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INTRODUCTION

The increase of acetone in urine at the time of pregnancy had been cbserved
in man and animals from many years ago. Firstly, in domestic animals,
CurisTATL.ON reported that the value for blood ketone bodies of cow was higher
than that of man. Since STINSON drew attention to the fact that post-parturient
dyspepsia of bovines was accompanied by the presence of ketone bodies in the
milk and urine, there have been a number of clinical and bicchemical investigations
into the changes in the course of that disease, which is frequently called acetonemia
or bovine ketosis. Especially, since the perfection of the micro-diffusion-method
by THIN and ROBERTSON," using salicyl-aldehyde quantitative estimation has
become so easy and exact that the studies on this disease have made rapid progress
in various countries of the world. As to studies on ketosis in Japan, following
the fundamental research in ruminants by UmEzu et al.,;*” also a great many studies
have been carried out both clinically and bicchemically. Up to the present, it has
been thought that ketosis was associated with a disturbance of carbohydrate metabo-
lism resulting from reduced availability of carbohydrates with a consequent over-
production of ketone bodies derived from increased fat catabolism.™**> The
excess ketone bodies in the blood were regarded as the cause of the symptoms.
Recently, Suow et al.™" and PunTriane expressed the opinion that ketosis is
one of the diseases belonging to the so-called “general adaptation syndrome” ™
caused by the hormonal unbalance of the pituitary-adreno-cortical system resultant
from some internal or external stress such as pregnancy, parturition, lactation,
failure of feeding-management, starvation or others. At the time of the diagnosis
of this disease, great importance has been attached to the estimation of ketone
bodies in blcod or urine. But as shown in tables 1 and 2,"7-**" the distribution
of ketone bodies in normal cows as well as in ketosis ranges so widely that the
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TABLE 1. Total Ketones in Normal Cows

~ BLOOD TOTAL KETONE " URINE TOTAL KETONE
AUTHOZS o (ng/100ml) . (mg/100 ml) ,
,, Cases Mean  Range (0, Mean  Ranze
SAMPSON et al. 1933) 30 2.98 2.11~ 4.66 9 7.83 345~13.15

BODDIE
DUNCAN et al.

1935) 50 218  0.69~ 9.90 16 337 250~ 6.37
1939) 176 2.99  0.66~ 5.54 8  10.60 250~70.00

(
(
(
SAMPSON & BOLEY (1941) 8 1.92 0.87~ 397 8 2201 4.96~34.46
KNODT et al. (1942) 427 2.66 0.31~ 6.95 427 11.81 0.61~34.26
SAMPSON & BOLEY (1945) 49 425 0~ 744
JONSON et al. {(1951) . .. 0~ 5.00
THIN & ROBERTSON (1953) 20 6.10 2.87~10.88 7 954 4.10~22.55
UMEZU (1954) 2.00 0.60~ 6.00 . . 0.30~ 3.00
) ’ 9  5.60 0~12.00

Y OSHIDA (1955

TABLE 2. Total Ketones in Bovine Ketosis

BLOOD TOTAL KETONE URINE TOTAL KETONE
AUTHORS No. ot li'rlng/ 100m}) N (mg/lOO@l)
Cases Mean Range Cases Mean Range

SAMPSON et al. (1933) 40 37.60 1247~ 63.83 1 80.00
BODDIE (1935) 1 10.06 . 2 7722 3812~ 116.32
FINCHER (1986) 4 55.20 38.70~ 86.25 4 727.00 570.00~1,025.00
SAMPSON & HAYDEN (1936) 385  32.00 10.00~ 7285 28 371.10 11.00~1,309.16
DUNCAN et al. (1939) 40 34.68 4.06~100.00 49 395.80 18.30~1,309.20
STEYN 1941) 3 4423 28.04~ 56.30
SAMPSON & BOLEY  (1941) 40.76 21.95~ 70.93 8 562.09 139.40~1,214.90

3770 2.40~ 89.30 4 69450 338.00~1,568.00

(

(
SYKES et al. (1941
THIN & ROBERTSON (

(

)
1953) 89  48.06 10.00~116.68 24 305.77 32.32~ T57.87
) 5.00~ 50.00 . . Over 3

UMEZU

cause for the fluctuation in the ketone bodies cannot be attributed only to the
individual differences. It may be natural that the opinion on physiological range
for ketone bodies and also the idea respecting ketosis which had been thought in
the past, have become matters of great doubt. In consequence, in the cases of
diagnosis and treatment in dairy cattle, these views are very important. Therefore
the authors have first of all examined the clinically healthy cows in the field to
make certain regarding the natural state of the ketone bodies in blood and urine;
also they have examined some cows which suffered from various diseases and
have attempted to make sure of the diagnostic significance of ketone bodies. In
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the present paper, the results of investigations on the blood ketone bodies of
clinically healthy cows are described.

MATERIALS AND METHODS

As the experimental cascs, 368 clinically healthy pure or crossbred Holstein-Friesian
cows clear off clinical signs, including lactating and dry, bred in the various dairy herds
in the vicinity of Sapporo have been studied during the pest 2 years, from April, 1954 to
March, 1956. For the experimental cows, common clinical examinations were carried out;
after that, samples of blood were collected. As the anticoagulant to blood, sodium fluoride
was employed. The samples were examined as soon as possible, respectively.

Each of the individual ketone bodies, acetone, acetoacetic acid and total ketone was
estimated by the method described by‘THIN and ROBERTSON and blood sugar determinations
were made by ferriecyanide-ferric iron method” The results of the experiments were
analysed by the statistical methods. In sddition, the correlations of internal and external
factors with the rise and fall of keton2 bodies and also connections of ketone kodies with
the levels of blood sugar and with the numbers of cosinophilic leucocytes were examined.

EXPERIMENTAL RESULTS

1. The Values for Total Ketone Bodies in the Blood

The distribution of frequencies of the values for total ketone bodies (abbraviated
ketones) in the blood of 270 clinically healthy cows is indicated in chart 1. Namely, this
is an exponential distt‘ibution in CaArT 1. The Distribution of the Values
which the range of 2~3mg/100 ml for Total Ketones in Blood
of blood was highest; the mean
value was 3.32mg/100ml and its
range was 0.87 ~ 73.80 mg/100 ml. o
After the conversion by logarithms
to this distribution, rejection limits
under 57 level of significance
were adopted. The wunder and
upper limits were 0.99 mg/100 ml
and 11.17mg/100 ml, respectively ;
the mean value of the 257 cases
between the rejection limits was
3.11mg/100 ml. 1t may be reason-
able to consider this as the mean
value for ketones of the normal

2 4 5 8 19 12 14 16 18 20 30 40 50 60 T 80

eptin ortain  special
Cows, eXC\'ptl g C ta p a Total Ketone Value (mg/100 m})

cases, from the clinically healthy

cows in the field. On the other hand, there were 12 cases over the upper limit of the
rejection limit in this distribution. Their ratio of appearance was 4.45% and their mean
ketone value was 39.10 (12.30~78.80) mg/100 ml. In the present report, these cases above
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the upper limit are grouped as the “statistically sub-normal group (abbreviated sub-normal
group)” and the cases betwesn the rejection limits are called “statistically normal group
(abbreviated normal group)”, respectively. This is the writers’ own provisional classification.

2. The Values for Free Acetone in the Blood

The distribution of frequencies of the values for free acetone (abbreviated acetone)
in the blood of 107 clinically healthy cows is shown in chart 2. .

This distribution is also exponential
just as in the case of the ketones. The
range of 0.6~0.8 mg/l100ml of blood is
highest. The mean value was 0.89 mg/100
ml and the range of this distribution was
0.22~10.50 mg/100 ml. By the statistical
methods, as in the ketones, the rejection
limits were determined as 4.53 mg/100 ml
in upper limit and as 0.17 mg/100ml in

CHART 2. The Distribution of the Values
for Free Acetone in Blood

under limit. The mean value of the 102
cases between these two limits was 0.79

101

mg/100 ml. This value may be consider-
able as the mean value for acetone of
the normal cows, excepting special cases,

e e L T s from the clinically healthy cows in the
Free Acetone Value (mg/100ml)

field. The appearance rate of sub-normal
5 casas to all cases was 4.7% ; their mean value was 8.23 (5.20 ~10.50) mg/100 ml.

TABLE 3. The Values for Ketone Bodies in Blood

 _TOTAL KETONE (mg/100ml)  FREE ACETONE (mg/100ml)

GROUP ' i
| - g;s'eosf Mean Range g;’s‘eosf Mean Range
Clinically N ~
healthy cows 270 332  0.87~73.80 107 089  0.22~10.50
Normal group 257 3.11 0.99~11.17 102 0.79 0.22~ 4.53
Sub-normal 12 39.10 12.30~73.80 5 823  520~10.50

group

3. The Values for Each of the Individual Ketone Bodies in the Blood

The blood samples obtained from 45 cases were employed for fractionations in 3 kinds
of ketone bodies: free acetone, acetoacetic acid and 3-hydroxybutyric acid. The values of
all cases were dividad into 9 sub-groups in obedience to each value of total ketone bodiss,
and the correlation among them was examined.

As shown in table 4, the values for frez acetone showed tendency to increase in
accordance with the gradual increase in total ketone bodies. However, in the ratio
to the values for total ketone bodies, they were extremely low in a sub-group under
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TABLE 4. The Values for Each of the Individual
Ketone Bodies in Blood

- .. ACETOACETIC J-HYDROXY- MEAN
LEVEL No. op [ REE ACETONE — """cp BUTYRIC ACID VALUE FOR
FOR Ratio Ratio Ratio )

TOTAL CASES  Mean o tota] Mean yopota]  Mean  ioiop) TOTAL

KETONE (45 (mg/100ml) Ketone (mgi100m1) ketone (me/100m1) ketone ,KE,TONE \
} (2) , (z2) (72} (mg/100ml)_

Under 2 2 0.19 11.0 1.09 63.5 0.44 25.6 1.72
2~ 3 12 0.70 32.3 1.09 50.3 0.92 424 2.17
3~ 4 12 1.00 26.5 1.25 36.8 1.14 33.7 3.39
i~5 5 1.38 29.4 1.58 33.7 173 36.9 4.69
5~6 4 1.17 215 1.97 36.4 2.28 421 5.42
6~ 8 2 121 195 1.62 26.1 3.38 54.4 6.21
8~10 4 2.09 22.9 2.89 318 411 453 9.09
10~12 2 2.67 242 3.31 29.8 5.09 460  11.07

2

Over 12 4.35 16.0 10.41

38.5 12.30 45.5 27.06

2mg/100 ml, but they were almost highest between 2~3 mg/100 ml. In other sub-group over
3mg/100ml, free acetone showed a decreasing tendency antagonistically to the increase
of the total ketones. The values for acetoacetic acid increased in accordance with the
increase of the values for total ketones, but in the ratio to the values for total ketones, they
decreased antagonistically as did also the free acetone. In the values for f-hydroxybutyrie
acid and in their ratio to the total ketone values, they showed an increasing tendency in
parallel with the increase of the values for total ketone bodies.
4. The Relation Among the Values fer Ketones and Some External and

Internal Factors

1) The relation batwesn age and ketone values: The values for ketones of 269 cases
were averaged in each of 13 sub-groups in obedience to age as shown in table 5.

In this table, 5 sub-groups, viz., 7, 2, 6, 14~15 and 8 year olds were 1.9~22.725 higher
in mean values than the normal group, respectively. In the other 8 sub-groups, their mean
values were all lower than that of the normal group, the variations being 2.56~2.96
mg/100 ml.  From the above observations, it may be said that the mean values for ketones
generally increased in company with the advance of the age. The appecarance vate of
cases in sub-normal group to all cases in each of the sub-groups was higher in 4~8 year’s
sub-group than in the other ages, but with some exception.

2) The relation between the period of pregnancy and ketone valuss: The influence
of pregnancy upon ketone value was examined employing 269 pregnant and non-pregnant
cases ; the results are shown in table 6.
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TABLE 5. The Relation between Age and Ketone Values

NO. OF ~ NORMAL GROUP SUB-NORMAL GROUP
AGE CASES No. of Casss Mean  No.of Cases Appearancs
(269) (257) (mg/100ml) (12) Rate (%)

1 2 2 281 0 0

2 30 29 3.31 1 3.3

3 42 42 2.67 0 0

4 20 19 2.56 1 5.0

5 23 21 2.86 2 8.7

6 23 22 341 1 4.3

7 19 18 3.17 1 5.3

8 26 24 3.82 2 7.9

9 26 26 2.96 0 0
10~11 12 12 2.89 0 0
12~13 19 17 2.65 2 10.5
14~15 21 19 3.67 2 9.5
Over 16 6 6 2.70 0 0

TABLE 6. The Relation between the Period of Pregnancy
and Ketone Values

vontr op  NO-OF NORMAL GROUP —  SUB-NORMAL GROUP
PREGNANCY  ©ASES  No.of Cases Mean No.of Cases Appearance
o (26/)7 (257) (mg/IOOI/nil;)V'V (120 Rate (%)
Non-
Pregnancy 157 151 2.89 6 3.8
1~2 15 13 3.37 2 13.3
3 28 26 401 2 7.9
4 13 13 3.85 0 0
5 12 12 3.89 0 0
6 13 13 3.44 0 0
7 10 9 3.59 1 10.0
8 13 12 2.89 1 7.1
9 0 0

8 8 2.62

The mean value of th2 non-pregant sub-group was 2.89 mg/100 ml which was a decrease
by 7.12. compared with that of the normal group. In the pregnant group, the values of
all sub-groups among 1~7 months were markedly higher than that of the non-pregnant
sub-group. The appearance rate of the sub-normal cases in the non-pregnant sub-group
is 8.8% ; in the pregnant sub-group, they were 7.2~13.3% in the sub-groups of 3, 8, 7 and
1~2 months, respectively. However, as noted in the table, in the middle stage of pregnancy,
no cases were observed. From the above results, the ketone values of the pregnant groups
may b= stated to be higher than that of the non-pregnant group, especially in the initial
stage a marked increase appeared.
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3) The relation between the calving frequency and ketone values: One hundred and
forty cases were divided into 12 sub-groups according to their calving frequency and the

relations among them were examined.

TABLE 7. The Relation between the Calving Frequency
and Ketone Values

carvive  NO.OF - NORMAL GROUP SUB-NORMAT. GROUP_
FREQUENCY ngg‘)s No. t()fz(éfxses f’:mglfgg)lml) No. ?1f2()]ases Aiggtegr(a;:?e
0 25 23 3.56 2 8.0
1 22 20 2.56 2 9.1
2 14 14 3.28 0 0
3 16 12 3.714 4 25.0
4 10 10 3.58 0 0
5 18 18 3.16 0 0
6 7 6 2.14 1 143
7 5 4 2.94 1 20.0
8 9 9 3.18 0 0
9 4 3 1.99 1 25.0
10 4 3 2.86 1 95.0
6 6 0 0

Over 11 3.61

As shown in table 7, the mean values for ketones in each sub-groups ranged from
1.99~3.78 mg/100 ml. In comparison with the mean value of the normal group, those of
the sub-groups such as non-calving, 2~5, 8 and over 11 were all higher, that is; they
increased by 1.6~22.0%2, respectively. But in other 5 sub-groups, the mean values were
all under that of the normal group. The sub-normal cases were not observed at all in
the five sub-groups such as 2, 4, 5, 8 and over 11, but in the other seven sub-groups they
appeared in the rate of 80~25.077, respectively. From the above results, in general, the
mean values for ketones showed a tendency to increase in the sub-groups 2~5 calving and
also there was a tendency for the appearance rates of thzs sub-normal cases to become
higher in accordance with the increase of the calving frequencies, but there were some
exceptions.

4) The relation between the time after calving and ketone values: For this purpose,
118 cases divided into 10 sub-groups according to the time after calving were examined.

The mean values for the 3 sub-groups from 1~6 months were 3.18~3.61 mg/100 ml,
that is, they increased by 2.83~16.022 in comparison with the mean value of the normal
group, respectively. But the mean values of 2 groups between 7~10months decreased by
1.57 and 5.222, respectively. And also the mean values from over 11 months showed the
increasing tendency. In the sub-groups, except three consisting of 13~20 and over 25
months, the appearahce rate of the sub-normal cases was 5.2~20.075, especially in the

period less than 12 months, the increasing tendency was observed.
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TABLE 8. The Relation between the Time after Calving
and Ketone Values

MONT};WAFTER NO. OF ~ NORMAL GROUP SUB-NORMAL GROUP
CALVING CASES No. of Casss Mean No. of Cases App=zarance
R v ¥ )] {109) (mg/100ml) (9) Rate (25)
I~ 2 19 18 3.34 1 5.2
3~ 4 15 14 3.18 1 6.6
5~ 6 19 18 3.61 1 5.2
T~ 8 6 5 2.62 1 16.6
9~10 19 16 2.95 3 15.7
11~12 18 17 3.43 1 5.5
13~16 5 5 3.19 0 0
17~20 9 9 3.99 0 0
21~24 5 4 3.69 1 20.0
Over 25 3 3 3.39 0 0

5) The relation between milk yield and ketone values: In 269 cases, including lactating
and dry, the rise and fall of the ketone values in connection of lactating were examined
with the results displayed in table 9.

TABLE 9. The Relation between Milkk Yield and Ketone Values

~ VOLUME OF NO.OF  NORMAL GROUP  SUB-NORMAL GROUP
MILK CASES No. of Cases Mean No. of Cases Appearance

kg (269 (257) (me/100ml)  (12) _ Rate (%)

0 114 112 3.02 2 1.8

I~ 5 22 21 2.96 1 45

5~10 55 53 3.17 2 3.6

10~15 30 29 2.26 1 3.3

15~20 24 19 3.4 5 2.1

1 4.2

Over 20 24 23 4.02

The mean ketone values of 112 cases of dry cows in the normal group was 3.02
mg/100ml. In comparison with the mean values for the normal group and also with the
mean values of lactating cows, ketone values decreased by 2.8 and 3.475, respectively. In
the lactating cases, the values for 2 sub-groups, viz., 1~5 and 10~15kg, were 2.96 and
2.26 mg/100 ml, respectively, that is, they decreased by 4.8 and 27.0% in comparison with
the mean value of the normal group. However in the three sub-groups, viz., 5~10, 15~20
and over 20, the values all increased, especially in over 15kg. On the other hand, the
appearance rate of the sub-normal cases in each division always ranged higher from 2.1~
457 in lactating sub-groups than in the dry sub-group. From the above data, it may
be said that there was a tendency for ketone values to increase in the lactating cows
compared with the dry cows. Among only lactating sub-groups, did those values show
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increasing tendency in accordance with the increase of milk yield.
6) The relation between the season and ketone values: A year was divided into 5
terms as shown in table 10.

TABLE 10. The Relation between the Season and Ketone Values

CEASON NO. OF ~ NORMAL GROUP ~__SUB-NORMAL GROUP
(Month) CASES No. of Cases Mean No. of Cases Appearance
ey @87 (mg/100ml 12 Rate (72)
(6 ~ 6 60 51 3.66 9 15.0
T ~ 8 31 30 2.09 1 3.2
e ~10) 87 87 3.25 0 0
w(ll~ 1) 49 47 4.36 2 4.1
V2 ~ 4 42 42 2.30 0 0

The rise and fall of the ketone values in each term was examined using 269 cases.
In the 1st term (May~June) in Hokkaido, the grass grows newly, pasturage begins in the
day-time ; the term is that of a great dzal of milk production, because it continues after
the March to May period in which the calving happen most frequently. The atmospheric
temperature is most comfortable. The mean ketone value of the 51 cases examined in
this term was 3.66 mg/100 ml, which increase by 17.6% compared with the mean value of
the normal group. Nine cases were counted as sub-normal cases, but the appearance rate
was 15.025. In the 2nd term (July ~August), the grass grows in abundance; it is the most
suitable time for pasturage but also the weather is very warm. The mean ketone value
of 30 cases in this term was 2.09 mg/100ml, which is the lowest of all. The appearance
rate of sub-normal cases was 8.2%. The 8rd term (September~October) is the harvest
time, in which the food is richest and the temperature is favorable. The mean value of
87 cases in the term was 3.25 mg/100ml, which was an increase by 4.5% over that of the
normal group. No cases which balonged to the sub-normal group were observed. In the
4th term (November~January), cows are fed mainly with hay and ensilage in stall on
account of the heavy snow; this is the coldest time in a year. The mean ketone value
of the 47 cases in this season, was 4.36 mg/100ml, which shows an increase by 40.2% in
comparison with the mean value of the normal group; this is the highest value in the
year. Two cases bzlonged to sub-normal group; the appearance rate was 4.1%. The 5th
term (February~April) is the terminal time in stall. In this period, the food for cattle
is mainly hay and ensilage and the weather becomes gradually warmer from the cold
time. The mean ketone value of the 42 cases studied in this term was 2.30 mg/100ml, which
decreased by 26.1% below the mean value of the normal group; no sub-normal cases at
all were observed.

Observing the above results, the mean ketone values were highest in the 4th term
(November~January), next in the Ist term (May~June) but the lowest were in the 2nd
term (July ~ August).

7) The relation between feeding-management and ketone values: Studying 269 cases,
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relations between feeding-management and ketone values were observed. At this time,
the quality of the feeding-management was divided into 3 sub-groups according to judge-
ment based upon the arrangement of the cow-house, condition of the management, presence
of pasture, condition of feeding, ete.

TABLE 11. The Relation between Feeding-Management and Ketone Values

' QUALITY OF NO. OF  NORMAL GROUP _ SUB-NORMAL GROUP _
FEEDING- CASES  No. of Cases Mean No. of Cases Appearance
__MANAGEMENT (269) ~ (257) _  (mg/loOml) = (120 Rate (%)
Superior 86 75 4.01 11 12.8
Moderate 150 149 2.88 1 0.7
Inferior 33 33 2.83 0 0

The cows kept in the “model farms” neighbouring Sapporo were grouped into a superior
sub-group and the herds fed in the common management and also the herds maintained in
careless condition as in newly reclaimed land were grouped into the moderate and inferior
sub-groups, respectively. As shown in table 11, the mean values of these 3 sub-groups
were 2.83~4.01 mg/100ml, respectively, viz., in comparison with the mean value of the
normal group, the increase rate was 28.9% in the superior sub-group but in the moderate
and in the inferior sub-groups, values decreased by 7.8 and 9.0%, respectively. Judging
from the above results, in accordance with the better quality of the feeding-management,
the tendency of the mean ketone values to increase was recognizable. Also the appearance
rate of sub-normal cases showed a tendency to run parallel with the mean ketone values.

5. The Relation between the Ketone Values and the Blood Sugar Levels

The mean level for the blood sugar of the clinically healthy 270 cows was 62.1 (10~154),
but in this distribution, the mean levels of the 257 cases between the rejection limits under
5% level of significance was 60.6 (22.3~101.9 mg/100 ml). This valus may be considered the
mean value for blood sugar levels of the normal cows, excepting special cases, from the

TABLE 12. The Relation between the Ketone Values
and the Blood Sugar Levels

KETONE VALUE

~ BLOOD SUGAR

GROUP No. of Cases Mean
. B (mg100ml) sl (mg/100ml)

( 0~ 2 35 62.7
2~ 4 146 60.1
Normal 4~ 6 37 61.0
6~ 8 15 61.1
8~10 4 75.0
10~12 3 67.5

Sub-normal Over 12 11 67.1

'
el
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clinically healthy cows in the field. The relations between the ketone values and the blood
sugar levels were examined on the 251 cases estimating both at the same times. On the
basis of the ketone values, the experimental cows were divided into 7 sub-groups and the
mean values of the blood sugar in each of them were calculated. The results are given
in table 12. In the blood sugar levels for 4 sub-groups between 0~8.0 mg/100ml, no great
difference was observed in comparison with the mean value for the normal group, but in
the two sub-groups over 8 mg/100ml in the normal group and also in the sub-normal group,
the mean blood sugar levels increased markedly. With regard to the above results, it may
be said that the blood sugar levels in the sub-normal group showed tendency of increase.

6. The Relation between the Ketone Values and the Number of Eosinophilic
Leucocytes

The mean number of eosinophilic leucocytes calculated for 249 clinically healthy cows
was 485 (52~3,400). The mean number of 237 cases between the rejection limits under 5%
level of significance was 436 (130~1,670). On the basis of the ketone values, 228 casas were
divided into 7 sub-groups, in which the mean numbers of eosinophilic leucocytes were
counted, respectively. The relations among them are shown in table 13.

TABLE 18. The Relation between the Ketone Values and the Number
of Eosinophilic Leucocytes

KE%ONF VAI:UE NO. OF EOSINOPHILIC LEUCOCYTES
GROUP ’ No. of Cases

o (mgioomh (o8 Men
0~ 2 40 404
2~ 4 115 469
Normal 4~ 6 39 361
6~ 8 14 479
8~10 6 452
10~12 3 452

Sub-normal Gver 12 11 318

There was no wide difference found among the mean numbers of the sub-groups except
the one sub-group in 4~6mg/100ml. But in the sub-normal group, it was 318, that is, the
eosinophilic leucocytes decreased markedly. In comparison with the mean number of the
normal group, the sub-normal group was much smaller than any of the normal group
showing a decrease by 27.0% compared with the mean value for the normal group. From
the above data, it may be said that there are scarcely any differences among the numbers
of eosinophilic leucocytes of sub-groups in the normal group, but in the sub-normal group,
the number of eosinophilic leucocytes decreased markedly.

Discussion

In these experiments, the total ketone and also free acetone contents of blood
for the clinically healthy cows, presented such wide differences from individual
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to individual that they were divided into 2 groups statistically, viz., “normal and
sub-normal groups.” In these cases, the values of the “normal group” were
supposed to be the values for the greater part of the normal cattle, excepting
special cases, irom the apparently healthy cows in the field. Now, in comparison
with the results quoted by previous workers'™>>~*"  the mean value of the total
ketones of the normal group is found to be higher than values reported by
SampsoN et al. (1933)”, Boppie!™, Duncan.et al.’”, Sampson and Borey (1941)™,
KnopT et al.'” and UMEezu and it is considerably lower than those of SaMpsoN
and Borey (1945 and THIN and RoBErRTSON but it almostly agreed with results
of SampscN et al. (1933) and Duncan et al. On the other hand, the mean value
of free acetone of the normal group is slightly higher than any of the results
reported by UmEzu, Yosuipa and UsHiMI et al. Such differences may be ascribed
to the fact that the ketone levels vary considerably from animal to animal and
the slight differences noted may be associated with diet, environment, etc. In
view of the herein reported results, all of the internal and external factors more
or less influenced the ketone levels, especially, parturition, lactation, season and
feeding-management seem to be the most important factors exerting influence
upon the ketone values. In other words, in our examinations, the mean ketone
values became higher in accordance with the increase of milk yield. As CHRISTIAN
and SEGARD reported, it may be thought that the large and sudden demand of
milk yield after the parturition effects cattle as a great stress. HoLwm and FircH
observed that 17-ketosteroid in urine decreased markedly after the parturition.
CralGE stated that the decreasing tendency of blood sugar levels was observed
after parturition and easily happened in high lactating cows; UMEzU et al*® and
HEenNDERSON also expressed the same opinions. Further, McAuULIFF et al. made
it clear that in the time of after-parturition the internal secretion systems were
stressed so unusually that the metabolic disturbance in carbohydrate was apt to
appear. The marked increase of ketone value in November~January may be
caused by the coldness and the changes of the feeding-management. Also, the
marked increase of the ketone values observed in the sub-group in which the
feeding-management was very good seems to be due to the great demand in milk
yield as well as over-feeding with concentrated feedstuffs. That is to say, the
environment supposed by the observer to be good at a glance, may act to generate
some stress upon the cattle themselves. Regarding from the authors’ results, it
may be thought that the various factors such as age, period of pregnancy, calving
frequency and time passage after parturition are not individual factors respectively
but rather they act under mutual interference with lactation and parturition etc.
as reported by Sampson.!?

By the present authors, it has been shown clearly that the “sub-normal group”
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among the clinically healthy cows is a special group showing not only the increase
of the blood ketone bodies but also the increase of blood sugar level and marked
decrease in number of eosinophilic leucocytes. These findings observed in this group
coincided with the findings in cases of the functional increase in the pituitary-
adreno-cortical system caused by stress. Sub-normal group may be situated in
the stage of resistance in the general adaptation syndrome reported by SELYE.
Also, the “sub-normal group” seems to be one analogous to the “physiological
ketosis” of Sampson,'” “sub-clinical ketosis” of TuIN and RoBErRTSON and the
“sub-physiological syndrome” of YosHIDA.

SUMMARY

These clinical and biochemical studies were made on the basis of the blood
ketone bodies in 368 clinically healthy dairy cows. The result thus obtained may
be summarized as follows.

1. The values for the blood ketone bodies of the clinically healthy cows
varied so widely that they were statistically divided into 2 groups, viz., “normal
and sub-normal groups.”

2. The mean values for the ketone bodies of the normal group were 3.11
(0.99~11.17) mg/100 ml in total ketone, and 0.79 (0.22~4.53) mg/100 ml in free
acetone.

3. The mean values for the ketone bodies of the sub-normal group were
39.10 (12.30~73.80) mg/100 ml in total ketone, and 8.23 (5.20~10.50} mg/100 ml in
free acetone.

4. The values for free acetone, acetoacetic acid and 3-hydroxybutyric acid
increased in accordance with the increase of the total ketone.

5. All of the internal and external factors exerted influence upon the rise
and fall of the total ketone, especially, it may be supposed that the stress of
parturition, milk yield, season and feeding-management were very important.

6. It was clarified that the sub-normal group showed not only the increase
of the ketone bodies but also increase of the blood sugar level and marked
decrease in number of eosinophilic leucocytes.

The= authors wish to express their cordial gratitudz to the staff of the Laboratory of
Veterinary Biochemistry, who offered kind assistance and advice. They are also indebted
to Prof. ISHIKAWA (Chief of the Laboratory of Obstetries) for his kind direction in

statistical examinations.
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