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Changes in circulating IGF1 as cows mature 
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Effects of early diet on plasma IGF-I concentrations 
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 n = 432, P < 0.001, r = 0.76 

JS Brickell et al. (2009) Dom. Anim. Endocrinol. 36: 67-81 

IGF and mortality in dairy calves 
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Brickell et al. (2009) Animal 3:8, 1175-1182 

Growth rates, weights and ages at first oestrus for 

Holstein heifers fed different planes of nutrition 
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Replacement heifers with a delayed AFC are 
already distinguishable by 1 month of age!  

IGF1 is a key growth factor which serves as an 
indicator of metabolic health. 
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Brickell et al. (2009)Theriogenology 72: 408-416.  

Lactating Cows 
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Calving

IGF-I & 305d milk yield 

VJ Taylor, PhD thesis 

Falkenberg et al. (2008) IGF1 and milk yield 

• Studied 417 MP Holstein cows.

• Milked x 3 daily. Herd average 10,300 kg/lactation

• IGF1 measured at 1,4,10,20 & 40 days pp.

Days post partum Av. 10-d milk IGF1 r P 

d5-14 31.6 ± 4.8 kg d1 -0.095 0.46 

d5-14 d4 -0.074 0.67 

d5-14 d10 -0.106 0.04 

d15-24 43.0 ± 5.5 kg d20 -0.189 <0.01 

d25-34 44.0 ± 5.5 kg d40 -0.165 <0.01 

Falkenberg et al. (2008) JDS 91: 3862-3868 

Relationship between IGF-I and 

conception in multiparous cows 

P<0.01 

Taylor et al (2004) Vet Rec. 155, 583-588 

n = 82 

n = 77 

n = 18 

J Patton et al. (2006) J Dairy Sci . 89: 1478–1487. 

Metabolic 

influences 

on 1st 
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conception 

rate 
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Falkenberg et al. (2008) Relationship between 

IGF1 and reproductive performance 

Trait 1st Q 2nd Q 3rd Q 4th Q 

IGF1 AUC ng/ml# <1975 1985-2395 2396-2840 >2840 

n 104 105 104 104 

Days to 1st AI 79±21 75±19 77±18 72±19 

Days open 117±44a 106±38b 101±37b 98±39b 

1st AI  28%a 31%a 39%b 44%b 

Pregnancy rate  59%a 67%b 74%c 80%c 

# Composite IGF1 measured at days 1,4,10, 20 and 40 postpartum 

Animals split into 4 quartiles based on IGF1 AUC 

 a<b<a P<0.05 

Falkenberg et al. (2008) JDS 91: 3862-3868 

Relationship between IGF-I and 

conception in primiparous cows 

* 
NS 

Taylor et al (2004) Vet Rec. 155, 583-588 

Postpartum IGF1 and culling 

Falkenberg et al. (2008) JDS 91: 3862-3868 

• The proportion of cows culled decreased from the first to 

the fourth quartile of IGF1 AUC from d1-40 pp: 37%, 

27%, 21%, 19% 

Lyons et al. (2014) Vet Rec. June 28 

• Case control study of cows recruited with LDA. 

Irrespective of LDA status, the mean IGF1 at recruitment 

was the only measured parameter associated with 

subsequent risk of culling: culled 11.7 ng/ml, not culled 

23.5 ng/ml P=0.005. 

Experimental approach 

Multiparous cows, previous yield 6500 kg

Pre-calving all fed same diet

Post calving: 
Mild NEB ad lib grass silage, 8 kg/d dairy
concentrate, milked x1 daily, n=6 
Severe NEB 25 kg/d grass silage, 4 kg/d 
dairy concentrate, milked x 3 daily, n=6 

All animals killed at start of 1st follicular
wave after calving, approx 14 d postpartum 

Tissues used for microarray 
gene expression studies  

•Liver
•Spleen
•Endometrium
•Oviduct

Blood samples collected for 
analysis of circulating 
metabolites, hormones and 
immune cell populations 

Effect of treatment on EB status and 

circulating IGF-I in postpartum dairy cows 
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o Reduced hepatic glycogen, 

o Increased hepatic triglyceride accumulation

o Elevated acute phase proteins

mild NEB severe NEB 

Severe negative energy balance: 

Lipid 
staining 

(Oil Red O) 

Glycogen (μg ml-1) 199.5  36.54 19.3  7.48 <0.01 

TAG (mM) 1.5  0.59 5.8  0.39 <0.01 

Circulating SAA mg/ml 62  37.1 133  29.2 0.16 

Fenwick et al. (2008) DAE 34:31. 

Expression levels of serum IGF-I and hepatic IGF-I  
mRNA in mild and severe negative energy balance
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Hepatic growth hormone receptor mRNA 
expression in NEB (qPCR) 
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Hepatic IGF-binding protein (IGFBP) acid labile 
subunit and IGFBP-3 mRNA expression in NEB 

** P<0.01 

IGFBP ALS

0

4

8

12

16

fg
 u

g
-1

 R
N

A

IGFBP-3

0

6

12

18

24

fg
 u

g
-1

 R
N

A

** 

** 

mild mild severe severe 

Fenwick et al. (2008) DAE, 34;31 

Energy balance (EB) group 

  Severe, n = 5 

  Mild, n = 6 

EB (MJ)

40-4-8-12

L
iv

er
 I

G
F

B
P

-2
 m

R
N

A
 (

fg
 u

g
-1

 R
N

A
)

160

120

80

40

Pearson correlation 

r=-0.662 P=0.02 

Relationships between qPCR measurements of liver 

IGFBP-2 mRNA and energy balance 

IGFBP2

0

40

80

120

160

fg
 u

g
-1

 R
N

A

P<0.01 

** 

mild severe 

Fenwick et al. (2008) DAE, 34;31 

Waves of follicular development 
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IGF system in the bovine ovary 

AS S 
IGF-II mRNA expression 

C.M. Perks et al. (1999) J. Reprod. Fert. 116, 157-165. 

Cows in SNEB have reduced IGFBP-2 

mRNA expression in the granulosa 

AS S 

Llewellyn et al. (2007) 
Reproduction133:67 

Figure 12 Schematic model for postulated sequence of events occurring before the beginning 

of diameter deviation during follicle selection in cattle and horses. 

M A Beg, and O J Ginther Reproduction 2006;132:365-377 

© 2006 Society for Reproduction and Fertility 

Summary effects of severe NEB 

in the bovine oviduct (ISH + PCR) 

fg/ug RT 

RNA 

MNEB SNEB 

IGFBP-6 4.4 ±0.9 1.7 ± 0.6* 

IGFBP-2 0.2 ± 0.06 0.1 ± 0.03* 

•Changes predict increased IGF-II to
IGF-I signalling

Altered environment for embryo
development? 

Oviductal 
secretions 

•Circulating IGF-I reduced

•Local IGF-I and IGF-II mRNA 
unchanged

IGF-1R 

MA Fenwick et al. (2008)Reproduction 135: 63-75.  

IGF-I & uterine infection in 
primiparous cows
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Lipid staining in 
liver 

Macrophages 
become foam 
cells in 
endometrium 
(uptake of 
oxidised lipids) 

CD14+ 
macrophages 

Lipid staining 
in 
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and 
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Tissues from d14 postpartum cow in severe NEB 

DC Wathes et al. 
(2013) Reprod. 
Fert. Dev. 25, 1-14.  
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Top up-regulated genes in endometrium 
according to NEB status 

Gene Symbol 

Fold 

Change Gene Title 

MMP1 28.8 matrix metallopeptidase 1  

MMP3 14.0 matrix metallopeptidase 3 (stromelysin 1) 

MMP13 9.4 matrix metallopeptidase 13 (collagenase 3) 

S100A8 9.4 S100 calcium binding protein A8 

S100A9 8.3 S100 calcium binding protein A9 

S100A12 8.2 S100 calcium binding protein A12 

CXCL5 14.8 chemokine (C-X-C motif) ligand 5  

BLA-DQB 11.3 MHC class II antigen 

IL-1R 8.3 IL-1 receptor  

IL8 8.1 interleukin 8 

IL8RB 6.4 interleukin 8 receptor, beta 

AHSG 8.0 alpha-2-HS-glycoprotein 

Wathes et al. (209) Physiol. Genomics 39:1-13 
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Pregnant cf NP cows have:  

•    circulating IGF-I 

•    BP-1 mRNA 

•    BP-2 & -3 mRNA 

Enhanced embryo growth 

? 

RS Robinson et al.  (2000) J. Endocrinol. 165: 231-243 

Plasma concentrations (ng/ml) of GH (A), IGF1 (B), insulin (C), and progesterone (D) 
according to treatment.  

Eduardo S. Ribeiro et al. Biol Reprod 2014;90:10 

©2014 by Society for the Study of Reproduction 

350 mg bST day 0 (S-bST) or days 0 and d14 (T-bST) 
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Ribeiro et al. (2014) Effect of bST on fertility 

Farm Parameter CONT T-bST P 

Herd A (n) 245 244 

Jersey % pregnant d 31 33 41 0.06 

8,300 kg/cow % pregnant d 66 25 35 0.02 

% calved 24 34 0.01 

Herd B (n) 255 246 

Holstein x Jersey x SR % pregnant d 31 39 47 0.26 

9,000 kg/cow % pregnant d 66 36 42 0.29 

% calved 30 35 0.34 

Synchronised 2 x Estrumate 14 days apart. AI at estrus.  

2x 325 mg BST days 0 and 14.  

Ribeiro et al. JDS (2014) 90:1-12 

Summary of effects of metabolic hormones on the 

ovary and reproductive tract 

Circulating 

IGF-I and 

insulin 

Follicle 

Synergise with FSH 

and LH 

Stimulate oestradiol. 

This promotes follicle 

and oocyte growth,  

oestrous behaviour 

and ovulation 

Corpus luteum 

Synergise with LH 

Stimulate progesterone. 

This acts on tract to 

promote embryo 

growth and 

development 

Act on secretory epithelia 

Enhance embryo growth 

and reduce embryo loss 

Tract 

E2 P4 

 Association between growth hormone receptor AluI polymorphism and 

fertility of Holstein cows 

A. Schneider,  M.N. 

Corrêa,  W.R. 

Butler (2013) 

Theriogenology, 80, 

1061–1066 

P=0.03 

Comparison of somatotrophic axis between 
Fert+ and Fert- Holstein cows 

Differences 
• Fert+: >circulating IGF1 

post- but not pre-calving 
• Fert-: >GHRtot hepatic 

mRNA pre-calving 
• Fert-: > IGFBP-2,-4, -5 and -6 

hepatic mRNA throughout. 

Similarities 

• Milk yield

• BCS 

• Circulating insulin

• Hepatic expression of mRNA 
for IGF1, GHR1A, IGFBP3, AlS, 
STAT5B, JAK2 or SOCS3

Blood samples and liver biopsy taken at -20,+2, +58, +145 and +245 d pp.  
Fert+, n=11, Fert-, n=12 

Cummins et al. 2012) JDS 95: 3711-3721 

Summary of metabolic traits associated 

with long calving to conception intervals 

Time relative to 

calving 

MP cows PP heifers 

-1 week High leptin, Low 

NEFA, Low urea 

High BCS, 

High urea 

+2 weeks Low IGF-I, 

High PMY 

+7 weeks High urea, 

High PMY 

High urea, 

BCS loss 

DC Wathes et al. (2007). Dom Anim. Endocrinol 33:203-225 
DC Wathes et al. (2007) JDS 90:1310-1325.  

Metabolic traits associated with failure 
to conceive 

Week Pregnant FTC P 

MP IGF-I -1 70 ± 3 54 ± 6 0.03 

Urea -1 4.9 ± 0.2 3.9 ± 0.5 0.07 

Urea +7 5.0 ± 0.2 3.7 ± 0.5 0.02 

PP Urea -1 4.3 ± 0.2 5.2 ± 0.4 0.07 

DC Wathes et al. (2007). Dom Anim. Endocrinol 33:203-225 
DC Wathes et al. (2007) JDS 90:1310-1325.  
.  
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Management of GHR-IGF uncoupling 
• Genotype
• Pre-calving BCS/diet
• Disease management

Circulating 
IGF1 

GHR mRNA 
1A (hepatic) 
1B, 1C (adipose) 

GHR protein IGF1 mRNA 

IGFBP mRNAs 
Insulin/insulin 
resistance 
BCS 
Catecholamines 
Nutrient availability 
Age/growth 

IGF2? 

Tissue specific 
regulation 

Pre-calving –
BCS too low or too high 

Diet/Infection/Inflammation/Age 

Early post partum period – 

Liver damage; uterine infection; reduced appetite 

Poor energy balance status 

Reduced fertility via effects on 

ovary and reproductive tract 

Compromised immune system 
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