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I TRODUCT 1O . 

In the ruminant species ketosis is a common 

disorder of considerable economic importance, as 

the condition 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 cou, is a marked deterioration in 

the general condition of the animal, with a consider: 

able fall in milk yield, to the detriment of any 

recording practiced. In addition the milk produced 

is often badly tainted. In the eve the 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 cattle (bovine 

ketosis) and pregnancy toxaemia are characterised 

by an abnormal accumulation of acetone bodies in the 

blood, milk and urine. Many investigations have 

been carried out on the clinical 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 

hypotheses have been put forward at different 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 

orifyin/ 
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origin and fate of acetone bodies in the normal 

ruminant if their a gnificance in disease is to be 

fully determined. With this in mind a series of 

experiments 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 a cetone body formation 

and metabolism has been carried oil on the rat, 

.rabbit, dog and man, án3 the results obtaineu have 

been applied to all mammals irrespective of whether 

they are single stomached or ruminante. 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 foamed normally in the liver during the 

,metabolise;. of fat and certain amino acida, either 

as intermediate products in the breakdown of fatty 

acid chains, or as side products from intermediary 

metabolites. Acetoacetic acid appears to be the 

parent substance, B- hydroxybutyric acid being formed 

by reduction. tinder the influence of the widely 

distributed/ 



distributed B- hydroxybutyric dehydrogenase and 

Coenzyme I. acetoacetic acid and B- hydroxybutyrio 

acid are freely interconvertable. Acetone is 

formed from acetoacetic acid by spontaneous 

decarboxylation, wi.ich is believed to take place 

at an appreciable speed under physiological 

conditions 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 tricurboxylic 

acid cycle to carbon dioxide and water. (Barnes 

and Gurin, 1948) . During periods 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 the. acetone bodies increases till a 

point is reached when the rate of production exceeds 

the rats of catabolism, and a ketonaemia results. 

To counteract this large quantities are excreted in 

the urine,(ketonuria). 

It has been shown that the liver is the chief, 

if not the only, source of acetoacetic 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 v:it h 

ketosis, but none in normal healthy animals. 

(Robertson et al. 1951). This :actor may possibly 

play an important part in bovine ketosis and 

pregnancy toxaemia, so, in the following experiments 

the origin and fate of iso -propanol has buen 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 - 

propano1. 
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DJTRODUCTIOB. 

In a 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- hydroxybutyrie 

acid, which have been shown by various workers to 

occur in excessive quantities in blood, milk and 

urine during the course of that disorder. HitLerto 

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 wiich we have found (Robertson 

et al., 1950) to be present in this disease and in 

pregnancy toxaemia of ewes, has been unsuspected 

hitherto in such conditions and as it is oxidised to 

acetone by chromic acid, its presence will undoubtedly 

have influenced the estimation of total ketones by 

various methods. 

The accurate determination of free acetone in 

the presence of acetoacetic acid is by no mains easy. 

Van Slykets method, using Denige's reagent (Van $lyke 
1917 and 1929) which has frequently been utilised in 

ketosis studies, cannot be used to estimate free 

'acetone; in addition it is not very sensitive as 

we have found that no precipitate is formed with 

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

per/ 



per 100 ml. or less. Moreover, using this method, 

iso- propanol appears to be oxidised to acetone 

partly in the acetone plus acetoacetic acid fraction, 

and partly in the B- hydroxybutyric acid fraction, so 

making the accurate determination of the inà ividual 

acetone bodies impossible. 

Attempts at using the distillation methods of 

3hLff er and Marriott (191b) and Behr (1928 and 1940) 

for free acetone by distillation under reduced 

pressure, or by blowing a fi ne stream of air through 

the solution at room temperature, in order to 

prevent acetoacetic acid decomposing, gave poor 

results, as, with quantities such asw ere likely to 

be present in biological fluids, only a mall 

,proportion of the acetone could be recovered. The 

method of Werch (1940 and 1941) utilising diffusion 

into Nessler's solution in Conway micro -diffusion 

units, though providing a very delicate qualitative 

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. 

Lehr and Benedict (1926) determined acetone, 

reformed, from acetoacetic acid and from B- hydroxy: 

utyric acid, colorimetrical ly by its ruaction with 

salicylic/ 



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 

bowies in blood; the oxidation reactions and 

diffusion of the acetone formed into an alkaline 

solution of salicylic aldehyde, were carried out at 

the same time, in a small container similar to a 

Widmark flask. Greenberg and Lester (1944) 

employed a small micro- refluxing a1Tara.tus to prevent 

loss of 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. 

(lone of these methods proved entirely satis: 

factory as very few were designed for the estimation 

of free acetone, and none took iso- propa.nol into 

,account. The necessity for im rovement 1:,=,1,L8 obvious 

and the following method was, therefore, devised, 

Combining with some modification the oxidation 

technique of Greenberg and 'Lester (1944), the 

iffusi on method of Lerch (1940 and 1941) and 

Seifert (1948) and Behr and Benedict's calorimetric 

technique (1926). It depends on the development of 

n orange to red colouration when an alkaline 

!solution/ 



11. 

solution of salicylic aldehyde is left in the 

presence of acetone, the depth of colour formed 

being directly proportional to the mount of acetone 

present. This can be used to estimate free acetone, 

the acetone formed by hydrolysis of acetoacetic acid, 

ana that formed by chromic acid oxidation of B-hydro 

acid and of iso- propanol. 

i rMOD . 

Apparatus: 

Micro- refluxing apparatus as used by Greenberg 

and Lester (1944). 

Conway micro -diffusion units. 

Reagents: 

0.1513 (approx.) barium hydro.:.ide.) prepared accord': 
ins; to Greenber 

2.51"- (approx.) zinc sulphate and Lester 
(1944). 

(Zn SO4.7Hi;O) . 

201 sulphuric acid. 

10% potassium dichromate. 

1.5% potassium dichromate in 15.6N sulphuric acid. 

2n% acetic acid. 

4E potassium hydro ..wide. 

Salicylic aldehyde, B.D.E. lab. reagent. 

Colour Reagent: 

8 ml. of 41 potassium hydroxide are added to 

1 ml. salicylic aldehyde and the solution well mixed; 

2 ml. are used for each estimation. This reagent 

tends/ 



tends to blacken when exposed to the air for several 

hours, and so a fresh supply must be made for each 

series of estimations. 

Preparation of Standard Graphs. 

Standard solutions of acetone are used, 

prepared according to Behr and Benedict (1926) 

containing from 0 -10 mg. acetone per 100 ml. solution 

3 ml. of the standard solution are placed in the 

outer chamber of u Conway dish with u fey, drops of 

20% acetic acid; 2 mi. of the colour reagent are 

placed in the inner chamber. The lid is put on 

firmly, after greasing the rim, and the dish is left 

f"bl- from half an hour to three hours in an incubator 

at 37 °C., or any other standard time and temperature 

that is convenient; alternatively, it may be kept 

at room temperature overnight, when the maximum 

colour is obtained regardless of temperature. It 

should not be left stanàing, however, more than 

20 hours as the colour reagent tends to blacken 

af+:Wr this interval. ii blani is run using water 

instead of the standard solution. 

After the requisite time 0.5 ml. of the 

coloured solution in the central chamber is added 

to 2 ml. water in a test tube and the resulting 

solution read in the Spekker against the blank 

similarly prepared, using 2 ml. cells and a blue - 

green/ 



TABLE L. 

Reproducibility using standard solutions of acetone. 

Time Interval. 

Theoretical Result. Acetone Found. L'_. 
mg./100m1. mí . /1tß ml. 

2 Hours. 7.92 7.80 - 1.5 
2 Hours. 7.92 8.00 + 1.0 

Overnight. 7.92 7.70 - 2.8 
Overnight. 7.92 5.10 + 2.3 
2 Hours. 1.98 1.90 - 4.0 
2 Hours. 1.98 2.03 + 2.5 
Overnight. 1.98 2.00 + 1.0 

Overnight. 1.98 2.05 + 3.5 

FIGURF I. 

A mraph prepared by estimating standard solutions 
of acetone after 2 hours incubation. 

Io 

2 

az 
I I I I 

08 1o oy o6 

spekker reading 
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green filter (Ilford 603). 

Fig. 1. shows a graph prepared by estimating 

known amounts of acetone after 2 hours incubation. 

It will be seen that Beer's Lay¡ is strictly adhered 

to over the range C -10 mgs. per 160 ml. From 

Table i it will be seen that results with standard 

acetone solutions are reproducible within 2:4 %. 

Application to Biological Material. 

I. 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 hydro -.ide 

solution are then added, followed by 3 ml. zinc 

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. 

3 mi. 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 necessary 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/ 



TABLE 2. 

Recovery of added acetone. 

. _.._., 

Acetone Added. 
i 

Acetone round. 13la . Error. 
mi7./iuu ml. I mg./luu ml. t)(1 . % 

A. rd a.ce one solt2:t on.. 

7.92 
7.92 
7.92 

7.00 
8. ut? 

8.10 

CI , 

Ü 

0 

.r 1.5 
+ 1.0 

+ 2.3 

B. Standard solutions in blood,. 

7.92 
7.92 
7.92 
15.84 

8.01 
7.83 
8.10 
16.20 

0 
0 
0 

0 

+ 1.1 

- 1.1 
+ 2.3 

+ 2.3 

C. Standard solutions in blood (direct method) . 

7.92 
7.92 
7.92 
15.84 

8.00 
8.10 
8.20 

15.50) 

0 
0 
0 
0 

+ 1.0 

+ 2.3 
* 3.5 
- 2.7. 



Free acetone can also be estimated without 

precipitation of protein if so desired. Recovery 

experiments which were carried out using the 

complete technique of precipitation, etc., on 

standard solutions in water and blood showed the 

same limits of accuracy as in direct estimation 

of standard solutions (Table 2). 

(2) Acetoacetic Acid. 

Acetoacetic acid is determined by difference, 

the free acetone determined as above being sub: 

tracted from the acetone plus acetoacetic acid 

value, obtained as follows: 

Acetone ?glus Acetoacetic i cid. 

3 ml. of the supernatent solution are 

placed in the micro- refluxing apparatus and 

1.1 ml. 20N sulphuric acid aril 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 5 minutes. The apparatus is then 

cooled rapidly under running water, tipped to 

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

ferred to the outer chamber of a Conway dish 

for the determination of the acetone present. 

The factor in this case is 12.3. 

Recovery/ 



TABLE 3. 

:ìecove of a eto4,cct4c acid "-,jesed as acetone. 

Blank. Err4p. 

aap/100 ml. a 

ti. Star_dard so. 
5.09 5.04 0 
5.09 5.04 0 

10.18 10.10 0 

10.18 9.84 0 
19.57 19.63 U 

19.57 19.68 0 

.. 0.9 
,. 0.9 
-. 0.8 
- 3.3 
+ 0.6 
+ 0.6 

B. Standard so'lution}s j.:.n blood. 

5.09 5.16 

5.09 5.04 
5.7o 

i 

18.45 

5.76 18.45 
11.52 { 2460 
11.52 9 24.60 

d 

Di 

0.9 
- 4.0 
.» 4.0 
* 1.4 
+ 1.4 
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Recovery experiments were carried out as 

before using commercial graue ethyl acetoacetate 

purified by aistil±ation under reduced pressure. 

As will be seen from Table 3 the results obtained 

came within ±4 of the theoretical amounts. 

(3) Iso -propanol. 

Iso- propanol is oidised to acetone under 

the conditions normally employee_ for eeLimating 

"Total Acetone Bodies" and so is included in thie 

term. It can also be eetimated separately using 

a modification of Fri edmann's method (1938) in 

which the iso- propanol alone is o._iüised to 

acetone. A Markham steam distillation apparatus 

is used in this procedure, except in the case of 

blood, as it is more convenient for small quan: 

titiss, as well as being quicker and easier to 

clean between samples. 

hea ents 

10 ;ß sodium tungstate solution. 

201T sulphuric acid. 

10; calcium hydro..ide suspension. 

Mercuric sulphate solution prepared 

according to Friedmann (1938) . 

Magnesium sulphate. 

Potassium dichromate. 

Method :/ 



Method: 

50 ml. of blood are transferred to a 

large conical flask with 100 ml. distilled 

water, 10 ml. mercuric sulphate solution are 

added and the solution mi::ed, then lb ml. 

sodium tungstatu and a, 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 

bottomed flask, 5 ml. mercuric sulphate 

solution added and e:_ cess calcium hydroide 

suspension till the solution is alkaline. 

This solution is distilled directly into a 

conical flask, about 100 ml. distillate being 

collected. 10 ml. 202 sulphuric acid and 

excess potassium dichromate are added to the 

distillate and the flask, loosely eo rkea, is 

either placed on a drying oven (about 50 °C.) 

for 2 hours, or left overnight at room 

temperature. 

The solution is then washed into a 

round bottomed flask and about 50 gins. magnesi 

sulphate added. The solution is distilled 

direct, about l,': -C mil. 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 chai.iber of a Conway dish 

and proceeding as above, using the factor 5 

for the calculation. 

Recovery 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- hyd+oxybutyric acid. 

B- hydroxybutyric acid is deter,..ined by 

difference, the acetone Zulus acetoacetic acid 

plus iso- propanol values being subtractedlfrom 

the "Total Acetone Bodies" value, obtained as 

follows: 

3 ml. of the supernatent solution are 

placed in the micro -refluxing 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 

boiled for 10 minutes. The solution is taken off 

the boil and 0.4 ml. 1G', potassium dichromate 

solution run down the cold finger into the 

solution by means of a syringe. The apparatus is 

closed firmly again and the anlution boiled for 

a further 10 minutes. The apparatus is then 

cooled/ 



X.d.BLE 5. 

Recover/ of Total Acetone Bodies. 

AmnaLiAald. 
mg. 130 ml. 

Amon:L4)d. 
BE./;00m1. 

Bla 
i.) 

Error. 

% 

9.32 
9.32 
23.37 
23.37 
23.99 

9.50 
9.50 
23.76 
23.76 
23.76 J--- 

0 

CO' 

0 

0 
0 

+ 1.5 

- 1.9 
- 1.9 
- 1.6 
- 1.6 

1+' :0)-...984 

- 2.9 
+ 2.3 

t 

.1- 3.0 

1 + 0.4. 

it.......6SSI2119- '11...12122...d 

9.50 

9.50 
9.5U 
23.76 
23.76 
23.76 

12.97 
12.42 
12.67 
27.06 
27.68 
26.45 

3.20 
3.20 
2.95 

3.20 
1.20 
2.58 

C toiic Et*t e acid *e.t,a.....za..e.. 1 .._). ....tt. 

5.76 
11.52 

5.78 
11.5b I U O 

+ 0.3 
+ 0.3 

D. Acet9a9e140 acid in blpod. 

5.7e 
11.52 

27.48 

33.33 

21.89 
21.89 

- 3.0 
.. 0.7 
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cooled as previousl_, , tipped to mix the contents 

and 3 ml. transferred to the outer chamber of 

a Conway dish and the acetone content determined. 

The factor hero is 12.3. 

From Table b it will be seen that the 

accuracy of the method for "Total Acetone Bodies" 

when done on acetone and acetoacetic acid 

solutions was within #4.. Estimations of 

B- hydroxybutyric acid in the quality obtainable 

(viz., B.D.H. Laboratory Reagent) gave a practically 

consistent 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 percentage recovery. It was 

thought that part of this discrepancy might be 

due to impurity but at our request B.D.H. kindly 

examined their product which we had used, the 

sodium salt of B- hydroxybutyric acid, and reported 

that it gave the .expected 78; yield of aciAone 

when examined by Greenberg and Lester's method 

(1944), and that an approximate deteriaination of 

purity, by precipitation of the sa dium with 

hydrochloric acid in alcohol, followed by the 

removal/ 



Recovery of R-L=mbv tvric acid expressed as û.c e üon . 

Amount Added. .rspoaznt Found. 1 _ 
1ÜÚ 1..l. 

'"B''a. 
I.1g .,11d)+.i ?nl . 1 mu . % /100 iÏli. 

.t., 
k+'ticlnf.kL rd sC)lLî1'r. ms . 

5,a8 3.07 v 39.6 

5,08 3.07 0 39.6 

5.08 3.08 0 39.4 
10.15 6.13 0 39.6 
10.15 6.13 G! 39.6 
10.15 6.26 0 38.3 - 

15.24 9.10 0 40.3 
15.24 9.10 0 40.3 
15.24 9.35 0 38.6 

ag aommor 

- w, ùclilú.c+.I'Cà SolAxos.es in blood,. 

,.......>. .... 
5.08 7.38 4.31 39.6 
5.u8 5.41 2.34 39.6 
5.08 5.29 2.34 41.9 

10.17 9.81 3.73 39.8 
10.15 9.84 3.73 39.8 
10.15 
15.24 

10.08 
- r. 13...y 

3.73 
., 4^ 
).i1" 

38.3 
38.1 

15.24 1,4.,x9 3.73 40.5 

15.24 13.16 3.73 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 al$o gave 

results equivalent to 98i purity. 

From our results it would appe.r, 

therefore, that chromic acid only oxidises 60;" af 

the 13- hydroxybutyric acid present to acetone under 

the above experimental coalitions, as contrasted 

with the 78 yield of acetone obtained by Greenberg 

and Lester (1944) using rather different corñ iti ons. 

As our method of determination yields results 

consistently 40¡ß low, then to determine the true 

amount of B- hydroxybutyric acid in a eample the 

value obtained by subtraction must be multiplied 

by 5/3. This corrected value added to the 

previously determined acetone plus acetoacetic 

acid plus iso-propanol value will then give the 

true amount of "Total Acetone Bodies" present. 

II. Rumen Contents. 

The rumen contents are strained through 

surgical gauze to remove large pieces of food, and 

the moderately clear liquid is used for the cetim: 

ations. The protein is precipitates as for blood 

and the procedure and factors are the same except 

for iso- propanol, where the factor is 5 and the 

procedure as follows: 

10 ml./ 
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10 ml. of the filtered rumen liquor are 

placed in a Markham steam distillati on apparatus 

with 2 ml. mercuric sulphate solution and 2 ml. 

1U;; sodium tungstatt 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 distillates are wasted ind o a 

round bottomed flask and 5 ml. mercuric sulphate 

solution and excess calcium hydroxide added. 

solution is distilled direct and the procedure then 

follows that given for blood. 

III. Milk. 

As milk contains many reducing cub:.,tanccs it 

is necessary to dilute the solution still further 

in order to get full oxidation of B- hydroxybutyric 

acid and iso- propanol to acetone. This is achieved 

by precipitating the protein as follows: 

0.4mLmilk is added to 4.6 ml. distilled water, 

2 ml. barium hydroxide solution and 2 ml. zinc 

sulphate solution are added. The tube is stoppered, 

after mixing the contentes 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 ru,.,en contents. 

The factors are for free acetone 22.5, for 

acetone 



iAB%E J. 

ilecoverY of added acetone from milk and urine. 

Acetone Added. acetone Found. Blank. Error. 
Cl 
! 

/ 
I.;.! 1ViJ i41. 

j 
It-..! .UU Isll . ma./100 ml. 

_ = l'17.3.,4> 

7.92 

7.92 

7.92 

15.84 

15.14 

7.88 

7.88 

7.88 

1b .2U 

16.20 

U 

0 

0 

U 

U 

- U.5 

- 0.5 

- 0.5 

+ 2.3 

+ 2.3 

.. . 

B. Urine. 

7.92 

7.92 

7.92 

15.34 

15.84 

7.83 

7.83 

3.10 

15.93 

15.75 

0 

0 

0 

O 

U 

- 1.1 

- 1.1 

+ 2.3 

+ 0.5 

- 0.5 
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acetone plus acetoacetic acid and "Total Acetone 

Bodies" 30.75 and for iso- propanol 5. 

ITT. Urine. 

Trie proceUure and factors are the same as for 

blood except in the case of iso -propanol, where the 

rumen technique is used, ana the factor is 5. 

In certain acute cases of aoetonaeu.ia, the 

"Total Acetone Body" content el urine rises to 

sevral hundred mg. /110 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 using added acetone gave the results shown 

in Table 7. 

The followins substances were tested for 

interference in the estimation of acetone bodies, 

acetic acid, lactic acid, sodium chloride, cholestero., 

urea, formaldehyde and acetaldehyde. With one 

exception, viz., acetaldehyde, the results obtained 

showed there was no interference. This compound in 

concentrations as low as 3 m;. /100 ml. reacts with 

thy: colour reagent to give a Slightly opaque orange 

solution. The interference is lessened slightly 

fter boiling with chromic acid, but not sufficiently 

o/ 
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to allow of an accurate determination even of totel 

ketones in the presence of such ariounte of this 

material. 

R COV RY FRO4 L IX D ¿C LUT I O} S . 

From the preceding tables it can be seen that 

using standard solutions of one of the "Acetone 

Bodies ", the errors lay within the range 25; 

except in the case of B- hydroxÿbutyric acid where 

the percentage yield of acetone was only 60, a 

discrepancy which could be overcome by the use of ari 

appropriate factor. 

, xperiments were carried out on standard 

mixturee of "Acetone Bodies" after complete 

precipitation and It will noticed 

that the errors lay wi thin much the same range as 

before (Table 23) . 

Estimations were also carried out on standard 

mixture, 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 Slykets method and Denii:;e's reagent gave 

percentage errors with a much wider range. e. (Tablee 

25 and 26). 

The method 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 (144) designed their 

method for the micro -estimation of ketone bodies, 

but owin . to the dilutions, which occurred 4tr ing 

:rotein precipitation and subsequent oxidation to 

acetone, the factors required to determine the 

acetone in 100 ml. of the original material lay 

between 20 and 36. Thus any small errors which 

might occur during the estimation would be 

exaggerated. .ii;..cept in the case of milk, where the 

presence of several reducing agents made cone en : 

tration impractical, this was overcome by using 

somewhat larger amounts of the material to be 

analysed, 1 ml. instead of 0.4 ml. The amount of 

water to be added was decreased from 4.6 to 2 ml., 

and the protein precipitating agents increased from 

2 to 3 mi. each, this being sufficient to precipitate 

all the protein present in the body fluids. 

The chromic acid salution of Greenberg and 

Lester, 0.6 ml. of a 0.46 solution of potassium 

dichromate in 15.6 lr sulphuric acid, proved, on use, 

to be inadequate for the oxidation of both B- hydroxy: 

butyric acid and iso- propanol. Several chromic 

acid solutions of different strengths were tested, 

and though the one finally chosen only oxidised 60; 

of/ 



of the B- hydroxybutyric acid present, it waE_found 

to be adequate in all other reseects. A 100;ß 

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- hydro..y: 

butyric acid and total acetone bodies - acetoacetic 

acid being determined by difference. B- hydro..y: 

butyric acid was estimated after removing acetone 

and acetoacetic acid by boiling the protein:.free 

(filtrate with a drop of concentrated sulphuric acid 

for five minutes. As this process has to be 

carried out with great care, and the exact volume 

of liquid lost on boiling has to be replaced with 

distilled water, it was. felt that a direct estimation 

of acetone plus acetoacetic acid would be advantageou 

To this end fractions of the protein filtrate, from 

standard solutions 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 100j yield of acetone. 

As diffusion appeared to be an easier method 

of estimation than extraction (Greenberg and Lester),. 

the salicylic aldehyde colour reection wú.ß: utilised, 

and the estimation carried out in a Conwae micro- 

di ff ueion/ 



diffusion unit. In order to cover the widest 

poe ible range of acetone concentrations, the 

strongest solution of salicylic aldehyde in 

potassium hydro..ide was employed, 1 ml. in 8 ml. 

4 N potassium hydroxide. When weaker solutions of 

potassium hydroxide and larger quantities of oalicyliÖ 

aldehyde were used the solution precipitated out. 

From the results it cari be seen that the 

method is readily applicable to two significant 

biological materials, in acetonaemia and pregnancy 

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 can ascertain, the first relatively simple method 

of obtaining a fairly adequate and reasonably accurate 

differentiation of the various ketone bodies involved 

in ruminant pathology, and should prove of value in 

throwing further light on the pathogenesis of 

various conditions in which acetonaemia is a 

prominent feature. 

SUMMARY. 

1. 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. 

2. The basis of the method is the diffusion 

of acetone into an alkaline so luti on of 

salicylic aldehyde with the production of an 

orange -red colour, the intensity of whicil is 

measured in a photo -electric colorimeter. 

3. The application of the method to 

biological materials such as blood, milk, 

urine and rumen liquor is uescribed, and 

comparisons are given with other methods. 
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INTRODUCTION. 

Though many workers have produced a. starvation 

I ketosis in a variety of experimental subjects, very 

few appear to have carried out any very detailed 

investigation into the conditions. Tile purpose of 

many of the studiee was to elucidate some point 

of endogenous retaì:,oliem that .lieu not involve acetone 

body formation, and in the majority of the cases the 

estimation of .ketones was confined to total acetone 

bodies. ;ithout a detailed analysis it is imposL:ible 

to compare this experimentally produced fasting 

ketosis with the clinical forms. 

,nnorexia is a common accompaniment of several 

pathological conditions which are labelled as 

"ketosis", such as certain types of definite in: 

fections and metabolic disorders of functional 

origin. It would be a definite advantage, to be 

able to judge if the ketosia, noted in these con: 

ditions, was solely due to the loss of appetite, or 

was caused or aggravated by the primary disturbance. 

Further, there is a theory of long starting that 

post parturient dyspepsia of cattle, (or bovine 

ketosis as it is often called), and pregnancy 

toxaemia of awes are caused by an inadequate 

caloric intake. (Sampson and Hayden. 1936) . It was 

felt, therefore, that it would be of interest to 

make/ 



- 25 - 

make a detailed study of starvation ketosis in 

these animals, especiaily as earlier experiments 

on the cow appeat to have yielded rather coríflictir,L, 

results. Thus, in 1923, Sjollema and Van der lande 

carries out one of the earliest experiments on 

starvation ketosis by fasting milch cows for Lti'o 

days, following an injection of phlorisin. They 

found that only a slight ketonuria was produced and 

came to the conclusion that the cow does not readily 

produce much acetone, unless in certain diseased 

conditions. Later, Carpenter (1929) fasted two 

steers for five and ten days respectively, and found 

no increase 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 fasti n 

ketosis in ruminants by giving them half, or less, 

of their nutritional requirements for about ten dap!, 

He took two cows at peak lactation and fed half tie 

Morrison minimum requirements for maintenance and 

milk production, in one case for twenty -one days and 

in the other for nine. In both animals he found 

a rise in total blood ketones. A third cow was 

fed 6 lbs. of timothy hay daily for tun days and 

again a rise in total blood ketones was noted. 

Forbes/ 
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Forbes also used to cols later in lactation, viz., 

at 8 weeks and 14 weeks following parturition. 

After feeding the former a restricted diet and the 

latter only timothy hay for ten days, he found 

there wa.s no response. He also kept a dry cow, 

either non- pregnant or in very early pregnancy, on 

a maintenance diet for several days and produced no 

response, while cows in late pregnancy on the same 

diet showed a rise in total blood ketones. 

Both Carlström (19b0) and Holmes (1950) 

starved cows in the post -parturient period and found 

a marked urinary e.ccretion of acetone bodies. 

Holmes believed that the sudden fail in milk yield, 

which he noted on starvation lessened, to a certain 

extent, the severity of the ketonuria produced. 

Even before Hopkirk (1934) produced a ketosis 

on under -f eed irg fat pregnant ewes, the general 

opinion was Lh t pregnancy toxaemia developed under 

conditions of poor feeding, more particularly in the 

ewe carrying more than one lamb. Greig (1929) 

considered that a sudden change in grazing was a 

predisposing factor, and the Onderstepoort workers 

(Groenewald et al. 1941) went further and su;;[ested 

that any sudden change in environment or handling 

might cause a pregnant ewe to feed poorly. The 

same workers (Clark et al. 1943) underfed and 

starved/ 
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starved ewes in late pregnancy, and produced a 

starvation ketoeis, the clinical symptone 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. keen ß,iú 

could be produced in the non- pregnant ewe. Sampson 

and Boley (1940) underfed and starred ewes in 

pregnancy and though they produced a ketosis in 

their sheep, none of the clinical signs of pregnancy 

toxaemia were observed. They suggested that as 

the disease developed over 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 cogs and ewes were starved completely for several 

days. The cows chosen were for the most part at 

peak lactation, about three weeks after calving, 

when the tencxency to develop bovine ketosis ie 

greatest. Likewise one non -pregnant ewe, and 

two in late pregnancy, the time at which pregnancy 

toxaemia usually develops, were taken for these 

experiments/ 
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experiments. Each of the individual acetone 

bodies was followed, viz., acetone, acetoacetic 

acid, 3- hydroxytubyric acid and iso- propanol. 

SrjARVr.T IGi i! r í< :)hIRY COW. 

S ;rethod. 

.+give cows at peak lactation were kept in their 

stalls for u period of from five to six days without 

accese to food or bedding, but with an auequate 

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 roots were given for a few 

days and concentrates added later. In aaaition 

one cow in, mid- lactation (13 weeks after parturition) 

wa. put on a 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 

starved completely for a few days, one navir.g 

previously been taken off concentrates for zJeven 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 mammary vein, ana the rumen contents by 

stomach/ 
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stomach tube. Two of the cows used had self - 

sealing rumen fistulae, but owning to the thick 

consistency of the rumen contents and the narrow: 

ness of the catheter employed, samplin_ proved a 

rather slow and tedious process. In some cases 

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 chromato: 

graphic technique (1946). The acetone bodies 

were determined by the method previously deecrioed. 

In some cases the pH of the rumen liquor was 

determined clectroruetrically. 

Results. 

Volatile acids. 

The total volatile fatty acid content of 

the rumen sa.mles fell sharply on starvation in all 

cows, followed by a rise after re- feeding (Fig. 2). 

Each of the three individual acids, acetic, propionic 

and butyric, fell by amounts roughly proportional to 

'their initial concentrations. These changes in 

concentration with fasting were statistically sig: 

nificant at 0.1% level. The unexpected increase in 

total/ 



TABLE 8. 

of rumen Qontents. 

b . V:. t::%1. 

Cow. 0 

.n1. ym1477.wuw,.7.1.11wn. 

3 4 5 

3 6.4 8.0 8.6 8.2 7.7 7.8 

37 7.3 8.9 7.6 7.2 6.7 

27 6.6 8.5 7.7 7.8 7.7 7.7 

Mean 6.76 8.25 8.40 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 rei ched on the 

second day, may also be regarded as statistically 

sis:.ificant. The trend in total volatile 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. 

Associated with the change in total 

volatile fatty acids of the rumen contents, 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 

come erlced, 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 9). 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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FIGURr 3. 

The effect of a maintenance diet on the ketones 
of a cow at mid -lactation (p- hydroxy butyric 

acid was the only acetone body present). 
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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 core 13 weeks after 

parturition, and one with sub -clinical ketosis, 

caused a drop in milk yield over the period of fast. 

The rate of fall of milk yield was much less marked 

than that.. described above, and the average milk 

yield reached on the fourth day of maintenance diet 

was 25.5 lbs., compared to 40.5 lbs. 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 

still further to an average value of 12 lbs. 

1 cetone Bodies. 

Removal of concentrates from the diet of 

a cow at mid -lactation or a cow in early pregnancy 

caused no rise in blood ketones (Fig. 3). During 

the whole of the experiment only ß- hydro:xybutyric 

acid was present in the blood, rumen contents, milk 

and urine, and although the amount present varied 

from day to day it was well within the normal ranLe, 

viz., below 10 mg. /100 ml. in the blood. 

Complete starvation of a dry cow, about 

a month before calving, caused a marked rise in 

blood ketones (Table 27). Starvation was commenced 

in the afternoon,/ 



TABLE 10. 

Acetone Bodesç=l.:.zis_fasc221 
in late psognancy. 

(Aa.:2221) 

Acetone. 

Acetoaoetic acid. 

B.hydroxy butyric acid 

Iso-propanol. 

U 

0 Q 

DU 100 

o u 

Da 

2 3 

4.06 6.38 14.03 '7.73 

0.71 3.38 9.32 3.92 

95.23 89.66 76.04 7.07 

O 0.58 o.il 1.28 
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in the afternoon and in the twelve hours between 

the first two samples no change was noted, but 

subsequent samples showed a progressive increase in 

all the acetone bodies. The greatest rise yeas 

encountered in the B- hydroxybutyric acid fraction, 

though the percentage contnrit fell (Table 10). 

Free acetone rose from an aluost 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. Acetoaoetic acid showed 

a more gradual rise than acetone attaining a maximum 

value of 9i.; of the total acetone bodies on the 

fourth day, with a subsequent fall to 4;:: on the 

fifth. The rise 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 ut peak lactation 

all showed a degree of ketonaemia, as shown in 

Table 28 w:.ich gives the average figures for five 

animals, and Figs. 4 and 5 which show the variations 

in individual constituents in a representative 

animal (Cow 1o. 10), This ketonaemia was associated 

with loss of condition and a fall in milk yield 

without any other sign of illness or loss of appetite. 

As will be noted, the rise in total acetone 

bodies/ 



FIGURE 4. 

The effect of starvation on the blood and rumen 
ketones of a cow at peak lactation. 
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FIGUTE 5. 

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

significant. A statistical study of the whole 

series of estimations on the three body fluids, 

blood, rumen liquor and milk showed the following 

linear regression equations: 

Blood y = 6.34 + 7.48 x 

Rumen contents y = 3.45 + 4.22 x 

Milk y = 5.42 + 5.14 x 

The rate of rice of total acetone bodies 

on starvation in blood ana milk was very similar, 

with the average level in the milk come 5 mg. 

acetone /100 ml. lower than in the blood. Comparison 

for blood and rumen contents showed that the total 

acetone bodies on starvation roue less sherply in 

the rumen fluid than in the blood, and that the 

average level was some 9 mg. acetone /100 ml. lower 

in the rumen liquor. On re- feeding, the decline in 

total acetone bodies was rapid and by the fourth day 

had approached the pre -fast level. 

Of the individual acetone bodies, free 

acetone was one of the most prominent constituents 

in blood, rumen liquor and milk, rising; from 

negligible amounts at the beginnín(, to some 40 -50% 

of the total on the fourth or fifth days of fast 

(Table 11). As with the total acetone bodies the 

increase over the fasting range studied was essentially 

linear/ 



TABU; 11. 

A tone bodier. duri fa 

-1-----1 
o 

Drs of 

--...... 

1 ' 2 3 4 
------ 

5 

Blood: 

Acetone 0.45 12.38 19.95 28.12 41,04 33.58 

Acetoacetic acid 641 9.82 13.63 13.60 14.50 16.13 9.79 

B-hydroxybutyric acid., 89.73 73.76 65.02 52.49 37.85 52.35 

Iso-propanol ..... ...... 0.00 0.25 1.43 4.89 4.98 t 
4.28 

Rumen: 

Acetone,. 0.00 12.32 25.46 30.41 42.97 50.86 

Acetoacetic acid *. , 5.03 3.78 13.09 4.56 5.5u 7.32 

B-nydroxybutyric acid.. 94.37 77.32 50.32 40.75 28.36 17.56 

Iso-propanol 0.00 6.58 11.13 18.28 23.17 24.26 

.11121: 

Acetone 0.00 19.69 20.92 32.64 55.22 59.05 

Acetoacetic acid 0.00 3.82 15.51 3.15 6.82 5.71 

B-hydroxybutyric acid 100.00 75.78 62.70 60.08 32.48 28.80 

Iso-propanol 0.00 0.71 0.87 4.13 5.48 6.44 

Urine: 

Acetone 5.91 1.04 1.r'l 9.46 24.03 26.25 

Acetoacetic acid 19.72 53.44 03.04 47.40 39.24 44.50 
B-hydroxybutyric acid 74.37 45.26 34.16 30.01 33.95 23.72 
Iso-propanol. 0.00 0.26 0.99 7.13 2.78 5.53 
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linear, and equal to 3.39, 2.83 and 3.60 mg. acetone /,' 

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 

day, 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 a sudden rice 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 wa4.s essen: 

tially linear, and equal to 0.70, 0.51 and 0.30 mg. 

acetone /100 ml. /day for blood, rumen liquor and 

milk respectively. 

Bhydroxybutyric acid showed a rise in the 

blood over the 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 

liquor behaved, with slight variations, very much 

the same during the fasting period, attaining a point 

of ma.irum concentration of 16 and 8 mg. /100 ml. 

respectively/ 



respectively on the third day of fast. The per: 

centage 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 tiffe 

fifth day of fast, compared to 28% in the milk. 

The increase over the fasting range studied was 

essentially linear, and equal to 2.85, 0.22 and 

0.85 mg. acetone /l00 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, 

a 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 0.55, 

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 

aoetoacetate which, at times, reached concentrations 

of more than 50 ;. of the total acetone bodies present. 

B -hydroxybutyric acid, acetone and iso- propanol were 

also excreted, but in decreasing proportions in that 

order. Idormd7 ly B- hydrolybutyric acid only is 

excreted. 

Blood/ 
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Blood sugar. 

The cows starved at peak lactation all 

showed a statistically insignificant fall in blood 

Isugar on the first day of starvation (Fig. 6) with 

a subsequent rise to the normal value on the second 

or third days. There was a 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 cow 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 . ffect of Starvation_ on Cows with 
4ubclinical Ketosis. 

starving a cow with subclinical ketosis 

(Fig. 7 and Table 29) gave results somewhat similar 

to those obtained on starving cows at peak lactation. 

In the pre -experimental period cow Lo. 27 showed a 

fair degree of ketosis though the predominant acetone 

body present in the blood was B- hydro.4butyric acid 

which fell rapidly on starvation. The response of 

the other acetone bodies and the total acetone bodies 

in both/ 



FIGU= 7. 

The effect of starvation on the blood and rumen ketone 
levels of a cow with sub- clinical ketosis (no. 2777 
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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 ivre -fast period was not so severe, all the 

acetone boules in the blood, rumen liquor and milk 

responded in the same manner on starvation. In 

these animals acetoacetate 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 val].ue lay 

just within the normal range in the pre- experimental 

phase and fell on starvin to about 30 mg. /100 ml. 

It rose again gradually before re- feeding; and reached 

the normal value of about bo mg. /100 ml. a short 

time later (Fig. 6). 

STARVr.TIO} 1 TOI.3 IN TH.6 EWE. 

Method. 

Two ewes in the last fortnight of pregnancy 

and one non -pregnant ewe were removed from the herd 

and kept in single pens for four days without access 

to food or beading, but with an adequate water supply 

As the sheep did not have rumen fistulas only blood 

samples/ 



TABLE 12. 

Acetone bod`+es dvx? fasting. 

(As percenta e of total) . 

Blood. 

Days of Fast,. 

0 1 2 3 4 

A. Non -pregnant ewe. 

Acetone 0 '0 0 0 3.64 
Acetoacetic acid 0 0 0 10.14 4.09 
B- hydro17butyric acid. 100 100 100 89.86 91.10 
Iso- propanol 0 0 0 0 1.17 

B. Pregnant ewe. 

Acetone.......... 27.18 20.73 17.31 26.50 16.47 
Acetoacetic acid 18.22 46.96 10.35 16.58 13.98 
B- hydroxybatyric acid. 53.93 29.49 64.96 56.34 68.82 
Iso- propanol 0.67 2.82 1.38 0.58 0.73 

0. Pregnant ewe. 

Acetone 4.61 3.23k1 3.77 
Acetoacetic acid 0.81 6.10 10.81 
B-.h rdroxybutyric acid. 94.58 90.67 85.42 
Iso- propanol 0 0 0 

Ewe lambed between lst and 2nd days of fast. 
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samples (from a jugular vein) were taken daily over 

the ee.perimental 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 B- hydroxybutyric acid, 

was found, (Tables 12 and 30). On the third day 

a small percentage of acetoacetic acid was found, 

and on the fourth day acetone and iso -propanol were 

added. 

Though pregnant ewe B. appeared normal in all 

respects she was found, at the commencement of the 

experiment, to have a subclinical ketosis, all four 

acetone bodies being present in the blood in the 

prefast period. The rise in total acetone bodies 

on starvation was pror eosive, and brought about by 

a rise in all the constituent ketones. The greatest 

rise was encountered in the B- hydroxybutyric acid 

fraction, 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. i we B. 

lambed normally two days after re- feeding. 

Pregnant ewe C. also showed a degree of ketonae is 

the,/ 
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lin the pre -fast period, though much less severe 

than that found in ewe B. Starvation produced 

a rise in total acetone bodice, as in the previous 

case, with a rise in acetoaoetic acid after the 

first day of fast. Ewe C. lambed after two days 

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. 

DISCUSSIO} . 

Owing to the loss of carbon dioxide to the air 

on removal from the rumen, the pH values estimated 

for the rumen liquor would be higher than the actual 

values in the rumen itself, but it is evident never: 

theless that a rise in pH does occur on eterving, 

coinciding, as would be expected, with the fail in 

volatile fatty acids. Tisis fall is itself fairly 

easily understood, as bacterial action in the rumen 

is bound to slow down with the withholding of fresh 

etabolites. This was confirmed by concurrent 

bacteriological studies to be reported elsewhere. 

he fact that all three acids, acetic, butyric and 

propionic, fall in about the same proportion suggests 

that their formation reactions are equally affected. 

The slight rise encountered towards the end of the 

starvation/ 
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starvation period may be associated with a change 

it the volume of the rumen contents. 

Three cows, one 8 weeks after parturition 

(Forbes 1943), one 13 weeks after parturition (above 

and one in the dry estate, either non -pregnant or in 

very early pregnancy, (Forbes 1943.and above), were 

kept on maintenance diets for from five to seven 

days without ehowing any increase in the blood 

ketones. In addition Forbes (1943) put a fat cow, 

14 weeks after parturition, on what was virtually 

a ten day fast without any response. This 

particular cow was only given enough hay to keep 

her quiet while the calf was receiving grain. 

From this it would seem 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 .,emi- star: 

nation, without resorting to excessive f .t catabolis 

and, further, that she can resist mora or less 

complete starvation for ten dye from 14 weeks after 

parturition. In late pregnancy and at peak lactatio 

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 at al. 1944, 1940, it is not surprising 

to find/ 

n, 
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to find, in the cow at peak lactation, that this is 

one of the first acetone bodies to appear in quantity 

more rapidly in the blood than in the rumen and milk, 

so that presumably it reaches the latter by difi'usibn 
from the blood stream. In the dry pregnant cow, 

however, the rise in B- hydrol.ybutyric acid and 

acetone were more marked than that of acetoac tic 

acid, and during; the period of fast the concentration 

of B- hydroaybutyric 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 toxic, and certainly the blood 

levels appeared to be kept low in these experiments 

with free acetone appeL ring in large quantities. 

The cow, therefore, is proved to be quite capable 

of producing a considerable degree of acetonaemia 

even in the absence of disease. 

thaw, Powell and White,(1942), explain the 

predominance of acetoacetate 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 acetoacetate is not 

orma.11y found in the blood stream or urine, sugu;ests 

hat this excess excretion may not be due to a change 

n renal threshold, but is merely the natural reactiorn 

f the kidneys to the presence of a substance with 

low renal threshold. 

Tf we take/ 



FIGU3F 8. 

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

and rumen contents. 
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If we take as a base line the relative 

proportions of the acetone bodies in the blood, 

we can assess the chanes 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-propanol in the blood and milk 

are very similar, though slightly higher in the 

latter (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 blood or milk in the proportions 

of acetoacetate over the fastinz period, and the 

proportion of B-hydroxybutyric acid faille by much 

the same amounts in both fluids. 

The evidence suggests a direct diffusion from 

the blood into the milk with very little, if any, 

utilisation of the acetone bodies by the mammary 

gland, except perhaps in the case of acetoacetate 

and. B-hydroxybutyric acid towards the end of the 

fast. ,3haw (1942 has shown that the mammary gland 

does not utilise acetoacetate but can use B-hydroxy: 

butyric acid for energy purposes. 

The ri nr../ 

s 
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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 acetone bodies. In both there is very 

little change in the proportions of acetoacetate 

over the fasting period. The rise in the proportion 

of ise - propanol is very much more marked in the 

rumen than in the blood, as is the fall in B- hydrofy: 

butyrate. 

The acetone bodies probably reach the rumen 

by way of the saliva and possibly also by direct 

diffusion. In no case doce iso- propanol appear in 

the blood stream before it appears in the rumen 

contents. This sug,. ests .that the site of formation 

is that oran, where there is the greatest increase 

in concentration. If iso- propanol is formed from 

one of the other acetone bodies it would appear 

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 bogies 

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 fall 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 value for iso-propanol remain about 

half those of free acetone, taken at the same time, 

over the period covered. This suggests a close 

relationship between acetone and iso-propanol in 

the rumen, which is in keeping with their chemical 

composi;ion and it would appear therefore that 

acetone might well be a precursor of iso-propanol 

in the rumen. It is of course possible that the 

precursor is sore 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 days, the blood sugar fell steadily 

from about 50 to 30 mg./loo 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 the beginning of the 

experiment the drop was 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/ 
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The difference may lie in the milk production. 

On starvation the milk yields of all the cows used 

in our experiments fell rapidly by amounts ranging 

from 20 to 60 lbs. daily, the greatest fal being 

observed in the highest yielding cow. Forbes 

does not mention the milk yields of the cows he 

fed half ration. It may be that he noted no 

sudden chane, or that he was not interested in the 

yield. ghaw, (1946), recorded a sudden drop in 

milk yield on fasting milking cows but carried out 

no sugar estimations at that time. Hodgeon et al. 

used heifers of li to 2 years old so milk production 

did not enter into their experiments. 

A sudden drop in milk yield in a high-yielding 

Cow would presumably slow down the passage of 

metabolites from the blood stream to the mammary 

gland, with a resultant conservation of body resourcs 

which should help in the maintenance of normal blood 

levels. If the milk yield of a cow on half rations 

did not fall appreciably, a very great strain would 

be put on the animal's resources with a resultant 

fall in blood sugar. 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 full in blood sugar. 

It would appear that the blood su6ar of an adult 

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

and the dog, fins; its own level aeain on starvation, 

there being at the beginning a temporary upset which 

the body mechanisms can soon control. 

Results obtained by starving a case of sub - 

clinical 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 tai ough the con: 

centration remained much the same. It will be 

noted that the concentration of iso- propanol in the 

rumen of a cow with sub -clinical ketosis is very 

much the same as that found in a normal lactating 

cow after a five day fast, and so it would 4g pear 

that either the maximum amount of iso- propanol is 

beine produced uncles these circumstances or the 

rate of production is being balanced by the rete of 

metabolism by the rumen bacteria. 

The blood sugar did not return to the normal 

value after the initial drop ti lì some time after 

re- feedin. This may have been due to a long period 

of subclinical 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 subclinical kutoais were 

entirely normal. 

As in the cow at pea lactation and the dry 

cow in late pregnancy, complete starvation produced 

a 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- hydroxybutyric 

acid, though the rise in acetone was less, and in 

B- hydroxybutyric acid 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 

pregnancy. The rie in acetoacetic acid was rather 

more pronounced in the sheep, after the first day 

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

over the period of fast studied, the rise in iso- 

propanol was very slight in both the sheep and the 

cow in late pregnancy. 

If, as has been suggested previously, iso- 

propanol is formed from acetone in the rumen, the 

lower percentages of both acetone ana iso- propanol 

in the ewe and cow in late pregnancy, would tend to 

confirm this, as well as indicating; that in late 

pregnancy neither the coil; nor the sheep produce acetone 

in the same quantities as the cow at peak lactation. 

If 
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If the ketosis observed on starvation was due, 

primarily, to the excessive catabolism of body fat, 

with the: production of abnormal quantities of 

acetoacetic acid, then it would appear that both the 

cow and the dheep in late pregnancy converted the 

bulk of this factor into B- hydro: ybutyric acid, by 

reduction, the remainder being decarbo. ylised to 

acetone. The cow at peak lactL.tiox,, on the other 

hand, appeared to produce acetone and B- hyd.ro..ybutyri 

acid in about equal proportions from the acetoacetic 

acid, and ;.,o was ably: to for a higher percentage of 

iso- propanol. 

On starving rats and a normal, but rather 

obese, human for ten days, Wicks et al (1940) noted 

à sudden rise in the blood ketones in the first 

48 hour., 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: /i00 ml. 

The latter level was maintained with minor fluctuatio 

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 

UI aintenance of ketosis fit,. R more or less constant 

level may have been due to the availability for 

catabolism of a limited, but relatively constant, 

source/ 

e 



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 

Only in the rate of onset and intensity of ketonaemia. 

He found that the onset of - tosis3 in man WE L6 much 

more: rapid, a ketorra.enia 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. 

BN.hydro.aybutyric acid/I00 ml. (about 20 m;. acetone/ 

100 ml.) as Wick et al noted. In the dog no 

; ettsnaemia appeared. for 48 to 72 hours and then the 

increase in ketone body concentration was very slow. 

It would appear from the literature that the 

dry non -pregnant cow, or one at love 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 cove or sheep in late pregnancy, however, responde 

to starvation in a 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 ri,.in after five days 

of fast. It was suggested by bricks et al. (1940) 

that the stabilisation in the blood of the total 

ketone level attained after a few days in roan and 

dog/ 
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dog, etc. , was due to the production of carbohydrate 

from tissue protein: and fat. It would appear, 

therefore, that thy; fasting cow ut pea,. lactation 

or cow or sheep in late pregnancy eras unable to 

produce sufficient carbotdyclrate from these eources 

to maintain the blood sugar and keep down the 

acetone body level s, even with a drop in milk yield 

in the case of the lactating cow. This may be 

associated entirely with the greater demancie for 

carbohydrate impo.3ed by the foetue or by lactation 

even at the reduced level. Alternatively the 

inechaniame for bringing auch compensatory changes 

into play may be less effective in the ruminant or 

the demands of the foe,ue or of a high milk yield 

may deplete the available reserves to such an extent 

as to hinder the attainment of equilibrium. 

The chain of events suggestea by the above 

cbservations ie primarily the formation of aceto: 

acetate from the catabolism 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 formation of iso- propanol, poseibly from 

acetone , which then passes bads into the blood stre 

and eventually reaches the milk and urine though at 

very low levels. 

SC M/LARY/ 
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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. Ail 

the acetone bodies studied, viz., acetone, aceto: 

acetic: acid. , B-hydro:i4butyric acid and iso-propanol, 

showed a highly significant increase which was pre: 

dominantly linear in blood, milk and rumen contents. 

The first three appeared to originate in the tissues 

but the site of origin of the iso-propanol was most 

probably the rumen contents. The response of the 

blood sugar to fasting was found to be much the 

same as for other species while the ketonaemia 

appeared to be more marked. 

The ketosis produced on complete starvation 

of a ewe in late pregnancy was found to be very 

similar to that produced in a cow in the same aon: 

dition, and to differ from that produced in a cow 

at peak lactation in the proportions of the various 

acetone bodies present. 

The significance of these findings is 

discussed. 
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INTRODUCTION. 

Until very recently the work carried out 

involving 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 etc., or to elucidate the proeesees of fat 

xnetabclisa:.a in the animal body. in none of these 

investigations was the ruminant used ae the exper: 

/mental animal. 

.ccord.ing, to Frerichs (1883) 6aloruon fed 

acetone and acetoacetate to men and dogs and pro: 

duced no symptoms in his patients, but noted a 

ali ht acetonuria and a strong aromatic smell in 

the breath of human subjects after giving them 

40 grise. of acetoacetate daily. Albertoni (1884) 

repeated these experiments with acetone and found 

15 - 20 arms., given by mouth, caused no symptoms 

in men; 4 firms. per os produced a form of drunken: 

ness in dogs, and 8 grms. proved fatal, while 6 ml. 

injected ira:,e the jugular vein of a dog caused only 

temporary prostration. ..diarz (1897) stated that 

normal dogs could metabolise acetoacetate comppletely 

chile depancreatised do(6a excreted part in the form 

of acetone. 

Geelniuyden (lú00), Blum (1910) and kiou bauer 

(1910) carried out experiments on the interrelation: 

ship of acetoacetate/ 
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ship of acetoacetate and B- hydroaybutyric 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 

product being readily reduced to B- hydroxybutyric acid 

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

supposed. 

Hurtley (1916) after reviewing ail the previous 

wor.:_ on the subject, and taking into account his 

own investiL ;atiorrs, came to the conciu uon that 

acetoacetic acid, being seven times stronger than 

B- hydro..ybutyric acid as regards acidity, and a 

great deal more toaic, is the direct Cause of 

diabetic coma, the conversion to B- hydro: ,ybuiLyric 

acid being a protective mechanism. 

Allen and Wishart (19L13) repeated most of these 

experiments and expanded them. At intervals after 

the administration of various substances the; carried 

out a Rothera test on the plasma and urina of the 

experimental rabbits and dogs they used. They 

obtained positive results in both immediately after 

an intravenous injection of acetone, and were 

surprised to obtain the same result twelve hours 

later. Immedia,tely after the administration of 

acetoacetate to a rabbit by stomach tube, or intr- d-renously, 

the plasma and urine both gave positive reäuits very 

strongly/ 
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strongly and very slightly respectively, while an 

intravenous injection to a do` only caused a slight 

acetonuria. successive intravenous injections to 

a rabbit caused death; the animal died in a coma due 

to failure of the heart and respiratzon. B-hydroy: 

butyric acid administration produced very little 

response when given intravenously to dope, no acetone 

or acetoacetate were found in the plasma, or urine, 

though a rise in B- hydra::.ybutyric acid was r.oteu in 

each. Urine giving a slightly positive Rothera 

reaction was excreted by a rabbit after bein , given 

B- hydroxybutyric acid by stomach tube. 

Koffman (1937) and Holmes (1950) investigating 

bovine ketosis in da ry cattle gave cows acetone by 

mouth, and found that very large doses had a tem: 

porary toxic effect. The blood serum levels rose 

reaching a maximum value about an hour after 

administration. 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 Rotherats test. 

As ruminant metabolism is often very different 

from that of single stomached animals, it was thought' 

advisable to carry out experiments to investigate the 

chemical changes that occur, in the bloou, rumen 

liquor, milk and urine, in both sheep and cows, when 

the ketone/ 
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the ketone bodies, acetone, acetoacetic acid, 

B.hydroxybutyric acid and iso- propanol are administered, 

It was hoped that the results mi-ht throve some more 

light on the metabolism of these subetancee in the 

body. 

JiL Tiï0U . 

Most of the administration experiments covered 

a period of-three days; during that time the az imala 

were given their normal feed, and an ample supply of 

water. The sheep were kept in metabolism cages, 

but the cows remained in their stalls. Twenty four 

hour samples of urine were taken .whenever possible. 

During the summer months the cows were fed freshly 

cut gratis. 

Access to the sheep's rumen was obtained by 

means of an ebonite rumen canula with a screw cap, 

ara self -sealing fistula. A long stomach tube was 

employed in the case of:tk,.e corms, both for removing the 

rumen contents, 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 water, 1 -3 litres 

for a cow and 100 -200 ml. for the sheep. The 

ketone bodies in physiological saline, about 250 -500 

for the cow, and 25 -50 ml. for the sheep, were injected 

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

vein./ 



FIGURE 9. 

The effect of injecting I00 ml. acetone into 
the rumen of a cow. 
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vein. 

Before administration.and at certain periods 

'after, viz., 10 mins., 40 mins., 1 hr., 3 hrs., 

4 hrs., 6 hrs., and 44 hrs., blood, rumen contents 

and mill; 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 

as previously described. 

R1L; 1 cJ.L& . ,. . 

I. Single 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. 

gis.. The Administration of Acetone. 

1. Into the rumen of a cow. 

Ten minutes after the administration of 

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

acetic acid, B- hydroybutyric acid and iso - 

propanol, were found in the rumen contents, and 

all but iso- propanol in the blood and rail, 

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/ 
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Acetone Bodies after administr4ion of 100 ml acetone 
into the rumen of a cow. 

(As percentage of total) 

Time atter administration. 

0 10 wins. 1 hr. 2 hr-,!. 

1. Blood,. 

Acetone 0 19.05 75.72 57.21 
Acetoacetic acid 0 4.71 7.07 1.o5 
B- hydroxybutyric acid. 100 76.21 8.52 32.53 
Iso-propanol 0 0 8.69 5.61 

2. Rumen Contents. 

Acetone 0 80.17 54.32 44.80 
Acetoacetic acid 0 0.91 2.92 1.73 
B- hydroxybutyric acid. 100 3.48 2.52 16.12 
Iso- oropanol 0 15.44 40.24 48.35 

3. 

Acetone 0 3.34 32.82 29 ;78 
Acetoacetic acid 0 5.76 10.39 31.99 
B- hydroxybutyric acid. 100 90.90 56.39 34.29 
Iso -propanol 0 0 0.40 3.94 
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and acetone in the rumen contents fell rapidly, 

the values found one hour after administration 

being less than half those found after ten 

minutes. Subsequently the total acetone bodies 

decreased much le -s rapidly approaching the 

normal value between twenty four and forty 

eight hours after administration. (Tables 13 

and 31, and Fig. 9.). As the percentage con: 

tent of acetone fell in the rumen contents, that 

of iso- propanol rose until it was the predominant 

acetone body present. The proportion of B -hydro 

butyric acid naturally fell with the appearance 

of the other acetone bodies, but gradually rose 

again attaining; its original value of 100% about 

one to two days after administrz.tion. During 

the whole experiment only very small quantities 

of acetoacetic 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 B- hydrofybutyric acid fell 

during; the first two or three hours, and then 

rose again until it was the only acetone body 

present. Iso- propanol was found in the blood 

an hour after administration and rose slightly 

in the next two hours, but at all times only a 

fraction/ 

xy: 



TABLE 14. 

1-.c eto e Bodes after adn ' strati° of al ace ton to a giaau. 

(As percenta e of total) 

21:v.s....L,filtratil 

0 10 mine. 1 1 hr. 
1 

2 hrs. 

A. Into the Rumen. 

1. Blood. 

Acetone 0 3.90 12.32 19.27 

Acetoacetic acid 0 1.73 4.53 9.56 
B- hydroxybutyric acid. 100 94.37 81.64 70.04 
ïeo-- propanol 0 0 1.51 1.13 

2. Rumen Contente. 

Acetone 0 92.25 43.23 48.34 
Acetoacetic acid 0 0.45 15.86 17.16 
B- tiydro.;*butyric acid. 100 4.28 26.38 20.74 
Iso- propanol U 3.02 14.53 13.76 

B. intravenously. 

1. Blood,. 

Acetone 0 44.70 46.20 42.35 
Acetoacetic acid U 2.01 2.92 7.84 
B- hydroxybutyric acid. 0 52.45 48.37 33.06 
Iso- propanol 0 0.84 2.51 l6.75 

2. Rumen Contents. 

Acetone U 0 27.46 4.10 
Acetoacetic acid 0 0 10.07 7.84 
B- hydroxybutyric acid. 0 80.10 38.82 23.86 
Iso- propanol U 19.90 23.05 64.20 
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fraction of that encountered in the rumen was 

found. In the milk the concentrations of acetone 

and acetoacetic acid reached mn;af.imum values thre 

to four and two hours respectively, after 

administration. On the whole the percentage 

contente of acetoacetic acid and B- hydroxybutyria 

acid were higher than in the blood, while those 

of acetone and iso -propanol were lower. 

All the acetone bodies were excreted in 

the urine within two hours of administration, 

acetone being the most prominent followed by 

B- hydroxybutyric acid. 

2. Into the rumen of a. shoe -. 

In this case 4 ml. acetone was injected 

into the rumen. Ten minutes after, as in the 

cow, all the acetone bodies were found in the 

rumen contents, and all but iso -propanol in the 

blood. The effects produced by the administration 

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

both the blood and rumen contents the rise of 

acetoacetic acid was more marked, and that of 

iso -propanol proportionately less so. (Tables 

14 and 31). B- hydrol.ybutyric acid was found to 

be the main e. cretory product in a twenty four 

iìour sangle of urine, with a small proportion of 

acetone and traces of acetoacetic acid and iso - 

propanol. 

3_ Tn a. n n w/ 



TABLE 15. 

Acetone bodies after aduinistration of 75 ml acetone 
intravenous y to a cow. 

(as percentage of tote)). 

Time after admi istrat on. 

0 10 mine . -. hr. 2 hrs. 

1. Blood. 

Acetone 0 43.74 33.59 28.33 
Acetoacetic acid 0 2.29 0.69 2.18 
B- hydroxybutyric acid. 100 52.41 64.57 69.49 
Tao -propanol 0 1.56 1.15 0 

2. Rumen Contents. 

Acetone 0 9.92 16.30 18.02 
Acetoacetic acid 0 0.71 4.77 1.70 
B- hydroxybutyric acid. 100 80.71 44.61 25.23 
Iso- propanol 0 8.66 34.32 55.05 

3. Milk. 

Acetone 0 13.14 45.77 19.23 
Acetoacetic acid 0 13.62 4.23 22.36 
B- hydroxybutyric acid. 100 73.24 50.00 58.41 
Iso -propanol 0 0 0 0 
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3. To a cow by intravenous injection. 

Ten minutes after the injection of 75 ml. 

acetone all the acetone bodies, acetone, acetoacetic 

acid, B- hyiroybutyric acid and iso- propanol were 

found in the blood and rumen contents, and all 

but iso- propanol in the milk; this fraction was 

absent during the whole experiment. (Tables 15 

and 32). The level of total acetone bodies in 

the blood did not decrease ae rapidly as in the 

rumen in the previous experiment, (Pig. 10). 

The injected acetone disappeared more quickly, 

being replaced by B- hydroxybutyric acid, as the 

concentrations of acetoacetic acid and iso- propanol 

remained low, no traces of the latter being found 

two hours after injection. 

The concentrations of acetone and iso - 

propanol in the rumen contents rose steadily, 

reaching maximum values about two hours after 

injection, while the proportions of B- hyaro:.y: 

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 contents. 

As before, the proportions of the ketone 

bodies found in the milk were very similar to 

those in the blood, thou. :h the content of aceto: 

acetic acid was slightly higher. One hour after 

injection/ 
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FIGU?_? IO. 

The effect of administering 75 ml. acetone to a cow 

by intravenous injection. 
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injection the concentration of acetone had 

reached a rnaaimum and B -hydro ybutyric acid a 

minimum. 

While traces of both acetoacetic acid 

ana ii o- propanol were found in all the urine 

samplee collected, the most prominent ketones 

were acetone and B- hydroxybutyric acid. These 

were excreted in about equal quantities one 

hour after injection, but thereafter increasingly 

less acetone and proportionately more B- hydroxy: 

butyric acid was found. 

4. To a sheep by intravenous injection. 

Ten minuues after the injection of 4 mi. 

acetone all the ketones were found in the blood, 

but only B- hydroxybutyric acid and i so- propan of 

in the rumen contents. (Table 14 and 32) . An 

hour later acetone and acetoacetic acid were 

also found in the rumen. The concentration of 

iso-- propanol rose in the blood and rumen contents 

reaching ma:;.imum values about two hours after 

injection, and then gradually fell again. The 

concentration of B- hydroxybutyric acid, on the 

other hand, fell during the first two hours and 

then roae. As before, the percentage of aceto: 

acetic acid in both the blood and rumen contente 

was higher than in the cow. 

R. The Administration/ 



FIGURE II. 

The effect of injectin' 150 ml. ethyl acetoacetate 
into the rumen of a cow. 
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TABLE 4. 

acetone Bod3 es after ad inistration of 1 U m1 Ot.IrT1 aceto .cetate 
into the rumen of a cow. 

(Aa oercentaaLof total) . 

Time alt,,-,r z.: ' .ü tration. 

0 10 mina. 1 hr. 2 hrs. 

1. Blood. 

Acetone 0 0 1.52 0.85 
Acetoacetic acid 0 10.62 4.18 1.46 
B- hydroxybutyric acid. 100 89.38 94.30 97.69 
Iso -propanol 0 0 0 0 

2. Rumen Contents. 

Acetone 0 2.15 2.69 0 
Acetoacetic acid 0 90.99 38.77 1.79 
B- hydroxybutyric acid. 100 4.87 54.05 90.06 
Iso- propanol U 1.99 4.19 2.15 

3. Mï >. 

Acetone 0 0 U U 
Acetoacetic acid 0 26.51 15.35 7.96 
B- hydroxrbutyric acid. 100 73.49 84.65 92.04 
Iso -propanol 0 0 0 0 
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B. The Administration of :;ethyl Acetoacetate. 

1. Into the Rumen of a Cow. 

The effect of injecting ethyl acetoacetatÓ 

into the rumen was very much less marked that that 
produced 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 acetone bodies were 

found in the rumen, but after two hours B- 

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 

rapist, and was accompanied by a less marked f el l 

in acetone, which appeared immediately after the 

injection. Very small mounts of iso- propan of 

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- hydroxybutyrie acid which 

was the only ketone present si__ hours after 

injection. 

Maximum concentrations of acetoacetic 

acid were found in the blood axi d milk ten minutes 

after administration, but in both eases the amounts 

present were small. Truces of acetone were found 

in the blood/ 



TABLE 17. 

Acetone Bodies after administration of ikm1 ethyl acetoacetate 

5-nto the rumen of a sheeD. 

(As percentage or total) 

llaaa2112=4=011=2a. 

O 10 mins. 1 hr. 2 hrs. 

1. Blood. 

Acetone 0 0 10.30 0 

Acetoacetic acid 0 0 27.20 0 

B-hydroxybutyric acid. 0 100 62.50 100 

Iso-propanol 0 0 u u 

2. Rumen Contents. 

Acetone 0 13.37 5.57 0 

Acotoacetic acid 0 86.18 85.66 0 

B-hydroxybutyric acid. 0 0 1.75 . 83.77 

Iso-propanol 0 0.46 7.02 16.23 



G2 

in the blood after an hour, but not in the milk, 

and throughout the whole experiment no iso- 

propanol was found in either.. 

Two hours after administration all the 

acetone bodies were excreted in the urine, 

acetoacetic acid and B- hydro.ybutyric acid being 

the rao,. prominent and present in about equal 

amoOnts. Subsequent samples contained higher 

proportions of B- hydrol.ybutyric - acid and only 

traces of acetoacetic acid. Twenty four hours 

after administration the excretion was normal, 

only B- hydraxybutyric acid being present. 

During the first six hours following ad.nínietrati en 

acetoacetic acid was excreted in the animal's 

breath. 

2. Into the rumen of a sheep. 

The effects of injecting 4 ml. ethyl 

acetoacetate into a sheep's rumen were very si mil 

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. 

3. To a cow/ 
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3. To a cote by intravenous injection. 

30 rat. ethyl acetoacetate injected 

intravenously into the cow had very little effec 

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- hydroxybutyric 

acid in nor;l amounts. Both acetone and 

acetoacetic acid were found in the milk during 

this period, but only acetoacetic acid in the 

rumen contents. 

75 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 breathir; ; 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 

a few days after the experiment. Ten minutes 

after injection the amount of acetoacetic 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 2o/ 



FIGU?',E I2. 

The effect of administering 80 ml. ethyl acetoacetate 
to a cow by intravenous injection. 
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was so disturbed, but one hour after the 

injection traces of acetoacetic acid were found 

in the rumen contents. In one cow a blood 

sample was taken about three minutes after the 

injection (Fig. 12), just as the animal regained 

consciousness, 3.15 mg. acetone /l00 Dui, the 

equivalent of 2b.14 mg. acetone /100 ml. of 

acetoacetic acid and 0.62 mg. acetone /100 ml. 

of B- hydroxybutyric acid were found to be 

present. The cote 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 mi. of 

acetoacetic acid and 3:.59 mg. acetone /l00 ml. 

of B- hydroxybutyric acid. 

4. To a shee-j'b intravenous injection. 

4 or 5 ml. of ethyl acetoacetate injected 

intravenously into the sheep had, like 30 ml. to 

a cotta, very little effect on the animal. The 

rise in total acetone bodies in the blood was 

negligible, and the ma...imum amount of aceto: 

acetic acid found in the blood was 1 mg. acetone/ 

100 ml. ten minutes after injection. Zao 

acetone or iso- propanol were found, nor was there 

any change in the rumer. contents. There was, 

however, a strong smell of acetoacetic acid in 

the animal.t18/ 
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the animal's breath. 

When 10 ml. acetoacetate were injected 

the effects were clinically more marked, the 

animal collapsed for a few seconds, and for 

some time after' the breathing was laboured. 

Ae before the breath smelt strongly of aceto: 

acetic acid. Chemically the position was much 

the same, but ten minutes after injection the 

equivalent of 2 mg. acetone/10° ml. of aceto: 

acetic acid were found in the blood. 

C. The administration of sodium -B -h drox but rat 

1. Into the rumen of a cow. 

1 00 grme of sodium B- hydrol.ybutyrate were 

injected into a 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. No other acetone 

bodies were found throughout the whole experiment 

in either the rumen contents, blood, milk or 

urine. There was a slight rise in the B.,hydro.eyt 

butyric acid content of the blood and milk in the 

first hour, but the urinary excretion was not 

noticeably changed. 

2. Into the rumen of a sheep. 

The results obtained after injecting 10 grm. 

sodium/ 



FIGURE 13. 

The effect of injecting 250 ml. iso propanol 
into the rumen of a cow. 
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TABLE 18. 

Acetone Bodie^ arte ariministration of 2p ml iso- propa_nol 
into the rumen of a coa. 

{as re°centage of totaj) 

T je a er a Lainistratioa. 

0 10 mies. 1 hr. 2 hrs. 

1. Blood. 

Acetone 0 21.84 27.55 42.94 
Acetoacetic acid.,,,, U 1.83 2.36 10.21 
B- hydroxybutyrio acid. 100 3.53 34.08 22.01 
Iso- propanol U 72.80 36.01 24.84 

2, Rumen Contents. 

Ac tone 0 1.80 20.97 28.52 
Acetoacetic acid 0 1.20 0.72 1.10 
B- hydroxybutyric acid. 100 14.37 0.25 4.48 
Tao -propanol. U 82.63 78.0e 65.90 

3.. 
Acetone 0 0 15.89 33.52 
Acotoacetic acid 0 0 1.01 4.16 
B- hydroxybutyric acid. 100 80.31 56.94 32.53 
Iso- propanol 0 13.69 26.10 29.79 
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sodium B- hydroxybutyrate into the rumen of a 

sheep, were similar to those in the cow. 

3. To a sheep by intravenous injection. 

As after administration into the rumen, 

only B- hydroybutyric acid was found in the 

blood, rumen contents, and urine subsequent to 

the intravenous injection of 4 grm. sodium 

B-hydroybutyrate. .given ten minutes after the 

injection no appreciable rise in the B- hydroxyl 

butyric acid content of the blood was noted, and 

there was none in the rumen contents or urine. 

B. The administration of iso- propanol. 

1. Into the rumen of a cow. 

All four acetone bodies were found in th 

blood and rumen contents ten minutes after the 

administration of 450 ml. iso -propanol into the 

rumen, (pig. 13). After the same time interval 

only B- hydroxybutyrie acid and iso- propanol 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 not rapidly, and 

had all disappeared between forty eight and 

seventy two hours after the administration. 

There was very little change in the percentage 

content of acetoacetic acid throughout the 

experiment/ 



TABLE 19. - 

Acetone Bodies of ve o so -ter ::nol to e sheen. 

(as nercezits.F e g to1i4.1) 

nine after ac1rn1 nistratio2 

u 10 Aiins. 1 'Ir. 2 hrs. 

A. 15 ml. into the Rumen. 

1. Blood. 

Acetone .. 0 15.05 37.07 37.07 
Acetoacetic acid 0 11.31 7.59 6.40 
B- hydroxybutyric acid. 100 26.53 41.ú3 52.02 
Iso -prop. ano1.. 0 47.11 13.71 4.51 

2. Rumen Contents. 

Acetone 0 1.22 4.40 10.37 
Acetoacetic acid 0 0.45 1.01 2.01 
ì3- hydroxibuty ric acid. 100 0.28 11.59 17.81 
Iso -propanol 0 98.05 83.00 69.81 

1. Blood. 

Acetone 0 0 55.08 6.82 
Acetoacetic acid 0 0 4.07 11.53 
B- hydroxybutyric acid. 100 33.34' 7.55 1.74 
Iso -propanol 0 66.66 33.30 21.86 

2. Rumen Contents. 

Acetone 0 0 9.19 35.21 
Acetoacetic acid 0 0 15.85 3.25 
B- hydroxybutyric acid. 100 66.22 0 5.2U 
Iso -propanol 0 33.78 74.90 56.28' 
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experiment, while that of B- hyuroxybutyric 

acid fell in the first heur and then rose again. 

As the concentration of iso propanol fell that 

of acetone rose, r ching a maximum value about 

three hours after administration, and then 

decreasing ak;ain till it disappeared about three 

days. later. Ten minutes after administration 

appreciable quantities of iso- propanol and 

acetone were found in the blood. The concen: 

tration of the latter increased rapidly in the 

first si p. hours and then ; r.adually fell again, 

while maximum concentrations of the former were 

noted one hour after administration. The 

concentration of B- hydroxybutyric acid rose in 

the first two hours and then gradually decreased. 

Iso- propanol was rapidly' excreted in the 

milk and urine, though in bette B- hydiroxybutyric 

acid was present in the highest concentrations. 

After the first hour relatively large quantities 

of acetone were found in the milk, and the mount 

excreted in the urine exceeded the ieo- propanol. 

Only traces of acetoacetic acid. were found in 

both. 

2. Into the rumen of a: sheet. 

As before the response of the sheep was 

ver similar to that of the cow. (Tables 19 and 

34) . In this case 15 mi. were injected into the 

rt2r nr. / 



TABLE 20. ..._... 
Ac-t21ne Bodies after ac;ra inistrat on 32? 3.2 r? , io-rcaza 

iz1tYaVe:1ot1:l1. to u^, cow. 

(As Percento.ae of total) 

Time after administration. 

-- - 
0 lo rains. 3. hr. 2 hrs. 

1. Blood.- 

Acetone 0 3.86 43.51 57.64 
Acetoacetic acid 0 4.31 7.20 1.23 
B..hydrox,y'flutyric acid. 100 46.14 3.47 23.40 
Iso-propanol 0 45.69 45.62 17.73 

2. Ruinen C o 1,n ents.. 

Acetone 0 8.76 16.80 22.76 
Acetowcetic acid. U 6.76 4.33 5.54 
B-hydroxybutyric acid. 100 7.20 0.62 34.51 
Iso-propanol .... O 77.28 78.25 57.19 

3. 111.11. 

Acetone 0 33.80 39.83 40.30 
Acetoacetic acid 0 6.20 9.30 10.42 
B-hydrox3rbutyric acid. 100 4.00 5.80 18.65 
Iso-propanol 0 56.00 45.07 30.63 
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rumen. On the average the percentage content 

of acetoacetic acid in the blood ras higher, 

and that of iso -propanol louer, than in the 

cow, and the fall in percentage content of iso - 

propanol and rise in acetone in the rumen war 

not co rapid. 

3. To a cow by intravenous injection. 

Ten minutes after the injection of 125 4. 

iso -propanol all the acetone bodies were found 

in the blood, rumen contents and milk. (Tables 

20 and 35). The eteady decrease of iso- propano 

in the blood was accompanied, during the first 

two hours, by a rise in acetone content. Very 

little acetoacetic acid was found. After one 

hour steadily increasing percentages of B- hydrox : 

butyric acid were rioted. The percentage of 

iso -propanol found in the rumen, even ten minute 

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- hydroxybutyric acid rose after 

the first hour. 

The percentage of iso -propanol excreted 

in the milk was greater than in the previous 

experiment/ 
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experiment, and was about equalled by acetone. 

The percentage of acetoacetic acid was slightly 

higher, and B- hydro..ybutyric acid slightly 

lower than in the blood. In the first six 

hours after injection haemoglobin was found in 

the urine. The first sample, taken about one 

hour after administration, contained the gqui: 

valent of 21.53 mg. acetone /100 ml. of B- hydro.wy: 

butyric acid and 15 mú. acetone /l00 m1. of iso- 

propanol with 7.65 mg. acetone/100 ml. and traces 

of acetoacetic acid. Later samples contained 

decreasing amounts of iso- propanol and increasing 

proportions of acetone. In all the sapples 

B- hydroxybutyric acid was the main excretory 

product. 

4. î'o a soh by intravenous injection. 

Ten minutes after the injection of 4 ml. 

iso- propanol only that substance and B- hydrory: 

butyric acid were found in the blood. and rumen 

contents, though one hour later all four ketones 

were observed in both. (Tables 19 and 35). 

After the first hour the chain of events 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 that order. 

II. Continuous/ 



70 .. 

H. Continuous Administration. 

Acetone and iso- nropanol, when administered 

to the ruminant, produced the greatest response. 

As iso ropanol 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- propanol, (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 animale are used, the con: 

stant drip method of continuous administration was 

not utilised. Instead the animals were given two 

or four injections a day, they number depending on 

the tractability of the animal used. Lamples were 

taken daily just before the first injection of that 

day, 

Re eated in ' ections 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 

acetoacetic acid in the blood, though the value 

of the total acetone bodies remained much the 

same over the administration period. (Table 21). 

The percentage/ 



TABLE 21. 

o 3odies after administration of acetone 

o 1 t The a da-r to a C011. 

(Aa_Dsmaatiail...Pf total) 

14tys of ExoerimenI. 

III 1 

2x2x 
50 ml. 75 m1. 

2 3 4 IE 
Acetonekas194. 2 

75 ml. 

1. Blood, 

U 25.40 44,79 72.71 33.8 Aceto-le 

Acetoacetic acid 0 2.73 5.19 7.30 32.03 
B..hydroxybutyTic acid 100 70.41 4.95 17.22 33.69 
180-propanol... . 0 1.46, 4.07 2.71 0 

.......`""1 

2,71 20.55 24.11 22.28 
T 1 Ac t e B *ta 

6.68 m acetone lUu ml.) 

arroa......e.. 4 

2. Rumen coalmIk. 

Acetone 0 21.59 35.74 21.66 15.74 
Acetoacetic acid 0 1.64 13.07 11.33 38.19 
B-hydroxybutyric acid Du 24.99 20.40 53.49 8.17 
Iso-propanol 0 51.78 30.79 13.54 37.90 

Bodje 
1.72 7.92 21.43 39.89 3.43 (mg, acetone/100 ml.) 

-------------- 
. Milk. 

Acetone 0 16.07 48.88 63.29 56.84 
Acetoacetic acid 0 7.84 21.64 29.35 22.81 
B-nydroxybutyric acid 100 76.09 24.25 0.05 20.35 
Iso-propanol 0 0 5.23 7.31 U 

Total Acetone Bodies 

12.30 15.44 22.86 24.63 z.11 (mg, acetone/100 ml.) 



- 71 - 

The percentage conent of B- hydro.A.ybuiyric acid 

fell any.. the t of ijo- propanol remained low over 

the came period. Tough the total acetone 

bodies rose .steadily in the rumen over the 

adm nistration period, the percenta e contents 

of the constituent fractions varied from day 

to day. In general the content of acetone and 

acetoacetic acid rose while that of iao- propaano1 

fell steadily. As in the blood there was a 

steady increase in the acetone and acetoacetic 

acid contents in the . ilk; in addition the total 

acetone 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 administration. 

B- hydros >yäutyric acid was present in much the 

greatest proportions. On the third day, however, 

acetone and B- hydro.tcybutyric acid were found in 

about equal amounts. 

2. To a ahesa. 

In general the resQonse of the sheep was 

very similar to that of the cow, (Table 36). 

Slightly higher concentrations of acetoacetic 

acid 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 thole of acetone 

were higher. 

Repeated injections of iso -propanol into the 
rumen. 

1. Of a cow. 

Rour days before the :.:periment on the 

cow, the reeults of which are shown in Table 22, 

the animal vas subjected to a very heavy dosage 

of ico- propanol, given into the rumen, 400 ml. 

one day and 250 ml. the next. The value for 

total acetone bodies was too high to estimate 

with any degree of accuracy, so the cow was left 

for four days before repeating the experiment 

using smaller doeeo of iso -propanol. ven at 

the end of the four days appreciable quantities 

of the acetone bodies were still found in the 

blood, rumen 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 -propanol found in the 

blood and milk were very reuch lower than in the 

rumen/ 
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rumen contents, while those of acetone were much 

higher. The percentage contwïts of all the 

factors were very similar in the blood anú milk. 

2. Of a sheet. 

The results given in Table 37 for the 

sheep show a greatly decreased response to the 

injections compared to the cow, while those in 

Table: 37a are comparable. The experiment 

quoted in the latter table was carried out when 

the experimental sheep were relatively fresh, 

while the sheep in the experiment shown in 

Table 37 had been used for administration 

experiment) for two years, and had possibly 

become accustomed to acetone bodies, so tire 

able to metabolise them more readily. 

ice az:ed injections of ethyl aectoacet ,tc 
intravenously to a cow. 

Owing to the toxicity of ethyl aeetoaceta e 

it was not thought advisable to inject more than 

30 imi. 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 Waki 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 36. On both occasione traces of 

acetone/ 
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acetone bodies were found in the blood, rumen 

contents, milk and urine. The percentage 

content of ácetoacetate in both the blood and 

rumen was low, though the level vas sl ightl y 

higher in the latter. In all four body fluids, 

viz., blood, rumen contents, milk and urine, 

B- hyaroeLybutyric acid was the most prominent 

acetone body present. In sample A. ioo- propan o 

was only found in the rumen contents, but in B. 

all the fluide contained traces os' this fraction 

Though the percentage of acetone in the blood 

and rumen contents e. seeded that of acetoacetic 

acid, the reverse held true in the urine. 

DISC-EL-38'10E. 

The effects of administering the various 

acetone bodies to sheep and cows were the same 

qualitatively though not quantitatively. It is 

only natural that the enact 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, normal 

values being regained within about two days. 

The cows used were not milked out at each 

sampling eo the reeults 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 zithin 

about six heurs of aaiainietration, either the 

acetone bodies were utilised by the mammary gland 

for energy purposes, or a back diffusion into the 

blood etrcari took place. :,haw (1942) has shown 

that the matunary gland can utilise B- hydroxybutyric 

acid, but not acetoacetic acid, for energy purposes. 

As acetoacetic acid was found in higher concentration 

in the milk than in the blood, this would seem to 

indicate non -utilisation of this substance by the 

gland, accompanied poseibly by inability to diffuse 

back into the blood. 

prom the figures given it is obvious that the 

total amount of acetone bodies excreted in the milk 

=nd urine in no way accounted for all the specific 

cetone body administered. The remainder of the 

cetone bodies, in one form or another, are probably 

omvletely 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. Scharz 

1597) stated that dogs could not oxidise acetone in 

he body, and Dye and McCandless in 1.43 suggested 

that acetone was formed in the ruminant tissues, and 

ody fluids, from the other acetone bodies, via., 

-hydroxybutyr i c/ 
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B- hydroxybutyric acid and acetoacetic acid, and 

being relatively inert wa 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 acetone bodies, viz., 

acetoacetic acid, ,>- hydroxybutyric acid and iso- 

propanol. Plaut and Lardy (1960) carried out 

experiments with labelled acetone 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 concentratio 

it would appear that acetone is aleo me:tabolieed in 

a 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 citric acid, and so be 

itiliy ed via the tricarbcaylic acid cycle. Price 

and Rittenberg (1948) administered acetone with 

labelled carbon ia a methyl group, and found that 

labelled carbon dioxide was excreted in the animal's 

breath, and labelled acetyl compounds in the urine; 

they concluded that the rat could actively aletabolise 

.cetone. üakami (1950) after administering radio: 

,fictive acetone to rats suggested, as a pathway of 

acetone utilisation, cleavage of the carbon chain into 

acetate:/ 
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acetate and formate, or substances derived from 

there coii,oundc. laiether these result, can be 

applied to the ruminant or not recoins to be seen, 

but j.ropably very similar actions take place in the 

ruminant tissues. 

It is surprising to find that Holmes (1950) 

noted no acetonuria after feeding crows large yuan: 

tities of aceton =. In the above experiments, where 

much smaller amounts of acetone were administered, 

sufficient was found in the urine to give an intense 

colouration in a i:o.hra test. Within an hour o f 

ad inistration a high percentage of acetone was 

excreted., su,eetinü that this substance has a low 

renal -threshold value. 

Plaut and Lardy, (1950) noted a rise in the 

;3- hydrea4bui yric acid and acetoacetic acid content 

of various ti ssues and in the urine, when acetone 

was metabolised in the rat. We noted a sil il.r 

rise in the ruminant, and it would appe;: r that the 

potier of the t ii3sues to metabolise acetone bodies 

is the same in the ruminant as in other animals. 

It appears that the ruminant can metabolise 

acetone in the rumen, as well as in the blood and 

tissues with the formation of the other acetone bodie 

It is interesting to note that iso- i;ropanol is found 

in highest/ 
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in highest concentrations in the rumen, and that 

in general this substance is found in the rumen 

before: it is found in the b1ood,but never found in 

the blood before appearing in the rumen. This 

indicates that the site of formation of ieo- 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 surjpose that acetone 

can be converted directl;i into iso- propanol in the 

rumen, by reduction. 

When iso- propanol was administered, either 

into 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 oidised 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 waa more easily accomplished 

than decarboxylation to acetone, which also toolc 

place. In general the response of the ruminant to 

acetoacetate administration per ou was similar to 

that observed by Frerichs etc. 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, though 

in very small amounts. An enzyme has been demon: 

strated in Clostridium acetobutylicum which catalyses 

the decarboxylation of acetoacetic acid to acetone, 

(Johnson et al 1933), and Grégoire (1933) and Rossi 

(1936) claim to have found a similar catalyst in dog; 

blood. These catalysts 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 e lcretion were the quickest, viz. 

through the lungs and urine. Large doses of aceto: 

cetic acid caused congestion of the lungs, with 

ossible injury to the lung tissue. From the result i* 

it appeared that, as has been suggested, acetoacetic 

acid was very toxic to the ruminant, and in concen: 

trations above about 2b mg. acetone /100 ml., in the 

cow, can produce a coma. This lends support to 

urtley's suggestion that a specific poisoning by 

acetoacetic acid causes the coma often observed in 

diabetes. The listlessness noted in ruminants 

suffering from bovine ketosis and pregnancy toxaemia, 

might'bß explicable on the same basis. Hurtley 

also/ 
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also sug csted that the reduction of acetoacetate 

to B- hydro.ybutyric acid was a protective mechanism 

delaying the coma. In all the previous experiments 

B-hydro ..ybutyric acid was formed from the other 

acetone bodies, anu was the only acetone body present 

before, and after, the experimental period. This, 

taken with the fact that administration of B- hydroxy: 

butyrate, either into the rumen or intravenously, 

produced none of the other acetone bodies, indicates 

that B- hydroxybutyric aciu is the end point in 

acetone body conversion. As this substance is 

present in the normal animal it is obviously harmless, 

and so conversion to B- hydroxybutyric acid could be 

taken as a protective mechanism. 

These experiments would also suggest that 

if in the ruminant, as Geelmuyder etc., found in 

.n and dog, acetoacetic acid is formed in fat meta: 

olism, it is the primary product being readily 

'reduced to B- hydroìybutyric acid. 

On the basis of the above results we would 

tentatively suggest the following as a possible cycle 

of events in the inter- acetone body conversions. 

Tn the blood and tissues/ 
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In the blood and tissues : - 

3 
/CO 

CH 

COOH 
acetoacetic acid 

In the rumen:- 

3 
/CO 

CH3 

acetone 

CH 

CHOH 
CH, 

4 

\COOH 
B-hydroxybutyric acid 

3 
CHOH 

CH 
3 

iso-propanol 

acetone 

acetoacetic acid isà-propanol 

B-hydroxybutyric acid 

There appears to be a slight difference in the 

response of the two ruminant species to acetone body 

administration. In nearly ail cases higher concen: 

trations of acetoacetic acid, and lower concentration 

of i$o- propanol were founu in the sheep. The tolera ce 

to acetoacetic acid in the sheep may be greater than 

in the cow/ 
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in the cow, while the ability of the rumen micro- 

organisms to produce iso- propanol may be less. 

Very much larger quantities of B- hydro.ybutyric 

acid were excreted in the sheep's urine, which 

euggests that the renal threshold for the Other 

acetone bodies is higher in the sheep than in the 

cow, or the protective mechanism of conversion of 

the acetone bodies to B- hyuroxybutyrie acid ie 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. This 

would be an additional protective measure; if 

large quantities of acetoacetic acid aepeered in 

the blood, as after the injection, the normal 

deto <..if i cation react ions of decarboxylat ion and 

reduction, to acetone anu B- hydroxybutyrìe acid 

respectively, would not be able to act with suf ficie nt 

speed to prevent the toxic action,without the ex: 

cretion of a large proportion of the acetoacetic 

acid through the urine taking place at the same time. 

In two cases of repeated administration, 

acetone intravenously ana iso -propanol into the rumen, 

a form of ketosis was produced, tciough the relative 

ropö'rtions/ 
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proportions of the acetone bodies varied somewhat. 

The proportion of acetone found in the blood and 

rumen contents in both experiments was about the 

same, while -that of acetoacetic acid remained low 

during the experimental period. The main difference 

lay in the proportion of iso- propanol w ich was 

naturally higher in both the blood and rumen content 

in the experiment in which it was admini tered. 

The proportion of iso- propanol found in the sh uep's 

rumen was lower than in the coy's, while that of 

acetone was higher. 

Repeated injections of acetoacetate produced 

a very transient ketosis after each injection. 

The body mechanisms were able to detoxify, and 

completely eliminate, 30 ml. doses of acetoacetate 

within about three hours, and only a very slight 

accumulative effect was noted in the percentage 

contents of the various factors. 

In general the results obtained from admin: 

istration experiments to men and dogs etc. by 

earlier workers have been repeated in this invee: 

tigation. No systematic analysis appears to have been 

carried out in the early experiments, the presence, 

or absence of acetone, and /or acetoacetic acid, 

being noted by means of a Rothera test. From 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- hyuroxybutyrate 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 acetone or B- hydroxybutyric acid, 

while a strong smell of acetoacetic acid was noted 

in the breath after administration of that substance. 

Riäher concentrations of acetoacetate produced a 

state of coma in the rabbit and the cow. 

An acetonaemia and acetonuria were observed in 

rabbits, dogs, cows and sheep after administration 

per os or intravenously of both acetone and aceto: 

acetic acid, though when the latter was given 

intravenously the response was very slight. B- hydroiyy : 

butyric acid administration by either zehod provoked 

no response in the subjects used, though Allen and 

iuishart observed a sli t acetor ìria inaa rabbit 

after giving B- bydrox.ybutyric acid by stD mssch tube. 

,Ls tao-propareOl is formed in the rumen the response 

of man and dog etc. to its administration mould 

probably be different from that observed in the 

ruminant, No references could be found in the 

literature to investigationk concerning the &dolmas: 

tration of isoprolanoï to a y sp.eeies, so we are 

amble/ 
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unable to compare the response of the ruminant to 

that of any other animal. 

The above experiments suggest that there is 

a high degree of interchange between acetone, aceto: 

acetic acid and iso- propanol in the blood, tissues 

and rumen, and that B- hydro.sybutyric 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 isos.propanol appears to be the rumen. 

SUMMARY . 

1. The administration of acetone, aceto: 

acetic acid and iso- propanol separately to a 

ruminant, by mouth or intravenous injection, 

was found to produce a transient form of 

ketosis. 

2. A high degree of interchange was found 

to exitit between these acetone bodies in the 

blood, tissues and rumen. The latter organ 

appeared to be the site of formation of iso- 

propanol. 

3. The administration of B- hydroxybutyric 

acid produced no ketosis, and this fraction 

appeared to be the end -point of inter acetone 

body conversions. 

4./ 
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Acetoacetic acid produced a corm, in the 

cow when present in concentrationsabove about 

25 mg. acetone /l00 nil. in the blood. 

A cycle of events is suggested for the 

metabolism of the acetone bodies in the blood 

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 sped a. 
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DI SCUo IOi . 

The e ;.periments described above have suggested 

that acetone, acetoacetic acid and B- hydroj.ybutyric 

acid are formed in the body, while i8o- propanol is 

formed exo;enously 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 aceto: 

acetic acid found in starvation was higher than after 

adrminiStre,tion. .given the injection of acetoacetate 

itself, by mouth or intravenously, did not produce 

a 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 -hydro 

butyric acid. 

In starvation ketosis the most promine, t ex: 

cretory product, in the coy, was acetoacetic acid, 

followed by "r"3- hydroxybutyric acid, acetone (in 

increasing quantities over the period of fast studied 

and iso- propanol, in that order. Even immediately 

ter the administration of acetoacetate the pro: 

ortions of this factor and B- hydroxybutyric acid 

ound in the urine were about equal, and subsequent 

rink,: samples contained increasing aaounts of the 

atter substance. After the administration of 

oetone/ 
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acetone and iso- propanol the urine contained 

Bhydroxybutyric acid in the lúrgeet proportions, 

followed by acetone and ieo- propanol respectively, 

though the iso- propanol was soon superoeded by 

acetone. It would apper that the renal threshold 

for acetone i$ low, as it was excreted in lame 

quantities immediately after administration, and 

about hwo hours after the administration of iso- 

propanol. In starvation ketosis, where the level 

of acetone in the blood is high but about equal 

to B- hyuroxybutyric acid, the main excretory product 

is acetoacetic acid (about 44 of the total), with, 

ter five days ofia.st, about equal amounts of 

acetone and B -hydro ybutyric acid (about 25% of the 

otal each). These results suggest that the ketosis 

bserved on fasting a ruminant was not due, initially, 

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

B- hydroxybutyric acid or ieo propanol in the body 

tissues or fluids, or in the rumen. But the figures 

do indicate, particularly those of the cow and sheep 

in late pregnancy, that the continual excessive 

roduction of acetoacetic acid from fat by the liver 

in 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 pregnancy. 

In both starvation and administration exper: 

iments to sheep, generally lower- percentages of 

acetone and iso- propanol were found, with higher 

percentages of ac toacetic acid and T- hydroxybutyric 

acid than in the cow under the same conditions. 

This suggests that there is a slight species 

difference in the metabolism of the ketones. 

presuming that acetoacetic acid is formed during 

the catabolism of fat it appears that both cows and 

sheep, under normal conditions reduce this substance 

on formation to B- hydroxybutyric 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 directly or after 

reconversion to acetoacetate. To meet theenergy 

demands of the body during starvation more fat is 

metabolised, and excessive quantities of acetoacetio 

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- 

propanol. The sheep on the other nand appears 

able to tolerete higher concentrations of acetoacetic 

!acid, and reduces a larger proportion of the excess 

than the cow to B-hydroxybutyric acid, so that less 

acetone/ 
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acetone, and subsequently lees iso- propano], are 

found in the blood. 

Apart from the slight epecies difference noted, 

the ketosie obtained on fasting a cotta or a sheep in 

late pregnancy were very similar and, with regard to 

the proportions of the varioue acetone bodies, rather 

different from that produced on fasting a cow at 

peak lactation. In general the percentage of 

B hyuroxybutyrie 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 blood of the cow in late pregnancy 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 at 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 reducing the acetoacetic 

acid formed to B-hydroxybutyric acid, are unable' to 

detoxify the former with sufficient gipped, so that 

a larger proportion is decarboxylated to acetone. 

Alternatively, similar a#ounts of fat may be cata: 

bolised in both cases but, due to borne metabolic 

change associated with parturition or milk production, 

the cow/ 
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the cow at peak lactation is unable to reduce the 

excess acetoacetic acid with the sane efficiency and 

decarboxylation takes place instead. 

The chain of events suggested by this inves: 

tigation is primarily the formation of acetoacetate 

from the caLaboli m of fat in the liver and its 

rapid conversion to B- hydroybutyric acid under 

normal conditions. Under conditions of stress, 

such as starvation, the catabolism of fat is in: 

creased and the acetoacetic acid formed is rapidly 

excreted or converted into acetone and B- hydroxy: 

butyric acid. These various fraction: 6.airi the 

blood stream whence they pass into the milk, urine 

and rumen. In this organ there occurs the formation 

of iso- propanol, possibly from acetone, which then 

passes back into the blood stream and eventually 

reaches the milk and urine though at very low levels. 

This cycle of events is a dynamic one, and, with the 

exception of l -hydro.tybutyric acid, the acetone 

bodies are all readily inter -convertible. 
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:JL1V1Vi:X'f.R 1 . 

In order to carry out a detailed inveeti zat.ion 

into the origin and fate of the acetone bodies in 

the normal ruminant, a method was devised for the 

estimation of individual acetone bodies and .iso - 

propano1. 

detailed study of the fasting ketosis of 

both cows and sheep, and the metabolism of the 

individual ketones and iso -propanol in these two 

species was carried out. The results obtained 

indicated that acetone, acetoacetic acid and B- hydro.i.y: 

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 isopropanol 

the blood, tissues, and rumen, but B- hydroxybutyric 

acid appe._ red to be the end -point of the conversions 

being metabolised by the tissues withouth the pro: 

duction of the other ketones or iso -pie panel. 

Conditions of stress, such as 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 resulte are diàcuosed and comp red uith 

those obtained by other workers in various animal 

species. 
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Recovery' of mixtures of Acetone Bodies. 
uß1Ylta standard solut:i.ona. 

Subacance. 

Yheoretical, 
Re0 . 

Amount 
Error 

nr.10 m1. luG m . 

1. acetone......... 7.92 7.75 - 2.1 

Acetoacetic acid 3.` Z 3.o8 - 3.4 

Iso- propanol ...... 7.43 7.50 + 0.9 

B- hydroVbuty ric acid. 5.08 5.30 + 4.3 

2. Acetone 7.92 7.75 - 2.1 

Acetoacetic acid 3.81 3.81 0 

I so- propanol... .. . 7.43 7.15 -r 3.7 

B- hydroxybutyric acid. 10.15 9.99 - 1.6 

3. Acetone 15.74 15.30 - 3.4 

Acetoacetic acid 7.62 7.45 - 2.2 

Iso- propanol 14.86 14.00 - 5.7 

B- hydroybutyric acid. 15.45 14.60 - 5.5 
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TABLE 25. 

Recovery of mixtures of ketone bodies using standard solutions 

Theoretical Amount 
Error R u1t Fu 

luu s luu m . 

1. Acetone and acetoacetic 
acid..... 11.73 14.00 + 19.35 

B- hydroxybutyric acid 
and i >so- propanol 12.51 18.48 + 47.72 

Total acetone bodies 24.24 19.84 - 18.15 

2. Acetone and acetoacetic 
acid 11.73 16.60 + 41.52 

B- hydroxybutyric acid 
and iso- propanol 17.58 20.59 + 1'7.12 

Total acetone bodies 29.31 48.36 + 64.99 

3. Acetone and acetoacetic 
acid 23.46 30.60 + 30.43 

B- hydroxybi.ttyric acid 
and Iso- propanol 30.31 34.58 + 14.09 

Total acetone bodies 53.77 62.49 + 16.22 
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TABLE 27. 

Acetone 30 Ms 
in lato ,rJ?'egnr`3.nc.4 

(A0 mk=:. acetorle/100 ml.) 

Blood. 

Dave of Fapt. 

0 1 2 3 4 5 

Acetone 0 0 0.63 1.53 4.57 12.60 

Acetoacetic acid 0 0 0.11 0.81 3.05 1.78 

0-hyd.roaybutyric acid. 10.67 7.38 14.77 21.50 24.90 30.42 

Iso-propanol 0 0 0 0.14 0.20 0.55 

Total acetone bodies 10.67 7.38 15.51 23.98 32.72 45.38 



TABLE 23. 

kyoiLa e coi3centraticn^ of acetone bodies 
acetone l0() ml 

Data of Fast. 

NS ate. -- 
0 1 2 3 4 5 

.41.9.0... 

Acetone 0.03 1.48 4.46 8.96 13.36 15.05 7.22 
Acetoacetic acid 0.66 1.63 3.04 4.62 5.25 4.39 3.26 
B- hydroxybutyr?c acia 6.03 8.81 14.54 10.73 12.32 23.46 13.05 
Iso- propanol O.tu0 0.03 0.32 1.56 1.61 1.92 0.91 
Total acetone bodies 6.72 11.94 22.37 31.37 32.55 44.82 25.04 

Rumen. 

Acetone 0.00 0.38 2.47 5.54 9.68 11.47 5.01 
Acetoacetic acid - 0.22 0.27 1.27 0.83 1.24 1.05 0.91 
B- hydroxybutyr:ic acid 3.69 5.52 4.38 3.52 6.39 3.96 5.49 
Iso- propanol 0.00 0.47 1.08 3.33 5.22 5.47 2.59 
Total acetone bodies 

fia. 

3.91 7.14 9.70 13.22 22.53 22.55 14.00 

Acetone 0.00 1.39 3.60 8.69 14.50 10.24 7.40 
Acetoacetic acid 0.00 0.27 2.67 0.84 1.79 1.57 1.19 
B- hydroxybucyr:ic acid 4.92 5.35 10.79 16.00 8.53 7.92 8.92 
Iso-- propanol 0.00 0.05 0.15 1.10 1.44 1.77 0.75 

Total acetone bodies 4.92 7.00 17.21 26.63 26.26 27.50 18.26 

Urine. 

Acetone..........,. 1.01 6.08 8.93 16.03 25.04 21.99 13.18 
Acetoaceuic acid 3.37 31.32 31.09 80.36 40.89 37.29 37.39 
B- hydroxybutyric acid 11.66 19.01 8.61 53.05 35.38 25.10 25.47 
Iso- propanol 0 0.15 0.49 12.09 2.90 4.03 3.37 
Total acetone bodies .16.04 56.`36 49.12 161.53 104.21 89.01 79.41 



TABLE 29. 

Acotont Bod es oi a co , 
with s:i.c13.nlca1 bovin G ;:etGs' s t'ast:irz. 

(AáMT)GrCe3?tí.?,e o total} 

Dave of Fast. 

,.1 0 1 2 3 4 5 

1. Blood. 

Acetone 30.68 21.41 37.91 31.32 39.95 44.44 58.62 

Acetoacotic acid..., 12.76 15.31 9.19 26.94 9.68 12.17 14.62 

B-ny roxybutyrie acid. 55.34 62.31 50.19 37.83 39.07 25.65 17.15 

Iso- propanol 1.22 0.97 2.71 3.91 11.30 19.74 9.61 

2. Rwnen CQrtentq. 

Acetone 31.20 40.21 59.20 44.99 0.71 71.75 76.03 

Acotoacetic acid 4.55 3.04 4.36 11.92 4.66 12.58 7.27 

B- hydroxybutyric acid. 16.87 21.57 12.62 8.45 11.13 0.43 3.51 

Eso- propano1 47.38 35.18 23.82 34.64 23.50 15.24 13.19 



Concentrations of acetone bodies on f' stir 

(ILIAL;sja0/111.11a). 

Days of 41.0. 

, 

! 

ij 1 
, 

2 3 4 

A. Non-pregnant ewe. 

------------ 

Acetone 0 0 0 0 0.81 
Acetoacetic acid 0 0 0 1.23 0.91 
13-hydroxybutyric acid. 11.68 10.05 16.82 10487 20.28 
Iso-propanol 0 U . 0 7 0. ' 0.26 
Total acetone bodies,. 11.68 10.05 16.82 12.10 22.26 

- ..........* 

Pregnant 

Adetone 8.10 8.10 10.44 10.98 12.60 
Acetoacetic acid 5.43 18.35 9.86 6.86 9.93 
B-hydroxybutyric acid. 16.07 12.52 39.20 23.17 54.42 
Iso-propanol 0.20 1.10 0.83 0.24 0.56 
TOtal acetone bodies 29.80 39.07 60.33 41.25 76.51 

galmgnant ewe. 
---- ------ _-___ -...... 

Acetone 0.63 0.81* 0.54 
Acetoacetic acid 0.11 1.53 1.55 
B-hydroxybutyric acid. 12.92 22.75 12.25 
Iso-propanol 0 0 0 

Total acetone bodies 13.66 25.09 14.34 

K Ewe lambed between let and 2nd days of fast. 



Tts1411-21. 

Aceton3 Bodies after admtirtior1 of acetone into the mei. 

(617,Lau_LaIUucl100 m1,) 

.:0 after adminietratioa. 

U lO mins. 1 hr. 2 hrs. 

A. loo lal. tq a coy. 

. J3L)ola. 

Acetone... () 4+,05 13.50 14.95 
Acetoacetic acid 0 1.00 1.20 0.43 
B-hydroxybutyric acid. 4.52 16.18 1.52 8.55 
Iso-propanol..... . 0 0 1.55 2.25 

. ii=912-9-1/1921a. 

Acetone 0 67.50 21.00 15.75 
Acetoacetic acid 0 0.77 1.10 0.01 
B-hydroxybutyric acid. 2.87 2.93 1.00 1.80 
Iso-propanol 0 13.00 16.00 17.00 

3. Milk. 

Acetone 0 1.13 12.38 OM 
Acetoacetic acid 0 1.95 3.92 6.53 
B-Dydroxybutyric acid. 4.02 30.75 16.75 7.20 
Iso-propanol 0 0 0.90 0.60 



TABLE 31 Oonì;d) a 

Acetone Bocti .a after adoiI77.strcLtiO?3 of a etone into the rum n. 

A. -10Ç) . tc a coU; . 
!3. lL ral.Kto ;eo. 

`Pirae af't ad, mi.s,irat-± on. 

0 . 10 r_e. 

_ 

; 

1 

`i Ur. j 2 hrs. . 

i3. tó á 
.. -4-at.. .2=2. 

Als g* 

Acetone..... e 0 0.54 1.80 3.78 
ticetoacotic acid- U 0.24 0.66 
B-hydroxybutyric acid. 12.30 13.12 11.93 13.78 
Iti,o-propano1.........4 G 0 0.22 0.22 

2, .4umei1 `r0'1 úEY'i G . 

Acetone........., 
'.Kcetoaceric acid 

0 
U 

30.60 
0.15 

6. 84 

2.51 
7.38 
2.O2 

B-hydroxybutyr:ic acida 7.12 1.42 4.17 3.17 
I: o-prop:a,no1 

. 

. 0 1.00 2.30 2.10 



,.tn 
7- L á:LtL' ..m..a.,..3.m...:.. 

aceton Bodies after a ChaiYLi ú vY'OY tì ̀ CO't Te3 1.12WïúVOi10ì3S1?l 

d, t' ? . t 6 Cotd. 
't'0 S1,2c612. 

(EsS ". ct^EaiC3n^!.'.1.1 r.tl 
d x._t, 

f 
.p. .y. 

'í; P a 3r a.1r7 U.J.. 

U ` 10 m?.n3. I 1 hr. 2 hrs. 
( 

Á. `1L77112. to. 
1. B1oc4. 

Acetone. ..... 0 7.83 5.85 4.68 
AcatoacQtic acid...... 0 o.41 0.].2 0.36 
B.-irrdr_ oxybezty.^i c acid. 2.87 9.38 11.25 11.48 
I So--_aropa_zol 0 0.28 0.20 0 

2. Rennen. Contents. 

Acetone 0 1.26 1.71 1.80 
.ie Uoc.ce ti c acid 0 0.09 0.50 0.17 
B-hydro.°yi;utyr ic acid. 1«65 10.25 4.68 2.52 
Iso-propanol 0 1.11 3.6o 5.50 

3. á%. 

Acetone 0 1.35 5.63 2.70 
Acetoacetic acid 0 1.73 0.52 3.14 
B-hydroxy butyr7.^ acid. 4.10 7.17 6.15 8.20 
lso-propanol 0 0 U 0 



T4BL2 (Contd). 

AcetOne Bodiec af'eradm'nistrLtior of acetone intravenowIz 

Al.=.3.1_21.e to a c w. 

a 

( Mas..2.9.9t°ne/1°C) ml-) 

---- _ _ --- 

"'(13---nirlia-b=2.L. 

i 

0 1 10 mine. 1 hr. 2 hrs. 

---------- 

141_,A...1.1_12.1-1kaI2. 

,crmor,s1rat-,..... 

1. Blood. 

Acetone., 0 1943 20.25 6.75 
Acetoacetic acid 0 046 1.23 1.25 
B-hydroxybutyric acid. 0 22.45 21.22 5.27 
Iso-propanol 0 0.36 1.10 2.67 

2. 12.00.0ontents. 

Acetone 0 0 9.U0 0.5 

Acetoatetic acid 0 0 3.30 2.52 
B-hydroxybutyric acid. 0. 12.68 12.72 1.80 
Iso-prnol 0 3.15 7.75 8.75 



TABLE 33. 

Acetone Bodies after administration of ethyl acetoacetate 
into the rumen 

A. - 150 ml. to a cow. 
B. - 4 ml. to a sheep. 

(As mg. acetone /100 ml.) 

Time after administration. 

0 10 mins. 1 hr. 2 hrs. 

A. 150 ml. to a cow. 

1. Blood. 

Acetone , 0 0 0.36 0.18 
Acetoacetic acid 0 2.95 0.99 0.31 
B- hydroxybutyric acid. 3.08 24.82 22.35 20.72 
Iso- propanol 0 0 0 0 

2. Rumen Contents. 

Acetone 0 0.54 0.36 0 

Acetoacetic acid 0 22.83 5.18 0.25 

B- hydroxybutyric acid. 2.87 1.22 7.20 13.43 
Iso -propanol 0 0.50 0.60 0.30 

3 . ì Li1k. 

Acetone 0 0 0 0 

Acetoacetic acid 0 2.77 Oä93 0.93 
B- hydroxybutyric acid. 4.62 7.88 5.13 10.75 

Iso -propanol 0 0 0 0 



Tam 33 (Con.' 4. 

Úons a r , HCtt.L,..o . 

c1 - 156 43,;0 'tiJ a.çOW 
a ..lc I *:i il . TrC1 he 

rl. i:; o3Z:3¡l'Z+ 

. . ... . _. . - 

Lae aúE' aLt2.i7.,.°!. 

0 10 ruins. 

- 
1 hr. 2 h, 

: i . i:.. '`î . o i:, s:'.o% i ... 
..._ ...n... 

1. Mood. 

Acetone .. 0 0 1.69 f) 

Acetoacetic acid 0 0 4.46 0 
B.hydroxJbut3rric acid. 0 10.15 10.25 6.15 
Isa-pr©pano1 0 0 0 0 

2. AUllia. ,Eo; s.- 

Acetone 0 13.50 1.69 0 
Aceia.;acetiiL acid 0 57.10 25.99 0 
Bhydrö4yioutyr? e acid. 0 0.15 0.53 5.42 
Iso-propanol 0 0.45 2.13 1.05 



.i,izJL 'i 

acetone `odies c.fter tipo the ruriq}o 

B o elem. 

(As . acetone/:; Jt ra1. ) 

41130011. 

Acetone 

-/0/701/..MMINIMOVIIIIII_._. 

`i; ime of gajilaa zaistra.i:ian. 
,_.,....o.....,.,v.... 

o 10 m_ns. 
¡ 

1 hr. 2 hrs. 

_ ... !...ax.......,.m..y.e... 

to a. ÇCìkf. 

..smarac>arx.aoglen. AY" san 

O 
I 4.77 15.30 23.55 

Acetoacetic acid 0 0.40 1.31 5.67 
D..hy.lrox-y;:,auy-sYic acid 3.48 0.77 18.93 4.68 
Iso-Rpropanol 0 15.90 20.00 13.80 

2. 12uca Ocent,s. 

Acetone 0 i 5.40 16.65 

Aoeto ee v:ic acid 00 3.58 0.57 
B -4yd.i oxybuty is acid 2.25 43.02 0.18 
Ise-proDar?r,,1. Y ... 

Ulk. 

Acetone 
Acetoucetic acid 
-h ro butyric 
Iso- propanol 

~R,rAl . 

O j 247.50 62.00 

0 
0 

0 

O 12.15 
O 0.77 

29.22 43.53 
4.00 20.00 

22.50 
0.37 

3.53 
52.00 

20.25 

2.51 
19.67 
1400 



TABLE 34 (Contd). 

Acetone Bodies after a.jLn-i Astrs.táon of iso-trcpanol into tYie rtiunen 

_r,l. to a cow. 
B. - 15 ml. to a sheen. 

(xs . acetone,1UJ il4 

Time after administration. 

U 10 rains. 1 hr. z 2 hrs. 

B. 15 sheen. 

I. Blood. 

Acetone 0 2.79 6.84 8.64 
Acetoacetic acid 0 0.90 1.40 1.49 
B-hydroxybutyric acid. 12.88 0.52 7.68 12.12 
Iso-propanol 0 3.75 2,53 1.05 

2. Rumen Contents. 

Acetone 0 0.81 3.60 u.38 
Acetoacetic acid 0 0.30 0.83 1.24 
B-hydrozrbutyric acid. 10,25 0.52 9.47 10.95 

Iso-propanol 0 65.00 68.00 43.0U 



TABLE 35 (Conta). 

Acetone Bodies after administration of iso-oroDanol intravenously 

A. - 125 ml. to a cow. 
B. - 4 ml. to a sheep. 

(lip W. acetone/1W ml.) 

1 

i 

Time a'ter administration. 

0 10 mins. 1 hr. 2 hrs. 

,P...t 46.2...1121-Z2. 

1. Blood. 

Acetone 0 0 15.78 13.05 
Acetoacetic acid 0 0 1.16 2.33 
B-hydroxybutyric acid. 5.13 14.78 2.12 0.35 
Iso-propanoli U. 29.59 9.50 4.40 

2. 11044.2.91t2ata. 

Acetone 0 0 1.13 5.63 
Acetoacetic acid 0 0 1.95 0.52 
B-hydroxybutyric acid. 2.57 6.37 0 0.84 
Iso-propanol 0 3.25 9.22 9.00 



TABLE 36. 

#atts.at.Bodies aftez adminirbration of acetone br'avnou5L7. 
four times daily to a sheep. 

111.2zaam=2L22LI2lal) 

P...yz,..2gEu2ximmil. 

pi.....-- 

0 1 2 3 4 5 

---- 

Acetone injected. 4x 4 x 4 x 4 x 
2.5m1. 2.5mLI 5m1. 5m1. 

1. algga. 

Acetone 0 
,. 

47.46 
, ... 

59.91 76.53 66.01 15.65 
Acetoacetic acid 0 28.00 15.47 12.48 10.33 5.74 
B-Ivdroxybutybic acid 100 20.30 20.46 5.20 20.10 78.61 
Iso-propanol CI 4.24 4.16 5.79 3.56 0 

Total acetone boct es 
7.78 16.50 18.75 27.63 35.45 5.75 (ing. a 00 

Rumen Contents. 

Acetone 0 42.11 63.33 63.30 71.08 8.91 
Acetoacetic acid 0 7.32 9.40. 4.22 11.59 3.27 
B-hydroxybut3rric acid 100 28.67 7.57 '17.99 7.08 73.56 
Ise-propanol ..... 0 21.90 19.70 14.58 10.25 14.26 

Total acetone 1)04122 
2.47 16.67 17.75 29.15 29.75 10.10 (mg. acetone/100m1.). 



TABLE 37. 

Acetone Bodies after administration of iso-propano3, 
into the rumen of a sheep four times daily. 

(gis nercentâge of total) 

Da 7s of Experiment. 

® ? 2 3 4 5 

Iso-Drovenol i=-a.t ecbed. 4x 4x 4x 4z 
5m1. 5141. 5m1. 10ffi1. 

. Blood.. 

Acetone 16.38 29.46 28.25 25.74 63.77 0 
Acetoacetic acic? 1.52 1.17 6.61 2.65 14.21 0 
B--hydroxyT utyric acid 72.10 68.48 60.08 69.56 18.37 100 
Iso-propanol 0 0.89 5.06 2.02 3.65 0 

Total acetone bodies 

16.48 28.l1 29.63 27.27 26.82 10.45 (w. acetone/10U ml.) 

2. Rta22A-,G2ntenka. 

Acetone 0 46.10 58.75 23.78 55.56 0 
Acetoacetie acid 0 1.17 2.81 2.31 8.01 0 

B-hydroxybutyric acid 100 36.03 16.59 57.54 24.8O 100 

Iso-propanol 0 16.70 21.85 16.37 11.u3 0 

Total acetone bo _. ' ec 

(mu, adetone./l0u ml.) 10.25 17.96 16.24 20.77 34.82 1.85 

--:----...1 
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TABLE 18. 

Acetone 
intravenous17 a co;a four tk;le dailv. 

alma. 
SM.0110. 

r 
i?:t,,. alii. Urine. 

xm...L1.¢ 

d.. uñr.:1.! a. V 

Acetone... r, . .. 6.45 5.82 0 . 8.79 
Acetoacetic acid 2.37 3.45 11.09 16.56 
B-hyèirmyb t Jrric acid. 91.18 84.26 88.91 74.65 
lSa-*ProPana1.........4 0 6.47 0 0 

. 4.45 D.1;1. 

Acetone 9.67 13.43 16.66 7.0.16 

Acevcacetic acid...... 
A.)-V:âiÚ.L.r acid. 15.38 

rs3.'VL 
¡8.U6 

f6.5ti 
tt6.P1y67` 9.76 

2!k.y4(0; 

53.19 
lsw-proganol.... . . .. . .. 1.29 11.93 7.41 6.25 

,, á« 100m1. 

A. 4.11.:23:24. 

Acetone 0.90 0.74 0 1.62 

Acrtoacetic acid 0.33 0.32 1.85 3.05 
B-.h,ydrovbatyrïc acid. 12.72 7.82 14.85 13.75 

pp )I?-pI"J¿7c.P7C+t....s 
B. b..45 D.S.. 

O t.E,t 0 0 

Acetone 0.90 0.45 1.35 2.07 
Ace toacei,ic acid 0.50 0.27 0.50 3.14 
Fi-hydraxybu4yr:ic acid. 7.70 2.23 5.65 6.80 

Isa-propano, 0.12 0.40 0.60 0.80 
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