 


V.      Miscellaneous


	Blood glucose changes also occur according to 


	a) Stage of pregnancy


	b) Condition of the animal and even


	c) Breed of sheep.


These changes which occur may be slight but not significant, but knowledge of these natural changes is important when assessing the physiological state of the ewe and determining danger of predisposure to pregnancy toxaemia.








KETONES


	Procos (1961) indicates that in establishing the factors responsible for ketosis in the past, the interpretation of the results has been hampered considerably by the lack of data on blood ketone levels of clinically healthy animals of various breeds and classes.  For this reason Procos (1961) had made a detailed survey of blood ketone body levels of healthy Merino ewes and wethers, each animal receiving 350g concentrates daily together with good quality lucerne hay ad libitum.  Procos (1961) noted effects of oestrus, sex and weather on ketone body concentrations.


I.     Oestrus and Sex


	It was found that the ketone body levels of ewes at oestrus were significantly lower than the corresponding values obtained during the period of anoestrus.  The values obtained by Procos (1961) were mean ketone body values of 1.32mg% at oestrus while during anoestrus the corresponding value was 2.08mg%.


	While considerable studies has been done in the past on the effect of sex on metabolism at the enzymatic level and to a lesser extent on  carbohydrate metabolism, comparatively few studies are available of its effect on ketone body levels.





II.    The Response to Drops in Temperature  


	From experiments on the effects of temperature drops on ketone body concentrations, Procos (1961) suggested that there is the existence of a positive relationship between ketone body levels and their corresponding temperature drops. (see figure 10)





FIGURE 10:















































	 The increase in the ketone body production is probably due to the increased utilisation of energy reported by Stellers (1957) cited by Procos (1961) and the concomitant decrease in depot fat reserves demonstrated by Campbell, Green, Schonbaum and Socol (1960) cited by Procos (1961).





III.     Response to Feed Intake


	Significant changes in ketone body levels  occured in experimental ewes on restricted feed intake. (see figure   ).  However in ewes allowed to eat ad libitum, there was little change (Reid and Hinks 1962).





























 


FIGURE   : Changes in Border Leicester/Merino ewes after feeding.


	Restricted intake of 11-15g/kg body weight daily.


	Ad libitum eating 20-22g/kg body weight daily.






































Source : Reid and Hinks (1962).





	Sampson and Boley (1940) cited by Reid (1949) found a blood ketone level of only 3-5mg% at the end of the fasting period in their experiments on response to blood metabolites to fasting in non-pregnant sheep.  In advaced pregnancy however, Austin and Hayston (1939) cited by Reid (1949) found a pronounced increase in blood ketones, as high as 30mg% in most of his ewes after 3-5 days fast.  Fraser et al (1938, 1939) obtained similar results with ketones as high as 99mg%, at these stages the cases cannot be refered to as normal but are definitely diseased.





BETA-HYDROXYBUTYRATE


	Concentrations of the ketone beta-hydroxybutyrate in plasma have shown to be a good index of severe undernourishment in sheep under feild conditions according to Russel (1977) cited by Foot, Cummins, Spiker and Flin (1984).  This is because concentrations of beta-hydoxybutyrate reflect the balance between fat metabolism and the capacity of the animal to make use of the ketone bodies produced.  Russel et al (1977) cited by Foot et al (1984) found that ewes grazing pasture and having a concentration of beta-hydoxybutyrate in the plasma of 0.71mM were in energy balance.  Moderate undernourishment and "severe" undernourishment gave rise to concentrations of 1.1 and 1.6mM respectively.





BLOOD GLUCOSE AND KETONE BODY LEVELS DURING STAGES OF PREGNANCY TOXAEMIA.





	There is little or no information available concerning the fluctuations which occur in the blood levels of ketone bodies and glucose from day to day prior, and through the course of pregnancy toxaemia.  Such information, especially during preclinical stages of the disease can contribute to the understanding of the basic causes of the disorder and aid in detecting the presence of the disease (Procos and Gilchrist 1966).


	Procos and Gilchrist (1966) used three treatments to induce the disease: 1.  Sudden changes in diet; from good quality to poor quality                           feed or from poor quality to good quality feed.


	  2.  Short term starvation (for 3 days).


	  3.  Oral dosing of Sulphadimidine, 0.2gm/kgbody weight on                             the first day, followed by 0.1gm/kg body weight, daily for                          five days.


Daily determinations of blood glucose and ketone body levels were performed throughout the experimental period.  The relationship found between the diets, treatments and the appearance of clinical symptoms (i.e. loss of appetite, nervousness, lethargy, imbalance, partial or total blindness and nervous spasms). The results can be seen in Table 11.









































TABLE 11 : The relationship between initial diets, treatments and clinical                   symptoms.


		Initial Green Lucerne Diet


___________________________________________________________________


Changed to:	 No Change	 Starvation then	  Poor Hay and	Poor Hay


		 Poor Hay.	  Sulphadimidine


___________________________________________________________________


	13 (w)	17  (P.E.)	21* (N.P.E.)	20* (P.E.)


	14 (N.P.E.)	19* (W)	16* (P.E.)	23  (P.E.)


	18 (P.E.)	15* (P.E.)	22* (P.E.)


___________________________________________________________________





		Initial Lucerne Hay Diet


___________________________________________________________________


Changed to:	 No Change	 Starvation then	  Poor Hay and	Poor Hay


		 Poor Hay.	  Sulphadimidine


___________________________________________________________________


	  1 (W)	 7   (W)	 4  (P.E.)	 3  (P.E.)


	  2 (P.E.)	 9   (N.P.E.)	 5  (P.E.)	 8* (P.E.)


	  6 (P.E.)	10* (P.E.)	11 (P.E.)	12  (P.E.)


___________________________________________________________________


* Appearance of clinical symptoms.  W = wether.  N.P.E = non-pregnant. 


P.E. = pregnant.  


Numbers indicate individual experimental animals





Source: Procos and Gilchrist (1966)





	The treatment most conducive to clinical symptoms was that in which original green lucerne diet was substituted by poor hay with simultaneous dosing of sulphadimidine.  In the case of the treatment in which sulphadimidine dosing was instituted without any alteration of the original lucerne hay diet, the treatment proved completely ineffective this shows the important role the diet has in the appearance of disease.


	Procos and Gilchrist (1966) also studied the relation between clinical symptoms, ketone body and glucose levels ( see Table 12 and Figure   ) and the time of occurence of clinical symptoms, maximum ketone body levels and minimum blood glucose levels.





TABLE 12 : The relation between clinical symptoms, ketone body and                            glucose levels.





___________________________________________________________________


Sheep No.	       KETONE BODIES MG%	        BLOOD GLUCOSE MG%


 	________________________	_________________________


	At appearance		At appearance


	of symptoms	Maximum	of symptoms	Minimum


___________________________________________________________________


     22	     13.4	    48.6	      25.0	    13.5


     16	     17.7	    42.2	      24.0	    14.0


     20	     23.7	    44.7	      20.0	    15.5


     10	     12.3	    14.1	      30.0	    16.0


       8	       9.9	    15.4	      22.0	    19.0


     15	     35.3	    53.6	      33.5	    19.5


     21 (N.P.E.)       12.3	    12.6	      44.5                  23.0


     19 (W)	     13.2	    17.4	      34.5	    34.5


___________________________________________________________________


Source : Procos and Gilchrist (1966).






































FIGURE   :The relation between ketone bodies and blood glucose at                              appearance of symptoms.


















































Source : Adapted from table 12 (Procos and Gilchrist 1966)





	At the appearance of symptoms the ketone body levels of all affected animals were greater than or equal to 10mg% (see table12).  By contrast, only four of the animals were hypoglycaemic with blood glucose levels equal to or less than 25mg% at this stage.  The higest ketone body levels obtained were found among pregnant sheep with clinical symptoms.  In no instance did the highest blood ketone and lowest blood glucose levels coincide with the first appearance of symptoms (see table 13).


























TABLE 12 : Time of occurence of clinical symptoms, maximum ketone                           body and minimum blood glucose levels.


___________________________________________________________________


SHEEP No.	                     Days after commencement of treatment


	____________________________________________________


	  Symptoms	      Ketone body 	     Blood glucose 


		        maximum	        minimum


___________________________________________________________________


     22	        7	             16	              4         


     16	        2	               4	              4          


     20	       16	             10	            15     


     10	         8	               2	              3          


       8	       17	          12, 16	            18             


     15	         9	             10	            16         


     21 (N.P.E.)            14	             12	            16     


     19 (W)	         4	               9	              4        


___________________________________________________________________





Source : Procos and Gilchrist (1966).








	The duration of ketosis and hypoglycaemia before the appearance of symptoms can be observed in Figure   .  It seems that the appearance of clinical symptoms amongst pregnant ewes was invariably preceded by both persistant (lasting 3 consecutive days) ketosis and hypoglycaemia, as seen in ewes number 10, 8, 15, 16, 22 and 20.  By contrast persistant ketosis number 12, 11 and 23 or persistant hypoglycaemia number 3 and 17 had at no stage exhibited symptoms of disease.


























FIGURE    : Duration of ketosis and hypoglycaemia before appearance of                     symptoms.











































































































BIOCHEMICAL PARAMETERS IN MONITORING AND CONTROLLING NUTRITIONAL STATE IN PREGNANCY TOXAEMIA.





	Russel (1985) state that a mojor limitation to the use of liveweight or condition score as indices of the inadequacy of nutrition during late pregnancy is that they provide information only in hindsight.  By the time an inadequate weight gain or an excessive loss in condition has been recognised, anirreparable production penalty may have incurred.  Russel suggests that a more immediate assessment of the inadequacy of contemporary nutrition is afforded by the measurement of circulating concentrations of metabolites, such as plasma glucose. FFA and ketone bodies.  Russel(1985) also indicates that of these the plasma concentration of beta-hydroxybutyrate (one of the two principle ketone bodies) is probably the metabolite best suited to a flock situation. This is so, as it is less affected by extraneous factors associated with handling and blood sampling than are other parameters, and it is claimed to work well in practice.


	Russel (1985) has found that in a flock with the normal variation in gestational age and number of foetuses a target mean plasma beta-hydroxybutyrate concentration of 0.8mM/Litre gives an acceptable distribution of individual values and satisfactory lambing.


	When mean plasma beta-hydroxybutyrate concentrations are in excess of the target the additional feeding requirement to bring th concentration back to 0.8mM/Litre can be calculated from the information presented in figure     .























FIGURE   : Increases in daily ME intake required to achieve target beta-hydroxybutyrate concentrations of 0.8mM/Litre in ewes of different liveweights and with higher initial beta-hydroxybutyrate concentrations.















































	For example, in a flock of ewes averaging 60kg liveweight and with a mean concentration of 1.3mM/l beta-hydroxybutyrate, energy intake should be increased by 2.9 MJ ME per ewe per day.  This could be met by feeding an additional 260g of 36% Dry Matter (DM) concentrate mixture with ME concentration of 12.9 MJ /kg DM.  It should be noted however that provision must also be made to maintain the prescribed moderate degree of undernourishment by making further increases in feeding to match the increase in demands of the growing foetus or foetuses.  The amount of feeding required to meet foetal demands can be calculated from the information in figure    .























FIGURE   : Daily ME requirements during late pregnancy for growth and                    development of the products of conception (i.e. excluding ewe                    maintenance) in ewes of different liveweights carrying                             single, twin or triplet foetuses.


















































	For example if the 60kg ewes are 4 weeks from lambing and are carrying twin foetuses, one can estimate that each week the energy requirement of the ewe will increase by about 0.75MJ ME/day.  This is almost 70g of concentrate.  In practice feed intake could be increased by about 120g/head/day in one week's time and by 150g/head/day two weeks after the first increment.


	 Experiments on the use of biochemical parameters in controlling the nutritional state in pregnant ewes by Russel, Doney and Reid (1967).  They affirm that the pattern of response of FFA levels to the undernourishment imposed in one of their experimenal groups suggested that any attempt to maintain nutritional state by feed adjustments based on FFA levels would have been less successful than the attempt based on ketone levels.  In their experience a moderate degree of undernourishment, where little or no elevation of ketone body levels is expected, may be controlled by the use of FFA levels. On the other hand, where the objective is a more than moderate degree of undernourishment ketone levels provide a more usefull criterion for feed adjustments


	These authors indicate that even a moderate degree of undernourishment in late pregnancy causes a reduction in lamb birth weight ( about 10%).  The extent of this reduction is directly related to the degree of undernourishment which, under conditions of comparable nutrient intakes, is dependent on the weight of the foetus or foetuses that the particular ewe is carrying.  In severely undernourished ewes, a reduction of about 25% in lamb birth weight can occur.

















