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that of the latter (Table 2). At 120 hours of fasting the levels of both grou
their minimum values 22-3 and 28-0 mg per cent respectively and thereat
to rise again to 37-5 and 47-8 mg per cent respectively at 192 hours. The
in blood sugar levels between the two groups both during and after the fast
were found to be highly significant (P = 0-01).

TABLE 2.—The effect of diet and starvation on the blood sugar levels of wethers
‘ — e S —————

Blood sugar levels in mg per cent

[

\*,4_1)

Days of starvation Green lucerne group Lucerne hay gro
| |
No. 1 ‘No.Z‘No.3i Ave. No.4’No.5}No.6\ A

| i

- ‘ E \
[0 35-0 45-0 42-5 40-7 77-0 80-5 78-5 78-7
| 34-5 28-5 50-5 37-8 31-5 32:5 28-5 30-8
2 21-5 34-0 36-0 30-5 31-0 22-0 25-5 26-2
3 i 41-0 33-0 41-0 38-3 28-5 29-5 270 28-3
R ‘ 345 29-5 33-0 32-3 300 28-0 30-0 29-3
S ' 260 24-0 34-0 280 19:5 | 25-0 | 22-5 22-3
G . 285 32-5 36-0 32-3 31-5 37-5 ‘ 28-5 32-5
T 260 28-0 33-0 29-0 25-5 275 27-0 267
8o 29-5 | 34-5 40-5 34-8 28-5 37-5 31-0 32-3
Half ration........ ©41-5 495 52-5 47-8 300 44-5 35-0 | 37-%
Full ration........ ’ 49-5 \ 52-5 ‘ 4-5 ‘ 48-8 39-5 1 46-0 | 51-0 ’ 45

|

The effect of diet and fasting on the total ketone body levels

In contrast to its effect on the blood sugar levels, the diet had no effect on ei
the pre-fasting or fasting total ketone body levels (Table 3). This was confir
by a statistical examination of the results. The average pre-fasting levels of =t
sheep on green lucerne and two out of three sheep on lucerne hay was 2-2 mg per
cent, very close to the normal ketone body value of wethers (2-5 mg per ce
previously obtained by the author (Procos, 1961).

Starvation resulted in an increase of the mean ketone body level of these -
sheep to a maximum of 4-9 mg per cent at 72 hours, after which it fluctuated betw
4-3 and 4-6 mg per cent. It is noteworthy that the maximum value was attai

. hours before the blood sugar had reached its minimum.

One sheep out of the six, however, reacted to starvation in a completelv different

way. This was wether No. 2 from the green lucerne group. Altho 1
ketone body level of this sheep was lower (1:3 mg per cent) than the avuui
other five at the pre-fasting stage, nevertheless on fasting it rose above
values of the other sheep from the first day of starvation and continued t
throughout the starvation period, reaching a maximum of 14-02 mg -+ c
hours. In all sheep the ketone body levels dropped within 48 hours of  :r¢
of feeding. This was particularly noticeable in No. 2 where the level fell fr
to 2-19 mg per cent. Despite the long period of starvation, none of the shee
clinical symptoms of ketosis.
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The effect of fasting on the individual ketone bodies

On fasting, the B-hydroxybutyric acid fraction increased initially and then
decreased, while the acetoacetic acid fraction showed a tendency to increase
throughout. In all sheep, including No. 2, the pattern of change was sirt r.
However, in the latter, these changes were consistently more pronounced especiatly
as regards acetoacetic acid.

In contrast, the behaviour of the acetone fraction of sheep No. 2 was totally
different from that of the rest of the animals. In the former, the rate of increase
was found to be represented by a parabolic curve, while in the rest it was represented
by a straight line up to the seventh day of fasting (Fig. 1). (The equations of the
parabola and the straight line were calculated and found to be Y = 0-1X® 4+
0-12X 4+ 0-402 and Y = 0-21X + 0-4 respectively, where Y represents acetone
concentration in mg per cent and X represents number of days of starvation.)

DISCUSSION

Both pre-fasting diets used proved capable of maintaining the live weights
the animals and it can, therefore, be assumed that their calorific values were almnet
equal. They differed, however, with respect to protein and fibre content.
lucerne hay diet had a fibre to protein ratio of 1-2 while the green lucerne diet
a ratio of 0-4. This difference seemed to have a considerable influence on the
pre-fasting blood sugar levels. Thus the animals fed the high fibre diet (lucerne hay)
had blood sugar levels (78-7 mg per cent) which were almost twice as high as those
(40-7 mg per cent) of the animals fed the high protein diet (green lucerne). This
tendency for certain diets to influence the blood sugar of sheep has also been observed
by Sampson & Boley (1940), who obtained similar high blood sugar values (69 mg
per cent) by feeding alfalfa hay ad [ib. supplemented with shelled corn (2 Ib), while
lesser amounts of hay resulted in lower blood sugar values.

On starvation the animals of the lucerne hay grouap lost on an average alm
twice as much weight (12-2 1b) as those of the green lucerne group (6-3 lb). These
differential losses were in all probability another consequence of the difference in
diets. Since it is now established that during starvation fat is catabolised in
preference to protein (Cumming & Morrison, 1960) and in view of the facile
conversion of carbohydrate to fat, it seems reasonable to assume that the diet hi
in carbohydrate would be conducive to a higher loss of weight than the one high 1n
protein.

During the starvation period the animals displayed a mild hypoglycemia. The
minimum blood sugar values encountered were 28 mg per cent for the sheep of the
een lucerne group and 22-3 mg per cent for those of the lucerne hay group. Both
wese values are lower than that (30 mg per cent) mentioned by Reid & Hogan
(1959) as the expected blood sugar value for fasting non-pregnant animals.

It is now accepted that in the ruminant, only half of the daily glucose require-
ments is supplied by the propionic and in part by the acetic acid produced in the
rumen during the digestion of food by the ruminal organisms. The other half
supplied by the conversion of protein to sugar (gluconeogenesis) (Lindsay, 195v).
When, as in starvation, the first source of glucose is absent, the fasting animal will
make increasing use of gluconeogenesis to supplement its carbohydrate reserves.

1 the present experiment this was indicated by the increase in blood sugar le s
which occurred during the latter part of the starvation period.
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FiG6. 1.—The variation of acetone, acetoacetic and f-hydroxybutyric acids during fasting.
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The differences in blood sugar levels observed between the animals of the two
groups during fasting, were in all probability due to the differences ir  ot¢  content
of the pre-fasting diets. It has been previously shown that a diet high in prot
can lead to the maintenance of high glycogen reserves during fasting (Mirski, Ros
baum, Stein & Wertheimer, 1938) and hence higher fasting blood sugar levels.

The total ketone body levels of the experimental animals rose during fasti
from 2-2 to an average maximum value of 4-9 mg per cent. Similar maximudin
levels (4-7 mg per cent) were obtained by Sampson & Boley (1940) for non-pregnant
ewes following a fasting period of equal length. These valaes are well below
levels (greater than 10 mg per cent) attained by sheep exhibiting clinical symptc
of pregnancy disease (Procos, unpublished).

In contrast, sheep No. 2 behaved in a different way, its maximum ketone bc
level reaching a value of 14 mg per cent. The reason for this abnormal behaviour
Is not clear especially in view of the fact that the fasting weights and blood sugar
levels of this particular animal, were not greatly different from those of the other
sheep in its group. It is, however, possible that food deprivation constituted a greater
psychological stress to this animal.

Of the individual ketone bodies, both acetoacetic acid and acetone increased

iring the fasting period while B-hydroxybutyric acid first increased and later

decreased. In sheep No. 2 these changes were of a similar nature but far more
pronounced particularly as regards the first two fractions.

Acetoacetic acid is considered to be the parent ketone body substance giving
rise to acetone by spontaneous decarboxylation and to p-hydroxybutyric acid bv
enzymic reduction mediated via B-hydroxybutyric dehydrogenase with reduce
Aiphosphopyridine nucleotide (DPNH) as the hydrogen donor (Baldwin, 1957).

1e fact that in the present studies the increase in acetone occurred at a time w
the concentration of B-hydroxybutyric acid was decreasing is an indication t
acetoacetic acid was giving rise to increased quantities of the former at the expense
of the latter. This decrease in B-hydroxybutyric acid production in the presen
of increasing quantities of acetoacetate was probably due to a decreased supply ot
DPNH (Kulka, Krebs & Eggleston, 1961), although in the light of present knowle:
no explanation can be offered for this decrease.

CONCLUSION

Prolonged starvation of wethers has been found to result in a mild hypoglyce
(average blood sugar level 25 mg per cent) and a slight ketonemia (average ket
body level 4-9 mg per cent) the only exception being wether No. 2 which develo
a true but mild ketosis (maximum ketone body level 14 mg per cent). All the
animals, including No. 2 displayed no visible clinical symptoms throughout the
starvation period. 1t would thus appear that an eight day period of fasting is not
~apable of inducing a true hypoglycemic ketosis in normal, non-pregnant, non-

ctating sheep.
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