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plained by the presence in blood of material
which yields color by carcass analysis but not
by blood analysis. This is highly improbable
and, moreover, no blue color was observed in
Somogyi precipitates of blood. The conclu-
sion appears justified that the dye in the car-
cass not accounted for by blood analysis is in
the extravascular spaces.

Discussion. Sellers et al.(7) bave reported
serum Evans blue/serum protein concentra-
tion ratio as a function of time up to 70 hours
after intravenous injection into rats of 20 mg
of Evans blue. They make no mention of
employing anesthesia except for terminal sam-
pling. If serum protein concentration is as-
sumed to remain constant, their curve can be
considered a blood dye concentration curve,
and in fact their curve is almost identical with
that for blood in Fig. 1. This similarity sug-
gests that the present findings were not greatly
influenced by the ether anesthesia.

Summary. 1. A method is described for de-
termination of Evans blue dye in various ani-
mal tissues. In brief it consists of (1) homo-
genization of tissue in a concentrated solution
of urea, (2) splitting of the Evans blue-pro-
tein complex and partial precipitation of pro-
tein and chromogens with acetone, and (3)
complete precipitation of chromogens by ad-
dition of Somogyi reagents. 2, The method
has been employed to follow the fate of the
dye after intravenous injection. into rats.
After such administration of 12.5 mg of Evans
blue, about 90% of the injected dye appar-
ently left the blood but only about 15% could
not be recovered from the body in 40 hours.
At 140 hours after injection about 67% of the
injected dye could still be recovered from the
body.

1. Nicholson, J. W., Nahas, G. G., and Wood,
E. H, J. Appl. Physiol., 1952, v4, 813.

2. Goodman, R. D., Lewis, A. E., and Schuck,
E. A, J. Lab. Clin. Med., 1951, v38, 286.

3. Crooke, A. C., and Morris, C. J. O, J. Physiol.,
1942, v101, 217.

4, Allen, T. H., and Reeve, H. B., Am. J. Physiol,,
1933, v175, 218.

5. Caster, W. O., Simon, A. B, and Armstrong,
W. D., J. Appl. Physiol., 1954, v6, 724,

6. Simon, A. B., Caster, W. O., and Armstrong,
W. D., Fed. Proc., 1954, v13, 297.

7. Sellers, A., Griggs, N., Marmorston, J., and
Goodman, H. C., J. Exp. Med., 1954, v100, 1.

8. Clausen, D. F., Doctoral Thesis, Univ. of Min-
nesota, 1955.

Received August 29, 1955. P.S.E.B.M., 1956, v91.

Plasma Prothrombin Time and Hematocrit Values of Blood of

Dairy Cattle.*

(22156)

W. G. Jongs, C. D. HucHes, M. J. SwensoN, anp G. K. L. UNDERBJERG.
Department of Physiology, School of Veterinary Medicine, Kansas State College, Manhattan

Hemostasis is a complicated mechanism of
blood coagulation composed of many coor-
dinated reactions(1-3). According to Quick
(2), coagulation of blood occurs in 3 stages,

* Contribution No. 146 Department of Veterinary
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none of which are complete when considered
individually. These stages must be combined
in a definite arrangement before a complete
explanation of hemostatic mechanism can be
offered.

Determination of plasma prothrombin time
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has become essential in diagnosing, treating,
and studying hemorrhagic diseases in humans
(4). Since prothrombin level of blood in ani-
mals is decreased by dicumarol present in
damaged sweet clover(5), in avitaminosis-K
(6), and in other hemorrhagic diseases(7,8),
normal prothrombin time is of considerable
value in veterinary medicine. Pritchard et al.

(9) found clotting time of blood to be length-

ened when soybeans extracted with trichloro-
ethylene were fed to cattle, but plasma pro-
thrombin time was not lengthened appreci-
ably. A direct correlation between plasma
prothrombin time and blood clotting time was
not found. This emphasizes the need for both
plasma prothrombin time and blood clotting
time in research with hemorrhagic diseases.
A pormal prothrombin time (adequate pro-
thrombin in blood) is possible with prolonged
clotting time. In this case it appears that
deficiency of any one of the items (labile fac-
tor, fibrinogen, calcium, or thromboplastino-
gen) described by Quick(2) in blood coagu-
lation may be present. On the other hand,
prothrombin time may be prolonged with
normal coagulation time. Normally excess of
prothrombin is present in plasma; therefore
hypoprothrombinemia must be marked before
coagulation time is lengthened. Prothrombin
time of plasma of sheep has been reported
(10). There is, however, little information
available on other ruminants. Prothrombin
time of cattle is herein reported.

Methods. The first phase of this investiga-
tion was made possible through cooperation
of several dairy farmers. Cows had been fed
a standard dairy ration in addition to pasture
grazing. Sweet clover pasture or clover hay
had not been fed the past year. In the sec-
ond phase, calves from another experiment
(11) were divided into 3 groups. Group I
calves were fed a standard calf-starter mix
(basal); Group II calves were fed basal ra-
tion plus 5 trace minerals (Fe, Cu, Co, Mn,
and Zn); and Group III calves were fed
basal ration, trace minerals, fat-soluble vita-
mins, water-soluble vitamins, calcium, mag-
nesium, phosphorus, and aureomycin. Blood
samples were obtained from jugular vein
using a mixture of ammonium and potassium

TABLE I. Average Plasma Prothrombin Time
Values of Matured Cows.
Herd No. Prothrombin
Breed No. animals time (see.)

Jersey 1 8 20.63 + 2.33*

2 10 20.60 =+ 3.43

3 18 25.83 + 2.54

4 22 22,77 + 3.78

5 8 19.25 + 1.25

6 23 27.04 + 5.28

Total 89 Avg 23.74 + 4.61

Ayrshire 5 9 20.67 + 4.21

Guernsey 5 8 20.38 + 2.27

Holstein 5 9 22.89 + 2.03

All breeds Total 115 Avg 23.20 + 4.42

* Stand. dev.

oxalate(12) as the anticoagulant. In carry-

ing out the one-stage plasma prothrombin
time of Quick(2) 0.1 ml of plasma was
pipetted into 7 by 100 mm pyrex test tubes.
To the test tubes containing plasma, 0.1 ml
of Bactothromboplastint was added. Blood
plasma and thromboplastin were mixed and
placed in a thermostatically controlled water
bath at 37°C. After 5 minutes, 0.1 ml of
0.02 M calcium chloride solution was blown
forcibly from a pipette into the mixture and
agitated by shaking gently in water bath. A
stop watch was started simultaneously with
addition of calcium chloride solution. At the
end of approximately 10 seconds the tube
was wiped free of water and held so that its
contents were between the eye and a bright
source of light. By rotating the test tube
clockwise, it was possible to determine im-
mediately when the solution began to clot and
adhere to the wall of the test tube. Prothrom-
bin time reported is that interval between ad-
dition of 0.02 M calcium chloride solution to
the plasma-thromboplastin mixture and the
first evidence of formation of a discernible
clot or gel. Hematocrits were obtained by
centrifuging 1 ml of oxalated blood from cows
in Wintrobe hematocrit tubes for 30 minutes
at 3000 rpm(13). Results were read directly
from tubes as % packed erythrocytes.
Results. Plasma prothrombin time was
obtained on 115 matured dairy cows and 90
dairy calves from 2 to 24 weeks of age.
Table I shows that average prothrombin

t Difco Laboratories, Detroit, Mich.
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time for 6 herds of Jerseys was 23.74 =+ 4.61.
Analysis of variance showed that there was a
highly significant difference (1% level)
among herds. By calculating the significant
mean difference among Jersey herds, the dif-
ference between herds 3 and 4 reached the
5% level of significance, differences between
herds 1 and 3 and between 2 and 3 reached
1% level, and differences between herds 1
and 6, 2 and 6. 3 and 5, 4 and 6, and 5 and
6 reached 0.19¢ level of significance.

In analvzing data statistically of 4 breeds
of cows in Table I, the F-value reached the
5% level of significance. The difference be-
tween the means for Jerseys and Guernseys
was significant at the 5% level. The differ-
ence between Jerseys and Ayrshires ap-
proached the 3% level of significance.

According to Quick(2) plasma prothrom-
bin time should be determined within 30 min-
utes after blood is collected, if accuracy is de-
sired. A comparison was made of plasma pro-
thrombin time values determined at 0.5, 2.5,
and 3.5 hours after bleeding on 10 animals in
herd 2. At these intervals prothrombin time
values were 20.6 = 3.43; 20.2 = 3.80; and
21.0 = 2.75, respectively. These values were
of no significance statistically when com-
pared with 0.5 hour values.

Prothrombin time was obtained on plasma
samples from 20 newborn calves prior to
nursing. A clot or gel could not be detected
in the test tube as usually observed. These
test tubes were then placed in temperature
controlled water bath for 2 hours, with peri-
odic checking for clot formation. During this
2 hour period a clot did not form.

Table II shows plasma prothrombin time
values of heifer calves 2 to 24 weeks old.
There was no significant difference in pro-
thrombin time values associated with age.

Plasma prothrombin time values of bulls
and heifers were pooled to evaluate breed ef-
fects involving 90 bleedings. Average pro-
thrombin time for Holstein calves was 25.15
=+ 4.63 as compared with 24.55 =+ 4.35 for
Ayrshires. There is no 51gn1ﬁcant difference
between the values for Holstein and Ayrshire
calves. Evidently rations did not alter pro-
thrombin time values of calves significantly.

TABLE II. Average Plasma Prothrombin Time
Values of Holstein and Ayrshire Calves at Various

Ages.
Age No. Prothrombin Range
(wk) animals time (see.) (sec.)
2 11 26.91 +- 4.51* 18-32
4 11 23.00 3= 5.53 16-30
6 12 25.92 + 4.85 22-35
8 14 25.50 + 3.63 20-33
12 13 24.85 + 4. 21 20-34
18 8 23.38 = 4.4 20-30
24 4 26.50 =+ 4. 51 18-30
Total 73 Avg 25.11 + 4.54 16-35

* Stand. dev.

Average prothrombin time for control calves
was 24.80 == 3.88, for trace mineral supple-
mented calves 24.61 = 4.23, and for the vita-
min-supplemented group 24.83 =+ 5.27.
Trace minerals and other nutrients in addi-
tion to aureomycin did not delay or shorten
prothrombin time of blood plasma.

Plasma prothrombin time values for Hol-
stein and Ayrshire calves were pooled giving
an average of 23.56 =+ 3.96 seconds for bull
calves and 25.10 = 4.56 for heifers. These
averages show a lower prothrombin time for
bull calves than for heifers; however, in ana-
lyzing the data with the t-test no significant
difference statistically was found between
sexes.

In Table III the average hematocrit values
for 92 matured cows are given, average 35.08
+ 3.30%. There is an absence of breed ef-
fects but herd effects within the Jersey breed
are significant at the 5% level. In calculat-
ing the significant differences among Jersey
herds, a significant difference (5% level) was

TABLE III. Average Hematocrit Values of Ma-

tured Cows.
No. Packed RBC
Breed Herd No. animals (%)
Jersey 1 8 32.50 + 1.41%*
2 10 35.05 + 2.75
3 18 35.56 + 3.79
4 22 35.45 + 3.82
5 8 36.13 & 3.42
Total 66 Avg 35.14 + 3.48
Ayrshire 5 9 34.67 + 2.50
Guernsey 5 8 36.00 + 3.46
Holstein 5 9 34,22 + 2,74
All breeds Total 92 Avg 35.08 =+ 3.30
* Stand. dev.
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found between herds 1 and 3, 1 and 4, and
1 and 5.

Discussion. In Table I differences in
plasma prothrombin time values among herds
of Jersey breed and between Jersey and
Guernsey breeds, that are of statistical im-
portance, are probably influenced by rations.
It has been shown in chickens(14) that feed-
ing of terramycin lengthens blood clotting
time. Other factors altering coagulation of
blood are deficiency of vit. K(13), liver dam-
age(13), poisonous plants(15,16), bacterial
toxins(17), and halogenated hydrocarbons
(18).

The plasma prothrombin time values for
10 animals fed trichloroethylene extracted
soybeans(9) ranged from 21 to 28 sec., av-
erage 23.35. Averages reported in this pa-
per are 23.20 on 115 matured cows and 24.82
on 90 calves. In no instance could the “in-
cipient web of fibrin” be observed with blood
plasma from cattle, as described by Quick
(2) using human plasma, regardless of the
number of variations placed upon the avail-
able light sources.

Numerous attempts were made to deter-
mine the plasma prothrombin time for calves
immediately after parturition and before
nursing. In all cases a clot did not form in
the plasma with 0.02 M calcium chloride solu-
tion within 2 hours after mixing the contents
of the test tubes. Sanford ez al.(19) have
shown that the % of prothrombin in blood
plasma is slightly reduced in human infants.
After birth the % of prothrombin is markedly
reduced but the usual prothrombin time val-
ues are normally reached in 6 to 7 days.
There is a similar trend in plasma prothrom-
bin time of newborn calves. Greaves(20)
and Bodansky(21) have attempted to explain
the factors involved.

In some instances, it was found that a clot
could not be obtained using a given plasma
sample. Upon checking the time which had
elapsed since the calcium chloride had been
put into solution, it was found that 48
hours after preparation it was no longer ef-
fective in producing a clot in the mixture of
plasma and thromboplastin. When a fresh
solution of calcium chloride was prepared, a

prothrombin time value well within the range
of other samples that had been similarly
processed was obtained. According to Guer-
rant(22) a change in the concentration of
ionized calcium may have lengthened the pro-
thrombin time. Wiggers(23) states that there
is a maximum and minimum concentration of
calcium chloride for the determination of
plasma prothrombin time. When the concen-
tration is not within this range, the prothrom-
bin time is increased.

Summary. 1. The average plasma pro-
thrombin time value of 115 matured dairy
cows was 23.20 == 4.42 and for 90 dairy
calves 24.82 + 4.47. The differences in the
prothrombin time values among 6 herds of
Jersey cows were highly significant (1%
level) and significant (5% level) among
breeds between Jerseys and Guernseys. The
principal factor contributing to these effects
was ascribed to rations. Age, breed, ration,
and sex did not alter the prothrombin time
values of dairy calves. 2. The holding of the
blood plasma samples for 2.5 and 3.5 hours
after collection of blood samples did not
change the prothrombin time significantly
when compared with the 0.5 hour values. 3.
The plasma prothrombin time of newborn
calves, prior to nursing, could not be deter-
mined since a clot or gel did not form in the
blood plasma-thromboplastin mixture after
the addition of calcium chloride. This find-
ing corresponds with the observations made
with blood plasma from human infants dur-
ing the first week of life. 4. The average
hematocrit value of 92 dairy cows consisting
of Jersey, Guernsey, Ayrshire, and Holstein
breeds was 35.08 =+ 3.30. Breed differences
in hematocrit values were not present; how-
ever, the differences among herds of the Jer-
sey breed were significant at the 3% level.
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Development of chronic pyelonephritis in
man is obscure because usually the disease is
examined only in its end stages. The present
experiments were undertaken therefore to pro-
vide an experimental model for a controlled
study of processes which culminate in chronic
pyelonephritis. A major objective was to ob-
serve effects of chronic infection on the kid-
ney in the absence of hydronephrosis or other
structural abnormalities. We described previ-
ously a simple, non-surgical technic for pro-
ducing acute hematogenous phylonephritis in
rats, involving 2 steps; injection of Escher-
ichia coli into blood, and massage of kidneys
through intact body wall(1). The resulting
disease was similar to acute pyelonephritis
without manifest hydronephrosis in man, but

self-limited, and subsided in approximately 6
weeks. To produce chronic pyelonephritis,
rats from this study were subjected repeat-
edly for several months to bacterial injection
and renal massage. Special interest was di-
rected to the following problems: 1) relation-
ship of chronic pyelonephritis to vascular dis-
ease and hypertension, 2) progression of
chronic renal inflammation after cessation of
active infection. v
Materials and methods. Sixty-one male
Sprague-Dawley rats weighing 150 to 200 g
each, were divided into 5 groups of 12.t All
were fed rat chow! and tap water ad 54b.
Treatments for each group are described in
Table I. During the first 30 weeks, urine
from rats in each group was obtained peri-

* Supported by grants from U. S. Public Health
Service H-1955 and American Heart Assn.

t Group V consisted of 13 rats.
{ Uncle Johnny Mills, Houston, Texas.



