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ABSTRACT
The review is the first in a series of three reviews on Pregnancy Toxaemia  (PT) 

( ketosis or hypoglycaemia ) in sheep.  It covers  fifteen (15) articles on the subject of PT in ewes from 1958 to 1989.   The  pathophysiology, symptoms, pathological observations, causes, treatment and recommended measures for the  control of PT is described.   PT is biochemically characterized by ketonaemia, ketonuria, hypoglycaemia and low levels of hepatic glycogen.  It occours in late pregnancy and could lead to the death of the foetus/es and ewe if not traeted in time.  It is a disease of nutritional origin and the symptoms exhibited by the ewe are nevous ones.   The earliest signs are apparent blindness, a disinclination  to move and depression.  Other symptoms are abnormal postures, tremours, painful grunts, laboured breathing, staggering gait, sternal and latewral recumbancy and immature lambing.  There could  also be postural disturbances, loss of reflexes, coma and ultimately death.  The major cause is due to undernourished ewes having large foetal burdens in late pregnanacy when metabolic demands become too great  for the ewe to maintain metabolic balance.  It can be accelerated by decreased food and nutrient intake, animals' physical or environmental conditions which restricts feed supply and intake or heavy worm infestation during late pregnancy.  Treatment could be by replacement therapy ( 110g/day by mouth of propylene glycol or glycerine is the most effective method); horomonal therapy and several miscelleanous mathods.  The generally recommended control methods are: (i) ensuring that the pregnant ewe are on adequate plains of nutrition, particularly in the last trimester of pregnancy; (ii) husbandry and management procedures aimed at the easy and early identification of weak pregnant ewes; (iii) good and stable feeding management during pregnancy and (iv) diets which would enhance propionate production in the rumen.
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1. INTRODUCTION 
Ketosis in ruminants is a disease caused by impaired carbohydrate  and  volitile fatty acid metabolism,  Blood and Radostits (1989).  It is biochemically characterized by ketonaemia, ketonuria, hypoglycaemia and low levels of hepatic glycogen.  In ewes  the disease is refered to as Pregnancy Toxaemia (PT)  occouring in late pregnancy,  and it could produce  debilitating effects if not promptly treated.  The disease occurs in undernourished ewes with large foetal burdens (usually twins),  when metabolic demands become too great for the ewe to maintain a metabolic balance by homeostatic mechanisms, as for example through  fat mobilization, reduction of glucose utilization by maternal tissues or by a reduction in the foetal growth rate.  Blood and Radostits (1989) further indicated that the disease is highly fatal and within individual flocks can reach a level of incidence sufficient to be classed as an outbreak.  This paper attempts to briefly review the literature on PT  in ewes with respect to the pathophysiology, symptoms, pathological observations,  causes, treatment methods and recommendations for the  prevention of PT.  

2. PATHOPHYSIOLOGY
Wilson, Mac Rae and Buttery (1983) citing Lindsay (1970)  indicated that very little glucose  per   se   was absorbed from the digestive tract of ruminants when roughage based diets were fed.  The animals would therefore obtain their glucose from glucogenic precursors, the major one being propionate, which would provide 30-50% of glucose-carbon produced in the non pregnant, non-lactating animal.  In the pregnant ewe , Russel, Doney and Reid (1967) suggested that the foetal demands for energy were supplied from maternal blood glucose derived mainly from propionate and amino acids from ingested nutrients.  In pregnancy and lactation, the glucose requirements for the nutrition of foetuses and for lactose production are considerably greater than in non-pregnant and non-lactating animals.    Wilson   et   al   (1983) suggested that the ewe can  increase the proportion of propionate-C which is converted to glucose during late pregnancy and early lactation.  They reported an increase from 37% in non-pregnant ewes to 55% in late pregnancy.

Chandler, Leury, Baird and Bell (1985) affirmed that under pastoral conditions, prolonged undernutrition was more likely to be encountered by the pregnant ewe than would be short-term, outright starvation.  The former can have profound effects on foetal growth, neonatal survival and maternal health.   Russel et  al   (1967) maintained that undernutrition does occur as a result of increasing foetal demand for glucose  and does not necessarily imply a reduction in nutrient intake or even what could be  generally considered a  ' low plane of nutrition.'    In the situation of carbohydrate insufficiency, the ewe will be undernourished, that is, the level of nutrient intake would fail to meet requirements, normal blood glucose levels cannot be maintained and the ewe would begin to mobilize body fat reserves.  Reid and Hogan (1958)  noted that indirect evidence strongly supported that hypoglycaemia in ewes undernourished in late pregnancy was a consequence of foetal demands on limited maternal glucose supplies.   Also the degree of hypoglycaemia in fed undernouished ewes at any given level of feed intake depended on stage of pregnancy,  number and size of foetuses.  Russel et   al   (1967)  suggested that it was expected that the degree of undernourishment,  in an  ewe receiving a constant amount of feed at a level failing to meet maternal and foetal requirements,  would be determined by the weight of the foetus or foetuses.  Reid and Hinks (1962 a, b, c)  implied this as they  found that the degree of undernourishment ( in a group of ewes fed 33% in excess of maternal maintenance requirements)  in any individual was related to foetal weight.   Moderate degrees of hypoglycaemia could lead to diversion of increased quantities of proprionate and amino acids and oxaloacetate itself to gluconeogenisis in liver tissue, with consequent impairment of acetyl Co-A oxidation  in the  Tricarboxylic acid cycle, and condensation of acetyl Co-A to ketone bodies.  Extahepatic tissues also metabolise considerable quantities of absorbed acetate (and presumably in undernourished ewes ketone bobies).  This increase in ketone bodies due to low glucose levels gives rise to hyperketonaemia.  The relationship between various blood metabolites and their interconversions will be considered in more detail in a followup review.

3. SYMPTOMS
Blood and Radostits (1989) indicated  that the symptoms reported  which have been exhibited by the ewe were  nervous ones .  The earliest signs being apparent blindness manifested by an alert bearing but a disinclination to move.  In experimental PT  induced  by Vihan and Rai (1985), this apparent blindness was not noted, but they reported  depression, abnormal postures, tremors, painfull grunts, laboured breathing,  staggering gait, sternal and lateral recumbency.  Immature lambing occured in some of the cases.  Reid (1951) and Mc Clymont and Setchell (1955, 1956) as cited by Vihan and Rai (1985), described four stages of symptoms in hyperinsulinism, such as lerthargy, muscle twitching, ataxia, and inability to stand and convulsions.  The latter showed that these symptoms were apparently identical to hypoglycaemic encephalopathy.  Vihan and Rai (1985) cited  Jasper (1953), who reported  postural disturbances, loss of reflexes, coma and death.  Vihan and Rai (1985) further citing Sugawara and Ootani (1977) also noted  fatigue and shivering but no cunvulsions or coma in Saanen flocks.
   

Blood and Radostits (1989) indicated  that constipation was usual, faeces were dry and scanty and there was grinding of teeth.  There was also a tendency for the animals to stand in the water troughs all day and lap the water, and in the later stages marked drowsiness developed and episodes of more severe nervous symptoms occured but they may be infrequent and easily missed.  At this stage tremors of the muscles of the head caused twitching of the lips, clamping of the jaws and salivation , the muscle tremor usually spread to involve the whole body, the sheep went  down and had a tonic-clonic convulsion.  Also the smell of ketones may be detectable on the breath.  PT  was  usually suspected in heavily pregnant ewes which showed  nervous signs and died within six or seven days after appearance of the signs (Blood and Henderson 1974).

4. PATHOLOGICAL OBSERVATIONS
Vihan and Rai  (1985) induced PT  by  the  administration of protamine and regular zinc insulin by different routes, it was found that the blood glucose level in the animals declined until six to twelve hours.  Subsequent to that initial decrease , it increased at different rates depending to some extent on the route, type of insulin used, species and repitition of doses.  Intravenous injection of plain and protamine zinc insulin resulted in a decrease in blood glucose and an increase in acetone concentration within a few hours after injection;  while by subcutaneous route  the decrease in glucose and increase in acetone was prolonged and delayed.  They found that it took eight (8) hours in sheep and more time with subcutaneous protamine zinc insulin  as compared to intravenous regular insulin.   Usually a second injection of 5 to 10 units  per kg body weight at eight hours after the first injection was required for the animal to exhibit symptoms.  Vihan and Rai  (1985) citing  Reid (1960)  reported that the hypoglycaemia (blood glucose at 5-10mg%) developed within two     ( 2) hours of  their injection and depression of consciousness within a few hours of injection.  In the former case six animals died out of sixteen and the rest recovered either by treatment or spontaneously.


Blood and Radostits (1989) suggesteded  that  apart from hypoglycaemia, ketonaemia and ketonuria being characteristic of the disease, there was  an increase in plasma free fatty acids in some cases due probably to accelerated gluconeogenisis from tissues.  Blood glucose levels were  reduced from a normal 50mg/dl to 20mg/dl in sheep as well as cattle.  Studies on carbohydrate metabolism of sheep by Reid and Hogan (1958) observed that  hypoglycaemia was consistently more severe and that the post-prandial increase in blood glucose was less in ewes carrying twins, than in ewes ccarrying single lambs.  They  found that the onset of PT  was not characterised by any specific changes in blood constituents.  In one ewe  blood glucose was 25mg% and ketones 22mg% at the onset , while in another levels were 13 and 65mg% respectfully.   Blood and Radostits (1989) affirmed that a terminal uraemia, indicated by a rise in plasma non-protein nitrogen leves, may occur but may be due to death and decomposition of the foetuses.  Also the elevation of plasma cortisol which occured  in PT  in ewes has been used to promote such an elevation. These suggestions were  in agreement with Reid and Hogan (1958).  Their experiments also showed that at necropsy severe fatty degeneration of the liver occured and there was almost always two lambs and evidence of constipation.

Blood and Radostits (1989) citing Hill et al (1984)  indicated that histologically there was also a poorly defined renal lesion, lambs may have been  dead and in various stages of decomposition and that hepatic glycogen levels were usually very low.  Vihan and Rai (1985) in histological studies of the liver, revealed swelling of the hepatic cells and diffuse but moderate fatty exchanges, more marked in the centrilobular area.  The central vein was dilated and varied in the width of the sinusoids in the areas of necrosis.  Vihan and Rai (1985) citing  M'Fayden (1924) and Sheeban (1950) reported similar changes, as well as their referral of Zharov (1976), when thyroxine was injected.  However Vihan and Rai's (1985) citing of Dryerre and Robertson (1941), indicated  that mobilization of fat and fatty infiltration of the liver was a normal accomplishment of pregnancy in ewes and was not peculiar to the animals suffering from pregnancy toxaemia.

Marked enlargement of most of the glomeruli in the kidney which caused them to completely fill the space of the Bowman's capsule, variation in  loop size and the beady appearance of some loops, multi focal haemorrages in the medullary region and capillary lumens being indistinct or obliterated as well as the endothelial lining cells being swollen with pink granular cytoplasm were all observed by Vihan and Rai (1985).   Adrenal gland changes were restricted to the zonafasiculata where there were mild to moderate degenerative changes characterized by disintegration of the cell outline and fusion of the cytoplasm.  At some places haemorrages with focal areas of congestion were  observed.  

The histological examination of the brain showed congestion, the presence of pink granular substances around the vessel wall, focal areas of haemorrages in the Virchow -Robin space, and marked degree of neuronal degeneration.  Cerebral colloid looking thrombi, and their walls showing  fibrinoid or fatty changes was observed by Seehan (1950) as cited by Vihan and Rai (1985) .

Mitchell and Stratford (1987) investigated  normal and induced toxaemic ewes for significant morphological and morphometric changes in the placenta and uterine vasculature,  they reported that   severely toxaemic ewes at 120 days gestation had a significantly different placental composition from normal animals at the same stage of gestation.  In severe toxaemia, maternal tissue predominated over foetal tissue, thereby resembling normal placentas near term and implying that early structural placental maturity occurs in toxaemic sheep.  This may be associated with enhanced placental efficiency usually seen in the last days of normal ovine pregnancy. 
 

5. CAUSES OF PREGNANCY TOXAEMIA
Foot (1983) stated that PT  occured  in undernourished ewes with large foetal burdens (usually twins) when metabolic demands became too great for the ewe to maintain metabolic balance by homeostatic mechanisms such as fat mobilization, progressive reduction in glucose utilization by maternal tissues and reduction in foetal growth rate.  He  further suggested that this metabolic crisis was  often the result of a reduction in food intake which may have been caused by  any of the following : a decrease in pasture availability,  a disruption of grazing due to bad weather, stock movement, sheer weakness of the ewe, or  inappetance which may occur in fat ewes in late pregnancy.   Also,  stress in late pregnancy  for example  from stock movement or foot rot, and continued high nutritional demands of the uterus perhaps due to the placenta growing well in mid pregnancy and in late pregnancy taking up a high proportion of the total available nutrients, would add to the crisis.  

Blood and Henderson (1974) suggested  that the most important etiological factor in PT was a decline in the plane of nutrition during the last two months of pregnancy, particularly ewes carrying twins and which have been well fed before hand.  Added to this  in cases where the disease was produced experimentally, there was a great deal of variation between sheep and the incidence of the naturally occuring disease in conditions which appeared  to be conducive to its developement.  It seemed likely that the difference between sheep, depended upon the metabolic efficiency of the liver, such that ewes which because of impaired hepatic function, were predisposed to the disease and may react to the continued , preferencial demands for glucose by well grown twin foetuses.  The ewes then  being unable to effectively carry out gluconeogenisis would develop  hypoglycaemia with the accumulation of ketone bodies and cortisol.   Blood and Radostits (1989) also suggested that exposure to inclement weather or heavy worm infestation,  for example with  Haemoncus     contortus      would add a similar drain on glucose metabolism and increase the chances of the disease development.

The elevation of the plasma cortisol levels which is comonly encountered in ewes with PT  has attracted attention because of its possible indication of adrenocortical involvement in causing the disease.  It seemed  more likely that the observed increase in response was to environmental and nutritional stresses and possibly failure by the liver to metabolise the cortisol , Blood and Radostits  (1989).   Van Soest (1983)   suggested  that PT could  occur in any animal species and may arise from diverse causes.  Not all ketotic conditions were  pathological, since fat mobilization and the rise in blood ketone boby level is a  common response to the stress of energy demand over that received in the diet.    Also the pressure of the foetuses and perhaps of overfatness of the rumen may limit the fill, restrict intake and help induce the condition.

6. TREATMENT OF PREGNANCY TOXAEMIA
Van Soest (1983)  suggested that the best remedy was  prevention by feeding management.    He suggested that PT depended on a resevoir of body fat,  the required source for ketone bodies.    Therefore the prevention was practically a matter of avoiding an overfat condition which could be regulated  by appropriate feeding.  This  however may not be a practical suggestion particularly in the tropics where feed availability is variable from season to season.    Andrews (1982) indicated that the response of sheep with PT  to therapy  was  often variable and disappointing.  Lack of success in treatment often depended  on the severity of the  signs.    In the studies on the effect of glucose and propylene glycol on PT  in ewes, it was found that the use of glucose by subcutaneous and intravenous routes have been considered ineffective by several workers (Andrews 1982 citing Dayus and Weighton 1931, Hopkirk 1934, Cameron and Goss 1940).    In a study where there was 90% mortality, intravenous glucose appeared to hasten deaths (Thomson 1956 cited by Andrews 1982).    Andrews (1982) citing Leslie (1931) reported that treacle given orally produced 40% recovery; two ounces (56.6grammes) glycerol twice per day produced a 41% recovery rate and the use of insulin, although giving a 40-50% recovery rate was considered to be doubtful by Thomson (1956) cited by Andrews (1982).    He also found that other combinations, such as glycerol with adrenocorticotropic hormone, thiamine and cortisone, and potassium chloride also gave disappointing results.   Andrews(1982) reported on  four ewes with PT with all  ewes  given a daily dose of 200-400ml of 40% dextrose intravenously, plus 60ml propylene glycol orally.  He achieved success with  three of the four ewes.    There is doubt about the significance of the results due to the small number of cases, and due to the fact that there were no controls.  It is suggested that the recovery  or improvement of the cases may  have been due to the disease being at an earlier stage in these animals than in previous trials. 

Andrews (1982) stated that the successful  outcome of his cases was due to the combination of glucose and propylene glycol.    Propylene glycol resists fermentation in the rumen and following absorption is converted to glucose and glycogen.    He also  cited   Leslie (1931) and Griffiths (1952) who reported success with twice daily administration of oral glycerol which agreed with  his conclusions.   Blood and Radostits (1989), suggested that the responses  to treatments in ewes were variable and in general less satisfactory,  probably due to the added biochemical lesions of decreased glucose utilization, hypoglycaemic encephalopathy, severe fatty degeneration of the liver, and decreased plasma cortisone levels (in severe cases).  This variability in response to treatment in ewes would probably depend on the severity of the cases and the duration of the disease as neither replacement therapy or hormonal therapy (which will be discussed subsequently) are likely to have any effect.    The suggested methods of treatment could be listed as replacement, hormonal and miscelleanous.

6.1 Replacement therapy
The aim of this is to relieve the need for glucose formation from tissues and allow  ketone body utilization to continue normally.   The results from replacement therapy in sheep have varied  widely.    Propylene glycol or glycerine (110 grammes daily  orally ) gave excellent results for some workers and poor for others.   One of the common complications in sheep is acidosis.    A complete programme  should include the intravenous injection of sodium bicarbonate or lactated Ringer's solution, (Blood and Radostits 1989).  

6.2 Hormonal therapy 
Hormonal preparations stimulate gluconeogenisis for about 48 hours after a single injection of a suitable preparation, (Blood and Radostits  1989 citing Cote ,  1971).    The major disadvantage of treatment with adrenocortical preparations is that gluconeogenisis is stimulated at the expense of oxaloacetate utilization in removing excess ketone bodies.    In sheep the results using  standard doses, according to Braun (1970) as cited by Blood and Radostits (1989), are poor, and this treatment was not recommended.    Very large doses however (25mg of dexamethasone ) were  reported to be effective in ewes still able to stand.

Experimental work by Forde et al  (1979) as cited by Blood and Radostits (1989) indicated that in ketotic sheep there was  little likely effect of anabolic steroids as treatment for PT.    However,  about a 50% recovery rate was  achieved with an injection of 30mg trebolone acetate.    Even better results were claimed for a similar injection daily for one week accompanied by oral propylene glycol (100ml twice per day) but the advent of parturition was  the critical factor in promoting recovery (Weirda et al , 1985 cited by Blood and Radostits,  1989 ) .

6.3 Miscellaneaous treatments 
Blood and Radostits (1989) recommended that in the early stages of the disease lambs could be  recovered by cesarean section or hormonal induction of parturition.    In later stages the ewe's condition would be irreversible and the foetuses would  often be dead and decomposed.    Induction with  corticosteroids has been effected with dexamethasone 21-isonicotinate or sodium phosphate at a dose rate of 10mg , but the trimethylacetate seemed to be ineffective.

7. GENERAL CONTROL OF PREGNANCY TOXAEMIA 
The following are some of the general recommendations of Blood and Radostits (1989):

(1) Ensuring that the plane of nutrition is rising in the second half of pregnancy.    The last two months are extremely important, during this period the provision of a concentrate containing 10% protein at the rate of 0.25kg/day, increasing to 1kg/day in the last two weeks has provided good protection.    However,  experiences with sheep nutrition in the last trimester would suggest that a concentrate with a protein level  higher than 10% would be needed (Lallo, Garcia and Neckles, 1991) in the tropics if animals are being fed low quality grasses or roughages.

(2) Early determination  of pregnancy and whether there are one, two, or three foetuses present.    Based on this information the sheep could then be divided into a number of subflocks so that the appropriate feeding regime could be provided.    Account of timid ewes and those which are slow feeders should be taken of, to ensure that their intake is adequate.

(3)  Avoid  sudden changes in type of feed and the provision of extra feed during bad weather should be done.    Availability of shelter sheds and in small well fed flocks some form of excercise  is essential along with available pasture and concentrate feed.

(4) Manipulation of ration so that the production of proprionate in the rumen is increased relative to that of acetate. 

8. CONCLUDING STATEMENT
The literature reviewed  was on  work done mainly with temperate wool sheep.   The status of PT with tropical hair sheep is as yet unknown.  It would be useful to conduct research  with tropical hair sheep to determine  the extent of undernutrition during pregnancy.
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