


FERATIONS IN THE BLOOD SUGAR AND KETONE LEVELS CAUSED BY DOSING.

REsuULTS.
Blood Sugar.
The effects of the various salts on the average blood sugar levels are shown
in Table 1.
TaBLE 1.
The Effects of Dosing on Blood Sugar.
(Expressed as mgm. per cent.)
{ Hours.
Treatment, No. - [
\
‘ 0 ‘ 2 3 ! 6 ‘ 7 24
; i

WRLSE, ..o et e eeiee e eneeas 8 498 58-0 56:7 55-2 553 52:3

46-0-51-6 | 47-5-667 | 48-8-66-7 | 50-0-60-0 | 50-0-63-3 | 48-8-567
Propionate. ... ....c...ooueeenns 8 49-3 64-9 57-9 62:6 59-8 51-6

44-4253.2 | 55-5-82:6 | 52:4-69-9 | 53-5-87-0 | 52:9-70-4 | 45:9-57-5
BULYTALE. oo\t eereennn e 7 50-4 47-1 37:1 48-2 558 516

45-0-55-6 | 40-0-55-6 | 31-3-50-8 | 38-5-55-8 | 50-5-61-7 | 45-0-60-0
Acetate. ..o uiiee et 12 45-1 47-5 482 51-1 50-2 48-0

32:-5°67-5 | 39-2°65-4 | 40-0-63-3 | 43-5-62:1 | 41-3-56-2 | 43-5-55-0
Propionate + Butyrate.,........ 10 48-4 61-7 60-6 65-4 64-3 518

43-2-56-7 | 53-3-57-0 | 55-0-88-0 | 55-0-88-0 | 55-0-77-5 | 47-5-55-8
Butyrate 4 Acetate............. 12 473 47-4 45-2 51-7 53-0 50-5

41-9-55-0 | 36-3-55-0 | 31-3-56-7 | 46-2-58-3 | 45-0-60-0 | 45-0-60-0
Acetate -+ Propionate........... 6 44-5 59-9 599 56-1 54-9 47-9

38-8-53-3 | 53-3-70-0 | 53-3-72-5 | 50-0-65-0 | 50-0-62-5 | 43-8-54-1

The positive effect shown in the control (water dosing) experiments neces-
ated the correction of the other results and the corrected variations in blood
sugar level are shown in Table 2.

TaBLE 2.

The Effect of Dosing on Blood sugar after Correction for Blank Effect.

Effect and Standard Error.

Salt. _
2 3 6 J 7 24
!

Propionate.............. + 7-3+2-8 |+ 3-543-0 |+ 68434+ 49129 |+ 1-0+24
Yrate. . ..o —~11-64+2-8 | —18-54+2-8 | — 7-4+2:6 |+ 0-84+26 0-0-42-2
Acetate................. - 59+1-7 |- 2:0£1-9 |4 08420 |~ 0-44-3-5 | + 1:642-8
Prop. + But............. + 7-3.2:3 (+-10-543-5 [+13-241-8 | -11-24£3-5 | + 1-0L-1-8
t. -- Acet — 8242-1 |- 7-313-2|—0-841-8 |+ 0-2+2:4 |+ 1-9£2-0
Acet, ~Prop............. 70425 (4+10-2—-3-1 ' 64+19 |+ 4-8L2-1 | +~2:0+1"5

Figures in heavy type indicate a statistically significant change at the 5 per cent level.
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As will be seen, butyrate caused a significant depression in  jod sugar
reas propionate caused a significant rise. When these two salts were given in
molecular amounts the glucogenic action of propionate proved dominant.
tate alone caused a transient depression in blood sugar but when given v h
rate it appeared to decrease the glucose depressing action of the latter salt.
addition of acetate to propionate had no demonstrable effect.

stone Bodies.

The effects of the various treatments on the circulating ketone bodies are
>wn in Table 3.

TABLE 3.
The Effects of Dosing on Blood Ketones.

(Expressed as mgm. per cent.)

Hours.
Salt. No. | Fraction. .
0 2 3 6 7 24
Butyrate........... 8 A 0-7 1-7 2-0 1-3 1-9 1-n
B 1-1 58 68 4-3 3-0 1
Tot. 1-8 7-5 8-8 56 5 2
Propionate......... 6 Tot. 1-8 1-7 2-1 1-6 2-2 2-1
Acetate............ 10 Tot. 1-6 2-0 1-9 2-3 2:4 2-2
tyrate - Propio- 12 A 0-5 0-8 0-7 0-6 V-6 05
nate B 1-5 30 33 2-1 30 1-7
Tot. 2:0 3-8 4-0 2-7 3-6 22
yrate + Acetate, 10 A 0-7 1-8 1-9 1-5 1-3 n-T
B 1-2 71 6-8 5-4 4-7
Tot. 1-9 8-9 8-7 6-9 6-0
‘opionate +Acetate 6 Tot. 1-7 1-8 1-7 1-7 1-7 2-5

Fraction A = Aceto-acetic acid + acetone.
Fraction B = Beta-hydroxybutyric acid.
Figures in heavy type show a statistically significant rise at the 5 per cent level.

The following facts may be noted:—

(i) Butyrate caused a significant rise in ketone bodies affecting especi vy
the beta-hydroxybutyric acid fraction.

(ii) Acetate caused a smaller and more delayed rise which was however
significant.

(iii) When acetate and butyrate were given together the ketogenic effect s
slightly greater than with butyrate alone. Although this difference was
not statistically significant, there is an indication that the two salts act
synergistically.

(iv) Propionate had no demonstrable effect on the blood :tone level of
normal sheep but reduced the ketogenic effects of both butyrate and
acetate.
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ood Fat.

The total titratable fatty acid content of the whole blood was also determin
on all samples but no general trends in regard to this factor could be determin
~vcept that butyrate frequently, but not consistently, caused a drop in blood f

1is is well shown in Graph 1.

GrarH 1.
The Effect of Daily Dosing with Butyrate.
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The upper curve for blood ketones represents the beta-hydroxybutyric acid fraction and the
lower curve the aceto-acetic acid fraction. For explanation see text.

The sheep was kept in a metabolism cage for the collection of urine and
dosed 0-5 gram mol. sodium butyrate by the standard method described for iree
consecutive days.

Note the recurrent hypoglycaemia and ketonaemia with recoverv and the
cumulative depression of blood fat. The relatively small amount . ketones
excreted through the urine indicates a high level of utilisation,
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TABLE 4.
he Effect of the Intravenous Injection of Beta-hydroxybutyric Acid on the Blood
Sugar.
| Blood Sugar, mgm per cent. Blood Ketones, mgm per cent.
me after Injection. o
B.hydr. but. Controls. Fraction A. Fraction B.
‘» |
ore.. 138 44-0 0-7 * 15
3 minutes...... S 43-8 S1-4 1-5 13-7
10 minutes........... 42-2 556 1-1 10-8
30 minutes........... 41-9 605 0-7 67
l hour.............. 50-4 626 0-7 3-3
2 hours............. 49-5 59-2 0-7 2-3
5hours............. 371 43-2 0-7 1-5
hours............. 43-8 45-0 0-8 1-5

Fraction A = Aceto-acetic acid + acetone.
Fraction B = Beta-hydroxybutyric acid.

As the controls showed no change in blood ketones, these figures are omitted.

It will be noted that again the control group showed a marked rise in blood
sugar probably in response to the bleeding. Assuming that this factor played an
¢ 1l role in the experimental group, the beta-hydroxybutyric acid can be said to
have suppressed the blood sugar.

An inverse relationship between the blood sugar and blood ketones, as
~lernative sources of energy, would appear to be logical but the reverse reactirn
)es not appear to occur as Schultz and Smith (1951) found that prolonged ins n
induced hypoglycaemia in goats was not accompanied by any rise in blood ketones.

2 Interconversion of the Ketone Bodies.

According to Wright (1952), aceto-acetic acid is the parent substance of the
ketone bodies formed from the dissimilation of long chained fatty acids and the
ketogenic amino-acids. Beta-hydroxybutyric acid is the reduction product .
aceto-acetic acid and the two acids are freely interchangeable. Acetone arises
from aceto-acetic acid by spontaneous and irreversible decarboxylation, a reaction
which occurs chiefly in the lungs and bladder.

Pennington (1952) showed that butyrate is converted to ketone bodies, mainly
aceto-acetic acid, by the epithelium of the rumen, reticulum and omasum and by
the liver in vitro. In the present experiments butyrate mainly caused a rise in the
beta-hydroxybutyric acid fraction. This apparent discrepancy can be explained by
iterconversion.
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In one experiment a sheep was given intravenously 10 c.c. of acetn-ac

ethyl ester diluted in an equal amount of saline.

are shown in Table 5.

TABLE 5.

The effects on the blood

'to

The Effect of the Injection of Aceto-Acetic Ester on the Blood Ketones.

Time.

! Fraction A.
' mgm. per cent.
I

Fraction
mgm. per cent.

o O 0-5 1-4
T | 26-5 1-9
S MINUEES. .ottt et e e e 14-5 2-9
30 minutes................. D -5 4-3
60 MINULES. . ...\ttt e e ’ 1-5 2-4
The conversion of aceto-acetic acid to beta-hydroxybutyric ac  was also

demonstrated in sheep’s blood in vitro by adding 0-5 c.c. aceto-acetic ethyl eeter

to 220 c.c freshly drawn citrated blood and incubating the mixture at 37° C.
The results of

calculated concentration of this mixture was 101 mg. per 100 c.c.
analysis of samples taken at intervals are shown in Table 6.

ae

TABLE 6.
The Conversion of Aceto-Acetic Acid to Beta-hydroxybutyric Acid by Blood in
vitro,

l . . o
Time. aaction | pmetion B L
Before........... ... ...l 0-5 15 2-0
Immediately after..................... 99-9 1-9 101-8
lhourafter.......................... 97-0 3.9 100-9
4hoursafter........................ 89-7 7-8 975
24 hours after........................ 752 140 99-2

Reverting to Table 4 it will be noted that the injection of beta-hydroxybutyric
acid caused only a very small rise in the circulating aceto-acetic acid, indicating
that the conversion in this direction is not rapid.

The Possible Significance of the Metabolism of the Lower Fatty Acids in the

Aetiology of Ketoses in Ruminants.

This aspect of the problem has been discussed fully by Johnson (1953) and

need not be enlarged on here.

A few remarks on the cause of the nervous

symptoms, such as dullness and blindness, usually associated with ketoses may,
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however, be added. Jasper (1953) describes clinical symptoms typical of | :gnancy

isease in sheep suffering from prolonged insulin hypoglycaemia ana states
turther— Severity of symptoms was dependent not only upon depth of hyp0<
glycaemia but to a large degree on duration as well. Little or no difference in:
glycaemia levels was apparent between the different stages of symptoms observed,
duration of hypoglycaemia being the determining factor. Marked symptoms often
persist for several hours or days following spontaneous or induced return to
normal or hyperglycaemic levels”

None of the sheep in the present experiments ever showed any su s 3
despite the fact that many of them exhibited levels of ketonaemia an .
glycaemia of an order found in Pregnancy Disease. This would be expl )
the short duration of the hypoglycaemia.

SUMMARY.

Solutions of acetate, propionate and butyrate, alone and in combinations, w
dosed into the rumen of sheep and the effects on blood sugar and ketones deter-
mined.

Acetate was found to cause a slight and delayed rise in ketone bodies without
affecting the blood sugar.

Propionate caused a marked rise in blood sugar and had a strong antiketogenic
effect when given with butyrate.

Butyrate produced a sharp rise in ketones, mainly beta-hydroxybutyric acid,
together with a fall in blood sugar. The latter effect, however, was not constant.

The intravenous injection of beta-hydroxybutyric acid appeared to reduce
the blood sugar level.

Aceto-acetic acid injected intravenously was partially converted to be
hydroxybutyric acid.

These results are discussed in relation to the more recent literature,
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