mounted on a 
C1000 touch base (BioRad, Hercules, CA). All unknown samples were compared 
against standard curves created from the probe region of commercially available 
primer/probe sets (ThermoFisher Scientific). Standard curve constructs and 
analysis were performed as described by Armstrong (2016) [24].  

2.6. Serum Analysis 

All serum samples were analyzed in duplicate for all targeted endpoints. BUN 
(Cat. No. K024-H1) and insulin (Cat. No. K046-H1) concentrations were deter-
mined by use of a commercially available colorimetric detection kit (Arbor As-
says, Ann Arbor, MI) according to the manufacturer’s instructions. Intra- and 
inter-assay coefficients of variation for BUN and insulin were 8.6% and 12% and 
7.9% and 10%, respectively. Concentrations of the following markers were de-
termined by the use of commercially available ELISA kits and intra- and in-
ter-assay coefficients of variation were for: PGE2 (Cat. No. EHPGE2, Thermo-
Fisher Scientific, Frederick, MD) 4.6% and 6.5%, respectively; leptin (Cat. No. 
CSB-E06771b, Cusabio, College Park, MD) 6.6% and 9.7%, respectively; IL-1β 
(Cat. No. SEA563Bo, Cloud-Clone Corp, Houston, TX) 8.0% and 12.0%, respec-
tively; IL-6 (Cat. No. HEA079Bo, Cloud-Clone Corp, Houston, TX) 5.5% and 
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7.6%, respectively; haptoglobin (Cat. No. MBS564002) 9.16% and 5.16%, respec-
tively; and SAA (Cat. No. TP 802, Tridelta, Booton, NJ) were 9.6% and 10.4%, 
respectively. Albumin (Cat. No. 0285, Stanbio Laboratory, Boerne, TX) concen-
trations were determined using a commercially available colorimetric detection 
kit adapted to be analyzed on a 96-well Corning plate. Intra- and inter-assay 
coefficients of variation were 8.5% and 9.4%, respectively. BHB (Cat. No. 2440, 
Stanbio Laboratory, Boerne, TX) concentration was determined using a com-
mercially available colorimetric detection kit as described by Hall et al. (2014) 
[25]. Intra- and inter-assay coefficients of variance were 3% and 9%, respective-
ly. Glucose (Cat. No. 439 - 90,901, Wako Diagnostics, Richmond, VA) and 
NEFA (Cat. No. 999 - 34,691, 995 - 34,791, 991 - 34,891, 993 - 35,191 and 276 - 
76,491, Wako Diagnostics, Richmond, VA) concentrations were determined 
with the use of commercially available colorimetric kits and assays were per-
formed as described by Burdick Sanchez et al. (2014). Intra and inter-assay coef-
ficients of variation for glucose and NEFA were 6.3% and 13.2% and 5.2% and 
14.5%, respectively. 

2.7 Statistical Analysis  

Repeated measures ANOVA for a 2 × 2 factorial design were used to evaluate 
differences in serum albumin, BHBA, BUN, glucose, haptoglobin, IL1-β, IL-6, 
insulin, NEFA, PGE2, leptin and SAA concentrations and CXCR2 and CD62L 
gene expression during the feeding period. Sources of variation in the ANOVA 
were FSH, OG, Replicate, days of blood collection (Day) and the interactions. If 
significant effects were observed in the ANOVA differences between means were 
evaluated using the Fisher’s least significant differences procedures. All analyses 
were performed using the NCSS statistical software program (Number Cruncher 
Statistical System; 2007, Jerry Hintze, Kaysville, UT). 

3. Results  

3.1. Metabolic Markers 

Serum BHB concentrations did not differ (P > 0.10) by FSH (200 mg, 0.32 mmol/l; 
400 mg, 0.33 mmol/l; pooled SE = 0.01 mmol/l) or OG (0 g, 0.31 mmol/l; 56 g, 
0.34 mmol/l; pooled SE =0.01 mmol/l) but were higher (P < 0.05) in Replicate 1 
compared to Replicate 2 (0.35 ± 0.01 mmol/l vs 0.29 ± 0.01 mmol/l, respective-
ly). BHB concentrations were lower (P < 0.05) on days 0 and 10 compared to 
days 28 and 38 (Table 1). No other interactions were significant factors affecting 
serum BHB concentrations.  

Serum BUN concentrations did not differ (P > 0.10) by FSH (200 mg, 13.6 
mg/dl; 400 mg, 15.6 mg/dl; pooled SE = 1.35 mg/dl) or OG (0 g, 14.2 mg/dl; 56 g, 
14.9 mg/dl; pooled SE = 1.35 mg/dl) but were higher (P < 0.05) in Replicate 1 
compared to Replicate 2 (18.2 ± 0.48 mg/dl vs 11.0 ± 0.49 mg/dl, respectively). 
Day was a significant factor affecting BUN concentrations (P < 0.05). Highest 
serum (P < 0.05) BUN concentration was observed on Day 0 compared to other 
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days of collection (Table 1). The Replicate × Day interaction was also a signifi-
cant factor and BUN concentrations were greater (P < 0.05) on Days 14 through 
49 in Replicate 1 compared to Replicate 2 (Figure 1). No significant differences 
in BUN concentrations were observed for any of the other interactions.  

Serum glucose concentrations did not differ (P > 0.10) by FSH (200 mg, 59.6 
mg/dl; 400 mg, 59.0 mg/dl; pooled SE = 2.0 mg/dl) or OG (0 g, 59.0 mg/dl; 56 g, 
59.4 mg/dl; pooled SE = 2.0 mg/dl) but were higher (P < 0.05) in Replicate 1 
compared to Replicate 2 (61.5 ± 1.2 mg/dl vs 56.9 ± 1.2 mg/dl, respectively). 
Glucose concentration was lowest (P < 0.05) on Day 49 compared to all other 
sample days and glucose concentration on days 14 and 28 were less (P < 0.05) 
than Day 0 (Table 1). The remaining interactions did not significantly affect se-
rum glucose concentrations. 
 
Table 1. Serum metabolic markers (means ± SE) measured in cows superovulated with 
200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 and Replicate 2. 

Day 
BHB  

(mmol/L) 
BUN  

(mg/dl) 
Glucose  
(mg/dl) 

Insulin  
(pg/ml) 

NEFA  
(mmol/l) 

0 0.305b 19.2a 64.7a 2425.75b 0.35b 

10 0.284b 14.7b 60.6a,b 2234.17b 0.23c 

14 0.320a,b 14.1b 57.9b 2250.1b 0.18c 

28 0.357a 13.6b 57.8b 2345.8b 0.18c 

38 0.352a 14.4b 59.8a,b 2917.44a,b 0.23c 

42 0.320a,b 13.5b 63.8a,b 3247.2a 0.41a,b 

43 0.320a,b 12.4b 58.8a,b 2704.33a,b 0.42a 

49 0.312a,b 14.5b 50.3c 2735.8a,b 0.2c 

Pooled SE 0.02 1.0 2.4 248.91 0.03 

a,b,cMeans in the same column without similar superscripts differ (P < 0.05). 

 

 
Figure 1. Serum BUN concentrations (means ± SE) from cows superovulated with 200 or 
400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 or Replicate 2; *Different from 
BUN concentrations in Replicate 1. 
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Serum insulin concentration did not differ (P > 0.10) by FSH (200 mg, 2818 
pg/ml; 400 mg, 2397 pg/ml; pooled SE = 274 pg/ml), OG (0 g, 2499 pg/ml; 56 g, 
2717 pg/ml; pooled SE = 274 pg/ml) or Replicate (1, 2690 ± 124 pg/ml; 2, 2525 ± 
125 pg/ml). Day was a significant factor (P < 0.05) where insulin concentration 
was greater on Day 42 compared to Days 0, 10, 14 and 28 (Table 1). The FSH × 
Replicate interaction was a significant factor where insulin concentration was 
lowest (P < 0.05) in cows injected with 400 mg FSH in Replicate 2 (2110 ± 176 
pg/ml) compared to cows injected with 200 mg or 400 mg FSH in Replicate 1 
(2696 pg/ml and 2684 pg/ml, respectively; pooled SE = 176 pg/ml) and cows in-
jected with 200 mg FSH in Replicate 2 (2939 ± 176 pg/ml). The OG × Replicate 
interaction was also a significant factor where insulin concentration was lower in 
cows fed 0 g OG in Replicate 2 compared to cows fed 0 g OG in Replicate 1 and 
56 g OG in Replicate 2 (2185 pg/ml vs 2812 and 2864 pg/ml, respectively; pooled 
SE = 176 pg/ml). No significant differences were observed in insulin concentra-
tion for any of the remaining interactions.  

Serum NEFA concentrations did not differ by FSH (200 mg, 0.28 mmol/l; 400 
mg, 0.27 mmol/l; pooled SE = 0.03 mmol/l), OG (0 g, 0.27 mmol/l; 400 mg, 0.27 
mmol/l; pooled SE = 0.03 mmol/l) and Replicate (1, 0.28 ± 0.01 mmol/l; 2, 0.27 ± 
0.01 mmol/l, respectively). NEFA concentrations differed by Day and were 
greater (P < 0.05) on Days 0, 42 and 43 compared to Days 10, 14, 28, 38 and 49 
(Table 1). The FSH x OG interaction was a significant factor where NEFA con-
centrations were lower (P < 0.05) in cows fed 56 g and superovulated with 400 
mg FSH and cows fed 0 g OG and superovulated with 200 mg FSH (0.22 and 
0.24 mmol/l, respectively; pooled SE = 0.05 mmol/l) compared to cows fed 0 g 
OG and superovulated with 400 mg FSH and fed 56 g OG and superovulated 
with 200 mg FSH (0.31 and 0.33 mmol/l, respectively, pooled SE = 0.05 mmol/l). 
The FSH × Replicate interaction was a significant factor where NEFA concentra-
tion was greater (P < 0.05) in cows superovulated with 200 mg FSH in Replicate 
1 (0.31 ± 0.02 mmol/l) compared to cows in Replicate 2 and cows in Replicate 1 
superovulated with 400 mg FSH (0.26 ± 0.02 and 0.24 ± 0.02 mmol/l, respective-
ly) but was similar (P > 0.10) to cows superovulated with 400 mg FSH in Repli-
cate 2 (0.29 ± 0.02 mmol/l). There was a Replicate × Day interaction observed on 
Day 43 where NEFA concentration was lower in Replicate 2 compared to Repli-
cate 1 (Figure 2(a)). The OG × FSH × Day interaction was also significant (Figure 
2(b)). NEFA concentrations were greater (P < 0.05) in cows fed 0 g OG and su-
perovulated with 400 mg FSH compared to cows fed 56 g OG and superovulated 
with 400 mg FSH on Days 0 and 42 (Figure 2(b)). NEFA concentration was also 
greater (P < 0.05) in cows fed 56 g OG and superovulated with 200 mg FSH 
compared to cows fed 0 g OG and superovulated with 200 mg FSH and cows fed 
56 g OG or superovulated with 400 mg FSH (Figure 2(b)). The remaining inte-
ractions were not significant factors affecting serum NEFA concentrations.  

3.2. Pro-Inflammatory Cytokines 

Serum IL1-β concentrations did not differ (P > 0.10) by FSH (200 mg, 976.6 
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pg/ml; 400 mg, 1378.6 pg/ml; pooled SE = 305.3 pg/ml), or OG (0 g, 1156.6 
pg/ml; 400 mg, 1198.6 pg/ml; pooled SE = 305.3 pg/ml), but were lower (P < 
0.05) in Replicate 1 compared to Replicate 2 (657.4 ± 51.8 pg/ml vs 1697.8 ± 
151.5 pg/ml, respectively). IL1-β concentrations were greater (P < 0.05) on Day 
49 compared to Days 0 through 42 (Table 2). The FSH × Replicate interaction 
was significant. IL1-β was greater (P < 0.05) in cows superovulated with 400 mg 
FSH in Replicate 2 (2072.0 ± 122.4 pg/ml) compared to all other treatments. 
IL1-β was greater (P < 0.05) in cows superovulated with 200 mg FSH in Repli-
cate 2 compared to cows superovulated with 200 mg and 400 mg FSH in Repli-
cate 1 (1323.6 vs 629.7 and 685.2 pg/ml, respectively; pooled SE = 122.4 pg/ml). 
The OG × FSH × Replicate interaction was also significant where IL1-β was 
greater (P < 0.05) in cows fed 0 g OG and superovulated with 400 mg FSH and 
cows fed 56 g OG and superovulated with 200 or 400 mg FSH in Replicate 2 
compared to all other treatments (Figure 2(a)). No significant differences were 
observed for IL1-β for any of the remaining interactions. 
 

 
Figure 2. (a) Serum NEFA concentrations (means ± SE) from cows superovulated with 
200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 or Replicate 2. (b) Se-
rum NEFA concentrations (means ± SE) from cows superovulated with 200 or 400 mg 
FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 and 2; *Different from NEFA concen-
trations in Replicate 1; a,b,cMeans without similar letters differ (P < 0.05). 
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Table 2. Serum pro-inflammatory cytokines (means ± SE) measured in cows superovu-
lated with 200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 and Repli-
cate 2. 

Day IL1-β (pg/ml) IL-6 (pg/ml) 

0 999.5b 117.5b,c 

10 1152.9b 146.9a 

14 970.5b 113.2b,c,d 

28 1119.3b 115.3b,c,d 

38 1077.8b 119a,b,c 

42 946.5b 87.9d 

43 1358.2a,b 96b,c,d 

49 1795.9a 134.1a,b 

Pooled SE 172.2 10.3 

a,b,c,dMeans in the same column without similar superscripts differ (P < 0.05). 

 
Serum IL-6 concentrations tended to be lower (P = 0.09) in cows superovu-

lated with 200 compared to 400 mg FSH (98.8 pg/ml vs. 133.6 pg/ml, respective-
ly; pooled SE = 14.1 pg/ml), but no differences were observed due to OG feeding 
(0 g, 111.3 pg/ml; 400 mg, 133.7 pg/ml; pooled SE = 14.1 pg/ml). Cows in Repli-
cate 1 tended to have lower (P = 0.08) IL-6 serum concentrations compared to 
Replicate 2 (109.9 ± 5.1 pg/ml vs 122.5 ± 5.2 pg/ml, respectively). IL-6 concen-
trations were greatest (P < 0.05) on Days 10 and 49 and lowest (P < 0.05) on 
Days 42 and 43 (Table 2). The OG × Replicate interaction was significant. IL-6 
concentrations were greatest (P < 0.05) in cows fed 56 g OG in Replicate 2 com-
pared to cows fed 0 g or 56 g OG in Replicate 1 and cows fed 0 g OG in Replicate 
2 (134.0 vs 111.5 or 108.3 and 111.1 pg/ml, respectively; pooled SE = 7.3 pg/ml). 
The OG × FSH × Replicate interaction was also significant. IL-6 concentrations 
were greater (P < 0.05) in cows fed 0 g OG and superovulated with 400 mg FSH 
in Replicate 1 and in Replicate 2 and in cows fed 56 g OG and superovulated 
with 200 or 400 mg FSH in Replicate 2 compared to cows fed 0 g OG and supe-
rovulated with 200 mg FSH in Replicates 1 and 2 (Figure 3(b)). The remaining 
interactions were not significant factors affecting serum IL-6 concentrations.  

3.3. Proteins 

Serum albumin did not differ (P > 0.10) by FSH (200 mg, 42.2 pg/ml; 400 mg, 
43.7 pg/ml; pooled SE = 2.28 pg/ml) or OG (0 g, 42.6 pg/ml; 56 g, 43.3 pg/ml; 
pooled SE = 2.28 pg/ml), but was lower (P < 0.05) in Replicate 1 compared to 
Replicate 2 (40.1 ± 0.78 pg/ml vs 45.8 ± 0.79, respectively). Albumin concentra-
tion was lower (P < 0.05) on Day 0 compared to Days 28 and 42 and on Day 42 
was greater (P < 0.05) than Days 10, 14, 38 and 43 and 49 (Table 3). Both the 
FSH × Replicate and OG × Replicate interactions were significant. Albumin 
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concentrations were lower (P < 0.05) in cows superovulated with 200 or 400 mg 
FSH in Replicate 1 compared to cows superovulated with either dose in Repli-
cate 2 and were less (P < 0.05) in cows superovulated in Replicate 2 with 200 
compared to 400 mg FSH (40.6 or 39.7 vs 43.8 vs 47.8 mg/dl, respectively; pooled 
SE = 1.1 mg/dl). Albumin concentrations were lower (P < 0.05) in cows fed 0 or 
56 g in Replicate 1 and cows fed 0 g OG in Replicate 2 compared to cows fed 56 g 
OG in Replicate 2 (41.3, 39.0, 43.9 vs 47.6 mg/dl, respectively; pooled SE 1.1 
mg/dl). Albumin concentrations were also lower (P < 0.05) in cows fed 56 g OG 
in Replicate 1 compared to cows fed 0 g OG in Replicate 2. No significant dif-
ferences were observed for albumin in any of the remaining interactions. 
 

 

Figure 3. Serum Pro-inflammatory cytokines from cows superovulated with 200 or 400 
mg FSH and fed 0 or 56 g OmniGen-AF in Replicates 1 and 2. (a) Serum IL1-β concen-
trations (means ± SE) from cows superovulated with 200 or 400 mg FSH and fed 0 or 56 g 
OmniGen-AF in Replicates 1 and 2. (b) Serum IL-6 concentrations (means ± SE) from 
cows superovulated with 200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicates 
1 and 2; a,b,c,d,eMeans in the same column without similar superscripts differ (P < 0.05). 
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Table 3. Serum acute phase proteins (means ± SE) measured in cows superovulated with 
200 or 400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 and 2. 

Day  Albumin (mg/dl) Haptoglobin (ng/ml) SAA (µl/ml) 

0 39.7c 12777.3a 48.3b 

10 41.8b,c 2068.2b 38.1b,c 

14 42.6b,c 5607.6a,b 30c,d 

28 45.1a,b 828.3b 14d 

38 42.1b,c 1748b 20d 

42 47.9a 2644.3b 42.3b,c 

43 42.2b,c 13164.7a 80.7a 

49 42.3b,c 6812.3a,b 29.5c,d 

Pooled SE 1.6 3013.7 6.2 

a,b,c,dMeans in the same column without similar superscripts differ (P < 0.05). 

 
Serum haptoglobin did not differ (P > 0.10) by FSH (200 mg, 4443.4 ng/ml; 

400 mg, 6969.2 ng/ml; pooled SE = 1582.6 ng/ml), OG (0 g, 4913.1 ng/ml; 56 g, 
6499.6 ng/ml; pooled SE = 1582.6 ng/ml) or Replicate (1 vs 2; 6362.1 ± 1502.4 
ng/ml vs 5050.6 ± 1510.4 ng/ml, respectively). Haptoglobin concentrations were 
greater (P < 0.05) on Days 0 and 43 compared to Days 10, 28, 38 and 42 (Table 
3). The remaining interactions were not significant factors affecting serum hap-
toglobin concentrations.  

Serum SAA concentrations did not differ (P > 0.10) by FSH (200 mg, 33.6 
µl/ml; 400 mg 42.1 µl/ml; pooled SE = 3.7 µl/ml), OG (0 g, 37.6 µl/ml; 56 g, 38.1 
µl/ml; pooled SE = 3.7 µl/ml) and Replicate (1 vs 2; 38.7 ± 3.1 µl/ml vs 37.0 ± 3.1 
µl/ml, respectively). SAA concentration was greatest (P < 0.05) on Day 43 and 
was greater (P < 0.05) on Days 0, 10 and 42 compared to Days 28 and 38 (Table 
3). The Replicate × Day interaction was significant where SAA concentration 
was less on Day 14 in Replicate 1 compared to Replicate 2 and was greater on 
Day 43 in Replicate 1 compared to Replicate 2 (Figure 4). No significant differ-
ences in serum SAA concentrations were observed for the remaining interac-
tions. 

Serum leptin concentrations did not differ (P > 0.10) by FSH (200 mg, 7.2 
ng/ml; 400 mg, 7.4 ng/ml; pooled SE = 0.27 ng/ml) or OG (0 g, 7.4 ng/ml; 56 g 
7.3 ng/ml; pooled SE = 0.27 ng/ml) but were less (P < 0.05) in Replicate 1 com-
pared to Replicate 2 (6.8 ± 0.15 ng/ml vs 7.9 ± 0.15 ng/ml, respectively). Leptin 
concentrations did not differ by Day (Table 4). No significant differences in se-
rum leptin were observed for any of the interactions.  

3.4. PGE2  

Serum PGE2 concentrations did not differ (P > 0.10) by FSH (200 mg, 913 pg/ml; 
400 mg, 651 pg/ml; pooled SE = 193 pg/ml) or OG (0 g, 719 pg/ml; 56 g 845 
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pg/ml; pooled SE = 193 pg/ml) but were less (P < 0.05) in Replicate 1 compared 
to Replicate 2 (489 ± 109 pg/ml vs 1075 ± 110 pg/ml, respectively). PGE2 con-
centrations did not differ (P > 0.10) by Day (Table 5). The OG × FSH interac-
tion was significant where serum PGE2 was greater (P < 0.05) in cows fed 56 g 
OG and superovulated with 200 mg FSH compared to cows fed 56 g OG and su-
perovulated with 400 mg FSH and cows fed 0 g OG and superovulated with 200 
mg FSH (Figure 5). The OG × FSH × Replicate interaction was also significant 
where PGE2 was greatest (P < 0.05) in Replicate 2 cows fed 56 g OG and supero-
vulated with 200 mg FSH compared to Replicate 1 cows fed 0 g OG and supero-
vulated with either 200 mg or 400 mg FSH and cows fed 56 g OG and superovu-
lated with 400 mg FSH (Figure 5). No significant differences in serum PGE2 
were observed for the remaining interactions  
 

 
Figure 4. Serum SAA concentrations (means ± SE) from cows superovulated with 200 or 
400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 or Replicate 2; *Different from 
SAA concentrations in Replicate 1. 

 
Table 4. Serum leptin (means ± SE) measured in cows superovulated with 200 or 400 mg 
FSH and fed 0 or 56 g OmniGen-AF in Replicate 1 and 2. 

Day  Leptin (ng/ml) 

0 7 

10 7.2 

14 8 

28 7.6 

38 7.1 

42 7.1 

43 7.4 

49 7.2 

Pooled SE 0.31 
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Figure 5. Serum PGE2 concentrations (means ± SE) from cows superovulated with 200 or 
400 mg FSH and fed 0 or 56 g OmniGen-AF in Replicates 1 and 2; a,b,cMeans without sim-
ilar superscripts differ (P < 0.05). 

 
Table 5. Serum PGE2 (means ± SE) measured in cows superovulated with 200 or 400 mg 
FSH and fed 0 or 56 g OmniGen-AF in Replicates 1 and 2. 

Day PGE2 (pg/ml) 

0 1323 

10 654 

14 602 

28 622 

38 679 

42 803 

43 594 

49 977 

Pooled SE 220 

3.5. Gene Expression 

Expression of CXCR2 in circulating immune cells did not differ (P > 0.10) by 
FSH (200 mg vs 400 mg, 9.0 vs 9.3 copies/µg, respectively; pooled SE = 0.8 cop-
ies/µg) or OG (0 g vs 56 g, 8.1 vs 10.3 copies/µg, respectively; pooled SE = 0.8 
copies/µg). CXCR2 expression was lower (P < 0.05) in Replicate 1 compared to 
Replicate 2 (5.8 vs 12.6 copies/µg, respectively; pooled SE = 0.4 copies/µg). 
Upregulation of CXCR2 expression was greatest (P < 0.05) on Day 42 and great-
er (P < 0.05) on Day 49 compared to Days 0, 10, 14, 21, and 38 (Table 6). The 
OG × Replicate interaction was also significant and CXCR2 expression was 
greatest (P < 0.05) in cows fed 56 g OG in Replicate 2 and was greater (P < 0.05) 
in cows fed 0 g OG in Replicate 2 compared to cows in Replicate 1 (Figure 6(a)). 
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Figure 6. Gene expression in cows superovulated with 200 or 400 mg FSH fed 0 or 56 g 
OG. (a) CXCR2 expression in cows superovulated with 200 or 400 mg FSH fed 0 or 56 g 
OG in Replicates 1 and 2. (b) CD62L circulating gene expression (means ± SE) in cows 
superovulated with 200 or 400 mg FSH in Replicates 1 and 2. (c) CD62L circulating gene 
expression (means ± SE) in cows superovulated with 200 or 400 mg FSH and fed 0 or 56 g 
OmniGen-AF in Rounds 1 and 2; *Different from CD62L gene expression in Replicate 1; 
a,b,cMeans without similar superscripts differ (P < 0.05). 
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Table 6. CXCR2 and CD62L circulating gene expression (± means) in donor cows supe-
rovulated with 200 and 400 mg FSH and fed 0 and 56 g OmniGen-AF in Replicates 1 and 2. 

Day CXCR2 (copies/µg) CD62L (copies/µg) 

0 7.3c 26.6 

10 7.4c 19.1 

14 6.7c 22.2 

21 7.4c 22.1 

28 8.4b,c 23.2 

38 7.7b 23.8 

42 18.8a 27.2 

49 9.9b 23.9 

Pooled SE 0.9 2.0 

a,b,cMeans in the same column without similar superscripts differ (P < 0.05). 

 
CD62L expression in circulating immune cells did not differ (P > 0.10) by 

FSH (200 mg vs 400 mg, 24.3 vs 2.8 copies/µg, respectively; pooled SE = 1.4 cop-
ies/µg) or OG (0 g vs 56 g, 22.9 vs 24.1 copies/µg, respectively; pooled SE = 1.4 
copies/µg). CD62L expression did not differ by Day (Table 6). The FSH × Day 
interaction was significant where CD62L expression was higher (P < 0.05) on 
Day 0 for cows superovulated with 200 mg FSH compared to cows superovu-
lated with either dose on all remaining days of collection (Figure 6(b)). The FSH 
× Replicate × Day interaction was also significant where CD62L expression was 
greatest (P < 0.05) on Day 0 for cows superovulated with 200 mg FSH in Repli-
cate 1 compared to cows superovulated with either dose in Replicates 1 or 2 on 
the remaining days of collection (Figure 6(b)). CD62L expression was also 
greater (P < 0.05) on Day 42 in cows superovulated with 200 mg FSH in Repli-
cate 1 compared to cows superovulated with the same dose in Replicate 2 
(Figure 6(c)). CD62L expression was not affected by any of the remaining inte-
ractions. 

4. Discussion 

Results from this study investigated if two different dosage levels of FSH and 
feeding OG to mature beef cows altered metabolic parameters, pro-inflammatory 
cytokines, APP and circulating immune cell gene expression during a superovu-
lation protocol. These treatments did not significantly change the serum con-
centration or expression of these biomarkers. However, changes in the serum 
concentration of biomarkers throughout the experimental protocol period were 
significant and may be useful to monitor cow health and reproductive function 
when utilizing superovulation. Significant Day effects were observed for changes 
in serum concentrations for BUN, BHB, NEFA, insulin and glucose during the 
entire length of the protocol. BHB is a ketone produced by the liver and is an in-
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dicator of energy status in cattle [8]. BHB concentrations were highest on Days 
28 and 38 of the protocol, which corresponded to the first injection of PGF and 
the first dose of FSH, respectively. Throughout this study, BHB concentrations 
were within the normal range for beef cattle. BUN is an indicator of rumen un-
degradable protein (RUP) and increased concentrations can have a negative im-
pact on reproductive performance [26]. BUN concentrations were highest at the 
start of the trial, dropped and plateaued at the same concentration for the dura-
tion of the protocol. These serum concentrations were also within the normal 
range for beef cattle.  

Glucose is a marker for metabolism because it is involved with many different 
functions of hormone production and is the key nutrient for energy balance for 
the cow [27]. Glucose is also a nutritional requirement for early embryonic de-
velopment [28]. In this study, glucose concentrations were highest at the start of 
the study and on Day 42, the time of the first insemination. Increased glucose 
concentrations at the time of onset of estrus may be involved with increasing LH 
and estrogen production which is allowing for greater ovulatory success, which 
is when the follicle ruptures to allow for oocyte release [29].  

Insulin is another marker for metabolism because it regulates glucose concen-
trations in the cow and is involved with reproductive performance [30] [31]. In-
sulin concentrations, like glucose, were highest in Replicate 1, on Day 42. This 
was somewhat expected because as glucose concentrations increase, the body 
will begin to secrete insulin to assist with storage in the liver and other organs. 
There was also an effect of FSH and OG with respect to Replicate. There was no 
difference in insulin concentration due to FSH dose in Replicate 1. However, in 
Replicate 2, insulin concentrations were lower in cows receiving 400 compared 
to 200 mg FSH. Regarding OG feeding, insulin concentrations were low in cows 
fed 0 g OG in Replicate 2 and in cows fed 56 g OG in Replicate 1. This was in-
teresting, as insulin concentrations were higher in the 0 g OG fed group in Rep-
licate 1 and in the 56 g OG fed group in Replicate 2. Overall, insulin concentra-
tions were within the normal range for beef cows.  

NEFAs are produced when fat stores are liberated due to low energy input 
from the diet and can be used as a marker of metabolism. When NEFA concen-
trations are elevated this causes a decrease in oocyte quality and early embryonic 
development because NEFAs can penetrate the follicle and hinder oocyte quality 
[32]. NEFA concentrations were highest on Days 42 and 43 which was during 
estrus and the peri-ovulatory period of the donor. In the FSH × OG interaction, 
cows superovulated with 400 mg FSH and fed 56 g OG had lower NEFA con-
centrations compared to cows on the same dose fed 0 g OG. Cows superovulated 
with 200 mg FSH and fed 0 g OG had lower NEFA concentrations than their OG 
fed counterparts. The difference between the two groups was interesting because 
NEFA concentrations varied depending on the dose of FSH administered and 
the amount of OG fed to the cows.  

Pro-inflammatory cytokines are important for increasing the inflammatory 
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response and increasing the release of APP. IL1-β is one of the main pro-in- 
flammatory cytokines, which is involved with promoting inflammation in a tar-
get tissue to aid in the immune system response. The results from this study 
showed IL1-β concentration was greatest on Day 49 compared to other days of 
the study. Day 49 was the day of embryo collection for the donor or Day 7 of 
gestation. IL1-β concentrations were also lower in Replicate1 compared to Rep-
licate 2. This may be due to the second replicate of superovulation inducing a 
greater inflammatory event because of the challenge previously provided in the 
first replicate.  

IL-6 is a cytokine involved with the pro-inflammatory response. IL-6 concen-
trations were lowest on Days 42 and 43 of the protocol. A decrease in IL-6 con-
centration during this period suggests a decrease in the inflammatory pathway 
during the time of estrus onset and the peri-ovulatory period. There was also an 
FSH effect where IL-6 concentrations were lower in cows superovulated with 200 
compared to 400 mg FSH. The greater FSH dose may have enhanced the in-
flammatory response. Similar to IL1-β, IL-6 concentrations were lower in repli-
cate 1 compared to replicate 2.  

Increased production pro-inflammatory cytokines will lead to elevated con-
centrations of APP. These are a signal for the inflammatory responses. If con-
centrations of these proteins are too high, negative effects on ovulation and ferti-
lization can ensue [10]. Albumin is an APP linked to NEFA concentration be-
cause it binds and stores NEFA in the liver [33]. Serum albumin was higher on 
Day 42 compared to all other days and followed a similar trend as other markers. 
As albumin is a serum binding protein, it is elevated with increased in free ste-
roid hormones, fatty acids and thyroid hormones at the same time in the estrous 
cycle. Haptoglobin is an APP marker that is produced under elevated concentra-
tions of pro-inflammatory cytokines. Serum haptoglobin concentrations fluc-
tuated during the duration of the superovulation protocol. Periods in the proto-
col associated with increased handling and injections may have induced an in-
crease in haptoglobin due to stress. SAA is linked to the inflammatory response 
and is classified as an APP. Serum SAA concentration was greatest on Day 43 
compared to the other collection days. Day 43 corresponds to the peri-ovulatory 
period where the ovarian follicles are preparing to ovulate as part of an inflam-
mation cascade in the ovary.  

Previous research demonstrated feeding cows OG resulted in fewer degenerate 
embryos and a numerical increase in transferrable embryos [22]. Since these dif-
ferences in embryo quality were observed with OG feeding of the dam, we hy-
pothesized metabolic or inflammatory changes occurred in the dam. While there 
was no differences attributed to OG feeding or FSH dose on the dam during a 
superovulation protocol, there were differences observed throughout an estrous 
cycle. Metabolic changes were observed during a superovulation protocol, which 
can be attributed to increased number of steroidogenic active follicles on the 
ovary. Increased metabolic and inflammatory markers in circulation around the 

https://doi.org/10.4236/ojas.2021.112014


A. P. Snider et al. 
 

 

DOI: 10.4236/ojas.2021.112014 193 Open Journal of Animal Sciences 
 

time of ovulation are important to note, as ovulation is considered to be an in-
flammatory event [34]. Taken together, this study has demonstrated changes in 
metabolic and inflammatory markers in normal cycling females.  

Overall, replicate emerged as the major factor affecting changes in the meta-
bolic and the immune markers evaluated. Concentrations for the biomarkers of 
inflammation and metabolism tended to be lower in the first compared to the 
second replicate of superovulation. These results may indicate the cow response, 
in terms of metabolic balance and systemic inflammation, may cause increased 
sensitivity to the superovulation protocol. This could lead to upregulation of the 
immune and inflammatory response, requiring increased metabolic demands. 
The implications of these results for embryo quality and reproductive efficiency 
are not known but could result in a more robust ovarian response. Likewise, the 
oviduct and uterine environment may prove more receptive for fertilization and 
embryonic growth during the first days following artificial insemination. The 
first round of superovulation may have sensitized the donors thereby enabling 
an augmented response to the second round of FSH dosing and OG feeding. 
Additional research is needed to fully understand how these specific markers 
play a role in oocyte quality and early embryonic development.  
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