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Abstract 

Basal concentrations of prolactin but not luteinizing hormone were elevated in ewes by 8-10 h of 
heat stress given daily during the first 11 days of their oestrous cycle. However, the prolactin and 
luteinizing hormone responses to thyrotrophin releasing hormone and gonadotrophin releasing 
hormone were unaffected. 

Introduction 

The semi-arid tropical area of Australia is characterized by unshaded plains 
with summer ambient temperatures reaching 46°C, and for 6 months the monthly 
maximum temperature exceeds 35°C (MacFarlane et al. 1956). These conditions 
require considerable physiological adaptation (Hopkins et al. 1978) but the effect of 
such hot environments on the hormone concentrations of sheep has received little 
attention. 

It has been observed in cattle and rats that circulating prolactin concentrations 
increase as the ambient temperature increases (Mueller et al. 1974; Wettmann 
and Tucker 1974; Smith et al. 1977). Considering prolactin is a hormone connected 
with both lactation and water regulation (Nicoll and Bern 1972) it was of interest 
to determine the effect of heat stress on prolactin concentrations in the ewe. 

The effect of heat on luteinizing hormone secretion is uncertain. A fall in luteinizing 
hormone concentration with elevated temperatures has been reported in beef cattle 
(Madan and Johnson 1973) but a rise in luteinizing hormone concentration has 
been found in pigs (Riggs et al. 1974). To the authors' knowledge, no studies on the 
effect of heat stress on luteinizing hormone concentrations in ewes have been reported. 

Materials and Methods 

The experiment was conducted at Julia Creek, Queensland (21°S., 142°E.) during October 
(i.e. spring). Twelve mature Merino ewes [live weight 34· SO ± 2 ·18 kg (mean ± s.e.)] were randomly 
allocated to two equal live weight groups of six ewes. During the first 11 days of their· oestrous 
cycle (day 0 = day of oestrus) group I ewes were exposed to a hot environment (ambient temperature 
4S-S2°C for 8-10 h/day; relative humidity 30-80%) which has been reported sufficient to induce 
heat stress (Hopkins et al. 1978). At the same time group II ewes were housed in a thermoneutral 
environment where ambient temperature ranged between 30 and 3SoC for 8-10 h/day and relative 
humidity was 30-70%. Water and chopped Flinders grass hay were available ad libitum throughout 
the experiment. 

Jugular blood samples were collected from indwelling silastic cannulae at 2-h intervals for 9 h 
on days 3, 4, 7 and 9 of the oestrous cycle. After 10 days of treatment all ewes were given an 
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intravenous injection of 20 Ilg gonadotrophin releasing hormone and on the following day 10 Ilg 
thyrotrophin releasing hormone. Blood samples were collected at j--h intervals for 4 h before and 
for 6 h after the gonadotrophin releasing hormone injection and the thyrotrophin releasing hormone 
injection respectively. The resultant plasma was assayed for luteinizing hormone (Goding et al. 
1969) and prolactin (Hooley et al. 1978). 

For prolactin the within-assay variation was less than 15 % over the range 0·6 ± O· 1 to 
13·6 ± 2·2 ng per tube (mean ± s.e.m.) and the samples were diluted to fit this range. Three plasma 
pools were assayed repeatedly to measure between-assay variation and these read 90·2 ± 29·0 
(n = 14), 95·9 ± 8·5 (n = 8) and 61· 7 ± 3·6 ng/ml (n = 10). The sensitivity of the prolactin assay 
was 0·2 ng/ml (0·02 ng per Jube) using NIH-P-S8 standard. 

Within-assay variation for luteinizing hormone was less than 20% over the usable portion of the 
standard curve. Between-assay variation calculated from two plasma pools was 1·2 ± 0·1 (n = 12) 
and 6·8±0·2 ng/ml (n = 12). Assay sensitivity was 0·3±0·1 ng/m! (n = 12) using LER 1374A 
standard. 

Results 

Respiratory rates and rectal temperatures were consistently elevated during the 
period when the ewes in group I were exposed to hot conditions (temperature 45D C). 
During the heat treatment period the mean (± s.e.) respiratory rate of the group I 
ewes was 164·7 ± 4· 5 per min, which was significantly (P < o· 001) greater than that 
for group II ewes (61·6 ± 5· 3 per min). Rectal temperatures were higher in group I 
ewes (40·7 ± 0·1 DC, mean ± s.e.) than in group II ewes (40·4 ± O· lDC) but not 
significantly different (P > O· 05). The ewes in group I were considered heat stressed 
(HS) and group II ewes non-heat stressed (NHS). 
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Fig. 1. Effect of heat stress on 
mean basal prolactin levels in 
ewes during the oestrous cycle. 
Group I ewes (shaded histograms) 
were heat stressed for 8-10 h/day 
beginning on day 1 of the oestrous 
cycle. Group II ewes (unshaded 
histograms) were not heat 
stressed. Standard errors are 
shown by vertical bars. 

Prolactin levels were consistently (P < O· 05) higher in the HS group on all days 
measured (Fig. 1). On the day of gonadotrophin releasing hormone treatment, 
prolactin levels in the HS ewes were higher during the first few hours of sampling 
than during the remaining period. In contrast prolactin levels in the NHS ewes 
remained low. Both groups showed a slight increase after gonadotrophin releasing 
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hormone injection (Fig. 2a) which was probably due to the stress of increased 
handling, etc. at the time. All ewes in both groups had a large release of prolactin 
within 15 min of thyrotrophin releasing hormone injection (Fig. 2a). Mean prolactin 
levels of the HS ewes were significantly (P < O' 05) higher than in the NHS ewes on 
all occasions except during the 45 min after thyrotrophin releasing hormone injection 
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Fig. 2. Effect of 10 JIg of thyrotrophin releasing hormone (TRH) and 20 JIg gonado­
trophin releasing hormone (GRH) injected intravenously on (a) mean prolactin 
levels and (b) mean luteinizing hormone levels in HS (e) and NHS (_) ewes. 
Standard errors are shown by vertical bars. 

when the standard error was very high. The area under the curve for the 4-h period 
after the thyrotrophin releasing hormone injection (i.e. a measure of prolactin 
response) was significantly (P < 0·05) greater in HS ewes (2712±405 v. 1380±278 
area units, mean ± s.e.). However, if baseline prolactin levels were subtracted the 
areas under the curves were not significantly (P > 0·20) different [952 ± 255 (HS) v. 
752±215 area units (NHS), mean ± s.e.]. 
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Luteinizing hormone levels were never significantly (P > 0·20) different between 
the two groups and all ewes had a rapid luteinizing hormone release following 
gonadotrophin releasing hormone injection but not after thyrotrophin releasing 
hormone injection (Fig. 2b). 

Discussion 

Prolactin concentrations in the ewe were increased by heat stress but prolactin 
sensitivity to thyrotrophin releasing hormone was not altered. Luteinizing hormone 
concentrations before and after gonadotrophin releasing hormone were similar in 
HS and NHS ewes, indicating that heat stress specifically affected prolactin secretion 
rather than the secretion of all pituitary hormones. Since thyrotrophin releasing 
hormone is thought to act directly upon the pituitary (Kann et al. 1973; Vale et al. 
1973) the failure of heat stress to affect the pituitary prolactin response to thyrotrophin 
releasing hormone suggests that heat stress alters prolactin secretion at some site 
other than the pituitary. This could be at the hypothalamic level although the 
metabolic clearance rate of prolactin could also be affected. Evidence in the cow 
suggests that both the secretion rate and the clearance rate of prolactin are affected 
by heat stress (Smith et al. 1977). 

The prolactin response to heat suggests that the seasonal variation in prolactin 
concentrations (Schams 1972; Walton et al.1977) could be due to seasonal changes in 
ambient temperature. However, this seems unlikely since Ravault and Ortavant 
(1977) and Hart (1975) have been able to alter prolactin concentrations in sheep and 
goats by modifying the day length, presumably without changing ambient temperature. 
These 'seasonal' changes can be induced by changes in lighting regimes and can occur 
during constant temperature conditions (Ravault and Ortavant 1977). It is unlikely 
that the rise in prolactin concentration following heat treatment is merely a stress 
effect since Smith et al. (1977) and Mueller et al. (1974) found a depression in prolactin 
concentration during exposure to cold stress. 

The physiological role (if any) of this rise in prolactin concentration with temperature 
is unknown although it may be important for water homeostasis (Lockett and Niall 
1965; Horrobin et al. 1971; Labella et al. 1975). 

Acknowledgments 

The technical assistance of Messrs B. W. Doughton, J. Edwards and Miss E. 
Wilson is gratefully acknowledged. This work was supported by Australian Wool 
Research Trust Funds. 

References 

Goding, J. R., Catt, K. J., Brown, J. M., Kaltenbach, C. C., Cumming, I. A., and Mole, B. J. (1969). 
Radioimmunoassay for ovine luteinizing hormone-secretion of luteinizing hormone during 
oestrus and following oestrogen administration in the sheep. Endocrinology 85, 133-42. 

Hart, I. C. (1975). Seasonal factors affecting the release of prolactin in goats in response to milking. 
J. Endocrinol. 64, 313-22. 

Hooley, R. D., Campbell, J. C., and Findlay, J. K. (1978). The importance of prolactin for lactation 
in the ewe. J. Endocrinol. 79, 301-10. 

Hopkins, P. S., Knights, G. I., and Le Feuvre, A. S. (1978). Studies of the environmental physiology 
of tropical Merinos. Aust. J. Agric. Res. 29, 161-71. 

Horrobin, D. G., Burstyn, P. G., Lloyd, I. J., Durkin, N., Lipton, A., and Muiruri, K. L. (1971). 
Actions of prolactin on human renal function. Lancet ii, 352-4. 



Effects of Heat Stress on Ewes' 235 

Kann, G., Habert, R., and Denamur, R. (1973). Concentrations plasmatiques de la prolactine et 
de l'hormone thyreostimulante an cours de la traite des brebis: comparison avec les effects du 
TRH. C. R. Acad. Sci. D276, 1321-4. 

Labella, F., Dular, R., Queen, G., and Vivian, S. (1975). Anterior pituitary hormone release in 
vitro inversely related to extracellular osmolarity. Endocrinology 96, 1559-65. 

Lockett, M. F., and Niall, B. (1965). A comparative study of the renal actions of growth and 
lactogenic hormones in rats. J. Physiol. (London) 180, 147-56. 

MacFarlane, W. V., Morris, R. J., and Howard, B. (1956). Water economy of tropical Merino sheep. 
Nature (London) 178, 304-5. 

Madan, M. L., and Johnson, H. D. (1973). Environmental heat effects on bovine luteinizing 
hormone. J. Dairy Sci. 56, 575-80. 

Mueller, G. P., Chen, H. T., Dibbett, J. A., Chen, H. J., and Meites, J. (1974). Effects of warm and 
cold temperatures on the release of TSH, GH and prolactin in rats. Proc. Soc. Exp. Bioi. Med. 147, 
689-700. 

Nicoll, C. S., and Bern, H. A. (1972). On the actions of prolactin among the vertebrates: is there a 
common denominator? In 'Lactogenic Hormones'. (Eds G. E. W. Wolstenholme and J. Knight.) 
pp.299-324. (Churchill Livingston: London.) 

Ravault, J. P., and Ortavant, R. (1977). Light control of prolactin'secretion in sheep. Evidence for 
photoinducible phase during a diurnal rhythm. Ann. BioI. Anim. Biochim. Biophys. 17,459-73. 

Riggs, B. L., Alliston, C. W., and Wilson, S. P. (1974). LH levels in gilts as influenced by temperature. 
J. Anim. Sci. 39, 159-60. 

Schams, D. (1972). Prolactin levels in bovine blood, influenced by milking manipulation, genital 
stimulation and oxytocin administration with specific consideration of the seasonal variation. 
Acta Endocrinol. (Copenhagen) 71, 684-96. 

Smith, V. G., Hacker, R. R., and Brown, R. G. (1977). Effect of alterations in ambient temperature 
on serum prolactin concentration in steers. J. Anim. Sci. 44, 645-9. 

Vale, W., Blackwell, R., Grant, G., and Guillemin, R. (1973). TRF and thyroid hormones on 
prolactin secretion by rat anterior pituitary cells in vitro. Endocrinology 93, 26-33. 

Walton, J. S., McNeilly, J. R., McNeilly, A. S., and Cunningham, F. J. (1977). Changes in con­
centrations of follicle-stimulating hormone, luteinizing hormone, prolactin and progesterone 
in the plasma of ewes during the transition for anoestrus to breeding activity. J. Endocrinol. 
75,127-36. 

Wettemann, R. P., and Tucker, H. A. (1974). Relationship of ambient temperature to serum prolactin 
in heifers. Proc. Soc. Exp. Bioi. Med. 146,908-11. 

Manuscript received 9 May 1978 





 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -6.38, 689.33 Width 630.83 Height 18.08 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -6.3827 689.3317 630.8289 18.0845 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     6
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -5.32, 689.33 Width 523.39 Height 19.15 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -5.3189 689.3317 523.3859 19.1483 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     2
     6
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -5.32, 690.40 Width 574.45 Height 15.96 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -5.3189 690.3955 574.4479 15.9569 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     4
     6
     4
     1
      

   1
  

 HistoryList_V1
 qi2base





