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________________________________________________________________________________ 
Abstract  

A 2 x 2 factorial experimental design was used to evaluate effects of ovariectomy and implantation 
(200 mg trenbolone acetate and 28 mg estradiol benzoate; Synovex-Plus) on the performance, serum urea 
nitrogen, serum insulin like growth factor -1 (IGF-1), and mRNA expression of hepatic IGF-1, growth 
hormone (GH) receptor and estrogen receptor-α as well as pituitary GH, estrogen receptor-α and GH 
releasing hormone receptor in feedlot heifers. Thirty-two British x Continental heifers were randomly 
assigned to either an ovariectomized (OVX) or intact group and then to either a control group or a Synovex-
Plus implant group.  Heifers were fed a 900 g/kg concentrate steam-flaked maize based diet for 42 d. Liver 
biopsies were taken before OVX for baseline expression of IGF-1, GH receptor and hepatic estrogen 
receptor-α, which did not differ between treatment groups. Blood and body weight (BW) were taken on d 0, 
28, and 42 and one heifer/pen was slaughtered on d 42 for liver and pituitary tissue samples. Initial and final 
BW did not differ due to OVX or implant. No gender x treatment interaction was observed for average daily 
gain (ADG) or final BW. Neither OVX nor implant affected ADG for the final 14 d of the feeding period, 
but 28 and 42 d ADG were greater in implanted than in control heifers. No 2- or 3-way interactions with day 
were observed for serum urea nitrogen.  Serum urea nitrogen was greater in control heifers than in implanted 
heifers, but gender had no effect. Both implant and OVX increased serum IGF-1 and a gender x treatment 
interaction was observed. Neither gender nor implant treatment affected hepatic estrogen receptor-α, hepatic 
IGF-1, hepatic GH receptor, GH releasing hormone receptor, GH, or pituitary estrogen receptor-α. Data 
indicate that implanting heifers with Synovex-plus increases serum IGF-1, but the reason for this increase 
cannot be explained by mRNA expression of key somatotropic genes in the present study. 
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Introduction 

United States law stipulates that all heifers entering from Mexico must either be ovariectomized 
(OVX) or have originated in a tuberculosis-free herd and test negative for brucellosis.  Ovariectomization is 
a female castration procedure that not only renders the animal infertile, but also ceases the oestrous cycle and 
the behaviour associated with oestrus; thereby changing the gender of the animal, as gender can refer to 
male, female or neuter.  Research concerning the effects of ovariectomy is of particular importance in the 
southwest United States. Early research showed that ovariectomy decreased average daily gain (ADG) and 
gain : feed (G:F) (Ray et al., 1969), but more recent research has indicated that ovariectomy does not reduce 
ADG (Klindt & Crouse, 1990). Specifically, when implanted with either 20 mg estradiol benzoate and 200 
mg testosterone propionate (Synovex-H) or 20 mg estradiol benzoate and 200 mg progesterone (Synovex-S), 
ovariectomized (OVX) heifers have exhibited a four-fold greater response in ADG to implantation than 
intact heifers (Garber et al., 1990); and when implanted with Synovex-H, OVX heifers had similar ADG to 
intact heifers implanted with Synovex-H (Adams et al., 1990). However, the physiological and molecular 
explanation for this performance recovery, via implantation is poorly understood. 

Vestergaard et al. (1995) found that ovariectomy did not affect circulating insulin like growth  factor – 
1 (IGF-1) in unimplanted Holstein heifers, and Mader & Kreikemeier (2006) found IGF-1 concentrations to 
be greater in estradiol + trenbolone acetate (TBA) implanted heifers compared with unimplanted heifers, but 
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found no differences in IGF-1 concentrations between controls and those animals implanted only with 
estradiol or TBA. However, TBA alone or implanted synergistically with an oestrogenic implant had no 
effect on growth hormone (GH; Hunt et al., 1991). Implanting lambs with estradiol + trenbolone acetate 
increased hepatic mRNA expression of IGF-1 and implanting steers with estradiol+ TBA increased 
expression of IGF-1 in the muscle (Johnson et al., 1998). These data suggest that increases in serum IGF-1 
may be the result of increased hepatic and muscular IGF-1 mRNA expression.  However, the mechanism 
behind the increased IGF-1 expression in implanted animals is still poorly understood. 

Therefore, the hypothesis of this study was that the mechanism controlling increased IGF-1 expression 
might be associated with increased expression of GH or oestrogen receptors in the hepatocyte.  Thus, the 
purpose of this study was to utilize quantitative reverse transcriptase polymerase chain reaction (RT-PCR) 
technology to examine the physiological mechanisms by which anabolic implants improve the growth 
performance of intact and OVX heifers in the feedlot. 

 
Materials and Methods 

All procedures were approved by the University of Arizona Institutional Animal Care and Use 
Committee.  

A 2 x 2 factorial treatment arrangement was used to evaluate effects of OVX and implantation with 
Synovex-Plus [200 mg of trenbolone acetate and 28 mg of estradiol benzoate (EB); Fort Dodge Animal 
Health, Overland Park, KS] on ADG, serum urea nitrogen (SUN), serum IGF-1 and mRNA expression of 
hepatic IGF-1, total GH receptor and estrogen receptor-α as well as GH, estrogen receptor-α, and GH 
releasing hormone receptor in the pituitary.  

Thirty-two, two year old British x Continental heifers with an initial, unshrunk body weight (BW) of 
374 ± 3.8 kg (mean ± s.e.) were stratified by BW and assigned to one of two gender groups (OVX or intact).  
Heifers entering this study were heavier than heifers normally entering the feedlot. However, this is typical 
for cull heifers of Mexican origin entering feedlots in the southwest United States.  Heifers were then 
blocked by gender (n = 8 pens/gender) and randomly assigned to treatment [implanted (implant; n = 8) or 
non-implanted (control; n = 8)] and then to 1 of 16, partially shaded, soil surfaced pens (6.1 x 21.3 m; 2 
heifers/pen), with concrete feed bunks and a shared water source for a 42-d feeding period.  On d 0 cattle 
assigned to the implanted group were implanted with Synovex-Plus.  Before implanting, the right ear was 
cleaned with an anti-microbial disinfectant, sprayed with 70% ethanol and wiped dry to prevent infection.  
Additionally, before use and between each animal, the implant gun was cleaned and sterilized using a sponge 
immersed in antimicrobial disinfectant and then wiped dry. Following implantation the ear was thoroughly 
inspected to ensure that all pellets were inserted and securely in place.  Heifers were fed a 900 g/kg 
concentrate, steam-flaked maize based diet (Table 1), which was mixed daily prior to feeding (07:00).  Feed 
samples were collected at 2-wk intervals and analyzed for dry matter (DM), crude protein (CP), soluble 
protein (g/kg of CP), acid detergent fibre (ADF), ash, NEg and NEm (Dairy One, Forage Testing Laboratory, 
Dairy One, Inc., Ithaca, NY 14850).  Ort samples were taken at d 28, 42 and when inclement weather so 
required.  Feed refusals were weighed and a representative sample from each pen was taken and mixed with 
samples from all other pens to form a composite sample that was then sub-sampled and analyzed for DM.  

All surgical procedures were performed by, or under the direct supervision of a licensed veterinarian.  
Liver biopsies were taken on d -14 between the 11th and 12th ribs on the perceptual line from the tuber 

coxae to the point of the scapula. The area was shaved, cleaned, and anesthetized by local infiltration of 5 to 
10 mL of 2% lidocaine (lidocaine hydrochloride, injectable, 2%; Vedco Inc., St. Joseph, MO).  A puncture 
incision was made through the skin with a scalpel blade and a biopsy needle was subsequently inserted 
through the underlying muscle layers and into the liver. Two biopsies (~100 mg/each) were taken and 
combined on the anterior side of a sterile collection glove.  The samples were split equally into two screw 
top tubes, and subsequently snap frozen in liquid N.  Upon completion of all biopsies, samples were 
transported to the University of Arizona Ruminant Nutrition Laboratory and stored at −80 °C for later 
mRNA expression analysis.   

Surgical procedures for ovariectomy of animals assigned to the OVX group were performed on d -7 
and -5.  Heifers were restrained in a hydraulic working chute and bi-lateral ovariectomies were performed 
via entrance through the left para lumbar fossa.  Before surgery the area was shaved, cleaned, and 
anesthetized by local infiltration of 25 to 30 mL of 2% lidocaine (lidocaine hydrochloride, injectable, 2%; 
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Table 1 Ingredient and nutrient composition of diet (dry matter, DM basis) 
 

Item Concentration 
Ingredient  

Lucerne hay, g/kg  100.0 
Steam-flaked maize, g/kg 782.5 
Urea, g/kg 12.5 
Tallow, g/kg 30.0 
Cane molasses, g/kg 50.0 
Supplement1, g/kg  25.0 

Nutrient   
Dry matter, g/kg 870.3 
Ash, g/kg 47.3 
Crude protein (CP) g/kg 130.0 
Soluble protein, g/kg of CP 456.7 
Net energy maintenance2, MJ/kg 8.8 
Net energy gain2, MJ/kg 6.0 
Acid detergent fibre, g/kg 67.0 

  
1 Mineral supplement composition (DM basis): limestone, 470.59 g/kg; dicalcium phosphate, 10.36 g/kg; 
potassium chloride, 80.00 g/kg; magnesium oxide, 34.48 g/kg; ammonium sulphate, 66.67 g/kg; salt, 120.00 
g/kg; cobalt carbonate, 0.02 g/kg; copper sulphate, 1.57 g/kg; iron sulphate, 1.33 g/kg; calcium iodate, 0.03 g/kg; 
manganese sulphate, 5.00 g/kg; selenium premix (1.6 g/kg), 1.25 g/kg; zinc sulphate, 8.45 g/kg; vitamin A 
(30,000 IU/g),, 2.64 g/kg; vitamin E (500 IU/g) 5.40 g/kg; rumensin-80, 6.75 g/kg; tylan 40, 4.50 g/kg.; ground 
maize, 180.96 g/kg. 
2 Calculated. 

 
 

Vedco Inc., St. Joseph, MO).  A 10 to 15 cm vertical incision was made through the skin.  The underlying 
muscle layers were separated via blunt dissection and the abdominal cavity was entered.  Each ovary was 
located and removed from the broad ligament by hand and allowed to drop into the abdominal cavity.  The 
skin incision was then closed by using a horizontal mattress suture pattern of #1 Vetafil.  Heifers were 
subsequently maintained in individual pens on the previously mentioned diet until initiation of the study.  

Blood samples were taken via jugular puncture on d 0, 28, and 42 and allowed to clot at room 
temperature before serum was harvested via centrifugation at 1,000 x g for 20 min and stored (-20 °C) for 
later analysis of SUN and serum IGF-1.    

On d 42, following a 12-h fast, one heifer/pen was randomly selected and slaughtered via captive bolt 
and exsanguination, beginning at 07:00, at the University of Arizona Meats Laboratory, to obtain liver and 
pituitary samples. Pituitary glands were excised, trimmed and divided midsagitally and each half was placed 
in a separate screw top tube and snap frozen in liquid N within 30 min after exsanguination.  Liver samples 
(5 to 10 g) were taken immediately following USDA inspection and further processed into two sub-samples 
(1 to 2 g), divided equally into two screw-top tubes and snap frozen in liquid N within 30 min after 
exsanguination.  All pituitaries and liver samples were kept frozen in liquid N until they were transported to 
the University of Arizona Ruminant Nutrition Laboratory and stored at −80 °C for later mRNA expression 
analysis.   

Serum urea N was determined using a direct colorimetric determination method (TECO Diagnostics, 
Anaheim, CA 92807) and serum IGF-1 (ng/mL) was determined by RIA in single assay (CV = 12%), as 
described by Berrie et al. (1995).   

Pituitary (0.2 to 0.3 g; as-is basis), liver biopsy (0.1 g; as-is basis) and post-mortem liver (0.1 g as-is 
basis) samples were homogenized (Polytron, Brinkmann Instruments, Inc., Westbury NY) and total RNA 
was extracted with TRIzol (Invitrogen; Carlsbad, CA), according to manufacturers guidelines.  Pelleted RNA 
was then re-suspended in molecular biology grade H2O and stored at –80 °C.  Total RNA was DNase treated 
(DNase I – Amplification grade, Invitrogen).  Final RNA sample concentration and quality were determined 
by measuring the absorbance at 260 nm and 280 nm with a Nanodrop ND-1000 Spectrophotometer.  
Aliquots of DNase-treated RNA, taken from pituitary and liver, were normalized to a concentration of  
1 µg/µL or 0.40 µg/µL, respectively, and cDNA was created using Super Script III (Super Script III First-
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Strand Synthesis System for RT-PCR; Invitrogen), according to product guidelines.  Synthetic 
oligonucleotide primers (Table 2) were generated from published primer sequences for growth hormone 
(GH; Chen et al., 1997) and ERA (Lamote et al., 2006). Primers were designed with Primer Express 2.0 
software for the GH releasing hormone receptor nucleotide sequence in GenBank (Accession # AF1848960) 
and un-published nucleotide sequences for IGF-1, hypoxanthine-guanine phosphoribosyltransferase and GH 
receptor (M. Rhodes, The University of Arizona, Tucson, AZ, personal communication). 
 
 
Table 2 Forward primers, reverse primers and the corresponding reference or GenBank accession number 
for genes of interest 
 

Gene Primer Sequence (5′ − 3′) Reference 
Total GH Receptor  Radcliff et al., 2003 

Forward GGTATGGATCTCTGGCAGCTG  
Reverse CTCTGACAAGGAAAGCTGGTGTG  

IGF-1  Radcliff et al., 2003 
Forward TTGGTGGATGCTCTCCAGTTC  
Reverse GCACTCATCCACGATTCCTGT  

HPRT1 M. L. Rhoads 2006 (Unpublished Data) 
Forward GAGAGTCCGAGTTGAGTTTGGAA  
Reverse GGCTCGTAGTGCAAATGAAGAGT  

GH  Chen et al., 1997 
Forward CCGGAGGGACAGAGATACTC  
Reverse GAGTGGCACCTTCCAGGGTC  

Estrogen Receptor-α  Lamote et al., 2006 
Forward AGGGAAGCTCCTATTTGCTCC  
Reverse CGGTGGATGTGGTCCTTCTCT  

GH releasing hormone receptor GenBank (AF1848960) 
Forward TGTCATCACTCAGCTGCGAGA  
Reverse TCG GCA GCTTGTAGACATGCT  

  
1 Hypoxanthine-guanine phosphoribosyltransferase 

 
 

Quantitative real time PCR was performed at the University of Arizona Genomic Analysis and 
Technology Core facilities on an ABI PRISM 7300 Sequence Detection System (Applied Biosystems; Foster 
City, CA).  ABI PRISM 7300 Sequence Detection System Software (Applied Biosystems) was used to 
visualize and interpret data.  Real time PCR conditions for amplification of all gene products of interest were 
1 cycle at 50 °C (2 min), 1 cycle at 95 °C (3 min), followed by 40 cycles of 95 °C (15 s) and 66 °C (60 s), 
followed by 1 cycle at 95 °C (15 s) and 60 °C (30 s).  Disassociation curves were run on every plate to 
ensure single product amplification per primer set.  A reaction volume of 25 µL was identical for each 
sample well on every plate and all samples were run with iTaq SYBR Green Supermix with ROX (Bio-Rad 
Laboratories, Hercules, CA), in triplicate, alongside triplicate standard curves, in 96 well optical reaction 
plates with an optical reaction cover (Applied Biosystems).  

Following each run, primer efficiencies were calculated using the equation: Efficiency = 1 – 10(-1/slope of 

the standard curve).  Average of all triplicates, across all genes, resulted in efficiencies of 98, 94, and 97% for liver 
biopsy, post mortem liver and pituitary plates, respectively.  Standard deviation and CV values were 
calculated for cycle threshold values and all values had a CV of lower than 1.0%.  Cycle threshold values for 
hypoxanthine-guanine phosphoribosyltransferase were statistically analyzed to ensure no treatment or gender 
differences existed, thereby quantifying the proper choice for an endogenous reference gene.  The 
mathematical model used to quantify the relative expression or the change in the cycle threshold value (∆CT) 
of each target gene is described by Pffafl (2001). 

Due to insufficient RNA yield, three animals were excluded from liver biopsy gene expression 
analysis, two animals were excluded from post mortem liver gene expression analysis, and one animal was 
excluded from pituitary gene expression analysis.  Therefore, these data were analyzed as missing values and 
statistical analysis was performed using the PROC MIXED procedures of SAS (2004).  The model for all 
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data included gender (intact vs. OVX), treatment (implant vs. control), pen (experimental unit) and the 
gender x implant treatment interaction as fixed effects and the random effect was heifer. The model for SUN 
and serum IGF-1 also included day as a repeated measure and tested all 2- and 3-way interactions with day 
and the gender x implant treatment x day interaction was considered the residual.  Additionally, d 0 SUN 
was analyzed as a covariate, within sampling date, due to initial differences observed between gender 
groups; autoregressive of order 1 was used for a covariance structure.  Significance was considered P <0.05 
and LS means along with the most conservative estimate for s.e.m. were reported for each variable.   
 
Results and Discussion 

No gender x treatment interaction was observed for any performance parameters.  No differences in  
d 0 BW were detected for either gender or treatment group, and d 42 BW was not changed as a result of 
gender or treatment (Table 3).  Likewise, ADG (Table 3) for the final 14 d of the feeding period was not 
affected by gender or implant treatment.  However, 28 d (P = 0.03) and overall feeding period ADG were 
greater (P = 0.02) in implanted than control heifers.  These data agree with previous research conducted in 
our laboratory, which indicated that long-fed Holstein steers implanted initially (d 0) with 36 mg of zeranol 
followed by two subsequent implants of estradiol + trenbolone acetate on d 84 and 168 had greater ADG 
than non-implanted controls, when individually fed (Cheatham, 2005).  Perry et al. (1991) reported that both 
Holstein and beef steers implanted with Revalor (28 mg estradiol + 140 mg trenbolone acetate) had greater 
ADG than non-implanted controls.  Furthermore, Herschler et al. (1995) showed that implanting estradiol + 
trenbolone acetate ratios equal to those used in the present study improved ADG in both steers and heifers.   
 
 
Table 3 Effects of ovariectomization and Synovex-Plus implants on performance and serum metabolites in 
feedlot heifers  

 

Gender1 Implant treatment2

   Item 
Intact OVX s.e.m.3 P-value + - s.e.m.3 P-value 

 
No. of pens 8 8 - - 8 8 - - 
Body weight, kg 

Day 0 378 371 5.5 0.49 374 375 5.5 0.86 
Day 42 436 423 6.8 0.19 433 426 6.8 0.45 

Average daily gain, kg 
Day 0 to 28 1.34 1.16 0.13 0.29 1.43 1.07 0.13 0.03 
Day 28 to 42  1.58 1.40 0.13 0.49 1.50 1.50 0.13 0.94 
Day 0 to 42 1.41 1.24 0.10 0.07 1.44 1.21 0.13 0.02 

Dry matter intake, kg 
Day 0  to 28 11.0 11.0 0.03 0.31 11.1 11.0 0.03 0.25 
Day 28 to 42  10.6 10.4 0.18 0.54 10.5 10.5 0.18 0.98 
Day 0 to 42 10.9 10.8 0.07 0.43 10.9 10.9 0.07 0.74 

Gain : Feed 
Day 0  to 28 0.118 0.105 0.009 0.32 0.127 0.097 0.009 0.03 
Day 28 to 42  0.149 0.142 0.018 0.62 0.142 0.142 0.018 0.97 
Day 0 to 42 0.128 0.114 0.004 0.06 0.131 0.114 0.004 0.01 

Serum analysis         
SUN4,5 mg/dL 11.5 10.6 0.6 0.31 9.3 12.9 0.5 <0.01 
IGF-16 ng/mL  219.2 300.7 17.7 <0.01 350.9 169.0 17.7 <0.01 
         

1 Intact - Intact heifers; OVX - Ovariectomized heifers. 
2 + (implanted with 28 mg estradiol benzoate and 200 mg trenbolone acetate; – (non-implanted). 
3 Standard error of the mean (Most conservative estimate reported). 
4 SUN - serum urea nitrogen.   
5 Gender x treatment interaction (P <0.01; LS means listed in text). 
6 Insulin-like growth factor-1. 
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Gender did not affect ADG (Table 3) for the initial 28 d or the final 14 d of the study.  While these 
data support research showing that OVX does not reduce ADG (Hamernik et al., 1985; Klindt & Crouse, 
1990; Field et al., 1996), it is in contrast to early research that indicated that OVX decreased ADG (Dinusson 
et al., 1950; Ray et al., 1969; Horstman et al., 1982).  However, heifers studied by Horstman et al. (1982) 
were implanted with zeranol only, a much less aggressive implant than used in the present study.  
Additionally, OVX heifers in that study only exhibited reduced ADG for the first 24 d of the study and 
surgeries were performed between d 8 and 10, whereas, in the present study, OVX surgeries were performed 
on d -5 and -7 and heifers were allowed to recover before the initiation of the study.  Furthermore, no gender 
x implant treatment interaction was found.  Therefore, this lack of significance, in relation to gender, could 
have been due to the fact that implanted OVX heifers exhibited ADG similar to that of implanted intact 
heifers and was numerically greater than intact control heifers for the initial 28 d of the study (data not 
reported).  This is in agreement with Garber et al. (1990), as they found that OVX heifers exhibited a 
fourfold greater response to implantation than intact heifers.  Also, Adams et al. (1990) reported that 
implanting OVX heifers with Synovex-H resulted in BW gains similar to those in intact heifers implanted 
with Synovex-H.  

Neither gender nor implant treatment affected dry matter intake (DMI) and gender did not affect G:F.  
The lack of a gender effect on DMI agrees with early research that indicated that OVX did not have any 
affect on DMI (Adams et al., 1990).  On the other hand, reports on the effects of anabolic implants on DMI 
vary.  Adams et al. (1990) reported that implanting heifers with Synovex-H increased DMI; but Apple 
(1989) reported no difference in DMI between implanted and control steers.  The lack of an effect of 
Synovex-Plus on DMI, in the present study, could also be attributed to the short time that these heifers were 
on feed.  The lack of a gender effect on G:F disagrees with early research that indicated that OVX had an 
adverse influence on efficiency of growth (Dinusson et al., 1950; Horstman et al., 1982), but in agreement 
with later research that indicated that OVX did not have any effect on efficiency of growth (Klindt & Crouse, 
1990).  Due to the lack of difference in DMI and the increased ADG in implanted heifers compared to 
control heifers, G:F was greater for implanted heifers at both d 28 (P = 0.03) and 42 (P = 0.01), but did not 
differ between d 28 and 42. This finding agrees with previous reports that indicate implantation improves 
feed efficiency (Adams et al., 1990; Garber et al., 1990).  

Serum urea N concentrations (Table 3) were lower (P < 0.01) in intact than OVX heifers on d 0 (data 
not reported), thus baseline SUN was analyzed as a covariate, within sampling date, to alleviate any pre-
treatment effects at d 28 and 42.  This is not surprising as OVX operations were completed on d -7 and -5 
and OVX heifers were likely still recovering from the surgical procedures and therefore N utilization would 
have been reduced.  Following covariate analysis, no 2 or 3 way interactions with time were observed for 
SUN; thus only overall means are reported for implant treatment and gender.  These data indicate a trend for 
a gender x implant treatment interaction for SUN (P = 0.09; s.e.m. = 0.87) with LS means of 10.41 (intact 
implanted), 12.64 (intact control), 8.10 (OVX implanted) and 13.10 mg/dL (OVX control).  Additionally, 
SUN was greater in control heifers than in implanted heifers (P <0.01).  Considering the greater ADG and 
G:F observed in implanted heifers, one would expect that they utilized N better than control heifers.  
Supporting the present study, previous research indicated that heifers implanted with estradiol+trenbolone 
acetate had reduced plasma urea N compared to non-implanted controls or heifers implanted with either 
estradiol or trenbolone acetate alone (Mader & Kreikemeier, 2006). On the other hand, Cheatham (2005) 
indicated that SUN did not differ between implanted and non-implanted Holstein steers.  In that study, SUN 
concentrations were much lower (near 5 mg/dL) than in the present study (>8.0 mg/dL).  Johnson & Preston 
(1995) reported that plasma urea N concentrations greater than 5.0 to 8.0 mg/dL were indicative of excessive 
N intake and N wasting.  This would indicate that heifers in the present study were fed at or in excess of their 
CP requirement, whereas Holstein steers in the previous study were fed at or possibly somewhat below their 
optimal CP, which would explain the reason for treatment differences in the present study and not in the 
previous study.  Finally, gender had no effect on SUN  (Table 3). However, this could be expected 
considering the lack of change in ADG due to OVX, the trend for a gender x treatment interaction observed 
for SUN, and previous research conducted in our laboratory, indicated gender did not affect SUN when 
steers were compared to heifers (Bailey et al., 2006).    

Implants increased (P <0.01) serum IGF-1 (Table 3), which was greater (P <0.01) in OVX than intact 
heifers.  This, however, is explained by the gender x treatment interaction (P <0.01; s.e.m. = 25.5) observed 
for serum IGF-1 with LS means of 267.4 (intact implanted), 170.9 (intact control), 434.4 (OVX implanted) 
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and 167.0 ng/mL (OVX control) indicating that the greatest response in serum IGF-1 was in the OVX 
implanted heifers.  This agrees with many previous reports indicating that implanting steers increases 
circulating IGF-1 (Lee & Henricks, 1990; Hunt et al., 1991; Cheatham, 2005).  Furthermore, Mader & 
Kreikemeier (2006) found IGF-1 concentrations to be greater in estradiol+trenbolone acetate implanted 
heifers compared to controls, but found no differences in IGF-1 between controls and those animals 
implanted only with estradiol or trenbolone acetate.  Moreover, serum IGF-1 is generally considered to be a 
GH dependent peptide (Florini et al., 1991).  However, implants do not increase circulating GH (Hunt et al., 
1991; Hayden et al., 1992).  In fact, Cheatham (2005) reported that, in non-implanted Holstein steers, the GH 
response to a GH releasing hormone challenge was actually greater than that found in implanted steers.  
Although circulating GH was not measured in our study, data reported for serum IGF-1 agrees with previous 
research, which may indicate that anabolic implants may directly stimulate IGF-1, as opposed to acting 
through GH and the somatotropic axis.  Therefore, to evaluate effects of implanting feedlot heifers on the 
somatotropic axis, mRNA expression of genes associated with OVX, implants and the somatotropic axis 
were analyzed. 

An initial liver biopsy was taken on d -14 to quantify expression of hepatic IGF-1, estrogen receptor-α, 
and GH receptor.  Relative gene expression analysis revealed no pre-treatment differences (data not reported) 
for any of the genes examined.   

No difference was observed in post mortem hepatic IGF-1 ∆CT values (Table 4) as a result of OVX or 
implant.  Previous gene expression data has showed that implanting wethers with estradiol (8 mg)  
+ trenbolone acetate (40 mg) increased steady-state hepatic IGF-1 expression by 150% and suggested that 
the liver may be the source of at least part of the increased circulating IGF-1 in steroid implanted animals 
(Johnson et al., 1998).  Additionally, the same authors reported that implanting steers with Revalor-S (24 mg 
E2 + 120 mg trenbolone acetate) increased IGF-1 mRNA in the longissimus muscle by 68%.  Furthermore, in 
vitro research indicates that treating bovine satellite cell cultures with either estradiol or trenbolone increases 
IGF-1 mRNA level (Kamanga-Sollo et al., 2004).  However, the timeline for measurable effects of 
implantation with estradiol + TBA on gene expression is not consistent.  Reports have varied from as early as 
7 d post implantation (Pampusch et al., 2003) to as late as 28 d post-implantation (Dunn et al., 2003). It 
should be noted, however, that the Pampusch et al. (2003) study was a comparison within steer (i.e. d 0 to  
d 7) and the Dunn et al. (2003) study compared implanted to non-implanted steers, which could explain 
differences in the final expression between studies.  Pampusch et al. (2003) observed that IGF-1 expression 
 

 
Table 4 Mean delta CT1 values classified by gender and Synovex-Plus implant treatment and normalized to 
the housekeeping gene used for each target 

 

Gender2 Implant treatment3

   Item 
Intact OVX s.e.m.3 P-value + - s.e.m.3 P-value 

Liver post-mortem ∆CT 
IGF-14 0.94 1.34 0.30 0.33 1.24 1.03 0.28 0.60 
GH5 receptor 0.92 0.83 0.14 0.63 0.78 0.98 0.13 0.29 
E6 receptor-α 0.73 0.50 0.08 0.06 0.60 0.64 0.08 0.72 

Pituitary ∆CT 
GH 2.06 2.04 0.38 0.97 2.33 1.77 0.38 0.31 
GHRH7 receptor 0.78 0.73 0.10 0.70 0.85 0.66 0.10 0.21 
E6 receptor-α 0.75 0.60 0.10 0.28 0.54 0.82 0.10 0.07 
         

1 Cycle threshold. 
2 Intact - Intact heifers; OVX - Ovariectomized heifers. 
2 + (implanted with 28 mg estradiol benzoate and 200 mg trenbolone acetate); – (non-implanted). 
3 Standard error of the mean (Most conservative estimate reported). 
4 Insulin like growth factor-1. 
5 Growth hormone. 
6 Estrogen receptor-α. 
7 GH releasing hormone. 
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on d 26 was three times greater than on d 0.  Dunn et al. (2003) showed that, although IGF-1 in circulation 
increased as early as 14 d post-implantation, mRNA expression of IGF-1 in the muscle did not increase until 
d 28 and was 2.4 fold greater in implanted calves than non-implanted calves at that time. This latter study 
demonstrates that an increase in serum IGF-1 may be observed without an increase in hepatic IGF-1 
expression, as noted in the present study.  In our study, a trend (P = 0.11) for a gender x treatment interaction 
was observed with ∆CT values of 0.70 (intact implanted), 1.18 (intact control), 1.80 (OVX implanted) and 
0.89 (OVX control).  This is similar to the response we observed for serum IGF-1 in that the difference in the 
relative hepatic IGF-1 expression between intact implanted and OVX implanted heifers (P = 0.07) could 
explain the reason for an increased response of OVX heifers to anabolic implants.  

Hepatic estrogen receptor-α expression (Table 4) was not affected by treatment and no gender x 
treatment interaction was observed.  In vitro research indicated that when bovine satellite cell cultures were 
treated with estradiol or TBA, both estrogen receptor-α and androgen receptor mRNA increased when added 
at 0.001 nM each.  However, neither ER-α nor androgen receptor mRNA levels were affected by estradiol or 
TBA, compared to non-treated controls, when the steroids were added at greater concentrations (Kamanga-
Sollo et al., 2004).  Notably, a trend for intact heifers to have a greater hepatic estrogen receptor-α 
expression than OVX heifers (P = 0.06) was observed.  A more in depth analysis revealed that this trend may 
be influenced by numerical differences in the relative expression of hepatic estrogen receptor-α between 
OVX implanted and intact implanted heifers with ∆CT values of 0.43 compared to 0.76 (s.e.m.  
= 0.16; P = 0.06), respectively.  This could allow for estradiol supplied by the implant to anabolically act 
through the IGF-1 receptor, as was demonstrated in the mouse (Klotz et al., 2002).  However, further 
research should be conducted analyzing IGF-1 receptor expression to potentially validate this hypothesis. 

Pituitary estrogen receptor-α expression results are different, in that treatment (P = 0.07) and not 
gender, decreased the ∆CT value of pituitary estrogen receptor-α.  Additionally, differences observed among 
interaction means showed that OVX implanted heifers had lower (P ≤0.05) pituitary estrogen receptor-α 
expression (∆CT = 0.39) than either intact or OVX controls, which had ∆CT values of 0.82 and 0.81, 
respectively and they also tend to express lower (P = 0.13) pituitary estrogen receptor-α than intact implanted 
heifers (∆CT = 0.69).  These effects suggest that implantation with estradiol + TBA implants may also 
suppress pituitary estrogen receptor-α more in OVX heifers than in intact heifers which could also suggest an 
increase in binding to the IGF-1 receptor.  However, further analysis is warranted to examine this response.  

Neither gender nor treatment affected (P >0.65) the ∆CT values of GH releasing hormone receptor, 
GH, hepatic GH receptor, and there were no gender x treatment interactions observed for GH releasing 
hormone receptor, GH or hepatic GH receptor.  Lack of differences in the relative ∆CT values in the 
expression of mRNA from these genes strengthens the hypothesis that estradiol + TBA implants are acting 
outside the somatotropic axis to increase IGF-1.   
 
Conclusions 

Data indicate that reductions in performance of OVX heifers can be eliminated by using an estradiol + 
TBA implant, which is likely due to an increase in serum IGF-1. However, the reason for the increase in 
serum IGF-1 is not clear.  Trends in gene expression analysis suggest that the increased serum IGF-may be 
controlled outside of the somatotropic axis. Further research is warranted to examine the effects of OVX and 
anabolic implants on the somatotropic axis. 
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