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Abstract 
 

Diets can alter the concentrations of circulating 
hormones such as insulin and IGF-I. Such responsive 
hormones are related directly to nutritional status and 
moreover, directly or indirectly, associated with 
reproductive function and fertility. Metabolic hormones 
are involved in follicular development, number and size 
of ovarian structures, circulating concentrations of 
steroid hormones, duration of estrus, steroidogenesis, 
ovulation and embryonic development. However, 
circulating metabolic hormones in excess, resulting 
from high dry matter/energy intake can also contribute 
to the reduction of oocyte and embryo quality. Although 
changes in dietary intake affect ovarian function in Bos 
taurus and Bos indicus cattle, it seems that overfeeding 
influences more profoundly oocytes/embryos from 
heifers and cows of Bos taurus than of Bos indicus 
breeds. There is also a distinct effect of nutrition on in 
vitro vs. in vivo embryo production, in which metabolic 
hormones seem to affect more the later stages of follicle 
development. Thus, this paper presents and discusses 
the results of some relevant studies on the role of feed 
intake and its association with metabolic hormones in 
bovine reproduction. 
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Introduction 
 

Metabolic hormones are associated with diets 
provided to animals and have an important role in the 
regulation of reproductive activity from oogenesis or 
spermatogenesis, embryo development, and fetal growth 
until parturition. These hormones, mainly insulin and 
IGF-I are associated with aspects of physiology and 
reproductive performance in ruminants. Due to 
confounding factors related to hormones or other 
substances that change due to dietary alterations, it is 
often difficult to discern which factor is responsible for 
timely responses under different moments or feeding 
amounts.  

This article aims to discuss findings from key 
studies that evaluated the influence of these metabolic 
hormones in ruminants, especially in the cow. In 
addition, we will present studies performed in our 
laboratory, where we observed the association of 

metabolic hormones and reproductive aspects in cattle, 
often comparing animals of different genetic groups. 

 
Metabolic hormones 

 
Growth Hormone (GH) 
 

Growth hormone plays an important role in the 
regulation of ovarian function, however the exact 
mechanisms of its action are not well understood. It is 
known that nutritional deficiency leads to increased 
plasma GH, and its main effect appears to be in 
regulating the synthesis and release of IGF-I in the liver. 
However, there is a possibility that GH has a direct 
effect on the ovary due to the presence of mRNA for 
GH receptors (Gong et al., 1991).  

Chase et al. (1998) and Bossis et al. (1999) 
have shown that GH release is controlled by nutrition 
and IGF-I concentration by a negative feedback. 
However, the GH action on the IGF-I production is 
dependent on insulin. Underfed animals show high 
circulating GH and low insulin and IGF-I 
concentrations. This is due to a lower concentration of 
liver GH receptors (rGH), which may be due to lower 
induction of rGH and/or reduction in second-messenger 
signaling. Insulin induces active rGH and its absence 
leads to decreased responsiveness to GH (Chase et al., 
1998).  

Butler et al. (2003) showed that insulin restores 
responsiveness to GH in dairy cows with negative 
energy balance (NEB) induced by lactation, by affecting 
the expression of IGF-I and rGH. IGF-I continuously 
increased during the infusion of insulin. Furthermore, 
higher expression of mRNAs for liver GH and IGF-I 
receptors were detected in cows infused with insulin 
compared to the control group. It was concluded that 
hypoinsulinemia in the postpartum period of dairy cows 
is responsible for the lower liver rGH expression, 
resulting in no GH binding and no subsequent secretion 
of IGF-I.  

 
IGF system 
 

Insulin-like growth factors (IGFs) are produced 
and secreted primarily by the liver in response to GH 
stimulus and may or may not be associated with 
nutrition but mainly due to insulin concentrations. The 
GHr is found in numerous tissues but it is plentiful in the
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liver. IGFs act as mediators of most growth-promoting 
actions of GH and are single-chain polypeptides with 
structural homology to proinsulin. IGFs regulate the 
proliferation and differentiation of many cell types and 
have insulin-like metabolic effects.  

The IGF system is complex and consists of 
IGF-I and IGF-II binding to two types of receptors (type 
I and II), six IGF binding proteins, which are IGFBP-1, 
-2, -3, -4, , -5 and -6, and an enzyme of inactivation 
(IGFBPase) of the IGFBPs. The low molecular weight 
(IGFBP-2, -4, and -5) binding proteins show greater 
affinities to IGF, which prevent IGFs to bind to their 
receptors. The IGFBPases degrade IGFBPs providing 
greater bioavailability of IGF (free) to bind to the 
receptors (Fortune et al., 2004). The IGF-I stimulates 
cell proliferation and differentiation and acts 
synergistically with FSH on steroidogenesis by 
increasing the activity of P450 aromatase (Echternkamp 
et al., 1994). 

Webb et al. (2004) indicated that these factors 
play an important role in the initial stages of follicle 
development acting on granulosa cells of preantral 
follicles such that mRNA of both IGFBP-2 and IGF 
type I receptor are expressed. Thus, any change in the 
components of the IGF system can potentially affect 
follicular development. Moreover, several authors 
(Ginther et al., 2001; Fortune et al., 2004) showed that 
there is a strong involvement of the IGF system in the 
selection of the dominant follicle and changes in the 
IGF system are critical to the establishment of follicular 
dominance. 

 
Insulin 
 

Insulin is secreted by pancreatic β cells and 
plays a central role in body metabolism. Besides its 
anabolic action, it also acts as a marker of energy status 
to the central nervous system. Besides acting as a potent 
stimulator of mitosis, physiological concentrations of 
insulin are probably necessary for normal follicle 
steroidogenesis in concert with the action of FSH (Bossis 
et al., 1999; Buttler et al., 2004). Insulin concentrations 
of approximately 100 ng/ml stimulate mRNA expression, 
P450 aromatase activity, and increase the secretion of 
estradiol (E2; Silva and Price, 2002). 

Insulin acts as a signal to mediate the effects of 
acute changes in the diet on follicle dynamics in cattle. 
The reduction in fertility of dairy cows under NEB 
postpartum was associated with decreases in IGF-I and 
insulin. Insulin concentrations vary throughout the day 
as well as during the estrous cycle, with a significant 
increase during the preovulatory period. Estradiol is a 
strong candidate for mediating these changes, because 
the increase of insulin occurs in parallel to the increase 
of E2 associated with the development of the dominant 
follicle. Estradiol has been shown to stimulate the 
expression of both insulin mRNA and insulin secretion 
by the pancreas (Webb et al., 2004). We observed 

(Bastos et al., 2010) that pre-prandial insulin 
concentrations were higher in the estrogenic than the 
progestational phase of the estrous cycle in both Nelore 
(11.9 ± 2.05 vs. 8.3 ± 1.47 μIU/ml) and Holstein (4.2 ± 2.2 
vs. 1.05 ± 0.64 μIU/ml) cows. 
 
Glucose 
 

Glucose appears to be a metabolic signal 
generating information for controlling GnRH secretion. 
According to its bioavailability, glucose acts within the 
central nervous system for detecting peripheral glucose 
status to modulate GnRH and, indirectly, LH secretion. 
Glucose bioavailability influences both tonic and 
preovulatory centers to regulate GnRH release and thus 
LH secretion. Animals with hypoglycemia had a 
delayed LH release and glucose infusion restored the 
normal time of LH release induced by E2 (Diskin et al., 
2003). 

 
Nutrition and metabolic hormones in Bos taurus vs. 

Bos indicus 
 

With the purpose of comparing nutritional and 
metabolic aspects between Bos taurus and Bos indicus, 
a study was conducted with non-lactating Nelore (n = 7) 
vs. Holstein (n = 8) cows to evaluate the profile of feed 
consumption and circulating concentrations of glucose 
and insulin pre- and post-prandially (Ishiguro and 
Sartori, 2013; ESALQ/USP, Piracicaba; unpublished 
observations). The diet was calculated for maintenance 
by the National Research Council - NRC (2001). 
Holstein cows spent more time (135.0 ± 7.0 min) 
ingesting food than Nelore cows (104.4 ± 5.9 min). 
There were differences in circulating glucose and 
insulin which were higher (P < 0.05) in Nelore than 
Holstein cows, as shown in Fig. 1. The substantial 
difference in circulating insulin, but a discrete 
difference in glucose between Nelore and Holstein cows 
are very interesting observations and suggest distinct 
mechanisms for control of insulin increase after feeding 
as well as for regulation of glucose turnover between 
the two breeds. 

 
Influence of nutrition / metabolic hormones on the 

number of antral follicles 
 

The nutritional flushing prior to ovarian 
superstimulation may increase follicular population and 
superovulatory response in cows, which may be 
associated with increased insulin and IGF-I 
concentrations in response to higher propionate 
concentrations. Studies with beef heifers showed that 
overfeeding for a short period (up to 3 weeks) increased 
circulating insulin and the number of follicles (Gutierrez 
et al., 1997), improving superovulatory response (Gong 
et al., 2002). However, other studies found no effect or 
described a negative relationship between feed intake
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and follicular population, including those developed in 
our laboratory when crossbred cows (Bastos et al., 
2009) or Bos indicus heifers (Mollo et al., 2007a) were 
used. Due to the fact that BCS at the beginning of the 
nutritional flushing may influence embryo production in 
Bos taurus cattle (Adamiak et al., 2005), we designed a 
study to investigate whether differences in the BCS 
were associated with the nutritional flushing influence 
to the superovulatory response in Nelore heifers 
(Bastos et al., 2007). Thirty-six pubertal heifers with 
lower (2.7 ± 0.1, n = 18) or higher (3.7 ± 0.1, n = 18) 
BCS (scale 1-5) were divided into two groups which 
were subdivided according to the nutritional requirements 
in maintenance (M) or Flushing (1.8M). This design 
resulted in four subgroups: <BCS + Maintenance (<M); 
<BCS + Flushing (<F); >BCS + Maintenance (>M) and 
>BCS + Flushing (>F). The nutritional flushing was done 
during 14 days before the first FSH injection for 
superovulation, when heifers returned to the 
maintenance diet. Each heifer was superovulated twice 
and the interval between procedures was 35 days. The 
number of follicles ≥3 mm at the time of the first 
FSH injection did not differ among groups >M, >F, <M, 
<F, respectively (56.4 ± 6.0, 55.1 ± 4.5, 54.3 ± 6.9 and 
48.2 ± 4.8; P > 0.10). There was also no difference in 
superovulatory response among groups (discussed below). 

One of the studies showing negative 
relationship between nutritional intake and follicular 
population used 39 Bos indicus heifers that were fed 

with 40.8% of coast-cross hay, 51.9% corn silage and 
7.3% mix (energy, urea, minerals, and vitamins) for 
9 weeks (Mollo et al., 2007a). The heifers were divided 
into two groups according to the dietary levels based on the 
maintenance: 1.7 M and 0.7 M. At the end of the seventh 
week, heifers were subjected to superovulatory treatments. 
Despite the fact that the heifers in group 1.7 M had higher 
BCS, higher body weight and more blood insulin 
concentrations (14.3 ± 1.7 vs. 3.0 ± 0.8 μIU/ml), they had 
lower number of follicles ≥3  mm at the first FSH 
treatment (32.6 ± 2.5 vs. 42.6 ± 6.6; P = 0.10). 
Superovulatory data of this study will be ahead. 

A stimulatory effect of bovine somatotropin 
(bST) on follicle population has been described in Bos 
taurus and Bos indicus cattle. Treatment with 
recombinant bST increased the number of follicles (6 
to 15 mm) in lactating Holstein cows and size of 
second largest ovarian follicles in both lactating and 
non-lactating cows (De la Sota et al., 1993). Moreover, 
bST-treated lactating dairy cows before day 12 (first 
follicular wave, estrus = day 0), had more ovarian 
follicles between 3 and 9 mm than saline-treated cows 
(Lucy et al., 1993). Also, Buratini et al. (2000) 
observed a significant increase in plasma IGF-I 
concentration and a 36% increase in number of small 
follicles (<5 mm) when Nelore heifers (n = 8) were 
treated with bST on day 3 of the estrous cycle. 
However, there was no effect on the number of 
medium (5-9 mm) or large (>9 mm) follicles. 
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Figure 1. Circulating concentrations of glucose and insulin in Nelore (n = 7) vs. Holstein cows (n = 8) pre- and 
post-prandially. Breed; day; breed x day (P < 0.05) for glucose and insulin. 
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Influence of feed intake on ovarian structures and 
steroid hormones 

 
High feed intake can alter ovarian physiology 

and hormonal concentrations. In lactating dairy cows 
there is a high positive correlation (r = 0.88) between 
DMI and milk production (Harrison et al., 1990). Even 
though high producing dairy cows have larger follicles, 
serum E2 concentrations were lower when compared to 
heifers and dry cows (De la Sota et al., 1993; Sartori et 
al., 2002; Wolfenson et al., 2004). The reasons for 
lower circulating steroid hormone concentrations in 
cows with higher DMI are probably related to an 
increased metabolism of these hormones as discussed 
by Wiltbank et al. (2006).  

We compared the ovarian function of pubertal 
heifers (n = 27) and lactating dairy cows producing 
45.7 ± 1.3 kg/d of milk (n = 14) during an estrous 
cycle (Sartori et al., 2004). Likewise, we followed the 
estrous cycle of pubertal heifers under high (1.7 M) or 
low (0.7 M) feed intake (Mollo et al., 2007b). In 
these and other studies, there was an association of 
high DMI with larger sizes of ovarian structures, and 
lower circulating steroid hormones concentrations. 
For example, in a recent study (Bastos and Sartori, 
2013; ESALQ/USP, Piracicaba; unpublished data), 
non-lactating Nelore and Holstein cows, were 
exposed to high or low feed intake. Regardless of the 
genetic group, overfed cows had higher CL volume 
(5,146 ± 287 vs. 3,964 ± 306 mm³; P < 0.01), and lower 
plasma P4 concentrations (2.3 ± 0.2 vs. 3.0 ± 0.2 ng/ml; 
P < 0.03) than those with low feed intake. Likewise, the 
cows exposed to high DMI had larger ovulatory follicles 
(15.1 ± 0.8 vs. 13.8 ± 0.8 mm; P < 0.01) and lower plasma 
E2 preovulatory peak (12.6 ± 1.0 vs. 16.0 ± 1.0 pg/ml; 
P < 0.01). Interestingly, regardless of genetic group, 
overfed cows had follicle deviation occurring later in 
the cycle (2.9 ± 0.2 vs. 2.5 ± 0.2 days after ovulation; 
P < 0.05) and the diameter when the largest follicle 
reached deviation was also greater (8.1 ± 0.2 vs. 7.4 ± 
0.2 mm; P < 0.05).  

 
Influence of dry matter or energy intake associated 
with high insulin on yield and quality of embryos 

 
Most researchers who have studied the effect 

of feed intake on embryo production reported negative 
results on the reproductive function of cattle overfed 
compared with those fed restricted diets (see details in 
Sartori et al., 2012). The causes of impaired embryo 
production related to feed intake are still not well 
understood. However, changes in liver blood flow, in 
local and circulating metabolites (glucose and IGF-I), in 
hormone concentrations (insulin and steroids), and in 
different sources of volatile fatty acids may be involved 
in these processes. Moreover, we hypothesized that the 
effects of dietary intake on embryo quality may differ 
between Bos taurus and Bos indicus cattle, which 

consistently show different concentrations of circulating 
insulin and IGF-I concentrations (Sartori et al., 2010). 
As shown below, it is tempting to speculate that Zebu 
cattle may be more resistant than European breeds to the 
effects of changes in feed intake on embryo production 
and quality. 

Changes in DMI as discussed above, may 
affect the blood concentrations of steroid hormones, 
IGF-I and insulin, and affect oocyte quality, fertilization 
or embryo/oocyte transport and early embryonic 
development (Folman et al., 1973, Fonseca et al., 1983; 
Mann et al., 1998; Inskeep, 2004), resulting in reduced 
fertility. In addition to the effects of IGF-I and insulin in 
steroidogenesis (Gutierrez et al., 1997; Armstrong et al., 
2002; Gong et al., 2002) and the sensitivity of the 
follicle to gonadotropic hormones (Webb et al., 2004), 
as already described, hyperinsulinemia and increased 
plasma and intrafollicular IGF-I concentrations impair 
oocyte quality and subsequent embryo development of 
Bos taurus cattle (Armstrong et al., 2001; Adamiak et 
al., 2005). In our studies, we investigated how the DM 
or energy affects in vivo and in vitro embryo production 
in Nelore cattle. 

In the study by Mollo et al. (2007a), after 
feeding treatment diets for 9 weeks, overfed heifers 
(1.7 M, n = 20) presented lower superstimulatory (24.0 
± 1.1 vs. 48.4 ± 1.6 follicles ≥6  mm; P < 0.001) and 
superovulatory (15.7 ± 0.9 vs. 33.6 ± 1.4 corpora lutea; P 
< 0.0001) responses in comparison to those in restricted 
diet (0.7 M, n = 19). Moreover, the number of recovered 
embryos/ova (6.7 ± 0.9 vs. 10.5 ± 0.6; P < 0.0003) and 
transferable embryos (3.8 ± 0.4 vs. 5.7 ± 0.6; P < 0.01) 
were also lower for the high feed intake heifers. The 
superstimulatory and superovulatory responses and the 
number of total and transferable embryos seemed to be 
compromised by higher circulating insulin concentrations 
at the first day of FSH treatment (14.3 ± 1.7 vs. 3.0 ± 
0.8 µIU/ml; P < 0.001). Regardless of treatment, there 
was a negative correlation (-0.61; P < 0.05) between 
circulating insulin concentration and the difference in 
the number of follicles in the ovaries between the last 
and first day of FSH treatment. 

Bastos et al. (2007) did not detect any effect on 
the superovulatory response, embryo production, or 
embryo quality in heifers (n = 36) with higher or lower 
BCS fed maintenance (M) or flushing (1.8 M) diets for 
14 days before a superovulation treatment. In the study 
of Surjus et al. (2012), little variation of the 
superstimulatory response (14.6 ± 1.6a vs. 12.6 ± 1.4b 
vs. 13.6 ± 1.5ab number of follicles >6 mm; P < 0.05) 
was reported in non-lactating cows (n = 32) fed 
maintenance (M, 1.2% of DM/kg of BW), 0.7 M (0.84% 
of DM/kg of BW) or 1.5 M (1.8% of DM/kg of BW) 
diets after 42 days of feeding, in a latin-square design. 
There was no difference for the superovulatory 
response (11.0 ± 1.4 vs. 9.8 ± 1.3 vs. 10.2 ± 1.3 
corpora lutea; P > 0.10), fertilization rate (P = 0.71) or 
percentage of viable embryos (P = 0.98) among
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experimental groups (Surjus et al., 2012). Regardless of 
treatment, circulating insulin at the beginning of 
superovulation, was negatively correlated with 
superovulatory response (r = -0.32) and number of 
viable embryos (r = -0.22). Pregnancy rates at 23 and 53 
days after embryo transfer did not differ between 
treatments; however, the circulating concentrations of 
insulin in donors had a low, but significant negative 
correlation with pregnancy of recipients at 60 days of 
gestation (r = -0.16; P < 0.05). 

Guardieiro et al. (2013) supplied concentrate 
with or without rumen-protected fat (Megalac-E, rich in 
linoleic acid) to 40 heifers starting 50 days before 
superovulation, in a cross-over experimental design. 
Supplemental diets were isocaloric and isonitrogenous. 
The embryos recovered were cryopreserved and 
subsequently evaluated for in vitro embryo 
development. The superstimulatory response, number of 
total embryos/ova, viable embryos, degenerate embryos, 
or unfertilized oocytes recovered were similar between 
groups. However, there was negative effect of 
unsaturated fatty acids on the superovulatory response 
(15.7 ± 1.2 vs. 18.0 ± 1.3 corpora lutea; P = 0.06), 
hatching rate at 48 hours (17.3 ± 3.3%; n = 137 vs. 
33.1 ± 4.0%, n = 148, P < 0.009) and at 72 h (30.9 ± 4.0%, 
n = 137 vs. 44.3 ± 4.2%; n = 148; P < 0.04) of in vitro 
culture. This negative effect associated with a rumen 
bypass fat diet may have been influenced by lower 
plasma concentrations of IGF-I observed in this 
experimental group compared to control (374.3 ± 27.2 
vs. 483.8 ± 26.5 ng/ml, respectively; P < 0.0001). 

Our group also performed two studies to 
investigate the effects of feed intake on in vitro embryo 
production (Martins et al., 2006; Prata et al., 2011). At 
the first study, overfed cows (1.7 M, n = 10) in 
comparison to those underfed (0.7 M, n = 10) had a 
small but significant increase in number of follicles 
≥3 mm in diameter at the time of ovum pick-up (OPU) 
and associated with this effect was a tendency for a 
greater circulating concentration of insulin in the 1.7 M 
group (5.6 ± 0.8 vs. 3.5 ± 0.7 µIU/ml; P = 0.06, 
unpublished). Moreover, the diet with higher energy 
content tended to reduce the percentage of viable 
oocytes (44.0%, n = 732 vs. 48.6%, n = 623; P = 0.08). 
In despite of similar numbers of cleaved oocytes and 
blastocysts between groups, there was a higher 
expression of the BAX gene and global expression of all 
evaluated genes on embryos from the lower feed intake 
group, which may be related to better embryo quality 
(Martins et al., 2006). A study by Prata et al. (2011) 
used the same design as described by Surjus et al. 
(2012), however cows underwent OPU 30 days after the 
dietary treatments had started. More recovered oocytes 
(20.2 ± 2.0b, 23.0 ± 2.3a, and 21.5 ± 2.2ab; P < 0.02) and 
viable oocytes (14.4 ± 1.6b, 17.0 ± 1.9a, and 15.7 ± 
1.7ab; P < 0.006) were detected in the 0.7 M diet in 
relation to the M diet. Surprisingly, cows receiving the 
1.5 M diet did not differ from the other groups. 

Although the number of cleaved oocytes was also higher 
in 0.7 M cows as compared to M cows (10.7 ± 1.4b, 13.4 ± 
1.7a, and 12.6 ± 1.6ab for M, 0.7 M, and 1.5 M; P < 0.04), 
we did not detect influence of diet on the number (5.4 ± 
0.8, 6.9 ± 0.9, and 5.9 ± 0.8; P = 0.15) or percentage of 
blastocysts produced in vitro (31.9, 30.6, and 31.1%; P 
= 0.67). Moreover, regardless of treatment, cows with 
lower plasma insulin concentration (3.1 ± 0.75 μIU/ml) 
showed similar results (P > 0.10) as compared to cows 
with higher circulating insulin (9.72 ± 0.21 μIU/ml) in 
all of the variables analyzed, such as blastocyst rate 
(24.6 vs. 25.9%) and conception rate [31.2% (69/221) 
vs. 33.3% (71/213)] at 30 days. 

 
Conclusions 

 
Metabolic hormones are key elements to the 

reproductive performance, once they can affect different 
aspects of the physiology of the cow. The IGF system, 
as well as insulin, associated with reproductive 
hormones, interacts with ovarian activity, from the 
initial stages of follicular growth, to the process of 
selection of the dominant follicle, as well as final 
development and ovulation. When considering the 
effects of high DMI / energy on bovine fertility, the 
negative effects are highlighted, because they are 
associated with a high metabolism of steroid hormones 
and with an increase in circulating insulin and IGF-I 
concentrations, potentially compromising oocyte / embryo 
quality and lowering conception rates. Interestingly, 
although controversial, negative effects of 
hyperinsulinemia seem to be more pronounced in embryos 
produced in vivo than in vitro. Thus, we may speculate that 
in small follicles (<7 mm), this impairment on oocyte 
quality caused by higher circulating insulin and IGF-I 
concentrations is less intense, especially in Bos indicus 
cattle. In contrast, low circulating IGF-I may 
compromise follicle number and development as well as 
embryo production and cryotolerance. 
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