
Circulating glucose responses in early lactation dairy cows 

to dietary restriction and rbST treatment 

by 

An neli c Basson 
BSe (Agric) Ani ma l Science 

Submitted in fulfilmcnt of thc requiremcnts of the d egree 

MSc (Agric) Animal Scicncc: Productio n Phys iology in thc 

Faculty of Natural and Agricultural Sciences 

Uni versity of Pretori a 

Junc 2008 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



I declare that the thesis, which I hereby submit for the degree MSc (Agric) 

Production Phys iology at the Univers ity of Pretoria, is my own work and has not 

previously submitted by me for a degree at this or any oth er tertiary institution . 

e Basson (94348449) 

 
 
 



ABSTRACT 

Galactopoietic effects of somatotropin are the result of IGF-I and requ ire high-quality 

nutrient intake. This study investigated shon-term partitioning effects during 

recombinant bovine somatotropin (bST) administration in high y ielding ea rly lactation 

dairy cows. Administration of recombinant bST has been shown generally to alter results 

of metabolic tests in the face of unchanged basal glucose and insulin concentrations. Ten 

multiparous Holstein cows were subjected to rbST (Lactotropin®) aneVor feed intake 

restriction to 80% of pred icted ME requirement (80% ME). Responses to insulin 

cha ll enge (0. 1 IU porcine insulin/ kg BW. 2 10 min) and hyperglycaem ic clamp (+50 

mgldL whole blood, 120 min) were tested during weeks 8 (control) , 9 (rbST ), I I (80% 

ME) and 12 (rbST + 80% ME) pos tpartum. Plasma and whole blood samples were 

assayed for glucose concentra tions. The rbST trea tment decreased fasting whole-blood 

glucose concentration by 9.4% (P < 0 .000 I), which was likely a remnant of control 

hyperglycae mia. Maximum glucose response was 4 .0 mgldL (2 1.7%) lower (P < 0 .0038) 

and took 6.5 minutes longer to attain (P< 0.0037). Steady-state glucose infusion rate 

(SSG IR) decreased by 8. 1 % (P< O.OOO I). The 80% ME treatment decreased glucose 

ava il ability by 5 to 6% (P< O.O I 00) , while no glucose responses were affected . Restricted 

energy intake during treatment with rbST resu lted in plasma glu cose increase by 5.5% 

(P< O.OOO I). Peripheral uptake and utili zation of glucose increased by 5. 1 % (P< 0 .0005). 

Compared to energy restriction, 80%ME + rbST did not alter effects of nutrient 

res trict ion on responses to exogenous insulin challenge. Effects were small and 

inconsistent. SSG IR decreased by 5.0% in the 80% ME + rbST compared to Ule 80% ME 

period (P< 0 .0004) and the change in the hyperglycaemic clamp in the absence of an 

effect in the insulin chall enge may be due to differences in endogenous insu lin secretion . 

The conclusion was that rbST treatment resulted in altered glucose metabolic responses, 

even with rest ricted energy intake. 
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SUMMARY 

The 9.4% reduction 111 glycaem ia induced by recombinant bST in thi s experiment was 

uncharacteristic and a residual effect of a relative hyperglycaemia in the c011lrol period. 

Administra tion of slow-release recombina11l bST in week 8 of lactation resulted in a 

reduct ion of the insulin-induced glucose responses at 7 days of treatment similar to 

previous experiments in dairy cows at 9 weeks (Sechen el at., 1989) and 27 weeks 

postpartum (Sechen el ai., 1990), although the reduction in insulin biological effect was 

less pronounced early in lactation, probably because mi lder homeorheti c adaptations were 

required later in lactation. The responses to recombinant bST included a reduction in 

response arca and the size of the max imal response, while delaying the a tta inment of 

maximal reduction in glucose in response to insulin challenge. There was a red uction in 

glucose disposal in tissues in response to hyperinsulinaemia, where decreased utili zation 

of glucose in response to insulin would make more glucose ava ilable to tissues that do not 

depend on insulin for glucose uptake, like the lactating mammary gland . Simila rly the 

G IR of exogenous hype rinsulinaemic euglycaemia was decreased in lacta ting cows at 28 

weeks postpartum (Rose el at., 1996) and in growing wethers (Rose & Obara , 1996), 

which was indicative of a decreased utili zation of glucose in response to insulin in 

peripheral tissues. An increase in glucose avai lability induced by decreased oxidation 

(Bauman e l at., 1988) and increased gluconeogenes is (Pocius & Herbein , 1986, Knapp el 

at., 1992) could at least in part explain the reduction in SSG IR in response to endogenous 

insulin release and data confirm the role of exogenous somatotropin in enhancing the 

nutrie11l partitioning effects of homeorhetic adapta tions that were already a t work in these 

ea rly lactation dai ry cows. 

The mild nutrient restriction resulted in red uced circulating glucose concentration that 

could have been the result of the relative hypcrglycaemia of the control period, but could 

also be the result of susta ined milk production under conditions where gluconeogenes is 

was decreased in the face of a reduction in alimentary substrates (Petterson el ai. , 1993). 

W hereas similar reductions in ME and/or crucle protein intake in da ily cows failed to 

affect glycaemia (McGuire el at., 1992) , feed deprivation (Peel el a t., 1982) or net energy 

re triction of more than 25% (Andersen el at., 2004) was requ ired to decrease circulating 

glucose concentra tion in cows. There was no effect of restriction on the glucose responses 

to exogenous or endogenolls insulin during the insulin challenge or hyperglycaemic clamp. 

iii 

 
 
 



Thc small tcndcncy lOward incrcased glucose mili zation in response to insulin 

(1' < 0 .0774) seemed of little biological imponance. Many of the glucose mctabo lic 

responses to insulin fa iled to respond to even greater nutrient restriction in ewes (Metca lf 

& Weekes , 1990, Petterson el al., 1993) and wethers (Janes el al. , 1985), or to vari at ion in 

nutrient supply o r phys iological status in beef (Sano el aI., 199 1) or dairy (Sano el aI. , 

1993, Blum el aI., 1999) cattle. 

The ability of recombinant bST to modulate the glucose responses to insulin was not 

significantly affected by combination with nutrient restriction. The slightly highcr glucose 

concentration could be the result of altered nutri ent partitioning and a dcc rease in 

uti liza tion of glucosc by the mammary gland (Pcttcrson el aI. , 1993). Howeve r the 

amount of glucose di sposa l in response lo elevated endogenous insulin was higher in the 

combined trcatmcnt pcri od than rccombinant bST a lonc, indicative of fai lure o f thc fu ll 

development of the recombinant bST response on the restricted intake regimen. Similarly 

there was a tendency for the maximum responsc of glucose lo insulin challenge to be 

increased (P< 0 .0646) toward levels that we re not different from control (1' < 0.407 1), i.e. 

nutri ent restriction tended to completely prevent the response lo recombinant bST. The 

continued response to recombinant bST in the face of nut ri ent restriction could also be 

rel ated to the fact that the uncoupli ng of the somatotropic axis during undernutrition 

(Newbold el ai, 1997) reduced the indirect effects of somatotropin through thc IGF 

system (McGuire el aI. , 1992 , McGuire el al., 1995a) and could also involve the direct 

metabo lic effects of somatotropin through tissue somat.otropin res istance (Breier, 1999). 

Generally recombinant bST fai led to significantly affect the glucose responses lo insulin 

under a restricted intake regimen. T he application of recombinant bST had inconsistent, 

but very sma ll effects on the hypoglycaemia of nutrient restriction . Nthough nutrient 

restriction alone fa il ed to affect the disposal of glucose in response to endogenous 

hvpe rinsulinaemic euglycaem ia, combination with recombinant b ST decreased glucose 

utili zation , but not to the same extent as recombinant bST alone. Even apparently sma ll 

or non-signifi cant effects of nutrient intake on the abi lity of recombinant bST lo induce 

a ltered nutrient pani t ioning (Peel el ai , 1982 , McGuire el al., 1992) could still have far­

reaching effects on the supply of nu trients to the lactating mammary gland , leading to 

la rge reductions in the ability to modulate product ion responses (McGuire el al. , 1992, 

Newbold el al., 1997). 
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Summary of data co llected during the experimental period 

Whole-blood Control rbST 80% ME 80% ME+ rbST 
Insulin challenge: 

Baseline glucose concentration (mgld L) , 48.7 b 44. 1 ' 45.7 d 46.6 

Baseline AUC (mgxmin/dL) , 1464.2 " 1324.4 " 1373.0 ,," 1397.6 

Response AUC (mgxmin/dL) " -235.7 b - 172.8 ""-2 18.9 :Ih - 190.3 
Maximum response (mgld L) " 18.3 " 14.3 ' 17.9 "h 16.8 

Time to maximum (min) , 42.0 " 48.5 "b 42.5 b 46.0 

Glucose clamp: 

Baseline glucose concentration (mgldL) , 47.5 b 4 1.5 ' 45.5 " 44.5 
Total G IR (mglkgxmin ) , 2.8 ' 2.8 ' 2.9 ' 2 .9 

SSG IR (mglkgxmin) ' 2.3 h 2.1 " 2.3 ' 2.2 

Plasma Control rbST 80% ME 80% ME+ rbST 
I nsulin challenge: 

Baseline glucose concentration (mgldL) , 67.1 b 60.4 ' 63.8 ' 64.3 

Baseline AUC (mgxmin/dL) , 20 16.2 b 18 10.5 ' 19 15.7 '" 1929.9 

Response AUC (mgxmin/dL) , -333.8 b -24 1.3 ''' -333. 1 '" -2 75.2 

Glucose clamp: 

Baseline glucose concentration (mgldL) , 65.0 b 55.4 ' 61.9 ' 6 1.4 

Different superscripts (a,b,c .d) indicate statistically Significant differences (P < 0.05) between periods 
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