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INTRODUCTION,

In the ruminant species ketosis is a common
disorder of considerable economic importance, as
the conditiion occurs most frequently in the dairy
cow with a high milk production record, and in the
ewe carrying more than one lamb, The result, in
the case of the cow, is a marked deterioration in
the general conditioﬁ of the animal, with a consider:
able fall in milk yield, to the detriment of any
recording practised. In addition thelmilk produced
is often badly tainted. In the ewe thé results
are, in general, more drastic, as death is likely to
occur; if parturition takes place the ewe generally
recovers, but the young may be unthrifty.

Post parturient dyspepsia of eattle (bovine
ketogis) and pregnancy toxaemia are characterised
by an abnormal accumulation of acctone bodies in the
blood, milk and urine. Many investigations have
: been carried out on the elinical aspects of ketosis,
and a confusing number and variety of substances
have been suggested as curative agents, none of which
has been consistently effective, On purely
theoretical bases, an equally large number of .
hypothesee have been put forward at dif ferent times
regarding the aetiology. Before a comprehensive
theory can be advanced, or the ideal cure found, the
processes of ruminant metabolism must be further

elucidated. It is obviously desirable to know the
origsin/
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éorigin and fate of acetone bodies in the normal
Eruminant if theirla.gnificance in disease is to be
ifully determined., With this in mind a series of
iexperimenta was planned to study:=-
1. Experimental fasting ketosis in cows
and ewes.,
2. The metabolism of the acetone bodies in
the two species.

Most of the work on acetone body formation
and metabolism has been carried ow on the rat,
rabbit, dog and man, amd the results obtained have
been applied to all mammals irrespective of whether
they are single stomached or ruminants. As the
digestive system of a ruminant is entirely different
from that of a dog, for example, it is unsafe to
assume that the endogenous metabolism in the two
species is completely similar.

The general belief is that acetone bodies
(viz., acetone, acetoacetic acid and B-hydroxybutyric

acid) are foimed normally in the liver during the

etabolism of fat and certain amino acids, either

8 inbermediate products in the breakdown of fatty
¢id chains, or as side products from intermediary
etabolites, Acetoacetic acid appears to be the
arent substance, B-hydroxybutyric acid being formed
y reduction. Under the influence of the widely
istributed/
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distributed B-hydroxybutyric dehydrogenase and
Coenzyme I. acetoacetic acid and B-hydroxybutyriec
acid are freely intercenvertable, Acetone is
formed from acetoacetic acid by spontaneous
decarboxylation, which is believed to take place
at an appreciable speed under physiological
conditilons of temperature and pH. (Baldwin, 1949).

The acetone bodies are formed by the liver,
but utilised by the muscles for energy purposes,
being metabolised by means of the tricarboxylie
acid cyecle to carbon dioxide and water, (Barnes
and Gurin, 1948), During perieds of carbohydrate
deprivation, such as starvation, when the glycogen
reserves of the liver are exhausted, or diabetes,
when the power of the liver to store glycogen is
impaired, excessive quantities of fat are metabolised
to supply the energy demands. As a result, the
production of theracetone bodies increases till a
point is remched when the rate of production exceeds
the rate of catabolism, and a ketonaemia results.

To counteract this large guantities are excreted in
the urine,(ketonuria).

It has been shown that the liver is the chief,
if not the only, source of acetoacetie acid in the
single stomached animal. The investigations of
Pennington (1951), into the absorption of volatile
fatty/
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fatty acids from the rumen, have shown that rumen |
epithelial tissue is capable of converting butyric
acid into acetone and acetoacetic acid, and traces of
B=hydrobutyric acid:. This production of acetone
bodies by tissues other than the liver is very
unusual and may play a significant part in ruminant
metabolism,.

As well as the common acetone bodies, viz.,
acetone, acetoacetic acid and B«hydroxybutyric acid,
we have found appreciable quantities of iso~propanol
in the body fluids of cows and sheep affected with
ketosis, but none in normal healthy animals,
(Robertson et al. 1951). This factor may possibly
play an important part in bovine ketosis and
pregnancy toxaemid. 80, in the following experiments,
the origin and fate of iso-propanol has been studied
with that of the acetone bodies, In this
investigation the terms "acetone bodies" and "total
acetone bodies” are used to include acetone,
acetoacetic acid, B-hydroxybutyric acid and iso=

propanol.
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INTRODUCTION, 1

In & study of the pathogenesis of bovine
ketosis it was felt desirable to be able to follow
in some detail the changes in all three ketones,
viz., acetone, acetoacetic acid and B-hydroxybutyric
acid, which have been shown by various workers to
occur in excessive guantities in blood, milk and
urine during the course of that disorder. Hitherto
little or no attempt has been made at complete
differentiation as both acetone and acetoacetic
acid are usually determined in the one fraction.
Moreover, iso-propanol which we havalfound (Robertson
et al,, 1950) to be present in this disease and in
pregnaney toxaemia of ewes, has been unsuspected
hitherto in such conditi ons and a@s it is oxidised to
agetone by chromic acid, its presence will undoubtedl]
have influenced the estimation of total ketones by
various methods.

The accurate determination orlrree acetone in
the presence of acetoacetic acid is by no means easy.
Van S8lyke's method, using Denige's reagent (Van Slyke
1917 and 1929) which has frequently been utilised in
ketosis studies, cannot be used to estimate free
acetone; in addition it is not very sensi tive as
we have found that no precipitate is formed with

small amounts of acetone bodies of the order of 5 mg.

per/
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iper 100 ml. or less. Moreover, using this method,
iiao-propanol appears to be oxidised to acetone
partly in the acetone plus acetoacetic acid fract on,
ia.nd partly in the B-hydroxybutyric acid fraction, so
making the accurate determination of the imdividual
aceione bodies impossible,

Attempts at using the distillation methods of
shiffer and Marriott (1915) and Behr (1928 and 1940)
for free acetone by distillation under reduced
pressure, or by blowing a fine stream of air through
the solution at room temperature, in order to
prevent acetoacetic acid decomposing, gave poor
results, as, with quantities such as were likely to
be present in biological fluids, only a small
lproportion of the acetone could be recovered. The
method of Werch (1940 and 1941) utilising diffusion
into Nessler's solution in Conway micro-diffusi on
units, though providing a very delicate qudl itative
test, did not give accurate quantitative results;
the time factor for the appearance of the precipitate
varied somewhat and the precipitates could not be
estimated gravimetrically with any degree of success.

Behr and Benedict (1926) determined acetone,
preformed, from acetoacetic acid and from B-hydroxy:

butyric acid, colorimetriceal 1y by its reaction with
salicylic/
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salicylic aldehyde in alkaline solution, the
coloured product formed being dihydroxy-dibenzene-
acetone, Seifert (1948) made use of the same
colour reaction in the micro-estimation of acetone
bodies in blood; the oxidation reactions and
diffusion of the acetone formed into an alkaline
solution of salicylic aldehyde, were earried out at
the same time, in a small container similar to a
Widmark flask., Greenberg and Lester (1944)
employed a small microe~refluxing apparatus to prevent
loss oif acetone during oxidation. Their method of
estimation involved the production of a hydrazone
with 2«4~dinitro phenyl hydrazine, which they
separated by extraction with carbon tetrachloride
and estimated colorimetrically.

None of these methods proved enti rely satis:
factory as very few were designed for the estimation
of free acctone, and none took iso=-propanol inte
account. The necessity for impro vement was obvious
and the following method was, therefore, devised,
combining with some modification the oxidation
technique of Greenberg and Lester (1944), the
diffusion method of Wereh (1940 and 1941) and
geifert (1948) and Behr and Benedict's colorimetric

technique (1926). It depends on the development of

n orange to red colouration when an alkaline

solution/
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solution of salicylic aldehyde is left in the
presence of acetone, the depth of colour formed
being directly proportional to the amount of acetone
present, This can be used to estimate freec acetone,
the acetone formed by hydrolyesis of acetoacetic acid,
and that formed by chromic #eid oxidati on of B-hydroxy:

butyric acid and of iso-propanol.

METHOD ,

Apperetus:
Miero-refluxing apparatus as used by Greenberg

ard Lester (1944).
Conway micro-diffusion units,

Reagents:

0,154 (approx.,) barium hydroxide.) prepared accord

2.5% (approx.) zine aulphati ;:g igafﬁgenber
(2n804.7H0). ) e

20N sulphuric acid.

10% potassium dichromate,

1.5% potaseium dichromate in 15.6N sulphuric acid.

2n% acetic acid,

4N potaésium hydroxide,

S8alicylic aldehyde, B.D.H, lab. reagent.

Colour Reagent:

8 ml, of 4N potassium hydroxide are added to

1 ml, salicylic aldehyde and the solution well mixed;
2 ml, are used for each estimation. This reagent

tends/

’
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' tends to blacken when exposed to the air for several
;hours, and so a fresh supply must be made for each
peries of estimations.

Preparation of Standard Graphs.

Standard solutions of acetone are used,

| prepared according to Behr and Benedict (1926)

d ml., of the standard solution are placea in the
outer chamber of a Conway dish with a few drops of
20% acetic acid; 2 ml. of the colour reagent are
placed in the inner chamber, The 1lid is put on
firmly, after greasing the rim, and the dish is left
for from half an hour to three ﬁnurn in an incubator
at 37°C., or any other stamdard time and temperature
that is convenient; alternatively, it may be kept
at room tamperature overnight, when the maximum
colour is obtained regardless of temperature, It
ghould not be left starding, however, more than
<0 hours as the colour reagent tends to blacken
after this interval, A blank is run using water
instead of.the standard solution.

After the requisite time 0.5 ml, of the
coloured solution in the ceniral chamber is added
to @ ml. water in a test tube and the resulting
solution read in the Spekker against the blank
similarly prepared, using 2 ml. cells and & blue~
green/

containing from 0~10 mg. acetone per 100 ml., solution




%
2 Hours. 792 7.80 - 1.5
2 Hours. T+92 8400 + 1.0
OVBmightt 7.92 go'{g = gog
Dvernight. 7492 . + Lo
2 Hours. 1.98 1.90 = o0
2 Hours. 1.98 2.03 + 2.5
Overnight. 1.98 2400 + 1.0
Ovarn:l.gh‘b. 1098 2:05 % 305

RIGURE TI.

A graph prepared by estimating standard solutions

of acetone after 2 hours incubation.

mg acetone/100 ml

1

o4

spekker reading

0:6




green filter (Ilford 603).

Fig. 1. shows & graph prepared by estimating
known amounts of acctone after 2 hours incubation.
It will be seen that Beer's Law is strictly adhered
to over the range ¢-10 mgs. per 100 ml, From
Table 1 it will be seen that results with standard
acetone solutions are reproducible within 4%,

Application to Biological Material.
1. Blood.

Protein precipitation: To 2 ml, distilled
water in a centrifuge tube 1 ml. blood is added and
the solution well mixed; 3 ml. barium hydroxide
solution are then added, followed by 3 ml, zine
sulphate solution. The solution is well mixed,
the tube stoppered and centrifuged. The clear
supernatent liquid is used for estimating acetone,
acetone plus acetoacetic acid and "Total Acetone
Bodies”,

(1) Free acetone,

S ml. of the supernatent fluid are placed
in the outer chamber of a greased Conway dish and
the estimation carried out as above, Owing to
dilution during precipitation and oxidation, it
is necgespary to multiply the results obtained
from the standard graphs by the factor 9 to get
“the results in mg. acetone per 100 ml, of original
solution.

Tree/

1




792 7480 0 - 15
792 8,00 o + 1.0
792 8.10 0 + 2.3
7.92 8,01 0 + 1.1
792 7483 o - l.1
792 8.10 #] + 2.3
15.84 16.20 0 + 2.3

8.00 0 +.1.0
7.92 8.10 0 + 203
792 8420 9] + 3¢5
15.84 15050 G -» 2.1
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Free acetone can also? be esstimated without‘

precipitation of protein if so desired. [Recovery

experiments which were carried out using the
complete techuique of precipitation, ete., on
standard solutions in water and blood showed the
same limite of accuracy as in direct estimation

of standard solutions (Table 2).

(2) Acetoagetic Acid.

|
|

Acetoacetic acid is determined by differenc

the free acetone determined as above being sub:
tracted from the acetone plus acetoacetic acid
value, obtained as follows:

Acetone plus Acetoacetic Acid.

3 ml. of the supernatent solution are
placed in the micro-refluxing apparatus and
1.1 ml. 20N sulphuric acid and a glass bead
are added, The apparatus is shut firmly
after applying a very thin film of grease to
the ground=-glass joint, the flow of water is
started and the contents of the reflux tube
boiled for 6 minutes. The apparatus is then

cooled rapidly under running water, tipped to

mix well, and 3 ml, of the solution are trans:

ferred te the outer chamber of a Cowway dish
for the determination of the acetone present,
The factor in this case is 12.3.

Recovery/




5.09 5,04 0 - 09
5.09 5.04 0 - 0.9
10,18 10,10 Q - 0,8
10,18 9484 0 - 343
19!'5? 19‘68 0 “* 0.6
19.57 19.68 0 + 0,6
50’09 5.16 0 -— 1,4
5.09 5404 0 - 0.9
5.76 olb5 12092 - 400
5.76 045 ¢92 - &..D
11.52 24,460 12,92 + 14
11.52 24,460 92 + ldb
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Recovery experiments were carried out as
before using commercial grade ethyl acetoacetate
purified by distillation under reduced pressure.
As will be seen from fabla 3 the results obtained
came within 24% of the theoretical amounts,

(3) 1so=propanol.

Iso=propancl is oxidised to acectone under
the conditions normally employed for estimating
“Total Acetone Bodies" and so is included in this
term, It can also be estimated separately using
a modification of Friedmann's method (1938) in
which the iso-propanol alone is oxidised to
acetone, A larkham steam distillation apparatus
is used in this pmocedure, except in the case of
blood, as it is more convenient for small quan:
tities, as well as being quicker and easier to
clean between seamples,

Reagents:

10% sodium tungstate solution.

20K sulphuric acid.

10% ealcium hydroxide suspeneion.

Mercurie¢ sulphate solution prepared

according to Friedmann (1938),

Megnesium sulphate,

Potagsium dichromate.

Method:/
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Method:

50 ml. of blood are transferred to a
large conical flask with 100 ml. distilled
water, 10 ml. mereuric sulphate solution are
added and the solution mixed, then 15 ml.
sodium tungstate and & little wax to prevent
frothing. The solution is well shaken and
steam~distilled, about 100-200 ml. distillate
being collected.

The distillate is washed into a round
hottomed flask, 5 ml. mercuric sulphate
solution added and excess calcium hydroxide
suspension till the solution is alkeline,
This solution is distilled directly into a
conical flagk, about 100 ml. daistillate being
collected. 10 ml, 20K sulphuric acid and
excess potassium dichromate are added to the
distillate and the flask, loosely o rked, is
either placed on a drying oven (about 50°9C.)
for 2 hours, or left overnight at room
temperature,

The solution is then washed into a
round bottomed flask and about 50 gms. magnesium
sulphate added, The solution is distilled
direct, about 100 ml. distillate being collected
this is made up to 100 ml. with distilled water

in/

-
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in a graduated flask and the acetone content
determined by placing 3 ml., of the resulting
solution in the outer chamber of a Conway dish
and proceeding as above, using the factor 5§
for the calculation.

Recgovery experiments are shown in
Table 4. It will be seen that the micro=-
refluxing method used gave results similar
to those obtained with Friedmann's method.

(4) B-hydroxybutyrie acid,
B=hydroxybutyrie acid is determined by

difference, the acetone plus acetoacetic aecid
plus iso-propanol values being subtracted from

the "Total Acetone Bodies" value, obtained as

follows:

3 ml, of the supernatent solution are
placed in the mierosrefluxing apparatus with 0,7
ml, acid potassium dichromate solution and a
glass bead. The apparatus is closed firmly as
before, the water flow started, and the contents
beiled for 10 minutes, The solution is taken off
the boil and 0.4 ml, 107 potassium dichromate
solution run down the celd finger into the
solution by meane of a syringe. The apparatus is
closed firmly again and the splution boiled for
a further 10 minutes. The apparatus is then

ecooled/




2450 964 0 + 1.5
9050 9.3% 0 - 1«9
9.50 Q32 0 - 1.9
23.76 23437 0 - 15
23076 23.37 0 -~ 1.6
23476 23499 0 + 09
B, Acetone in blood.
9.50 C 1297 320 + 248
9050 12042 3.20 el 209
9‘50 12.67 2¢95 2 2'3
23.76 27.06 320 + 0.4
23,76 27468 3.20 + 3.0
23476 2645 2458 + 0
5.76 5.?8 (] + 0.3
11,52 11.56 (&) + 03
5.76 27 4B 21,89 - 3.0
11.52 33433 21489 - 0.7
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cooled as previously, tipped te mix the contents
and 3 ml, transferred to the outer chamber of {

a Conway dish and ihe acetone content determined.
The factor herc is 12.3,

From Table 5 it will be seen that the
accuracy of the method for "Total Acetone Bodies"
when done on acetone and acetoacetic acid
solutions was within 23%. Hstimations of
B-hydroxybutyric acid in the quality obtainable
(viz., B.,D.H. Laboratory Reagent) gave a practically
congistent error of 40% in both standard solutions
and in blood (Table 6). Various modifications
of this method which were tried, such as altering
the concentration of chromic acid, varying the
time of oxidation and varying the concentration of
B=hydroxybutyric acid, all failed to give any
increase in the percgentage recovery. It was

thought that part of this discrepancy might be

due %o impurity but at our request B.,D,H. kindly
examined their produet which we had used, the '
sodiwe salt of B-~hydroxybutyric acid, and reported|
that it gave the wxpected 787 yield of acctone |
when examined by Greenberg and Lester's method
(1944), and that an approximate determination of
purity, by precipitation of the sdium with
hydrochloric acid in alecohol, followed by the

removal/




A . B Error.
iR i, i
A +ta .

508 307 o 3946

5,08 3407 *] 3946

5.08 3.08 0 3944
10,15 0013 0 3946
10,15 613 0 39.6
10,15 6426 0 383 -
15.24 9.10 0 4043
15,24 9.10 Q0 40.3
15424 235 g 3846

5408 7438 4a2d 39.6

5408 5eL1 2a34 39.0

5.08 5429 2434 4149
10.15 984 3673 39.8
10,15 9.+84 3473 39.8
10,15 104 3.73 38,3
15.24 13,16 3473 3861
15.24 12479 3473 4045
15424 13.16 3473 ‘38,1
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removal of the acid into ether, gave a result of
approximately 98%. A determination of the
sodium content from sulphated ash also gave
results equivalent to 98% purity.

From our results it would appear,
therefore, that chromic acid only oxidises 607 of
the B=~hydroxybutyric acid present to acetone under

the above experimental comiitions, as comtrasted

with the 787 yield of acetone obtained by Greenber
and Lester (1944) using rather different com iti on

As our method of determination yields results
consistently 40% low, then to determine the true
amount of Be-hydroxybutyrie acid in a pample the
value obtained by subtraction must be multiplied
by 6/3. This corrected value added to the
previously determined acetone plus acctoacetic
acid plus iso-propanol value will then give the
true amount of "Total Acetone Bodies" present.

II. Rumen Contents.

The rumen contentes are strained through

surgical gauze to remove large pieces of food, and
the moderately eclear liguid is used for the estim:
ations. The protein is precipitated as for blood

and the procedure and factors are the same except

or iso~propanol, where the factor is 5 and the
rocedure as follows:

10 m1./

[




10 ml. of the filtered rumen liguor are
placed in a Markham steam distillati on a pparatus
with 2 ml., mercuric sulphate solution and 2 ml.

109 sodium tungstate solution and steam distilled,
about 100 ml, distillate being collected. This is
repeated with a further 10 ml, liquid and the
distillates added,

The combined distilliates are washed into a
round bottomed flask and 5 ml. mercuric sulphate
gsolution and excess cal cium hydroxide added. This
solution is distilled direct ami the procedure then
follows that given for blood,

II1I. Milk.

As milk contains many reducing substances it
is necessary to dilute the molution still further
in order to get full oxidation of B~hydroaybutyriec
ecid and iso-propancl to acetone. This is achieved
by preecipitating the protein as follows:

04ml.milk is added to 4.6 ml. distilled water,
2 ml, barium hydroxide solution and 2 ml, zine
sulphate solution are added. The tube is stoppered,
after mixing the contenuvs and centrifuged as before,

The technique employed is the same as for
blood except in the case of iso-propanol where the
method is similar to that used for rumen contents,

The factore are for free acetone 22,5, for

acetone/




7492 7.88 0 - 0.5
7492 7.88 0 = 0.5
'7.92 7488 0 = 0.5
15.84 16,20 Q0 + 243
15.84 16.20 0 + 23
B,
7492 783 0 - 1.1
792 783 0 - 1ol
7492 8410 4] + 2.3
15484 15493 0 + 045
15.84 15.75 0 - 0.5




acetone plus acetoacetic acid and "Tolal Acetone
Bodies" 30.75 and for iso-propanol 5.

IV. Urine.

The proceaure and factors are the same as for
blood except in the case of iso=-propanol, where the
rumen technique is used, and the factor is 5.

In certain acute cases of acetonaemia, the
"Total Acetone Body" content of urine rises to
several hundred mg./100 ml. In these cases it is
advisable to dilute the protein~free liquid still
further before oxidation,

Recovery experiments carried out on milk and
urine usihg added acetone gave the resulis shown

in Teble 7.

INTERFERENCE,
The following subsltances were tested for
interference in the estimation of acetone bodies,
acetic acid, lactic acid, sodium chloride, cholesterol
urea, formaldehyde and acetaldehyde, With one
exception, viz., acetaldehyde, the resulis obtained
showed there was no interference. This compound in
concentrations as low as 3 mg./100 ml. remcts with
the colour reagent to give a slightly opague orange
E:lution. The interference ig lessened slightly
ter boiling with ehromic acid, but not sufficiently

to/
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ito allow of an accurate determination even of total
ketones in the presence of such amounts of this

material.

\RECOVERY FROM MIXED OLUTIONS.

From the preceding tables it can be seen that
uging standard solutions of one of the "Acetone
Bodies", the errors lay within the range =57
except in the case of B~hydroxybutyric acid where
the percentage yield of acetone was only 60, a
discrepancy which could be overcome by the use of an
appropriate factor.

Bxperiments were carried out on standard
miztures of "Acetone Bodies" after complete
precipitation and oxidati on. It will be noticed
that the errors lay vi thin much the game range as
before (Table 23),

Estimations were also carried out on stemdard
migtures in blood and in rumen contents (Table 24)
and the experimental errors were again found to lie
within the same range, It may be worth mentioning
that the concurrent experiments carried out using
Van Slyke's method and Denige's reagent gave
percentage errors with a much wider range, (Tables
256 and 26).

The metliod described above gave more consistent

results/
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' results than any of the other methods attempted, and

| can be carried out easily with very little super:
vision. Greenberg and Lester (1944) designed their
'method for the micro-estimation of keto ne bodies,
but owing to the diluti ons, which occurred dw ing
protein precipitation and subsequent oxidation to
acetone, the factors required to determine the
acetone in 100 ml. of the original material lay
between éo and 36. Thus any small errors which
might occur during the estimation would be
exaggerated, Gxeept in the case of milk, where the
preaencebéf.aevaral reducing agéhts.ﬁdde concen:
tration impractical, this was Qvuroome by ueing
somewhat larger amounts of thﬂlméfertal to be
analysed, 1 ml. instead of 0.4 mi; 'The amount of
water to be added was decreased from 4.6 to 2 ml.,
and the protein precipitating agents increased from
2 to 5 ml., each, this being sufficient to precipitate
a2ll the protein present in the body fluids.

The chromic acid = lution of Greenberg and
Lester, 0.6 ml. of a 0.46% solutilion of potassium
dichromate in 15.6 N sulphuric acid, proved, on use,
to be inadequate for the oxidation of both Behydroxy:
butyrie acid and iso~-propanol. geveral chromic
acid soluti ons of different strengths were tested,
and though the one finally chosen only oxidised 60%

of /
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| of the Behydroxybutyriec acid present, it wasifound
;to be adequate in & 1 other respects. A 100%

yield of acetone was obtained f rom standard solutions
of iso-propanol, and neither acetone or acetoacetic
acid were destroyed by its action.

In Greenberg and Lester's method the following
estimations were carried out = acetone, B~hydroxy:
butyric acid and total acetone bodies = acecloacetic
acid being determined by difference, Behydroxy:
butyric acid was estimated after removing acetone
and acetoacectic acid by boiling the proteinifree
filtrate w;th a drop of concentrated sulphuric acid
for five minutes. As this process has to be
carried out with greatl care, and the exact volume
of liquid lost on boiling has to be replaced with
distilled water, it wasifelt that a direct estimati on
of acetone plus acetoacetic acid would be advantageous.
To this end fractions of the protein filtrate, from
standard sclutions of the two substances, were
boiled with varying quantities and strengths of
sulphuric acid in a micro-refluxing apparatus, till
one was obtained which gave a 1004 yield of acetone,
As diffusion appeared to be an easier me thod
of estimation than extraction (Greenberg and Lester),
the salieylic aldehyde colour reaction wae utilised,
Pnd the estimation carried out in a Conway micro-
diffusion/
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idiffuaion unit. In order to cover the widest
'pnasible range of acetone concentrations, the
strongest solution of salieylic aldehyde in
potassium hydroxide was employed, 1 ml., in 8 ml.
4 N potassium hydroxide. When weaker solutions of
potassium hydroxide and larger quantities of salicylic
asldehyde were used the soluiion precipitated out.

From the results it can be secen that the
method is readily applicable to two significant
biological materials, in acetonaemia and pregnanacy
toxaemia, viz., blood and rumen contents. It can
equally well be used for milk and urine with no
appreciable change in precipitation and oxidation
technique.

Although by no means perfect it is, so far as

we ean ascertain, the ﬁ.rﬁt relatively & mple method

of obtaining a fairly adequate and reasonsbly accurate
differentiation of the various ketone bodies involved
in ruminant pathology, and should prove of velue in
throwing further light on the pathogenesis of
various conditions in which acetonaemia is a

prominent feature.

SUMMARY,

; ¥ A method has been devised for the

estimation of individual acetone bodies and

iso-propanol/ |
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iso=propanol within the range 0-120 mg.
acetone/100 ml.

The basis of the method is the diffusion
of acetone into an al kal ine =0 lution of
aﬂ.icylic aldehyde with the production of an
orange-red colour, the intensity of which is
measured in a photo-electric colorimeter,

The application of the method to
biological materials such as bloed, milk,
urine and rumen liquor is desecribed, and

comparisons are given with other methods,
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| INTRODUCTION. ' |

| Though many workers have produced a starvation

ketosis in a variety of experimental subjecis, very
few appear to have carried out any very detailed
investigation fo the condid ons. The purpose of
maeny of these studies was to elucidaie some point

of endogenous metabolism thal did not involve acetone
body formation, and in the majority of the cases the
estimation of ketones was confined to total acetone
bodies, . Withouit a detailed andlyata it is impossible
to compare this experiméntally prpQucad fasting
ketosis with the clinical forms,

Annorexia is & common accompaniment of geveral
pathological conditions which are labelled as
"ketosis", such as certain types of definite in:
feetions and metabolic disorders of funectional
origin. It would be & definite édvantage, to be
able to judge if the ketosis, noted in these con:

ditions, was solely due to the ioaa'or appetite, or

wag caused or aggravated by the primary disturbance.
Further, there is a theory of loné stand ing that .
post parturient dyspepsia of caltle, (or bovine !
ketosis as it is often called), and pregnancy i
toxaemia of ewes are caused by an inadequate i
caloric intake. (Sampson and Hayden. 1936). It was
felt, therefore, that it would be of interest to
meke/
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make a detailed study of starvation ketosis in

these animals, especially as earlier experiments

on the ¢ow appear to have yielded rather comfflicting
resultis, Thus, in 1923, Sjollema and Van der Zande
carried out one of the earliest experiments on
starvation ketosis by fasting mileh cows for two
days, following an injection of phlorizin. They
found that only a slight ketonuria was produced and
came %o the conclusion that the cow does nol readily
produce much acetone, unless in certain diseased
conditions., Later, Carpenter (1929) fasted two
steers for five and ten days respectively, and found
no inerease in the urinary acetone bodies, He
concluded that the ruminant was exceptionally
resistant to fasting ketosis, a belief which lasted
for about fifteen years.

In 1943 Forbes produced an experimental fastinJ
ketosis in ruminents by giving them half, or less,
of their nutritional-requirameﬁtu for about ten daye,
He took two cows at peak lagtation and red half e
Morrison minimum requirements for mainienanoe and
milk production, in one case for twenty-one days and
in the other for nine, In both animals he found
@ rise in total blood ketones. A third cow was
fed 6 lbs. of timothy hay daily for ten days and
again a rise in total blood ketones was notod.'

For bes/
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/Porbes also used two cows later in laectation, viz.,
lat 8 weeks and 14 weeks following parturition.
‘Arter feeding the former a restricted diet and the
latter only timothy hay for ten days, he found
there was no response. He also kept a dry cow,
either none-pregnant or in very early pregnency, on
& maintenance diet for several days and preduced no
response, while cows in late pregnancy on the same
diet showed a rise in total blood ketones,

Both Carlstrom (1950) and Holmes (1950)
starved cows in the post-parturient period and found
a marked urinary excretion of acetone bodies.
Holmes believed that the sudden falll in milk yield,
which he noted on starvation lessened, to a certain
extent, the severity of the ketonuris produced.

Hven before Hopkirk (1954) produced a ketosis
orn under-feeding fat pregnant ewes, the general
opinion was that, pregnancy toxaemis developed under
conditions of poor feeding, more partiicularly in the
ewe carrying more than ovne lamb, Greig (1929)
congidered that a sudden change in grazing wae a
predisposing factor, and the Onderstepoort workers
(Groenewald et al, 1941) went further and suggested
that any sudden change in environment or handling
might csuse a pregnant ewe to feed poorly. The
same workers (Clark et al. 1943) underfed and
starved/




starved ewes in late pregnancy, and produced a
starvation ketosis, the clinical symptons of
pregnancy toxaemia being manifested in some cases.
They also noted that several of the ewes refused
food altogether after a starvation period of from
five to thirty days. Under very severe conditions,
over a much longer period of time, viz., one to
three months on low rations, they found a keto sis
could be produced in the non-pregnant ewe. Sampson
and Boley (1940) underfed and starved ewes in
pregnancy and though they produced & ketosis in
their sheep, none of the clinical signs of pregnancy
toxaemia were observed. They suggested that as

the disease developed ove® several weeks of under~
feeding, the effects produced would be more severe
than those observed over a short period of experi:
mental fast.,

In view of the fact that no detailed biochemica
study of starvation ketosis had been made, a number
of cows and ewes were starved completely for seversl
deys. The cows chosen were for the most part at
peak lactation, about three weeks after calving,
when the tenaency to develop bovine ketosis is
greatest, [Likewise one'mone-pregnant ewe, and
two in late prégnanoy, the time at uhtéh pregrancy
toxaemia usually develops, were taken for these

experiments/
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experiments, Bach of the individual acetone
bodies was followed, viz., acetone, acetoacetic

aeid, B~hydroxytubyrie acid and iso-propanol,

Method.

Five cows at peak lactation were kept in their
stalls for a period of from five to six days without
access to food or bedding, but with an adequate
water supply. The feeding before and after the
starvation period was the normal feeding for the
time of year, though in winter, on resumption of
feeding, only hay and roois were given for a few
days and concentrates added later. In addition
one cow in mid-lactation (13 weeks after parturition)
was put on & maintenance diet for a week, one dry
cow about a month from calving and one dry cow in
early pregnancy were starved completely for five
days, and two cows with sub-clinical ketosis were
slarved complietely for a few days, one having
previously been laken off concentrates for seven days

Immediately prior to and during the starvation
period, and for a short time afterwards, daily
samples of blood, rumen contents, milk and urine
were collected, the blood usually being taken from
the mammery vein, and the rumen contents by

stomach/
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FIGURE 2.

The effect of starvation on the volatile fatty acids

in the rumen.

Total volatile fatty acids—, acetic acid—,
propionic acid—, butyric acid—.,
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| stomach tube. Two of the cows used had self-
sealing rumen fistulae, but owing w the thick
consistency of the rumen contenis and the narrow;
ness of the catheter employed, sampling proved a
rather slow and tedious process, In some ceses
24 hour samples of urine were collected. The
daily milk yields of each cow were noted.

Blood sugar determinations were carried out
using the method of Hagedorn and Jensen (1929).
Rumen volatile fatty acids were estimated by
McAnally's modification (1944) of Friedmann's
steam distillation method and ¥lsden's chronmato:
graphic technigue (1946). The acetone bodies
were determined by the method previously described.
In some cases the pH of the rumen liquor was
determined electrometrically.

Results.

Volatile acids.

The total wvolatile fatty acid content of
the rumen samples fell sharply on starvation in all
cows, followed by & rise after re-feeding (Fig. 2).
Bach of the three individual acide, acetic, propionic
and butyric, fell by amounts roughly proportional to
their initial concentrations. These changes in
concentration with fasting were statisti cally sig:
nificant at 0.1% level., The unexpected increase in

total/




IABLE 8.

Days of Fagt.
Cow. 0 i 2 3 4 5

3!-...0'.. 6.4 8‘9 8‘6 802 7.7 7.8
3Tascsssnes 73 . 849 746 742 6.7
27.0!...... 6.6 805 7.7 7&8 7-7 7.7

Mﬁé-n‘o esens 6.76 8.25 8.49 7.86 7.53 7!40
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total volatile fatty acids noted on the third day

| of fast, after the minimum value reached on the

| second day, may also be regarded as statistically
significant. The trend in total volati le fatty
acids after re-feeding was also somewhat unexpected,
in so far as the initial increase apparently
received a setback, the levels on the fifth day of
re=«feeding being slightly lower than those on the

| fourth and seventh days,

pH _of the rumen contents.

Assocglated with the change in twtal
volatile fatty acids of the rumen.aontents, were
the changes in pH shown in Table 8. The pH of the
rumen contents rose on starving from an average
value of 6.7 at the outset, to a maximum value of
8.4 on the second day of starvation, followed by
a fall to 7.4 on the fifth day. After re~feeding
commenced, the average pH value fluctuated apprec:
iably from day to day within the range 6.5 - 7.5.

Milk Yield.

All cows showed a rapid and significant
fall in milk yield on fasting (Table ©). The rate
of fall of milk yield of the cows at peak lactation
was very marked at first, but the curve tended to
flatten out towards the fifth day, when the average
yield of milk was 12 lbs, On re=-feeding the

recovery/
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mg acetone/100 ml

FIGURE 3.

The effect of a maintenance diet on the ketones
of a cow at mid-lactation (g-hydroxy butyric
acid was the only acetone body present).

Blood—, rumen contents——, milk—, urine—,

starvation period
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recovery in milk yield over the period studied was

slow, especially with cow No., 37 which showed marked
loss of condition during the fasting period.

Semi-starvation of a cow 13 weeks after
parturiﬁ.on,land one with sub-clinical ketosis,
cauced a drop in milk yield over the period of fast.
The rate of fall of milk yield was much less marked
than thatidescribed above, and the average milk
yield reached on the fourth day of maintenance diet
was 25.5 1lbs., compared to 40.5 1bs. in the prefast
period, After seven days on a maintenance diet
the cow with subclinical ketosis was starved com:
pletely for three days, when the milk yield fell
8till further to an average value of 12 lbs,

Acetbne Bodies.

Rémoval of concentrates from the diet of
a ﬁow at mid-lactation or a cow in early pregnancy
caused no ri#e in blood ketones (Fig. 3). During
the whole of the experiment only B-hydroxybutyriec
acid was present in the blood, rumen contents, milk
and urine, and alfhough the amount present varied
from day to day it was well within the normal range,
viz., below 10 mg./100 ml. in the blood.

Complete starvation of a dry cow, about
a month before calving, caused & marked rise in
blood ketones (Table 27). Starvation was commenced

in the afterncon/




~ Blooc., 0 i 2 3 4 5
Bgetone, 0 0 4.06] 6.38114.03 27.73
Acetozcetic acid. 0 0 0,71 3.38| 9432 3492
Behydroxy butyric acid | 100| 100 | 95,23|89.66|76.04 [67.07
Iso=propanol, ¢] 0 0 0,58| Q.61 1.28
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in the afternoon and in the twelve hours befween
the first two samples no ehahge was noted, but
subsequent samples showed a progressive 1ncrea§e in
all the acetone bodies. The greatest rise was
encountered in the Behydroxybutyric acid fraction,
though the percentage content fell (Table 10).
Free acetone roge from an almost negligible amount
on the second day to about 27% of the total on the
fifth day of fast, a marked rise occurring on the
fourth and fifth days, Aoetﬁacetio acid showed
a more gradual rise than acetone attaining & maximum
value of 9% of the total acetone bodies on the
fourth day, with & subseguent fall to 4% on the
fifth. The rize in iso-propanol concentration was
very slight; the maximum concentration reached was
some 1.2% of the total acetone bodies on the fifth
day of fast.

The five cows starved at peak iaotation
all showed a degree of ketonaemia, as shown in
Table 28 which gives the average figures for five
animals, and Figs. 4 and 5 which show the variations |
in individual constituents in a representative
animal (Cow Fo., 10)., Thig ketonaemia was associated

with loss of condition and a fall in milk yield

without any other sign of illness or loss of appetiteg,
As will be noted, the rise in total acetonj
bodies/




FIGURE 4.

The effect of starvation on the blood and rumen
ketones of a2 cow at peak lactation.

Total acetone bodies—, acetone—, acetoacetic acid—,
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FIGURE .

The effect of starvation on the milk and urine
ketones of a cow at peak lactation.

Total acetone bodies—, zcetone—, acetoacetic acid—,
LS-hydroxy butyric acid—, iso-propanol
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bodies on starvation was progressive and highly
significant,. A statistical study of the whole
geries of estimations on the three body fluids,
blood, rumen liguor and milk showed the following
linear regression equations:=

Bloodsssssssse ¥y = 6,34 + 7,48 X

Rumen contents J = 3.45 * 4.22 x

Milkesesooonss ¥y = 5442 + B.14 x

The rate of rise of total acetone bodies
on starvation in blood anc milk was very similar,
with the average level in the milk some 5 mg.
acetone/100 ml. lower than in the blood. Comparison
for blood and rumen contents showed that the total
acetone bodies on starvation rose less sharply in
the rumen fluid than in the blood, and that the
average level was some 9 mg. acetone/100 ml. lower
in the rumen liguor. On re-feeding, the decline in
total acetone bodieg was rapid and by the fourth day
had approached the pre-fast level,
0f the individual acetone bodies, free
acetlone was one of the most prominent constituents
in blood, rumen liguor and milk, rising from
negligible amounts at the beginning to some 40-50%
of the total on the fourth or fifth daye of fast
(Table 11). As with the total acetone bodies the
increase over the fasting range studied was essenti all

linear/
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0 1 2 3 4% 5

Bloods

ﬁcet:onﬁ..»;-.:-to-thioc 0.45 12.38 19.95 28;12 41004 33.58
Acetoacstic acidesesese 9.82 | 13,63 | 13,60 | 14.50] 16.13 | 9.7
Behydroxybutyric acides | 89473 | 73.76 | 65402 | 52449 | 37485 | 52.35
Iso—propanol.uu. ssaee 0,00 Q425 10"-&3 4-89 4-98 4#28
Hument

Acet'ane..ul.u.......u 000 | 12,32 | R5446 3041 | 42,97 50.86
Acetoacetic acid.. reaee | 5163 3'!78 13.09 4.56 5.50 7032
Bohydroxybutyric aeides | 9437 | 77.32 | 50,32 | 46475 | 28.36 | 17.56
Iso-propanaln_un.n.. 0000 6.58 11:13 18.28 23.17 24026
Milles

Beeton@isssesssssninens 0,00 19.69 20092 32.64- 55.22 59035
Acetoacetic acidecsssan 0,00 3.82 15051 315 6.82 50?1
B-hydroxybutyric acid.. | 100,00 | 75,78 | 62,70 | 60.08 | 32.48 | 28.80
IBQ’PI'QPBJIOl- sessenadan 0,00 0-71 Q.87 4.13 5 -48 6044
Uzine:

Aceloneissserssnssssnin 5,91 1.94 1.81 9.46 24;03 26425
Acetoacetic aeidesnsisne 19,72 | 5344 |63 104 4—7040 39 .22‘;. MiSQ
B-lvdrowbu‘hyrﬂ.c acide. 74437 A5 +26 34 16 36 L1 33 095 23 VIR
I%pmﬂﬂloonn sedeseas 0400 0.26 0.99 7¢13 2.73 5#53
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'linear, and equel to 3.39, 2.83 and 3.60 mg. acetonq/1
100 ml,/day for blood, rumen contents and milk
respectively.

Acetoacetic acid showed a more gradual
|rise than acetone in the blood, attaining a value
?of 16% of the total acetone bodies on the fourth
iday, with a subsequent fall to 10% on the fifth.

The levels reached in the milk and rumen contents,
about 6% of the total acetone bodies, were maintained
with minor fluctuations throughout the experiment
except for & sudden rise to about 14% of the total
acetone bodies on the second day of fast., As with
the total acetone bodies and free acetone, the
increase over the fasting range studied was essen:
tially linecar, and equal to 0,70, 0.51 and 0.30 ng.
acetone/100 ml./day for blood, rumen liquor and

milk respectively.

B~hydroxybutyric acid showed & rise in the
blood over ihe period of fasting much the same as
that of free acetone, though the percentage content
fell to 38% of the total on the fourth day of fast
compared to 90% of the total acetone bodies in the
pre~fast state, The levels in the milk and rumen
ligquor behaved, with slight variations, very much
the same during the fasting period, attaining a point
of maximum concentration of 16 and 8 mg./100 ml,

respectively/
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respectively on the third day of fast. The per:
icentage in the rumen liquor showed a much greater
|fall than in the blood and milk, attaining a value
of about 17% of the total acetone bodies on the
fifth day of fast, compared to 28% in the milk.
The increase over the fasting range studied was
ieasentially iinear. and equal to 2.85, 0,22 and
0.85 mg., acetone/100 ml./day for blood, rumen con:
tents and milk respectively.

Iso~propanol showed a more gradual rise
(than free acetone in the rumen liquor, attaining
la value of 24% of the total acetone bodies on the
fifth day of fast. The levels reached in the blood
and milk were much lower, viz., 5% and 6% of the

total acetone bodies, the increase over the range

|studied being essentially linear, and equal to 0,556,
1,09 and 0.40 mg. acetone/100 ml./day for blood,
rumen contents and milk respectively.

All the cows studied showed an increase in
the total acetone bodies excreted in the urine on
fasting, the most prominent fraction being usually
agetoacetate which, at times, reached concentrations
of more than.ﬁo% of the total acetone bodies present.
B-hydroxybutyric acid, acetone and iso-propanol were
also excreted, but 1h decreasing proportions in that

order. Normnliy B-~hydroxybutyric acid only is

excreted.,
Blood/
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FIGURE 6.

The effect of starvation on the
blood sugzr levels.

average of five cows at peak lactation—,
a cow with sub-clinical ketosigs—-,
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Blood 3Sugar.

The cows starved at peak lactation all
| showed a statistically insignificant fall in blood
sugar on the first day of starvation (Fig. 6) with
& subsequent rise to the normal value on the second
or third days. There was & slight temporary rise
on re-~feeding. Only two of the cows showed a fall
in the blood sugar value to below the normal range.
In ecow 37 which lost condition markedly and whose
milk yield remained low, the blood sugar value con;
tinued to rise on re-feeding, reaching a value above |
the normal range before returning to the pre-fast
value, One cow gave abnormally high values on the
first day of fasting, and on re-feeding, probably
associated with the fact that she was in a very
excited state on these occasions,

The Effect of Starvation on Cows with
Subelinical Ketosis.

Starving a cow with subelinical ketosie
(Fig. 7 and Table 29) gave results somewhat similar
to those obtained on starving cows at peak lactation,
In the pre-experimental period cow No. 27 showed a
fair degree of ketosis though the predominant acetone
body present in the blood was B-~hydroxybutyric acid
which fell rapidly on starvation. The response of
the other acetone bodies and the total acetone bodies

in both/




FIGURE T.

The effect of starvation on the blood and rumen ketone

levels of a cow with sub-clinical ketosis (no. 27),

Total acetone bodies —, acetone—, acetoacetic acid—
’ 1
prhydroxy butyric acid—, iso-propanol—,
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'and one none-pregnant ewe were removed from the herd
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in both the blood and rumen was much the same &as
above except for iso-propanol in the rumen contents,
The relative proportions of this fraction fell
though the concentration remained more or less
steady. In another cow in which the ketosis in
the pre-fast period was not so severe, all the
acetone bodies in the blood, rumen liquor and milk
responded in the same manner on starvation. In
these animals acetoagcetate and B-hydroxybutyric
acid were again the main excretory products in the
urine.

Blood sugar was determined in only one
of the sub-clinical ketosis cases. The value lay
just within the normal range in the pre-experimental
phase and fell on starving to about 30 mg./100 ml.
It rose again gradually before re~feeding and reached
the normal value of about 50 mg./100 ml. a short
time later (Fig. 6).

STARVATION KETOSIS IN THE EWE.

Method.
Two ewes in the last fortnight of pregnancy

and kept in single pens for four days without access
to food or bedding, but with an adequate water supply
As the sheep did not have rumen fistulae only blood

samples/




Blood. (¢} 1 2 3 4
Acam.otouoooctoocot (8] 0 0 0 3064
Acetoacetic ac’-‘. eecne 0 0 0 10.14 4.09
B=hydroxybutyric acid. 100 100 100 89.86 | 91,10
Iso-propanolesecessees 0 0 0 (8] 1.17

Be Pruwt SUe,
Aceton@scssscsssssacsns 27.18 20:73 1731 2650 16147
Acetoacetic acidessces 18.22 | 46496 | 16435 | 16.58 | 13,98
B-hydroxybutyric acid. 53,93 | 29.49 | 64.96 | 56.34 | 68.82
IBO-WOI..- secssse 0.67 2,82 1038 0058 0,73
Cs Pregnant ewe.
AdebonBsii ssanssnoavia 4.61 3023‘ 3077
Acetoacetic acidssscns 0.81 6410 10.81
B—h"ﬂmbutyric aeid, 94058 90067 35 042
IED-PNNO].......-... 0 0 Q
4

Ewe lambed between lst and 2nd days of fast,
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samples (from & jugular vein) were taken daily over
the experimental period.

The acetone bodies were determined as
previously described.

Results.

The total acetone bodies rose in the blood of
the non~pregnant ewe on starvation; but it was not
until the third and fourth days of starvation that
any acetone body other than Be~hydroxybutyric acid,
was found, (Tables 12 and 30), On the third day
a amhll percentage of acétoacetic acid was found,
and on the fourth day acetone and iso-propanol were
added.

Though pregnant ewe B, appeared normal in all
regpects she was found, at the commencement of the
experiment, to have a subelinical ketosis, all four
acetone bodies being present in the blood in the
prefast period. The rise in total acetone bodies
on starvation waé progressive, and brought about by
a rise in all the constituent ketones. The greatest
risc was encountered in the Be~hydroxybutyric acid
fraection, and the least in the iso=-propanol fraction.
After the first day of fast a very high percentage
of acetoacetic acid was found in the blood. Lwe B,
lambed normally two days after re-feeding.

Pregnant ewe C. also showed a degree of ketonaemia

in the/




- 30 =

in the pre-fast period, though much less severe
than thatifound in ewe B, Starvation produced

& rise in total acetone bodies, as in the previous
case, with a rise in acetoacetic acid after the
first day of fast. [Ewe C, lambed after two dasy s
of fast and the blood sample taken immediately
after showed a drop in total acetone bodies.

None of the sheep showed a loss of appetite

after the starvation period.,

DISCUBESION .

Owing t& the loss of carbon dioxide to the air
on removal from the rumen, the pﬁ values estimated
for the rumen liguor would be higher than the actual
valuee in the rumen itself, but it is evident never:
theless that a rise in pH does occur on starving,
eoinaiding, as would be expected, with the fd 1 in
volatiie fatty acids, Tnis fall is itself fairly
easily understood, as bacterial action in t he rumen
is bound to slow down with the withholding of fresh
metabolites. This iaa confirmed by concurrent
bacteriological studies to be reported elsewhere,
The faect that all three acids, acetic, butyric and
propionic, fall in about the same proportion suggests
that their formation reactions are equally affected.
The slight riee encountered towards the end of the

starvation/
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starvation period may be associated with a change
in the volume of the rumen contents.

Three cows, one 8 weeks after pariurition
(Forbes 1943), one 13 weeks after parturition (above),
and one in the dry state, either nen-pregnant or in
very early pregnancy, (Forbes 1943 jand above), were
kept on maintenance diets for from five to seven
days without showing amy inoreaae'in the blood
ketones, In addition Forbes (1943) put a fat cow,
14 weeks after parfurition. on what was virtually
& ten day fast without any response. This
particular cow was only given enough hay to keep
her quiet ihile the calf was receiving grain,

From fhis it would secem that the non-pregnant cow,
from 8 weeks after parturition to the dry state,
has sufficient glycogen stores in her body to carry
on, during a five to seven day period of semi~star;
vation, without resorting to excessive fat cataboliaﬂ.
and, further, that she can resist more or less
complete starvation for ten dgys from 14 weeks after
parturition. In late pregnancy and at peak lactation,
however, the cow's glycogen stores are apparently
inadequate and on starvation she is forced to live
on her own fat. As it is an established fact that
when fat ie metabolised acetoacetate is formed
(Weinhouse et al. 1944, 1945), it is not surprieing
to find/
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to find, in the cows at peak laectation, that this is
one of the first acetone bodies to appear in guanti ty,
more rapidly in the blood than in the rumen and milk,
80 thatl presumably it reaches these latter by dif fusion
from the blood stream, In the dry pregnant cow,
however, the rise in B~hydroxzybutyric acid and
acetone were more marked than that of acetoacetic
acid, and during the period of fast the concentrations
of B-hydroxybutyriec acid were very much higher than
those encountered during the starvation of a cow at
peak lactation. It has been stated by many workers
that acetoacetate is toxie, and certainly the blood
levels appeared to be kept low in these experiments
with free acetone appearing in large quantiti es.

The cow, therefore, is proved to be quite capable
of producing & considerable degree of acetonaemia
even in the absence of disease,

Shaw, Powell and White, (1942), explain the
predominance of acctoacetate in the urine in ketosis
by a change in the renal threshold for this substance,
The fact that this predominance also occurs on fast:
ing, with the knowledge that agetoacetate is not
normally found in the blood stiream or urine, suggestse
that this excess excretion may not be due to a change
in renal threshold, but is merely the natural reaction
Ef the kidneys to the presence of a substance with

low renal threshold,
If we take/
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FIGURE 8.

The regression of concentration of total acetone
bodies on days of fast for blood, milk
and rumen contents,

Blood——, rumen contents—— milk—.

Q 1 2 3 & =
days of fast



If we take as & base line the relative
proportions of the acetone bodies in the bloed,
we can assess the changes which occur in the rumen
and milk, The linear regression of concentration
of total acetone bodies on days of fast for the
| three, blood, milk, and rumen contents (Fig. 8),
shows that the three lines are very similar, though
the levels vary, being lower in the milk and rumen
contents than in the blood, The relative proportion
of acetone and iso-propancl in the blood and milk
are very similar, though slightly higher in the
letter (Table II). From the point of view of the
blood, therefore, the mammary gland appears to act
as an excretory organ ridding the body of some of
the excess acetone bodies, There is very little
change in either bloed or milk in the proportions
of acetoacetate over the fasting period, and the
| proportion of B-hydroxybutyric acid fells by much
the same amounts in both fluids.

The evidence suggests & direct diffusion from
the blood into the milk with very little, if any,
utilisation of the acetone bodies by the mammalry
gland, except perhaps in the case of acctoacetate
and B-hydroxybutyric acid towards the end of the
fast., Shaw (1942) has shown that the mammary gland
does not utilise acetoacetate but can use B-hydroxy:
butyric acid for energy purposes.

The riaes/
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The rise in total acetone bodies in the rumen
is very much slower than in the blood, but the
relative proportions of acetone are very similar,

as both show an increase on fasting to about 50%

of the total acctone bodies. In both there is very
little change in the proportions of acetoacetate

over the fasting period. The rise¢ in the proportion
of iso~propanol is very much more marked in the

rumen than in the blood, as is the fall in Behydroxy:
butyrate,

The acetone bodies probably ra@ch ihe rumen

by way of the saliva and possibly also by direct
diffusion., 1In no case does iso«propanol appear in
the blood stream before it appears in the rumen
contents, This sug.ests that the site of formation
is that organ, where there is the greatest increase
in eoncentration. If iso-propancl is formed from
’ane of the other acetone bodies it would & pear

that, directly or indirectly, B-hydroxybutyric acid
might be the precursor, as this is the only fraction
to decrease in proportion to the total acetone bodies,
It must be remembered, however, that as this con:
stituent comprises the bulk of the acetone bodies
present in the pre-~fasting stage, a rise in the con:
centration of any of the others is bound to cause

a faell in the relative proportion of this fraction.

It should/
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It should be noted, too, that in the rumen contents
the average values for iso-propanol remain about
half those of free aceione, itaken at the same time,
over the period covered, This suggests a close
relationship beiween accione and iso=-propancl in
the rumen, which is in keeping with their chemical
comipogition and it would appear therefore that
acetone wmight well be a precurser of iso-propanol
in the rumen, It is of course possible that the
precursor is some other substance not estimated in
these experiments.

Forbes in 1943 found that on putting goats in
late pregnancy and cows at peak lactation on half
rations for ten ﬁaya, the blood sugar fell steadily
from about 50 to 30 mg./100 ml. only rising again
when full rations were given., Hodgson, Riddel and
Hughes (1932) found the blood sugar in dairy cattle
‘| fasted for nine days fell gradually during that
period, and on the seventh day of fasting started
to rise again, only reaching normal a few days after
re-feeding. During the complete starvation described
in the preceding experiments, it was found that
though the blood sugar fell at theubeginning of the
experiment the drop wae not significant, that after
two or three days it rose again to the normal level,
and there was little change observed on re-feeding.

The difference/




Thg difference may lie in the milk production.
on stervation the miik yielda of dll the cows used
in our experiments fell rapidly by amounts ranging
from 20 to 60 lbs. daily, the greatest fell being
observed in the highest yielding cow, Jorbes
does not mgntion the milk yields of the cows he
fed half ration, It may be that he noted no
sudden changg, or that he was not interested in the
yield, shaw, (1946), recorded a sudden drop in
milk yield_on fasting milking cows but carried out
no sugar estimatione at that time, Hodgson et al.
uged heifers of 1% to 2 years old.so milk production
did not enter into their experiments,

A evition dren in SUik LA S A Riskerisittns
cow would presumebly slow down the passage of
metabolites from the blood sfream to the mammarj
gland, with a resultant conservation of body resources
| which should help ir the maintenance of normal blood
levels., If the milk yield of & cow on half rations
did not falllappfeciahly, a very great strain would
be put on the animal's resources with a resultant
fall in blood augér. In the preceding experiments
the starvation was sudden, and so the body took a
day or two to regain its internal balance, during
which there was a temporary fell in blood sugar,
1t would agpea:é that the blood suger of an adult

milking/
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milking cow can, as in other species such as man

and the dog, find ites own level again on starvation,
there being at the beginning a temporary upset which
the body mechanisms can soon control,

Results obtlained by starving a case of aub-
e¢linical ketosis were in the main very similar to
those obtained on starving a normal cow at peak
lactation. All the acetone bodies, except iso=
propanol in the rumen, rose in much the same way
over the fasting period. The relative proportions
of iso-propanol in the rumen fell though the conz.
centration remsined much the same, It will be
noted that the concentration of iso-propanol in the
rumen of a cow with sube-clinical ketosis is very
much the same as that found in a normal lactating
cow after a five day fast, and so it would &p pear
‘ that either the maximum amount of iso-propanol is
being produced under these cireumaﬁ&néeaﬂor the
rate of production is being balanced by the rate of
metabolism by the rumen bacteria.

The blood sugar did not return to the normal

value after the initial drop till some time after

re~feeding, This may have been due to a long period
of subelinical ketosis having an adverse effect on
the general health and body stores of the animal.

The controlling mechanisms of the body would thus
take/
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take longer to regain the equilibrium point,.

About a week after re~feeding both the cows
previously suffering from subelinical ketosis were
entirely normal.

As in the cow at peak lactation and the dry
cow in late pregnancy, complete starvation produced
& degree of ketosis in the ewe in late pregnancy.

A similar rise was encountered in the two species

in total acetone bodies, acetone and B-hydroxybutyriec
acid, though the rise in acetone was less, and in
Behydroxybutyric aeid greater, in the sheep than in
the cow at peak lactation. These results were very
similar to those obtained on fasting a cow in late
pregunancy. The rise in acetoacetic acid was rather
more pronounced in the sheep, after the firet day

of fast, than in the cow at the same time, and,

over the period of fast studied, the rise in iso=
’propanal was very slight in both the sheep and the
cow in latie pregnancy.

I1f, as has been suggested previously, iso=
propanol is formed from acetone in the rumen, the
lower percentages of both ﬁcetone and iso=propanol
in the ewe and cow in late pregnancy, would tend to
confirm this, as well as indicating that in late
pregnancy ndther the cownor the sheep produce acelone

in the same guantities as the cow at peak lactation,

it/
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If the ketosis observed on starvation was due,
primarily, to the excessive catabolism of body fat,
with the productiion of abnormal qguantities of
acetoacectlic acid, then it would appear that both the k..
cow and the gheep in late pregnancy converted the
bulk pf this faector into B~hydroxybutyric acid, by
raduction, the remainder being decarboxylised to

agetone, The cow at peak lagtation, on the other

o

hand, appeared to produce acctone and B-hydroxybutyri
acid in about equal propertions from the acetoacetic
agid, and so was ahie to form a higher percentage of
iso-propancl.

On starving rats and a normal, but rather
obese, human for ten days, Wicks et al (1940) noted
a sudden rise in the blood ketones in the first

48 hours of starvation in the rat, and in the first
85 hours in the human, from a level of about 1 mg.
|acetone/100 ml. to 15 to 20 mg, acetone/100 ml,

The latter level was maintained with minor fluctuatione
for the remaining days of the fast. They suggested
that the rate of increase in the degree of keto sis
at the onset of fasting was probably determined by
the amount of stored carbohydrate and protein. The
meintenance of ketosis @i A more or less constant
level may have been ﬁue to the availability for
Eatabalism of a limited, but relatively constant,

ource/
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source of carbohydrate from tissue protein and fat
glycerol,  Crandall (1940, 1941) starved both dogs
and men for three days and found a state of ketosis
was produced in both. The two species differed
enly in the rate of onset and intensity of ketonaemia.
He found thatl the onset of ketosis in man wes much
more rapld, & ketonaemia being found 15 hours after
the last meal, - After 63 hours the average level
of total ketones attained in the blood was 36.4 mg.
Behydroxybutyric acid/100 mlL, (sbout 20 mg. acetone/
100 ml.) &s Wiek et &l noted, In the dog no
ketonaemia appeared for 48 to 72 hours and then the
inerease in ketone body concentration was very slow,
- It would appear from the literature that the
dry mon-pregnant cow, or one at low lactation,
gives much the same response to starvation as the
steer, viz., no appreciable rise in blood and
'urinary ketones,  The cow at peak lactation or
the cow or sheep in late pregnaney, however, responded
to starvation in & manner entirely different from
that found in the dry non-pregnant cow, steer, man,
dor or rat, in that the level of total acetone bodies
found in the blood was still rising after five days
of fast., It was suggested by Wicks et al. (1940)
that the stebilisation in the blood of the total

ketone level attalned after a few days in man and

dog/
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dog, ete., was due to the production of carbohydrate
from tissue protein and fat, It would appesar,
therefore, that the fasting cow at peak lactation

or cow or sheep in late pregnancy was unable to
produce sufficient carbolhydrate from these sources
to maintain the blood sugar and keep down the
aceione body levels, even with a drop in milk yield
in the case of the lactating cow. This may be
assoecialed entirely with the greater demands for
garbohydrate imposed by the foetus or by lactation
even atl the reduced level, Alternatively the
mechanisms for bringing such compensatory changes
into play may be less effective in the ruminant or
the demunds of the foetus or of & high milk yield
may deplete the aveilable reserves to such an extent
as to hinder the attainment of equilibrium.

The chain of eveuts suggested by the above
chservations is primarily the formati on of aceto:
acetate from the calabolism of fat and its rapid
excretion or conversion into acetone and B-hydroxy:
butyric acid. These various fractions gain the
blood stream whence they pass into the milk and
urine and also the rumen, In this organ there
occurs the formetion of iso-propancl, possibly from
agcetone, which then passes back into the blood stream
and eventually reaches the milk and urine though at

very low levels.

SUMMARY/
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SUMMARY .

A detailed study of the fasting ketosis of
dairy cows is described and the response obtained
compared with that obtained in other species. ALl
the acetone bodies studied, viz., acetone, aceto:
acetic acid, B=hydroxybutyric acid and iso=propanol,
showed & highly significant increase which was pre:
dominantly linear in blood, milk and rumen contenis.
The first three appeared to originate in the tissues
but the site of origin of the iso=propanol was most
probably the rumen contentss The response of the
blood sugar to fasting was found to be much the
gsame a8 for other species while the ketonaemia
appeared to be more marked.

The ketosis produced on complete starvation
ef a ewe in late pregnancy was found io be very
’aimilar t0 that produced in a cow in the same aon:
dition, and'tu differ from that produced in a cow
at peak lactation in the proportions of the various
acetone bodies present.

The significance of these findings ie

discussed.




1V. METABOLISM OF INDIVIDUAL KETONES.



INTRODUCTION,

Until very recently the work carried out
involyving administration of the various acetone
bodies has been either to determine the part they
played in diabetes and the diabetic coma in man
and dog ete,, or to elucidate the processes of fat
metabelism in the animal body. In none of these
investigations was the ruminant used as the exper:
imental animal,

According to Frerichs (1883) salomon fed
acetone and aceloacetate to men and dogs and pro!
dugced no symptoms in his patiente, but noted a
slight acetonuria and a strong aromatic smell in
the breath of human subjects after giving them
40 grms. of acetoacetate daily. = Albertoni (1884)
repeated these experiments with acetone and found
15 -~ 20 grms., given by mouth, caused no symptoums
in men; 4 grms. per os produced & form of drunken:
ness in dogs, and 8 grms. proved fatal, while 6 ml,
injected in.c the jugular vein of a dog caused only
temporary prostration, sSharz (1897) stated that
normel doge could metabolise acetoacetate completely,
while depancreatised dogs excreted part in the form
of acetone,

geelmuyden (1900), Blum (1910) and Ne bauer
(1910) carried out experiments on the interrelation:

ship of acetoacetate/
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ship of acetoacetate and B-hydroxybutyric acid with
regard to fat metabolism, by administering these
substances subcutaneously, or per os, to men and

dogs, and showed that acetoacetate was the primary

by the body, and not vice-versa as was previously
supposed.

Hurtley (1916) after reviewing all the previous
work on the subjeet, and tek ing inte aecount his

own investigations, came to the conclusion that
acetoacetic acid, being seven times stronger than
B~hydrosybutyric acid as regards acidity, and a
great deal more toxic, is the direct cause of
diabetic coma, the conversion to B-hydroxybutyric
acid being a protective mechanisu,

Allen and Wishart (1923) repeated most of these
experiments and expanded them. At intervals &f ter
|the administration of various substances they carried
cut a Rothera test on the plasma and urine of the
experimental rabbits and dogs they used. They
obtaine& positive results in both immediately after
an intravenous injection of acetone, and were
surprised to obtain the same result twelve hours
later, Immediately after the administration of
acetoacetate to & rabbit by stomach tube, orintravenousl
the plasma and urine both gave positive results very

strongly/

product being readily reduced to B-hydroxybutyric acid

LY
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strongly and very slightly respectively, while an
intravenous injection to & dog only caused a slight
acetonuria. Successive intravenous injections te
a rabbit caused death; the animal died in a coma dug
to failure of the heart and respiration. Behydroxy:
butyric acid administration produced very little
respouse when given intravenously to dogs, no acetone
or acetoacetate were found in the plasma, or urine,
though & rise in B-hydroxybutyriec acid was noted in
each, VUrine giving a slightly positive Rothera
reaction was excreted'by a rabbit after being given
B=hydroxybutyric aecid by stomach tube.

Xoffman (1937) and Holmes (1950) investigating
bovine ketosis in dal ry cattle gave cows acetone by
mouth, and found ithat very large doses had a tem:
porary toxic effect. The blood serum levels rose
reaching a maximum value about an hour after
‘ladministration, Holmes found that the acetone was
rapidly excreted by the mammary gland, but could find
no detectable amounts in the urine, his method of
estimation being a modified form of Rotherals test,
As ruminant metabolism is often very different
from that of single stomsched @nimals, it was thought |
advisable to carry out experiments to investigate the
chemical changes that occur, in the blood, rumen
liquor, milk and urine, in both sheep and cows, when

the ketone/
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the ketone bodies, acetone, acetoacetic acid,
Behydroxybutyric acid and iso=propancl are administered,
It was hoped that the results might throw some more |
light on the metabollam of these substances in the

body.

| MSTHOD ,

Most of the administration experiments covered
a period of three days. during tnat time the an imals
were given thelr normal feed and an ammle supply of
water. The sheep were kept in mstaholism cages,
but the cowa remained in their stalls. Twenty four
haur samplea of urine were taken ‘whenever possible,
During the summer months the cows were fed freshly
cut grass.

Access to the éheep's rumen was obtained by
means of an ebonite rumen canula with a screw cap,
_tﬁw.salf-seaiing-fistula. A long stomach tube was
employed in the case ofilhecows, bot h for removing the
rumen conients, and adding to them.

The ketone bodies were added to the rumen
dissolved, or in the case of ethyl acetoacetate
suspended, in a large volume of waler, 1-3 litres
for a cow égd 100-260 ml. for the sheep, The
ketone bodies in physiological saline, about 250~500 ml.
for the cow, and 25-50 ml. for the sheep, were injeotrd

over a period of from 5 to 10 minutes into the jugular

vein./
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The effect of injecting T00 ml, acetone into
the rumen of a cow.
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vein,

‘Before administration.and at certain periods
after, viz,, 10 mins., 40 mina., l hr,, & hrs.,
4 hrs., 6 hrs., and 84 hrs., blood, rumen contents
|and milk samples were taken. The blood was taken
from the mammary vein in the cow, and the unused
Jugular vein in the sheep.

The ketone body estimations were carried out

ag previously deseribed,

RESULTS,
I. gingle Administration.

Normal animals were used in all these exper:
iments, i.e., B=hydroxybutyric acid was the only
acetone body present in the blood, rumen contents,
milk and urine prior to administration.

A, The Administration of Acetone.

1. Into the rumen of & cow.

Ten minutes after the administration of

100 ml. acetone all the ketones, acetone, aceto;

acetic acid, Behydroxybutyric acid and iso=-
propanol, were found in the rumen contents, and

all but iso-propanol in the blood and milk,

though an hour after administration iso-propanol

was also found in both the latter, Within the

first hour the levels of total acetone bodies

and acetone/




0 10 ming.| 1 hr. 2 hrs,

1. Blood.

Acetongssssrssssnassan 0 19.08 75.72. 3 57-21

Aﬂatmeetic acido sasse 0 4071 7.07 1.65

Behydroxybutyrie acid. 100 | 76.21 8.52 | 32.53

Ise-propa.nol...u'u.u- Q 4] 8.69 8.61
2. Rumen Contents.

Aﬂ‘maboolanot.ooo.ot 0 80.1? 54132 “tag

Acetoacetic acidassees (o) 0,91 292 1.73

B-hydroxybutyrie acid. 100 3448 2:.52' | 16.12

Iﬂo-propanol.u ssecess 0 15444 40-24 48.35
3. Milk.

Acetoneooot-ltocooioc. 0 3034 32-82 29;?8

Apetozacetic acldevssese 0 5 76 10,39 31.99

B-hydroxybutyric acid. 100 90.90 5639 | 34.29

IBO—prom-n.Olocctooooao 0 0 0040 3.94
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and acetone in the rumen contents fell rapidly,
theIValues_found one hour after administration
being less ihan half those found after ten
minutes._ Subsequently the total acetone bodies
decre&eed much less rapidlj approaching the
normal value between twenty four and forty

eight hours after adminiatratiﬁn. (Tables 13
and 31, and Pig, 8.). As the percentage coni
tent Sf acetone fell in the rumen conientis, that
of iso-pfopanol rose until it was the predominant
acctone body present. The proportion of B~hydro
butyric acid naturally fell with the appearance
of the other acetone bodies, ﬁut gradually rose
again attaining its original value of 100% about
one‘to two dayslarter administration, During
the whole experiment only very small quanti ties
of -acctoacetic acid were found.

The concentrations of acetone and aceto:
acetic acid rose in the blood reaching maximum
values about two hours after administration,
while the content of Behydroxybutyric acid fell
during the first two or three hours, and then
rose agein until it was the only acetone body
preasent, Iso=-propancl was found in the blood
an hour after administration and rose slightly
in the next two houra; but at all times only a
fraction/

ay
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1. Eleced.
Acetonesssssssassnares 0 3990 12-32 19027
Acetoacetic acidessaes Q 173 4653 9 056
Iaoﬂprﬁlﬁ-no:.oo.ooto.a. Q0 0 1.51 1,13 .
2. Rumen Contents.
ABQWM.Q.....-......;. 4} 92o25 43023 48134
Acetoacetic acidecsese 0 Q445 15.86 17.16
B=hydroxybutyric acid. 100 4428 26,38 20,74
I80-propanolessessesss 0 3402 14453 13.76
B. Intravenously.
1. Blood.
A.catone...u..u....u (¢} 44070 46.20 42.35
Acetoacetic acidecosss 0 2.01 2 092 7084
B-hydroxybutyric acid. 0 52445 48.37 | 33.06
Iso-propanolesscecesss 0 0.84 2.51 16.75
2« Bumen Contentg.
Acetonﬂcotoniooonnol.c Q 0 27.46 4.10
Acetoacetic acidessses 0 0 10,07 784
B-hydroxybutyrie acid. 0 80,10 38, 23.86
Ino-pro;nncl. eossoncae (¢} 19 0-90 23 -65 64-20
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found. In the milk the concentrations of acetoje

fraction of that encountered in the rumen was

and acetoacetiic acid reached maximum values th,re|
to four and two hours respectively, after
administration. On the whole the percentage
contents of acetoacetic acid and Be-hydroxybutyrig
acid were higher than in the blood, while those
of acetone and iso-propanol were lower,

All the acetone bodies were exereted in

the urine within two hours of administration,
‘acetone being the most prominent followed by
B=hydroxybutyric acid.

2. Into the rumen of a sheep.

In this case 4 ml, acetone was injected
into the rumen, Ten minutes after, as in the
eow, all the acetone bodies were found in the
rumen contents, and all but iso~propancl in the
blood. The effects produced by the administration

were in general the same as in the cow, but in

both the blood and rumen contents the rise of
acetoacetic acid was more marked, and that of '
iso=propanol proportionately less 0. (Tables

14 and 31). Behydroxybutyric acid was found to

be the main exeretory product in a twenty four

pour sample of urine, with a small proportion of

acetone and traces of ecetoacetic acid and iso=-

propanol.

3. Ton a caw/



0 10 minse, 1 hr, 2 hrs.

1. Blood.

Acctonessivescsanssana 0 43074 33059 28033

Agetoacetic acidiscsos 0 2429 0.69 2.18

Buhydroxybutyric acid. 100 | 52441 64457 | 69449

Iﬂoﬂpropanel_oo.-.t.bc- 0 1056 1.15 0
2. Rumen Contentg.

A.en‘boneuu..u..u..q 0 9492 16,30 18,02

Agetoacetic acideesoss 0 0,71 4aT7 1.70

Behydroxybutyric aeid. 100 80471 44,61 | 25.23

Iso-pmpa.nalu.u.uu O 8,66 34.32 55.05
3. Milk.

Agetonesssssssnsssense 0 13014 45.77 19.23

Acetoacetic acidescses 0 13 .62 4.23 22036

IBO—PrOmnﬂloltooaoonc o 0 0 0




3. To a cow by intravenous injection.

Ten minutes after the injection of 75 ml.
agcetone all the acetone bodies, acetone, acetoacetic
agcid, B-hydroxybutyrie acid and iso=propanol wera‘
found in the blood and rumen contents, and all

but isospropanol in the milk; ‘this fraction was
-.abéent during the whole experiﬁent. (Tables 15
and 32), The level of total acetone bodies in
the blood did not deerease as rapidly as in the
rumen in the previous experiment, (Fig. 10).
The injected acetone disappeared more quicklj,
being replaced by B«hydroxybutyriec acid, as the
concentrations of acetoacetie acid and iso-propanol
~ remained low, no traceg of the latter being found
two hours after injection.

The concentrations of acetone and iso~
propanel in the rumen contents rose steadily,
reaching maximum values about two hours after
injection, while the proportions of Be-hydroxy:
butyric acid fell during this period, but there:
after rose again to the normal levels, During
the whole experiment only traces of acetoacetic ;
acid were found in the rumen contients.

As before, the proportions of the gecetone
"bodies found in the milk were very similar to
those in the blood, though the content of aceto:
acetic acid was slightly higher. One hour after
injeection/




mg acetone/100 ml mg acetone/100 ml

mg acetone/100 ml

FIGURE I0.

The effect of administering 75 ml. acetone to a cow
by intravenous injection.

Total acetone bodies —, acetone —, acetoacetic acid—,
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injection the concentration of acetone had '
reasched a maximum and B-hydroxybutyrie acid a
minimum,

While traces of both acetoacetic acid
and isoepropanol were found in all the urine
samples collected, the most prominent ketones
were acelone and B-hydroxybutyric acid. These
were exscreted in about equal quantities one
hour after injection, but thereafter increasingly
less acetone and proportionately more Behydroxy:
butyric acid was found.

4, To a sheep by intravenous injection,

Ten minutes after the injection of 4 ml,
acetone all the ketones were found in the bloed,
but only B~hydroxybutyric acid and iso-propanol
in the rumen contents. (Table 14 and 32). An
hour later acetone and acetoacetic acid were
also found in the rumen, The concentration of
isoepropanol rose in the blood and rumen contents
resching maximam values about two hours after
injection, and then gradually fell again. The
concentration of Behydroxybutyric acid, on the
other hand, fell during the first two hours and
then rose. As befora; the percentage of aceto:
acetic acid in both the blood and rumen contents

was higher than in the cow.

B, Phe Administration/




FIGURE II,

The effect of injecting I50 ml. ethyl acetfoacetate
into the rumen of a cow.

Total acetone bodies—, acetone——, acetoacetic acid—,
p-hydroxy butyric acid— , iso-propanol-—,
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0 | 10mins,| 1br. | 2 hrs,

1. Blood.

AOBtOﬂBoooo-noc-ooctno 0 (#] 1.52 0.85

Acetoacetic acidevseee 0 10.62 4418 1.46

B-hydroxybutyric aeid. 100 89,38 94.+30 9769

IBO—prOmnolnuunu 6] 0 ] (IS Q ! #]
2. Rumen Contents.

Aﬂemm.l.lntl.l0-o.i. 0 2.15 2.69 0

Acetoacetic acideseses 0 90499 38477 1.79

Behydroxybutyric aecid. 100 4487 54,405 96,06

Iso~propanclessseesces 0 1.99 Lo 2,15
3. Milk.

AcetonBsssssvansossoss ] 0 0 (8]

Acetoacetic acidessese o 26451 15.35 7.96

B-hydroxybutyric acid. 100 7349 84..65 92,04

Iso-propanol..uu-u- 0 0 0 0




B. The Administration of Kthyl Acetoacetate.

1, Into the Rumen of a Cow,

The effect of injecting ethyl acetoacetat
into the rumen was very much less marked than tha
proguced when acetone was injected, either into
the rumen or intravenously, (Fig. 11). Ten
minutes after the administration of 150 ml, of
ethyl acetoacetate all the agetone bodies were
found in the rumen, but after two houre B-hydroxy
butyric acid and only a trace of acetoacetic acid
and iso-propanol were present, (Tables 16 and 33)
The fall in acetoacetic acid content was very
rapid, and was accompanied by a less marked fall
in acetone, which appeared immediately after the
injeetion, Very small amounts of iso=-propamol
were found, the maximum concentration occurring
an hour after administration., After a drop in
concentration in the first ten minutes, there
was a marked rise in B-~hydroxybutyric acid which
was the only ketone present six hours after
injection.

Maximum concentrations of acetoacetic

acid were found in the blood and milk ten minutes

after administration, but in both cases the amounts

present were small, Traces of acetone were found

in the blood/

f




0 10 minss | 1 hrs 2 hrsd
1. Blood.
Aceton@sscoscssvescvese 0 0 10,30 0
Acetoacetic acid. .....-. 0 0 _ 27420 0
B-hydroxybutyric acid, 0 100 62,50 100
Is0-propanolsssseceses 0 0 0 0
2. Rumen Contents. ,
AcetonGessssssessecnns 0 13.37 5457 0
Acetoacetic acideesese 0 86418 85400 0
B=hydroxybutyrie acid. 0 6] 1.75 .| 83477
Iso=propanolessecessses 0 0.45 7.02 16.23




in the blood after an hour, but not iﬁ;thc milk, |
and throughout the whole experiment nqiiao-
propanol was found in either, |

Two hours after administration all the
acetone bodies were excreted in the urine,
acetoacetic acid and B~hydroxybutyric acid being
the mouti prominent and present in about equal
amnﬁnfl. Subsequent samples contained higher
proportions of Behydroxybutyric- acid and only
traces of acetoacctic acid, Twenty four hours
after administration the exerction was normal,
only B-hydroxybutyriec acid being present,
During the first six hours following administratipn
acetoacetic acid was excreted in the animal's
breath.

2. Into the rumen of a sheep.

_ The effects of injecting 4 ml., ethyl
acectoagetate into a sheep's rumen were very similar
to those in the cow, (Tables 17 and 33), though
the fall in acetoacetic acid was more marked, none
being found in either the rumen contents or the
blood two hours after administration, No aceto:
acetic acid was found in the urine, B-hydroxy:

butyric acid only being excreted in a twenty

four hour sample,

J. o & aow/ l
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3. To a cow by intravenous injeection.

30 ml. ethyl acetoacctate injected
intravenously into the cow had very little effect
on the animal, though the breath smelt strongly
of acetoacetic acid. Ten minutes and one hour
after injection traces of acetone were found in
the blood, and after the former time interval
the equivalent of 4.84 mg. acetone/100 ml. of
. acetoacetic acid, along with B-hydroxybutyriec
aeid in normal amounts. Both aecetone and
acetoacetic acid were found in the milk during
thies period, but only acetoacetiec acid in the
rumen contents,

76 to 80 ml. ethyl acetoacetate when
injected intravenously acted as a temporary
anaesthetic, the cow remaining unconscious for
two to three minutes. On regaining conscious:
ness breathing became difficult and the animal
coughed a great deal. The smell of acetoacetic
acid was very marked. One animal, which was
particularly badly affected, developed pneumonia
e few days after the experiment. Ten minutes
after injection the amount of acetoacgetic acid
found in the blood and milk was about the same
as above. It was impossible to take a rumen
sample at this time as the animal's breathing

was so/




FIGURE I2.

The effect of administering 80 ml. ethyl acetoacetate
to a cow by intravenous injection.

Total acetone bodies—, acetone-—, acetoacetic acid—,
A=hydroxy butyric acid—, iso-propanocl — .,
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was s0 disturbed, but one hour after the
injeetion traces of acetoacetic acid were found
in the rumen contents. In one cow & blood
sample was taken about three minutes after the
injection (Pig. 12), just as the animal regained
consciousness, 3.15 mg. acetone/100 ml, the
equivalent of 25,14 mg. acetone/100 ml. of
acetoacetic acid and 0.62 mg. acetone/100 ml.
of Behydroxybutyriec acid weres found to be
present, The cow micturated naturally ten
to fifteen minutes after the injection and the
urine contained 3,66 mg., acetone/100 ml., the
equivalent of 30.17 mg. acetone/100 ml, of
acetoacetic acid and 32,59 mg. acetone/100 ml.
of Behydroxzybutyric aeid.

4. Io a sheep by intravenous injection.

4 or 5 ml. of ethyl acctoacctate injected
intravenously into the sheep had, like 30 ml, to
a cow, very little effect on the amimal, The
rise in total acetone bodies in the blood was
negligible, and the maximum amount of aceto:
acetic acid found in the blood was 1 mg, acctone/
100 ml, ten minutes after injection, No
acetone or iso-propanol were found, nor was there
any change in the rumen contents. There was,
however, a strong smell of acetoacetic acid in

the animal’s/
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the animal's breath.

When 10 ml. acetoacetate were injected
the effects were elinically more marked, the
animal collapsed for a few seconds, and for
some time after the breathing was laboured.

As before the breath smelt strongly of aceto:
agetic acid, Chemically the position was much
the same, but ten minutes after injection the
equivalent of 2 mg. acetone/l00 ml. of aceto:
acetic éaid were found in the blood.

C. The administration of sodium-B-hydroxybutyrat

.
d

1. Into the rumen of & cOW.

100 grm. of sodium B-hydroxybutyrate were
injected into & cow's rumen with negligible
results. The concentration of B=hydroxybutyric
acid in the rumen rose immediately and then
gradually decreased, regaining normal values
about twenty four hours later. FNo other acetone
bodies were found throughout the whole experiment
in either the rumen contents, bleod, milk or
urine. There was a slight rise in the Behydroxyt
butyrie acid content of the blood #nd milk in the
first hour, but the urinary exeretion was not
noticeably changed.

2. Into the rumen of a sheep.

The results obtained after injecting 1C grm,

sodium/




mg acetone/100 ml mg acetone/100 ml

mg acetone/100 ml

FIGURE I3.

The effect of injecting 250 ml., iso-propanol
into the rumen of a cow.

Total acetone bodies—, acetone— ., acetoacetic acid—,
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1. Blood.
Acetonescscssssissnsys ¢} 21.84 2755 42&94
Acetoacetic acid. X1t O 1. 83 2 036 10.21
B-hydroxybutyrie acid, 100 3453 34408 | 22.01
ISD—PmpanOIOQQooo.oo. 0 724 36,01 24484
2, Rumen Contents. -
‘cetme.QUOOUlnoauoooo Q 1.80 20.97 28-52
Acetoacetic acldeieeses o 1.20 0.72 1,10
B-hydroxybutyric acid, 100 | 14437 0,25 |  4odB
Iso-prop&noll..u.n.- (4] 82-63 78006 65#90
3. Milk.
&OBtMQcooooaqoatcooo 0 0 15.89 33.52
Acetoacetic aeideess s Q (2] 1,01 4.16
B-hydroxybutyrie acid. 100 86.31 56,94 | 32.53
Iao—propanol....u..u ¥} 13.69 26,16 29;79
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sodium B-hydroxybutyrate inte the rumen of &
sheep, were similar to those in the cow.

3. To a sheep by intravenous injegtion.

As alfter administration into the rumen,
only Behydroxybutyric acid was found in the
blood, rumen eontents, and urine subsequent to |
the intravenous injection of 4 grm. sodium
B~hydroiybutyrate. Bven ten minutes after the
injection no appreciable rise in the Behydroxy:
butyric acid eontent of the blood was noted, and
there was none in the rumen contents or urine.

D. The administration of iso-propanol.

1, Inte the rumen of a cow.

All four acetone bodies were found in the
blood and rumen contents ten minutes after the
administration of 250 ml., iso-propanol into the
rumen, (Fig. 13). After the seme time interval
only B~hydroxybutyric acid and iso=propancl were
found in the milk, but all four ketones were
present one hour after administration (Tables
18 and 34). The percentage of iso-propanol in
the rumen fell steadily, though net raepidly, and
hed all disappeared between ferty eight and
seventy two hours after the administration.
There was very little change in the percentage
content of acetoacetic acid throughout the

exper iment/




1. Blood. -
Aceton@sceivsvevinvass 4] 15005 3’?-07 37.07
Acetoacetic acidesesse 0 1131 759 €440
B-hydroxybutyric aeid. 100 | 26.53 41,63 | 52.02
Is0-propanol.sssessess 0 4711 13.71 4e51
2+ BRumen Contentg,
Acetonesesssessesseess 0 .22 4140 10,37
Acetoacetic acidecsess 0 0445 1.01 2+01
B-hydroxybutyrie acid. 100 0.28 11.59 | 17.81
Iso=propanolesessssses 0 98.05 83,00 69,81
Bs 4ml. Intravenously.
1. Blood.
Aoe‘boneu.nu evssons e ¢} 0 55-03 64.82
Acetoacetic acidisosse (9] Q 4.07 u.. 58
B—-hydroxybu‘byrio acid, 100 33347 7455 1.74
Iao—propanol. evosetnaae 0 66.66 33.30 21.86
2. Rumen Contents.
‘cetone..'...‘......'l O e 9.19 35.21
Aoemceuc a-cid. sesne 0 0 15 085 3 -25
B-hydroxybutyric aeid. 100 66422 0 5426
IBO-pZ'OanOlo sessensse ¢} 33.78 74,490 50428
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experiment, while that of Behydroxybutyriec
acid fell in the first hour and then rose agsin.
A® the concentration of ise=propanol fell that
of acetone rose, reaching a maximum value about
three hours after administration, and then
decreasing again till it disappeared about three
days later. Ten minutes after administration
appreciable quantities of iso=-propanol and
acetone were found in the blood. The concent
tration of the latter increased rapidly in the
first six hours and then gradually fell agé n,
while maximum eoncentrations of the former were
noted one hour after administration, The
concentration of B«hydroxybutyriec acid rose in
the first two hours and then gradually decreased.
Iso=propanol was repidly excreted in the
milk and urine, though in both Behydroiybutyric
acid was present in the highest concentrations,
After the first hour relatively large quanti i es
of acetone were found in the milk, and the amount
execreted in the urine exceeded the iso-propanol.,
Only traces of acefoacetic-acid were found in
both.

2. Into the rumen of afsheep.
A8 before the response of the sheep was

very similar to that of the cow. (Tables 19 and
34). 1In this case 156 ml, were injected into the

rumen /




1. Blood...

' “Q’b@nﬁlql-lcgcuﬁocooc 4] 3‘86 43-51 57.6’0
Acetoacetic acidesesese 4] La3L 7420 1.23
B=hydroxybutyrie acid. 100 46414 34T | 23440
Iao—propaml besenavene 4] 45 569 45 82 7 w13

2. Rumen Contents.
Acetone-s.;;......,-.;; Q 3-?6 16080 22&76
Acetoacetic acideesses. 4 6.76 4433 5454
Behydroxybutyric acid. 100 7420 0.62 14451
Iso=propanoleesssssans 0 Tl .28 7825 5719
3. Milk.

. Acetond.........-.-... (] 33-80 39.83 40-30
acetoe.cetj.cl acid. ssnss 0 6420 9430 10 v
B=hydroxybutyric acid. 100 4400 5.80 | 18.65
IBO-prOp&no:l.o.o-oooaio_ _ O 56.% 45;@7 30;63
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ramen, On the average the percentage content
of acetoacetic acid in the blood was higher,
and that of iso~propanol lower, than in ihe
cow, and the fall in percentage contlent of iso-
propanol and rise in acetone in the rumen was
not so rapid.

3. To a cow by intravenous injeetion.

Ten minutes after the injeetion of 126 ml.

iso=propancl all the acetione boaies were found
in the blood, rumen contents and milk, (Tables
20 and 35). The steady decrease of iso=-propanol
in the blood was accompanied, during the first
twe hours, by a rise in aeetone content. Very
little acetoacetic acid was found, After one
hour steadily inereasing percentages of Be-hydroxy
butyric acid were noted, The percentage of
iso-propancl found in the rumen, even ten minutes
after injection, was higher than that in the
blood, and fell less rapidly., In the blood
the decrease in concentration was accompanied
by a rise in acetone. The percentage content
of acetoacetic acid remained fairly steady,
while that of B~hydroxybutyriec acid rose after
the first hour,

The percentage of iso-propencl excreted
in the milk was greater than in the previous

experiment/
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experiment, ard was aboutl equalled by acetone,
The percentage of acetoacetic acid was slightly
higher, and B-hydroxybutyric acid slightly
lower than in the blood. In the first six
hours after injection haewoglobin was found in
the urine. The first sample, taken about one
hour after administration, contained thé gqui:
valent of 21.53 mg. acetone/100 ml. of Behydroxy:
butyric acid and 15 mg. acetone/100 ml. of iso=
propanol with 7.65 mg. acetone/100 ml. and traces
of acetoacetic acid., [Later samples contée ned
decreasing amounts of iso=-propanol and increasing '
proportions of acetone, In s8ll the samples
Behydroxybutyric acid was the main exeretory
product.

4, To = sheep by intravenoug injection.

Ten minutes after the injection of 4 ml.
iso~propanol only that substance and Behydroxy:
butyrie acid were found in the blood and rumen
contents, though one hour later all four keiones
were observed in both. (Tables 19 and 35).
After the first hour the chain of évents was
very similar to that in the cow, though a twenty
four hour sample of urine contained mainly
B=hydroxybutyric acid, followed by iso=-propanol,
acetoacetic acid and acetone, in thatvorder,

II. Continuous/
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I1. Continuous Administration.

Acetone and iso=-propanol, when administered
to the ruminant, produced the greatest response,
A8 iso=uropanol is formed in the rumen, and acetone
could conceivably be formed in the body from aceto:
acetic acid and fat metabolism, it was decided to
- administer iso=propancl, (into the rumen), and
acetone and acetoacetate (intravenously), more or
less continuously for several days to try and
~produce an experimental ketosis,

Owing to the mechanical difficulties involved
‘when large experimental animals are used, the con:
stant drip method of continuous administration was
net utilised. Instead the animals were given two
or four injections a day, thenpumber depending on
the tractability of the animal used. Samples were
taken daily just before the first injection of that

-day.

Repeated injections of acetone intravenously.
1, To a cow.

As would be expected from the results of
the previous experiments, there was a steady
daily rise in the concentrations of acetone and
acetoacetie acid in the blood, though the value
of the total acetone bodies remained much the
same over the administration period. (Table 21).

The percentage/




Acetone injected. 2x | 2x | BX
. 50 ml.} 75 mls 75 ml.
1. Elood.
I kcetoneg. seshassasans Q 25 940 Mi?g ?2‘?1 33&68
Acetozcetic acidesees Q 273 5 -;9 1;.2 gg i.gg
Bes ; bubyric acid| 100 704 45495 e 3w
e 0 1446 407 | 271 0
20455 | 24411 | 22,28 6.68
Acetom..uu..n.u.' 0 21.59 35.74 21066 15.74
Acetoacetic acidesss ° (] _ 1!66: 1\3 07 11,33 38019
B-hydroxybutyric acidd 100 |24.99 | 20,40 | 53449 8417
Iao-prownol. seveeasa O 51.78 30079 : 13054 37990
tone/100 ., 792 | 21443 | 39489 3443
3. Milk. |
Mﬂtmﬂt.ioo'.atcooonc O 16'07 48688 63.29 56.84
Acetoacetic acidssses Q 7*81{- 21&64 29 035 2281
B-hydroxybutyrie acid | 100 |76.09 | 24.25 | 0.05 20,35
I’D-pmmno.loocoo sees 0 Q ) 5123 ] 7;31 (9]

22480 | 24.03 8.11
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The percentage conient of Behydroxybutyriec acid
fell and that of iso-propancl remained low OvVer
the same period. Though the total acetone
bodies rosec - steadily in the rumen over the
administration period, the percentage contients
of the eonstituent fractions varied from day

to day. In general the content of acetone and
acetoagetic acid rose while that of iso-propanol
fell steadily. As in the blood vhere was a
steady inercease in the acelone and acetoacetic
aeid contents in themilk; in addition the total
agetone bodies and iso-propanol content rose
while B-~hydroxybutyric acid fell,

Though all the acetone bodies were found
in the urine after the first day of administratio
B=hydroxybutyric acid was present in much the
greatest propourtions., On the third day, however
acetone and Be~hydroxybutyriec acid were found in
about equal amounts.

2., 1To a sheep.

In general the response of the sheep was
very similar to that of the cow, (Table 36).
Slightly higher concentrations of acetoacetic
ae¢id were found in the blood, and over the period
of administration this factor did not vary much,
The proportions of iso=propanol in the rumen were

lower/
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lower than in the cow, while theée of acetone
were higher.

Repeated injections of iso—propano;_into the
rumen .

1. 0f a cow.

Rour days before the gxperiment on the
cow, the results of which are sghown in Table 22,
the enimal was subjected to a very heavy dosage
of isoepropanol, given into the rumen, 400 ml.
one day and 260 ml., the next. The value for
total acetone bodies was too high to estimate
with any degree of accuracy, so the cow was left
fer four days before repeating the experiment
using smaller doees of isoepropanol. ven at
the end of the four days apprecisble quantiiiss
of the acetone bodies were still found in the
blood, rﬁmen contents and milk.

The administration of iso-propanol
brought about a steady rise in the concentrations
of acetone and total acetone bodies in the blood,
rumen contents and milk, which gradually fell
again when the injections ceased. As before
the percentage content of acetoacetic acid in all
three remained low during the whole experiment.
The concentrations of iso-propancl found in the
blood énd milk were very much lower than in the

rumen/




rumen contents, while those of acetone were much

higher, The percentage contents of all the

factors were very similar in the blood and milk.
2. Of a sheep.

The resulis given in Table 37 for the
sheep show a greatily decreased response to the
injections compared to the cow, while those in
Table 37a are comparable. The experiment
quoted in the lattier itable was carried out when
the experimental sheep were relativeiy fresh,
while the sheep in the experiment shown in
Teble 37 had been used for administration
experiments for two years, and had possibly
become accustomed to acetone bodies, B0 were

able to meiabolise them more readily.

Repeated injections of ethyl acetovacetate
ntravenously to a cow.

Owing to the toxigity of ethyl acetoacetat
it was not thought advisable to inject more fihan
30 ml, at a time, so this dose was given four
times daily. When morning samples were taken,
just before the first injection of the day, no
change from the normal was noted. On the third
day samples were taken just before the third and
fourth injections of the day, A, and B. respect:
ively in Table 38, On both occasions traces of

acetone/
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acetone bodies were found in the blood, rumen
contents, milk end urine, The percentage
content of acetoacetate in both Lhe blood and
rumen was low, though the level was slighily
higher in the latter. In all four body fluids,
viz., blood, rumen contents, milk and urine,
B=hydroxybutyric acid was the most prominent
acetone body present, In sample A. iso~propano
was only found in the rumen contents, but in B,
all the fluids eontained traces of this fraetion
Though the percentage of aeetone in the blood
and rumen conients ciceedsd that of acetoacetic

aeid, the reverse held true in the urine,

DISCUSSION. |

The effects of administering the various
acetone bodies to sheep and cows were the same
qualitalively though not guantitatively. It is
only natural that the exact amounts of a specific
acetone body should vary between species as between
individuals, though the overall picture may remain
the same. In all cases the fall in concentration
of the administered substance was very rapid, normsal
values being regained within about two days.

The cows used were not milked out at each
sampling so the results given for the milk are

cumulative/
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cumulative over twelve hours. As in all cases the
total, and individual, acetone bodies fell within
about six hours of administration, either the
acetone bodies were utilised by the mammary gland
for energy purposes, or & back diffusion into the
blood stream took place. Shaw (1942) has shown
that the ﬁammary gland can utilise Behydroxybutyriec
acid, but not acetoacetic acid, for energy purposes,
As acetoacetic acid was foﬁnd in higher concentrations
in the milk than in the blood, this would seem %o
indicate non-utilisation of this substance by the
gland, accompanied possibly by inability teo diffuse
baek into the blood.

Prom the figures given it is obvious that the

total amount of acetone bodies exereted in the milk

nd urine in no way accounted for all the specific

cetone body acministered. The remainder of the
cetone bodies, in cne form or another, are probably
ompletely metabolised in the body to carbon dioxide
nd water,

Prior to 1949 the general opinion appears to
ve been that acetone was inert in the body. Schars
1897) stated that dogs could not oxidise scetone in
he body, and Dye and HcCandless in 1948 suggested
hat acetone was formed in the ruminant tissues, and
ody fluids, from the other acetone bodies, viz.,

=hydrexybutyric/




- Y6 =
B=hydroxybutyric acid and acetoacciic aecid, and
being relatively inert was ultimately excreted per
se, The above experiments have shown that this is
not true; acetone is by no means inert in the
ruminant body, but is rapidly metabolised with the
formation of all the other acctone bodies, viz.,
acetoacetic acid, B-hydroxybutyric acid and iso=
propanol. Plaut and Lerdy (1960) carried out
experimenis with labelled acetene which showed that
this substance could be incorporated into aceto:
acetic acid by rat liver slices. As the rise in
concentration of these three acetone bodies does not
fully compensate for the fall in acetone concentration,
it would appesr that acetone is also metabolised in
@ slightly different manner without the production of
the other acetone bodies, Barnes and Gurin (1948)

stated that acetate and acetoacetate can condense
ith oxaloacetate to form ecitric acid, and so be
tilised via the tricarboxylic acid cycle, Price

d Rittenberg (1948) administered acetone with
abelled carbon in & methyl group, and found that
abelled carbon dioxide was excreted in the animal's
reath, and labelleda acetyl compounds in the urine;
hey concluded that the rat could actively metabolise
cetone, gakami (1960) after administering redio:
active acetone to rats suggested, as a pathway of
acetone utilisation, cleavage of the carbon c¢hain into

scetate/
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acetate and formate, or subsiances derived from
thece compounds., Whether these results can be
applied to the ruminent or not remsins to be seen,
but probably very similar aections lake place in the
rusiinant tissues,

| It is surprising %o find that Holmes (1950)
noted no acetonuria after feeding cows large quan:
tities of acetonsa, In the above experiments, where
much smaller amounts of acetone were administered,
gufficient was found in the urine to give an intense
eolouration in a Rothera test., Within an hour of
aduinistration a high percentage of acetone was
excreted, suggesting that this substance has & low
renal=threshold value, |

Plaut and Lardy, (1950) noted a rise in the
Behydroxybutyriec acid and acetoacetic acid content
of verious tissues and in the urine, when acetone
was metabolised in the rat. We noted a similyr
rige in the ruminant, and it would appeusr that the
power of the tiﬁsuea to metabolise acetone bodies
i® the same in the ruminant as in other animals.

It appears that the ruminant can metabolise
acetene in the rumen, as well as in the blood and
tissucse with the formation of the other aeetone bodies.
It is interesting to note that iso=propancl is found
in highest/




in highest concentrations in the rumen, and that
in general this substance is found in the rumen
before it is found in the blood,but never found in
the blood before appearing in the rumen, This
indicates that the site of formation of digo-propanol
is in the rumen, and is probably due to bacterial
fermentation. As iso-propanol appeared in the
highest concentrations after the administration of
acetone, it is reasonable to suppose that acetone
can be converted directly inte iso-propanol in the
rumen, by reduction.

When iso-propanol was administered, either
inte the rumen or intravenously, large quantities
-of acetone were formed indicating that the above
reaction, in the rumen, was reversible, and that
iso=propanol could be oxidised to acetone in the
blood stream and tissues.

A large proportion of the acetoacetate injected
into the rumen formed B-hydroxybutyric acid indicating
that this reduction was more easily accomplished
than decarboxylation to acetone, which also took
place. In general the response of the ruminant to
acetoacetate administration per os was similar to
that observed by Frerichs etec. in man and the dog =
i.e,, no symptoms but a strong smell of acetoacetic
acid in the breath.

When/
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When injected intravenously acetoacetic acid
formed both acetone and B-hydroxybutyric acid, thuughI
in very emall amounts, An enzyme has been demont
strated in Clostridium acetobutylicum which catalyses
the decarboxylation of acetoacectic acid to acctone,
(Johnson et al 1933), and Grégeire (1933) and Rossi
(1938) claim to have found a similar catalyst in dog
|blood. These catalyéta may well occur in the rumen
and blood of the ruminant.

Acetoacetic acid disappeared from the blood
remarkably quickly, possibly explaining why Allen
and Wishart obtained no reaction with a Rothera test,
The main methods of exeretion were the quickest, viz.,
through the lungs and urine, Large doses of aceto:
hcetic acid caused congestion of the lungs, with
Posaible injury to the lung tissue. From the resultis
it appeared that, as has been suggested, acetoacetic
acid was very toxic to the ruminant, and in concen:
trations above about 25 mg. acetone/100 ml., in the
cow, can produce a coma, This lends support to
Hurtley's suggestion that a specific poisoning by
acetoacetic acid causes the coma often observed in
diabetes. The listlessness noted in ruminants
gsuffering from bovine ketosis and pregnancy toxaemia,
mighﬁyggﬁﬂi‘iicable on the same basis, Hurtley
also/
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|

aléo auggéated thaf the reduction of acetoacetate
to B-hydroxybutyric aeid wés a protectivé mechani sm
delnyiﬁg the coma, In all the previous experiments
B=hydroxybutyric acid was formed from the other
acetone bodies, and was the only acetone body present
before, and after,the'experimental period. Thks,
taken with the fact that administration of B-hydroxy:
butyrate, either into the rumen or intravenously,
produéed none of the other acetone bodies, indicates
that B?hydrsxybutyric acid is the end point in
acetone body conversion. As this substance is
|present in the normel animal it is obviously harmless,
and so conversion to B=hydroxybutyric a cid could be
taken as a protective mechanism,
These eXperiments would also suggest that
if in the ruminant, as Geelmuyﬁer etec., found in
man and dog, acetoacetic acid is formed in fat meta:
bolism, it is the primary product being readily
reduced to B-hydroxybutyric scid.

On the basis of thé ahoie results we would
tentatively suggest the following as a possible cycle

of events in the inter-acetone body conversions,

In the blood ang_tiaaueg/
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|
In the blood and tissues:i~

QES
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033
acetone

CH \CH
s s
/0 _CHOH
CHQ , CH3
COOH iso~propanol
acetoacetic acid :
‘ _CHOH
CH.
\ﬁOOH

B=hydroxybutyric acid

zn the rumen;=

/ acetone \m

acetoacetic "acid =propanol

\/

Behydroxybutyric acid

There appears to be a slight difference in the
response of the two ruminant speecies to acetone body

administration. In nearly all cases higher concen:

of iso~propanol were found in the sheep. The tolerai
to acetoacetic acid in the sheep may be greater than

in the cow/

trations of acetoacctic acid, and lower concentrationg

1ce




|in the ecow, while the ability of the rumen micro=-
organisms to produce iso-propanol may be less,

Very much larger quantities of B-hydroxybutyricl
acid were excreted in the sheep's urine, which
suggests that the renal threshold for the other

acctone boéies is higher in the sheep than in the

cow, or the protective mechanism of conversion of
the acetone bodies to B-hydroxybutyrie acid is more |

efficient in the sheep.,

From the amount of acetoacetic acid excreted
in the cow's urine, after an intravenous injection
of acetoacetate, it appears that the renal threshold
for this substance in the cow is very low. Tuis
would be an additional protective measure; if
large quantities of acetoacetic acid appeared in
the blood, as after the injection, the normal
detoxification reactions of decarboxylation and
reduction, to acetone ana Behydroxybutyric acid
respectively, would not be able to act with sufficient
speed to prevent the toxic action,without the ex:
cretion of a large proportion of the acetoacetic
acid thwough the urine taking place at the same tiime,

In two cases of repeated administration,
acetone intravenously and iso=-propanol inte the rumen,
a form of ketosis was produced, though the relative
propgations/
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propoxtione of the acetone bodies varied somewhat.
The proportion of acetone found in the blood &and
rumen contents in both experiments was sbout the
same, while that of acetoacetic acid remsi ned low
during the experimental period, The mein differenc§
lay in thé proportion of iso-propanol which was
naturally higher in both the blood and rumen contentr
in the experiment in which it was administered,

The proportion of iso-propancl found in the sheep's
rumen was lower than in the cow's, while that of
acetone was higher,

Repeated injections of acetoacetate produced
& very transient ketosis after each injeeti on,

The body mechanisms were able to detoxify, and
completely eliminate, 30 ml. doses of acectoacetate
within about three hours, and only a very slight
accunmulative effect was noted in the percentage
contents of the various factors,

In general the results obtained from admin:
istration experiments to men and dogs ete. by
earlier workers have been repeated in this inves:
tigation, ©No systematic analysis appears to have béen
carried out in the early experiments, the presence,
or absence of acetone, and/or acetoacetic aecid,
being noted by means of a Rothere test. TFrom these

results and the physical symptoms observed, it
would/
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would appear, however, that the response of the
ruminant to the administration of acetone, aceto:
acetate and B~hydroxybutyrate is very much the same
as that of other species. In all the experimental

animals used no clinical symptoms were produced

after administration per os, or intravenously, of

limited amounts of aectone or B-hydroxybutyrie scid,

;while & strong smell of acetoacetic acid wae noted |
%i.n the breath after administration of that substance.
fﬁigher concentirations of acetoacetate produced a

" state of coma in the rabbit and the cow,

| An acetonacmia and acctonuria were observed in

5; rabbits, dogs, cows and sheep after administration

.-;;per os or intravenously of both acetone and aceto:
"?aaatic acid, though when the latter was given |
iintra'renausly the response was very slight., Behydroyy:
:|hntyric acid administration by either method provoked
|!‘no response in the subjects used, though Allen and

| shart observed & slight acetonuria inaa rabbit

'ia.t'ter giving B-hydroxybutyric acid by st mach tube,

:Tu iso=propancl ic formed in the rumen the response

of man and dog etc. to its administration would
probably be different from that observed inm the
ruminsnt., Fo referemces eould be found im the
'i.lit.enture to investigations concerning the adminis:
E!tratioa of iso-propanmol to any species, #0 we are

ihablc/



- 85 =

unable to compare the response of the ruminant to
that of any other animal.

The above experiments suggest that there ie

a high degree of interchange between acetone, aceto:
acetic aci¢ and iso=-propanol in the blood, tissues
and rumen, and that B-~hydroiybutyric acid is the end
point in these conversions, being metabolised
directly by the tissues without the production of
acetone body intermediates, The site of formation

of iso=propancl appears to be the rumen,

SUMMARY ,

e The administration of acetone, aceto:
acetic acid and iso~-propanol separately to a
 ruminant, by mouth or intravenous injeetion,
was found to produce a transient form of
ketosis.

® A high degree of interchange was found
to exist between these acetone bodies in the
blood, tissues and rumen, The latter orgen
appeared to be the site of formation of iso~
propanol.

3. The administration of Be~hydroxybutyric
acid produced no ketosis, and this fraction
appeared to be the ende~point of inter acetone

body conversions,

4./




6.

‘metabolism of the acetone bodies in the blood

Acetoacetic acid produced a coma in the
cow when present in conecentrationsabove about
25 mg. acetone/100 ml. in the blood.

A cycle of evenis is suggested for the

and tissues, and in the rumen.
The results obtained from sheep and cows
are compared and discussed in relation to each

other and the results obtained from other species.
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DISCUSSION.
The experiments described above have smggestedl
that acetone, acetoacetic acid and Behydroxybutyric
acld are formed in the body, while isoe-propanol is
formed exogenously in the rumen, possibly from
acetone, In no case did the administration of a
particular acetone body produce a ketosis, however
temporary, completely identical with that produced
on starvation, In general the percentage of acetol
acetic acid found in starvation was higher than af ter
adninistraiion, sZven the injection of acetoacetate
itself, by mouth or intravenously, did not produce
& similar state; in both cases the very temporary
ketosis produced was due initially to a very high
percentage of acetoacetic acid, and later of B-hydrox:
butyric acid.
In ataréation kectosis the most prominent ex:
cretory product, in the cow, was acetoacetic acid,
followed by B-hydroxybutyriec acid, acetone (in
increasing quantitiea over the period of fast studied
land iso-propanol, in that order., Bven immediately
ter the administration of acetoacetate the pro:
EjrtiOna of this factor and B-~hydroxybuiyric acid
found in the urine were about equal, and subsequent
urine samples contained 1ncreauing amounts of the
latter substance. After the adminis tration of

acetone/
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acectone and iso-propanol the urine contained
Behydroxybutyric acid in the largest proportions,
followed by acetone and iso=propanol respectively,
though the iso=-propanol was soon superceded by
agetone, It would appecr that the renal threshold
for acetone is low, as it was exereted in large
quantities immediately after administration, and
about bwo hours after the administration of iso=
propanol . In starvation ketosis, where the level

of acetone in the b;ood is high but about equal

te Behydroxybutyric acid, the main excretory product
is acetoacetic acid (about 40% of the total), with,
after five days offast, about equal amounts of
acetone and Behydroxybutyric acid (about 25% of the
total gach). These results suggest that the ketosis
pbserved on fasting a ruminant was not due, initially,

to the production, and/or accumulation, of acetone,

o «hydroxybutyric acid or isoe-propanol in the body
issues or fluids, or in the rumen. But the figures
o indicate, particularly those of the cow and sheep
.n late pregnaney, that the continual excessive
roduction of acetoacetic acid from fat by the liver
n starvation, might be the cause. Repeated intra:
enous injections of acetoacetate produced a slight
etosis, similar, in the proportions of the various

cetone/
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acetone bodies, to the starvation ketosis in cows
and sheep in late pregnaney. |

In both starvation and administration exper:
iments to sheep, generally lower percentages of
acetone and iso~propanocl were found, with higher
percentages of acetoacetic acid and B«hydroxybutyric
agcid than in the cow under the same conditions.
This suggests that there is a slight species
difference in the metabnlism’of the ketones.
Presuming that acetoacetic acid is formed during
the catabolism of fat it appears that both cows and
ahaap, under normal conditions redﬁce this substance
on formation to B-hydroxwhutyric'acid. In this
form it passes to the tissues, by means of the
blood stream, where it is probably metabolised for
energy purposes, presumably either direcﬁiy or after
reconversion to acetoacetate. To meel theeergy
demands of the body during starvation more fat is
metabolised, and excessive quantities of acetoacetic
acid are formed. The cow decarboxylises a large
proportion of the excess to- acetone, part of which,
after diffusing into the rumen, is converted to iso=-
proparol. The sheep on the other hand appears 1
able to tolerate higher concentrations of acetoacetic
acid, and reduces a larger proportion of the excess
than the cow to Be~hydroxybutyric acid, so that less

acetone/
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acetone, and subsequently less iso~propancl, are
found in the blood.

' Apart from the siight species difference noted,
the ketosis obtained on fasting & cow or a sheep in
late pregnaney were very similar and, with regerd to
the proportions of the various acetone bodies, rather
different from thet produced on fasting a cow at
peak lactation., In general the percentage of
Behydroxybutyric acid was lower, and the percentages
of acetone, acetoacetic acid and iso=propanol higher
in the cow at peak lactation, Over a five day
period of fast the rise in total acetone bodies in
the bleood of the-eoi in late pregnaney and one at
peak lactation were much the same, though in the
former case the level did not increase till the
second day of starvation. The difference on fasting
cows al peak lactation from those in late pregnancy
may be associated with a greater amount of metabolism
of fat, in the former case, to such an extent that
the normal mechanisms for reduecing the acetoacetic
acid formed to B=hydroxybutyric acid, are unable to
detoxify the former with sufficient spged, so that
a iarger proportion is deearboxylated to acetone,
Alternatively, similar agounts of fat may be cata:
bolised in both cases but, due to some metabolic
change associated with parturition or milk production,
the cow/
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the cow at peak lactation iz unable to reduce the
exeess acetoacetic aeid with the same efficiency andi
decarboxylation takes place instead, ;

The chain of events suggested by this inves:
tigation is primarily the formation of acetoacctate
from the catabolism of fat in the liver and its
rapid conversion to B~hydroxybutyric acid under
normal conditions, Under conditions of stress,
such as stearvation, the catabolism of fat is in:
creased and the acetoacetic acid formed is rapidly
excreted or converted into acetone and Behydroxy:
butyric acid, These various fractions gain the
blood stream whence they pass into the milk, urine
and rumen, In this organ there occurs the formatioq
of iso=propanol, possibly from acetone, which then
passes baek into the blood stream and eventually
reaches the milk and urine though at very low levels.
This eycle of events is a dynamic one, and, with the
excepti on of Be~hydroxybutyric acid, the acetone
bodies are all readily inter-convertible,
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SUMMARY, |

In order to carry out a detailed 1nveatigationl
into the origin and fate of the acectone bodies in }
the normal ruﬁinant, & methced was devised for the |
estimation of individual acetone bodies and diso=
propanol,

A detailed study of the fasting ketosis of
both cows and sheep, and the metabolism of the
individual ketones and iso-propancl in these two

species was carried out, The results obtained

indicated that acetone;, acetoacetic acid and B-hydroi

L

J
butyric acid originate in the tissues, but the site
of origin of iso=propanol is most probably the rumen,
A very high d egree of interchange was found to occur
between acetone, acetoacetic acid and isoepropanol in
the blood, tissues, and tumen, but B=hydroxybutyric
acid appesred to be the end-point of the conversions,
being melabolised by the tissues withouth the pro:
duction of the other katonéa or iso=pw panecl.
Conditions of stress, such ag fasting, produce
a ketosis in both sheep and cows, and though there
appears to be a slight species difference in the
proportions of the individual ketones formed, the
response of the two species in late pregnancy is

very similar, and @iffers from that produced at

peak/
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peak lactation.

These results are discussed and compared with

those obtained by other workers in various animal

species,
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i lhg&r.ﬁiiﬂﬂ.l Amount

 ‘Substances mﬁm m&%ﬂ- N
Lo BOBLANO s el b o s b 7.92 7.75 - 21
< Acetoacetic acidescoes 3481 3468 - 3k
Iso~propanol.sssessses Ted3 7.50 + 0.9
B=hydroxybutyric acid. 5.08 5.30 + 43
2¢ AcctonGsssssssscssscns 7.92 775 - 2.1

Acetoacetic acidesssss 3.81 3.81 0
Iso=propanolescssscesne 743 7.15 - 347
B-hydroxybutyric acid. 10,15 299 - 1.6
3¢ Acetonesssessssssscses 15.84 15.30 - 3ok
Acetoacetic acideessss 7+62 7445 - 2.2
I180=propanolessessssce 14.86 14.00 - 5.7
B-hydroxybutyrie acid. 15445 14460 - 5.5
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1., Acetone and acctoacstic
8C1Qssusnrsneinisons 11.73 14,00 + 19.35
B=hydroxybutyric acid '
and iso=propanol.sss 12,51 18.48 + 41.72
Total acetone bodles. oe 24624 19 084 - 18 .15
2. Acetone and asetoacetic !
acldiissssesnscnsins 11.73 16.60 + 41.52
B=hydroxybutyric acid
and isowpropanoleses 17.58 20459 + 17.12
Total acetone bodies... 29,31 48436 + 04,99
3. Acetone and acetoacetic
801desasesnssocanane 23‘46 30,60 + 30,43
B-hydrozybutyric acid .
and isoe-propanclesss 30,31 34458 + 14,09
Total dcetone bodiessss 53.77 62.49 |+ 16,22
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0 | 2 3 4 5
Acetonessssssescsessse 0 0 0463 | 153 | 4457 12.60
Acetoacetic acideesses 0 0 0,11 | Cu81 | 3.05| 1.78
Behydroxybutyric aeid. 1067 | 7438 | LT | 21650 | 24,90 | 30442
Is0~propanolecssscsses 0 0 0 014 | 0.20| 0,58
Total acetone bodies.. 10,67 | 7.38 | 15451 | 23.98 | 32,72 | 45.38




lsan.
0 1 2 3 4 5
Blood. .
Acetioneessessnssssssnne 0003 1.48 4046 80% 13';36 15.05 7022
Acetoacetic acidesesese 0.66 1-63 3 -04 4.62 525 439 3 «26
B-lvdroxybtrbyrie 26ides 6.03 8 .81 14954 16a73 12 032 23 u46 13 -b5
I80-propenclsssessssess 0,00 | 0403| 0.32] 1456( 1461 1.92 0.91
Total acetone bodicSess 6072 11094 22.37 31.8? 3255 M-SQ 25 o04
3 : . . :

ﬁc.atone..;.......‘...o. 0,00 0.88 247 5054 9.68 11.47 5,01
Acetoacetic acideiessees. Ue22 0427 1.27 0.83 124 1.65 0,91
B*hydrmbutmo acide. 3069 5052 4088 8.52 6.39 3096 5-49
Isa-pmpanolu.......,.u . 0.00 Q47 1.08 3433 5422 5047 2459
Total acetone bodiesS.es 3091 7014 9.?0 18.22| 22453 | 22455 14.00
AootonGasssassssessnnes 0600 | 1e39] 3460| 8469 14450] 16424 740
Acetoacetic caeidessonsse 0.00 0427 2067 0084 1.79 157 1.19
B=hydroxybutyric acid.. 4:92 | 5435] 10,79| 16,00| 8,53 7.92 8.92
I80=propanolesscssevens 0,00 | Q.05 0,15 1.10] 1444 L.77 0.75
Total acetone bodies.se 4e92 | 7400 L7.21| 26463| 26420| 27.50| 18.26
Urine.
Aceton@esssvssessescssns 1.01 6,08 8493 16.03| 25.04| 21.99 13.18
Acetoacetic acidessscse 3 037 31.32 31o09 80 036 49 «£9| 3729 37.39
Bohydroxybutyric acides | 11466 [19.01| 8,61| 53.05| 35.38| 25.10| 25.47
Iso—pmpanol- sbossscsns 0 0,15 0,49 12,06 2+90] 4.63 3.37
Total acetone bodieSess 16.01(- 56!56 49.12 161053 104.21] 89 01 79441




-l 0 1 2 3 4 5

1. Blood.

ACetoneessssssesnsses | 30468 | 21,41 | 37.91 | 31,32 | 39.95 | 4heldk | 58462

Acetoncetic acidsssses | 12,76 1531 | 9.19 | 26494 | 9468| 12,17 | 14.62

B-hydroxybutyrie aeids | 55434 | 62,31 | 50.19 | 37.83 | 39.07| 25465 | 17.15

Is0=propanclessscessss 1.22| 0497 2470 3.9111.30| 19.74 | 9.61
2« Rumen Contentg.

Acetonesssessssssssses | 3120 40421 | 59420 | 44499 | 60.71| 71475 | 76403

.Acotoaeatie acidessaee 4e55 | 3404 | 436 | 1192 | 44661 12,58 | 7427

B-hydvoxybutyrie acid. | 16,87 | 21,57 | 12,62 | 8445 | 11,13 | 0.43 | 3.51

Is0=propanolessssssass | 47:38 | 35.18 | 23,82 | 34464 | 23450 15424 | 13,19




0 1 2 3 4
4. Non=promnant cwe.
Acetonessscssssvisisne 1} 0 Q 4] 0.81
Acetoacetic acidesvwve 0 . 0 123 0.91
B-hydroxybutyrie acid. 11.68 | 104,05 | 16482 | 1087 | 20428
IBO-PI’OPBHOIJQin‘ii.'it Q i Q 3070 0.26
Total acetone bodiesss 11,68 | 10,05 | 16482 | 12,10 | 2226
Be Preguant ecuge

mt@m;.ounyoo!'gocto 8,10 8,10 10444 10,98 12.60
Acetoacetic acidessess 543 | 18435 92.80 6486 9.93
Behydroxybutyric acid. 16,07 | 12052 | 39.20 | 23.17 | 5442
Igo=propanclsssissssase 0,20 1.10 0.83 0424 0.56
Total acetone bediesss 29,80 39 07 60-33 41025 764 51
AcotonBicessssssnnase 0‘63 0-81J 0454

Acetoacetic acidesesse .11 1.53 1.55
B-hydroxybutyric acid, 12,92 | 22,75 | 12.25
Iso-propanclecsscoesscs Qo Q Q

Total acetone bodies.. 13466 | 25409 | 1434

% Ewe lambed between lst and 2nd days of fast.




0 10 mins, 1 br. 2 hrs,
fe 200 mle Y0 3 cOW.
1. Blood.
AcelonNEresssnnacssninn Q 4%05 13450 14495
Acetoacetic acidiseeis Q 1.00 1426 0443
B=hydroxybutyric acid. 4452 16,18 1.52 8455
Iso=propanolesssscsves | - 0O Q 1.55 2425
20
Acelonessssesdesssones 0 67450 21.60 15.75
Acetoacetbic 8C1idacenss 0 Q.77 1.16 Q.01
B-hydroxybutyric acid. 2,87 293 1.00 1.80
Iso-propanclevecacesse 0 13.00 16,00 17,00
3¢ Milke
AcelonSsssssssvsssenns 7] 1.13 12,38 6,08
Acetoacetic acideesces . 0 1.95 3492 6453
B-hydroxybutyric acid. 4e2 30,75 16475 7420
Igo=propanolesesssesss 0 0 0,90 0.60




Qe 10 mins. | 1 hrs 2 hrs,
Be 4 nle %o o gheep:
1+ Elcods
AcelonCesssnssencisnné 0 0454 1,80 3478
Acetoascstic acidiicies 0 024 Q466 1.88
Behydroxybutyric ecide | 12430 | 13.12 1193 | 13478
Loo=-propanolisesssiise 0 7] 022 0422
24
Agetonesivisesasrssies 0 30460 6484 7438
‘Acetoacetic acidissssi 0 0415 2351 2402
B-hydroxybutyrie acids 7412 li42 4417 3417
Isoepropanolisisssssse (¢ 100 2430 2:10




0 10 mins. 1 hr, 2 hra.
Ae 70 nml, %0 8 COWs
1. Blgod.
Acelonessssvescsnnssne 0 783 5483 4408
Acetoacetic -:&Gid-igq.' sen 0 U4l 0sl2 04306
Behydroxybutyric acid. 287 9438 11.25 11448
IEQ-MWJ-QQQQ!‘ICQQ Q 0428 Q.20 0
2+ Bumen Conbents.
Acetoneesessnssscnsane Q 1426 1.71 1.80
Acetoacetic acidesesss 0 Q.09 0.50 017
B-hydroxybutyric acide | 1465 | 10425 468 2.52
I0-propanolessssssese 0 1.11 3460 5450
3. Milk.
Acﬁtﬂnﬂ.!otnonclolnooio 0 1135 5063 2.70
Acetoacetic acidesssns Q 1.73 0,52 3.14
B-hydroxybutyric acid. 410 717 6.15 8420
Iso=propanclscsssssves 0 0 0




g 10 ninsg. 1 hre 2 hrs.
1. Blood.
AcetonGesssssnsssveses 0 19,13 20,25 6-75
Acetoacetic acideessss 0 Q.86 1.28 1.25
B-hydroxybutyric acid. o 2245 21,22 5427
Iso=propanolessesssnes 0 04306 1,10 2407
2+ Rumen Contents.
&Bﬁmenaoaioogocoiqqt 0 0 9.00 0.56
,Acetoa‘catic a.oid.,.u. 0 0. 3.30 2652
Behydroxybutyric acid, Q. 12.68 12,72 1.80
Igo=propanolesssesssse 0 3415 775 8475




Acetone Bodies after administration of ethyl acetoacetate
into the rumen

TABLE 33.

Ae = 150 ml, to a cow.

Bs = 4 ml, to a sheep.

(As mz. acetone/100 ml.)

Time after administration.

0 10 mins. 11 02 2 hrs.
A. 150 ml. to a cow.
1. Blood.
Aoetone.jlill'. e a9 e 88 0 0 0836 0.18
Acetoacetic acidesscss 0 2695 0.99 0.31
B-hydroxybutyric acid. 3.08 24482 22.35 20372
Iso-propanoleseceessceaes 0 0 0 0
2. BRumen Contents.
Acetone....-.----..... O O.;L 0.36 0
Acetoacetic acidesssss 0 2283 5.18 0425
B-hydroxybutyric acid. 2487 1.22 7420 13.43
Iso-propanoleecsssssece 0 0.50 0.60 0.30
B M Ty
BCETONE sreienin seainis’aniasain 0 0 0 0
Acetoacetic acidecseos 0 297 03193 0.93
B=hydroxybutyric acid. 462 7.88 5413 10.75
Iso-propanol.escecceess Q5 0 0 0




0 10 mins. 1 hr. 2 hrs,
1. Blood,
AceltonCeessassseseness Q 4] 1469 0
Acetoacetic acidissses Q 0 4046 Q
Behydrozybutyric acid. 0 10415 10.25 6415
IBWﬂltt"ihupo.o Q 0 0
2. Rumen Conbentas .

: AcobonGessesesssssinse ¢} 13450 1.69 Q
Acetoasetic acidesssss @ 87.10 25.99 Q
B-hydroxybutyric acid. 0 Q415 0.53 Sed2
Iaa-promnOJ-DQOGQO'il' 7] Q445 2413 1.05




0 2 hra,.

1. Blood.

AcebonBssssseessvassose 0 4-#?7 154,30 33.85

Acetoacetic acidesesss *] 0440 131 5467

B—lvdmxyhubyﬁc acide 348 Q.77 18,93 4468

. Iﬁﬂ-—?ﬂpﬂnﬁltqoa.uoﬁno Q 15490 20,00 13,80

2. Bumen Gontents.

Acetonesssese ¢sscsevss o 540 164,65 22.50

Aeetwaetic Mid;. sdne Q 3458 057 0.87

B-hydrexybutyric acide | 2425 | 43.02 0.18 3453

IWM@l:Oaaaituuq G 247050 62400 52400
3e .m.

Acetoneessosvescsssces o 0 12,15 20425

Acotoacetic acidisesss 80 0 42.;’3? 1§ g’%

B-hydroxybutyric acids 02 | 29,22 3s ‘

Iso=propanolessssssens 0 4,400 20,00 18,00




A, = 250 .
By = 10 .
(43 mg. acetone/100 ml.)
I Q | 10 mins. 1 hr, | 2 hrs,
B. 15 nl. Yo a gheep.
1. Blood.
Aceton@ssesscsessssnsee Q 2.79 6.84» 8,64
Agetoacetic acideseses 0 0,90 1-40 1.‘(9
B-hydroxybutyric acid. 12,88 0452 7.68 12,12
IBO—’I’O@H@IQQQt-. sscse Q 3075 2.53 1-05
2. Bumen Contentg.
Acotonesesensssssssnes 0 0.81 3.60 638
, Acetoacetic acidecsses Q 0.30 0.83 1.24
B-wutyﬁc agid,. 10925 0-. 52 9 .47 10 -95
Iﬁ@#pmmnﬂltcmooo onee ¢} 65.&) 68.00 43400




0 10 ming. 1l hr. 2 hrs.

1. Blood.

Ane‘bona.-nu.u..uu. (] (4] 15.78 13.05

Acetoacetic acidesecas 0 0 1.16 2633

B-hydroxybutyric acid. 5413 14478 2.12 0.35

Iao—propsnﬂli-.~e. secees Q 29459 9.50 VA AY)
2, Rumen Oontents.

Ammﬂ.o-ltt.:ii esoansaes 8] 0 1013 5 .63

Acetoacetic acidevsses 0 Q 1.95 0.52

B-hydroxybutyric acid. 257 637 0 0.84

Iso=propanoleesscssces 0 325 Qo222 2.00




0 A 2 3 4 5
Acotene injccted. 4x | bhx!| 42| 4x
2 .Sm].. 2 05m]q 5m10 5m1 .
1, Bloed. i
| ACetONGsesessacsssses| O | 47:46| 59.91| 76453 | 66401 | 15.65
Acetoacetic acidessse! O 28,00 15447 12,48 1033 | 5.7
B-hydroxybutybic acid| 100 | 20.30| 20.46| 5.20| 20,10 | 78,61
IBO-pl‘OPﬂn@lo scoooene 0 #024 4.16 5-79 3 .56 0
TeT8 | 16450 18475 2763 | 35:45 | 5475
2. ji=) y L
&Qet__mtaotaqqqq_o.qov 0 4211 63433 63.30| 71,08 8.91
Acetoacetic acidesess| O 7e32] 9440| 4.22] 11.59| 3.27
B-hydroxybutyric acid| 100 | 28.67| 757 17.99| 7.08 | 73,56
Iao—propanol. shocasen 0 |21.,90] 19 om u058 10.25 14.26
247 | 16.67| 17,75 | 29,15 | 29.75 | 10,10




Days of Experiment.
0 | T 3 4 5
dgo-propanol injected. bx | 4 | 4x | 4Xx
: Smle | Smle | 5mle | 10ml.
1. Blood.
ACEtONGasesossnssnsss| 16438 | 29.46 | 28425 | 25:74 | 63477 0
Acetoacetic acidesese 1.52 1017 6.61 2,68 14421 0
B-hydvoxybutyric acid} 72.10 | 68.48 | 60,08 | 69.56 | 18.37 | 100
I80=propanoleceesssss 0 0.89 | 5.06| 2,02 3465 9
16448 | 28411 | 29.63 | 27.27 | 26482 | 10445
Acﬂl’tﬂneo.ca)b.oocnbgo. 0 46.10 58-75 23,78 55056 Q
Acetoacetic acidasses Q 1.17 | 2.81 ] 2.31] 8.01 Q
B-hydroxybutyric acid| 100 |[36.03 | 16459 | 57.54 | 24480 | 100
ISOGPI‘O{B!!G]—&.QQ..O&G 0 16,70 | 21.85 15037 11.63 0
10,25 | 1796 | 16424 | 20,77 | 3482 | 1.85




60°0L |TO°TE | 0199 £7°6
3.% N._aNimm Nwﬂh-m 0 ..OO!OQicﬂ.ﬂg&lﬁﬂH
02°9 |€0°LT |TS°AT 00T *pror orafyngixosphy-g
N-w.m @.Hl-n ﬁ.@ a ..i..’g ¥ -
mmla @@53 mfhowm 0 SessssesserTEISOUOODY
<BRusjuon weuny  °Z
TS (*Tu Z|*mmoZ |*I G |*mE (*mE|*TUWT|*mE |*TuYy
X7 |x% | T | x2 | xY |x%7 |x¥ | x¥7 | =¥
wlwm | % s |2 9 stfe s % | s




fe  2edd Deme
Aﬂetm.i.aﬂc_&o--iouin;o 6*45 5082 0 - 8079
Acetoacetic acideesses 2-37 3445 11,09 16.56
Behydroxybutyric acid. | 91,18 84,426 88,91 74465
Iso~propanolesssesssse 0 47 0 0
Be skl Dalis -
AcotonSeessensnsnsivees 9.67 13443 1‘306{3 16416
Acetoacetic acideseves 5438 8406 6417 24,649
Behydroxybutyric acide | 83.66 66458 | 69,76 | 53.19
IEO-@NP&!J.O]-. esdnasste 1.29 11.93 T4l 6425
Ao a.ﬁ Delle
ACSTLONBesnssssnssnpase 0.90 0454 0 1,62
Agetoacetic acidessses 0433 0.32 1485 3.05
B-hydroxybutyric acid. | 12,72 7482 14.85 13.75
180-proponclessecsense 0 0,60 0 U
Be Ladd pone
Acabon@ssesssssnessiss 0,90 Q45 1.35 2.07
Acotoacetic acidsssece | 0,50 0,27 G50 3.14
B-hydroxybutyric acid. 7470 2423 5465 680
I50=-propanolesessessan 0,12 0.40 0,60 0.20
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