


OVINE KETOSIS. V.

Treatments

Initially the animals were divided into two groups. Those belo 'ng to tl
first group (12 animals) each received treatment A, while those of the sevond group
(11 animals) each received treatment B. After a seven-day  1iod i~ which the
blood glucose and ketone body levels on these basic diets were est ished, the
animals were subjected to the following treatments or cor inations the »Of:

A: maintained on good quality lucerne hay 1,250 gm, concentrates (yellow
maize meal 65 per cent, wheat bran 10 per cent, lucerne meal 10 per cent,
white fish meal 5 per cent, groundnut flour 5 per cent, 4:1 bone meal:
salt 5 per cent) 300 gm daily;

B: maintained on freshly cut green lucerne 2,000 gm, concent + 300
daily;

C: three days starvation;

D: changed to poor quality grass hay (3 per cent crude protein) 400 gm daily;

E: changed to fresh green lucerne 2,000 gm daily;

F: dosed intra-ruminally with Sulphadimidine, 0-2 gm/kg >dy we t

onthe 7 tday, followed by 0-1 gm/kg body weight, daily for five days.

The hay or the green lucerne was given in two equal portions at 9 » m. and
noon, and a record was kept of the food consumed by each animal. ‘ater was
freely available at all times. Samples of jugular blood (3 ml) were obtained tfrom  h
sheep every morning at 8 a.m. before feeding.

Analytical

(a) Ketone bodies: Total blood ketone bodies were estimated by the methe
of Thin & Robertson (1952).

(b) Blood glucose: Blood glucose was determined using Lehmann & Silk’s (1! %)
modification of the Folin & Wu (1920) method.

RESULTS

Lamb production and gestation periods

Of the 16 pregnant ewes, 13 gave birth to single healthy lambs. The lamb of
ewe 22 died two hours after birth. Ewe 15 carrying a single lamb died before giving
birth, and when ewe 16 was killed in extremis, she was found, at post mortem, to be
carrying twins. The average length of gestation was 149 days with a range of 143 to
156 days.

Effect of treatments on the incidence of clinical symptoms

The clinical symptoms of pregnancy disease observed ranged from loss of
appetite, nervousness, lethargy, imbalance due to partial or total blir  =ss, and
nervous spasms. Of the 17 animals subjected to the various trea’ nts, ei  sho
clinical symptoms which were either severe and irreversible (15, 1o, 22) or mild .
transient in nature (8, 10, 19, 20, 21).
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TA 2.—The relation between clinical symptoms, ketone body and blood glicose

levels
! Ketone bodies (mg %) . Blood glucose (mg %)
|
Sheep No. ‘ ’ { B
. At appearance . | At appearance ..
i of symptoms Maximum | of symptoms | Minimum
| ! :
! / r B
22 13-4 48-6 25-0 | 13+5
16 177 42-1 24-0 \ 14-0
20 237 44-7 - 20-0 } 15-5
10 12-3 14-1 ( 30-0 16-0
8 I 9:9 15-4 220 : 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

At the time of the appearance of symptoms the ketone body levels of all t

affected animals were greater than or equal to 10 mg per cent as shown  Table 2.

" contrast, only four of the animals were hypoglycaemic with blood glucose levels
equal to or less than 25 mg per cent at this stage. The highest ketone body levels
obtainn  were found among pregnant sheep with clinical symptoms. However, the
minimum blood glucose levels of these animals (13-5, 14-0, 15-5, 16-0, 19:0, 19-5,
23-0, 34-5 mg per cent) were of the same order as those encountered in non-pregnant
sheep (16-0, 19-0, 20-0, 21-0 mg per cent) which had at no stage shown anv clinical
symptons. In no instance did the highest blood ketone and the lowest bloc glucose
levels coincide wil the first appearance of symptoms (Table 3).

TABLE 3.—Time of occurrence of clinical symptoms, maximum ketone body and
minimum blood glucose levels

Days after commencement of treatment
Sheep No- L K bod. | Blood gl
etone body ood glucose
Symptoms 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 6
21 (N.P.E.) 14 12 16
19 (W) 4 9 4
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e relation between clinical symptoms and duration of ketosis and hypoglycaemia

B3 CLINICAL SYMPTOMS
KETONE BODIES 2 10 MG.%%

24
r O BLOOD GLUCOSE < 25 MG.% Ne 3

22

20 L

6. 1.—Duration of ketosis and hypoglycaemia before appearance of symptoms

The appearance of clinical symptoms amongst pregnant ewes was invariably

iceded by both persistent (lasting at least three consecutive days) ketosis and

hypoglycaemia (Fig. 1). By contrast, animals who had only displayed either persis-

t ketosis: 12 (3 days), 11 (4 days) and 23 (14 days) or persistent hyp« ycaemia

1/ (5 days) and 3 (12 days) had at no stage exhibited symptoms of pregnancy disease.
These findings were less clearly defined amongst the non-pregnant ewes and wethers.

DISCUSSION

Despite the enormous amount of work that has been done on pregnancy disease,
final agreement has not been reached on the following fundamental aspects:

{(a) the underlying metabolic and hormonal disturbances leading to hypogly-
emia and ketosis; and the interrelationship between these two symptoms, and

(b) the exact cause of the nervous symptons of cerebial dysfunction.

It is felt that the present work throws some light on the latter.

Ruminant cerebral tissues appear capable of adapting to low levels of circulating
glucose which would evoke symptoms of cerebral dysfunction in non-ruminant
mammals. The change from lamb to adult status in sheep is accompanied by a fall
in the normal blood glucose levels from 80 to 90 (Reid, 1953; Jarret, Jones & Potter,
1964) to 25 to 50 mg per cent (Reid, 1950). In the present work a sudden reduction
in the nutrition (Treatments D; C - D) of ewes 3 and 17 in their last month .
gestation, resulted in a fall in blood glucose to hypoglycaemic levels of less than 25
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g per cent, for twelve and five days, without the appearance of any symptoms of

rebral dysfunction. Similar observations have been reported by McClymont &

tchell (1955) and Reid & Hogan (1959). These findings would seem to indicate that
the nervous symptoms of pregnancy disease in sheep are not due to low levels of
circulating blood glucose per se.

On the other hand, it is possible that the adrenal cortical hyperactivity associated
with the disease (Reid, 1960) impairs progressively the utilization of the glucose
relative to the blood glucose level (Bassett, 1963). Thus the glucose consumption
rate of the cerebral tissues which is ten times that of the body as a whole (Moss, 15

ould be diminished at hypoglycaemic levels. This could account for the nervous
symptoms, since glucose constitutes an obligatory energy source for these tissues
(Fazekas, 1958), and a diminution in the rate of glucose utilization invariably results
in impairment of cerebral function (Moss, 1964). Evidence in favour of this hypothesis
ic the fact that, in the present work, nervous symptoms occurred only among those
ypoglycaemic (blood gli~nse < 25 mg per cent) animals with a persistent (> 3 days)
yperketonaemia (blood :tones > 10 mg per cent), which was y likely brought
about by adrenal cortical hyperactivity elicited by the stress ot suddenly reduc
itrition (treatments C +- D; D + F; D), particularly in the heavily pregnant ewes
(10, 15; 16, 22; 8, 10). The absence of nervous symptoms in ketotic animale (11, 12,
23) with blood glucose levels v~ * h fell within the normal range, licate that the
te of glucose utilization by tne cerebral tissues at these higher ieveis of circulating
glucose was still sufficiently rapid to prevent dysfunction, and is thus in harmony with
1e above hypothesis.

SUMMARY

Pregnancy disease was induced in well-conditioned Merino sheep by s iecting
tem to sudden changes of diet, short term starvation or oral dosing of Sulphaaimidine.

The blood levels of ketones and glucose were followed daily throughout the
eclinical, clinical and postclinical stages of this metabolic disorder.

Typical clinical symptoms of cerebral dysfunction were obtained in siv “regnant
ewes entering their last month of gestation, a non-pregnant ewe, and a we 3r.

No relation was found between clinical symptoms, minimum blood glucose or
maximum blood ketone levels or the time at which these occurred, thus indicating
that the nervous symptoms were not due to either the low levels of circulating blood
glucose or the high levels of ketone bodies per se.

The appearance of clinical symptoms amongst the pregnant ewes was invariably
preceded by both a persistent hypoglycaemia and a persistent ketosis; this was less
clearly defined in the case of the non-pregnant ewe and the wether.

The possibility that the nervous symptoms could have been due to impaired
ucose uitilization by the cerebral cells, brought about by adrenal cortical hyperac-
7ity is discussed.
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