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Studies of thyroid function in cattle, particularly during the
last decade, have mainly been concerned with the relation with
milk production, milk fat content, and growth (Premachandra
et 01. 1958; Sorensen 1958) as well as 'wit h the differences in
levels of thyroid activity between different breeds, ages, and
seasons (Mixner et 01. 1962 ; Pipes et 01. 1963) . Most of these
studies have been based upon radioiodine methods and deter­
minations of thyroxine secretion rate seem to have been most
valuable (Post & Mixner 1961). The disadvantages of this method
are that it is time-consuming, requires the administration of
radioiodine to the animals, and that it usually demands that the
animals be kept under artificial experimental conditions. These
disadvantages often rule out the use of the method for diagnostic
purposes.

The uptake of Jt31-I-triiodothyronine (I13I-T3) by erythrocytes
in vitro for the assessment of thyroid function was suggested by
Hamolskij et 01. in 1957. Neither the mechanism by which the
erythrocytes take up Jt31-T3 nor the way the test reflects the
thyroid activity are fully understood. The test, however, has been

.) The investigation was aided by grants from The Swedish Agri­
cultural Research Council and The Atomic Energy Research Council.
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shown to be a useful clinical tool in human medicine (e. g. Rob
bins 1959; Parrow & Werner 1962; Yen 1963) and its possible
use in veterinary medicine has also been discussed (Wilson et al ,
1961; Hansard 1962). The aim of the present investigation was
further evaluation of the method as a means of estimating thyroid
function in dairy cattle with special reference to normal age
differences.

MATERIAL AND METHODS

The erythrocyte uptake of J1 31_T3 was measured according to
Hamoisky et al . (1957) with the modifications suggested by
Yen (1963). A two ml sample of heparinized venous blood was
mixed well in a test tube with 0.2 ml 1131_T3 containing about
0.02 us: J1 31 and between 0.001 - and 0.008 f.1g T3') after dilution
of the stock solution with 0.9 per cent NaCI solution. The mixture
was incubated at + 37°C for one hour in a water bath. The radio­
activity in the sample was determined using a well-type scintil­
lation counter and a single channel gamma spectrometer. The
blood cells were then washed five times in ten ml physiological
saline. made up to the original volume with saline solution. and
counted. The erythrocyte uptake (EU) of J131-T3 was calculated
using the formula :

CPM of the erythrocytes 100
EU=

CPM of whole blood
X

haematocrit

in which the haematocrit is expressed as a decimal fraction . The
test was always performed in duplicate and the mean of the
determination was used. The error of the method based on 100
double determinations has been calculated to be 0.41 EU. A com­
prehensive study on the effects of variations in the performance
of the test on blood from cattle has been made and will be
published elsewhere ( Thorell 1965) . The test was performed
within 48 hours of taking the blood samples.

Haematocrit determinations were carried out with a "Kemila"
haematocrit centrifuge (type 543) by centrifugation of hepari­
nized whole blood for five minutes at 12.000 rpm. Duplicate tests
were always made and the mean of the determinations was used.
The difference between duplicate tests was less than one per cent
of the mean.

•) Supplied by the Radiochemical Centre, Amersl:am, England.
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Fig u r e 1. Changes of EU in conjunction with parturition.

The EU determinations were made on blood samples obtained
during October, November, and December from 366 Swedish
Red-and-white heifers and cows up to more than eight years of
age and kept on farms in the counties of S6dermanland, Oster­
gotland, and Vastergotland in southern Sweden. The farms were
of the usual type in this part of the country with the animals
tied up in stanchions. The mean outside temperature during the
sampling period was +3.3°C and the mean stable temperature
was +12°C.

All the animals used for the survey were clinically healthy.

RESULTS

The first point dealt with was to see whether there was an
age difference in EU values among cows with one or more par­
turitions. Since variations in thyroid activity could be expected
just prior to and after parturition, animals from which blood
samples had been taken during the last month of gestation or the
first month of lactation were not included in this part of the
study. Table I shows that the EU values for two-year-old cows are
significantly lower than the values for cows four years of age or
older. The normal EU value for 141 cows more than three years
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old, with the exception of the period just before and after partu­
rition, is 6.99 -+- 0.95 (mean -+- standard deviation of the mean).

The changes in EU values associated with parturition are
illustrated in Fig. 1 for three cows. Table II shows EU values for
54 cows of different ages within one month after parturition.
There is a significant difference (O.OI>P>O.OOI * * ) between the
EU values for two-year-old cows within a month after parturition
and the values for the same age group during the rest of the
lactation period. The corresponding difference for the three-year­
old cows is nearly significant (0.05>P>O.OI *) and the difference
for cows more than three years old is statistically significant
(O.OI>P>O.OOI **). On the other hand, there were no statistically
significant differences between the EU values obtained during
the month preceding parturition and the normal value given
above.

Tab I e I I. EU values for cows within one month after calving.

Age, years 2 3 >3

)tean, EU 6.90 7.46 7.61
Standard deviation, EU 0.93 1.45 0.78
Range, EU 5.72-8.96 5.77-9.50 5.76-8.77
Number of cows 21 16 17

The higher EU values of heifer calves decline with age to
reach the same level as in cows by 12 to 18 months of age (Table
III). The EU values for 12 to 18-month-old heifers, however, were
statistically significantly higher than those for two-year-old cows.

DISCUSSION

According to current concepts (Christensen 1960a,b; lngbar
1960) the uptake of J1 31_T3 by erythrocytes expresses the degree
of saturation of the plasma proteins which bind thyroid hor­
mones. This binding is reversible. There is a certain amount of
free thyroid hormone in the blood plasma and the constant
exchange between the free and the bound hormone is in equili­
brium. It is generally considered that only the free form is bio­
lagicallyactive (lngbar & Freinkel 1960). Erythrocytes accumu­
late T3 in proportion to the amount of free thyroid hormone in
the plasma. Changes in the EU value, then, reflect changes in
the amount of free hormone. These changes can in turn be re-



T
a
b
le

II
I.

E
U

va
lu
es

fo
r

ca
lv
es

of
d
if
fe
re
n
t
ag
es

w
it
h

a
st
at
is
ti
ca
l
co

m
p
ar
is
on

b
ct
w
ee
n

th
e

gr
ou

ps
.

A
ge

,
m
o
n
th
s

<
1

1
-2

2
-4

4-
6

6
-9

9
-1
2

1
2
-1
8

M
ea
n,

E
U
.

13
.4
6

12
.7
7

10
.5
5

9.
57

9.
20

7.
95

6.
91

S
ta
n
d
ar
d

d
ev

ia
ti
o
n
,
E
U

4.
00

3.
10

1.
70

1.
35

0.
78

0.
85

0.
51

R
an

ge
,
E
U
.

8.
9
7
-2
4
.1
3

1
0
.0
8
-1
7
.0
2

7
.8
5
-1
3
.9
2

7.
97
-1
2
.6
6

8.
5
3
-1
0
.3
0

5.
90
-
9
.6
8

6
.1
7
-7
.9
1

N
um

b
e
r
of

an
im

al
s

11
6

17
13

5
24

19

S
ta
ti
st
ic
al

C
O
ll
l-

p
ar
is
on

b
et
w
ec
n

th
e
g
ro
u
p
s

S
tu
d
en

t'
s
t-
tc
st
.

12
-1
8

m
o
n
th
s

P
<
0
.0
01

P
<
0.
00

1
P
<
0
.0
0
1

P
<
0
.0
0
1

P
<
0
.0
0
1

P
<
0
.0
0
1

...
...

...
...

..
9-
1
2

..
P
<
0
.0
01

P
<
0.
00

1
P
<
0
.0
01

P
<
0
.0
01

0.
01
>
P
>
0
.0
01

.
.

-
-

6-
9

"
0.
05

>
P
>
0
.0
1

0.
05
>
P
>
0
.0
1

P
>
0
.0
5

P
>
0
.0
5

..
..

-
4-

6
..

0.
01

>
P
>
0.
00

1
0.
0
1
>
P
>
0.
00

1
P
>
0
.0
5

.
.

2-
4

..
0.
0
5
>
P
>
0
.0
1

0.
05
>
P
>
0.
01

-
1-

2
..

P
>
0
.0
5



36

ferred either to changes in the protein available for binding, their
amount and their binding capacity (Parrow 1962 ).

In this context erythrocytes serve as non-specific accumu­
lators of T3. The criss-cross experiments of Harnolsky et al.
(1959 ) demonstrated this; T3 uptake was the same for a par­
ticular plasma sample and erythrocytes from different donors
with different levels of thyroid function. It has subsequently
been shown that resin can substitute for the erythrocytes (Mit ­
chell et al. 1960 ).

The EU values obtained here are lower than those reported
by Hansard (1962) probably because of differences in methods.
Hansard incubated his samples for four hours instead of one
hour. Wilson et al. (1961) obtained a mean of 7.06 for 36 cows
at an incubation time of two hours. Incubation for two hours
gives EU values some 45 per cent higher than those obtained
after incubation for one hour (Thorell 1965 ) . The increase after
incubation for four hours was 95 per cent.

The EU values for the cattle in this series were obtained by
a method very similar to that used by Yen (1963 ) for human
beings. For euthyroid subjects, the normal range was 10.0 to
18.5, somewhat higher than the values for cattle. Species dif­
ferences in the in -vitro uptake of labelled T3 have recently been
dealt with by Slebodzinski (1963 ) and can probably be ascribed
to differences in the properties of the thyroxine-binding plasma
proteins. Animals are known to possess thyroxine-binding
globulin (TBG) but little is known of the TBG capacity of
the different species. Most studies have been carried out on
human serum (Robbins & Rall 1960 ). Nor is much known about
thyroxine-binding prealbumin in the different species.

The calves in this survey had significantly higher EU values
than the cows, i. e. their level of thyroid activity was higher.
Studies on other species and with different methods have given
a similar result. Schultze & Turner (1945 ), for example, demon­
strated that thyroxine secretion was 25 per cent greater in chicks
two to five weeks old than in six-month-old chickens. In rats,
thyroxine secretion decreases with increasing age (Monroe &
Turner 1946 ) . Higher serum PBI values in calves than in cows
have also been reported by Long et al. (1951), Lewis &: Ralston
(1953) and Sorensen ( 1958) .

There is no readily apparent reason for the two-year-old cows
after parturition having lower EU values than older cows. One
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possible link is the lower milk production during the first
lactation.

After parturition the ED values increased rapidly. Sorensen
(1958) has reported higher PBI values early in pregnancy than
later. This gives a clear association between the magnitude of
thyroxine secretion and milk production but does not neces­
sarily imply a causal and reciprocal relation between them.
Exogenous thyroid hormone, however, increases milk production
(Moustgaard & Thorbeck 1949; Owen 1948) to make it appear
that thyroid function is a primary factor .

This study of thyroid function based on the in vitro uptake
of labelled T3 by erythrocytes has demonstrated the suitability
of this method for screening thyroid function of large numbers
of animals in a geographical region. The method is sensitive
enough to detect the changes in thyroid function which accom­
pany physiological events. It remains to establish whether the
method is suitable for the diagnosis of hypo- or hyperfunction
of the thyroid in cattle. Preliminary trials, however, suggest that
this is the case. The method will undoubtedly contribute to
greater knowledge of thyroid function in cattle and particularly
its relation to different production qualities.
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SUMMARY

Uptake of 1131-labelled triiodothyronine by erythrocytes (EU test)
as a test of thyroid function has been studied in cattle. The normal
EU value for 141 Swedish Red-and-white cows was 6.99 :±: 0.95 (range
4.45 -10.23) at an incubation time of one hour. Statistically signific­
antly higher values were obtained for newly-calved cows. The EU
values for calves are significantly higher but by 12 to 18 months of
age decline to the same level as for older cows.

The principle of the test is described and the results obtained
compared with those for human beings. The EU test is suitable for
screening thyroid function for large groups of animals and for study­
ing associations between thyroid activity and different production
qualities.

ZUSAMMENFASSUNG

Untersuchungen tiber die Aufnahme von J-131-gemerkten l-Trijod­
thyronins in Erythrocyten in v it r 0 als Test der Thyreoideafunk­

lion bei Rindern,

Eine Untersuchung tiber die Aufnahme gemerkten Trijodthyronins
(genannt Elf-Test, Erythrocyte Uptake) als Test der Thyreoideafunk­
tion bei Rindern wurde vorgenornmen. Basiert auf eine Untersuchung
von 141 SRB-Kiihen erhielt man einen EU-Normalwert von 6,99 :±: 0,95
(Grenzwerte 4,45 -10,23), wobei doch die Zeit nahe der Kalbung
ausgeschlossen wurde, nachdem man statistisch signifikant hohere
EU-Werte bei neugekalbten Kiihen erhielt. Jungtiere zeigen hohere
EU-Werle, die doch mit steigendem Alter sinken, urn nach 12-18
Monaten die gleichen, wie die bei alteren Tieren zu sein.

Das Prinzip, worauf der Test baut, wird mit Leitung der Literatur­
angaben diskutiert. Die erhaltenen Resultate werden mit denen, be­
sonders beim Menschen erhaltenen, verglichen. Die Verfasser schlies­
sen daraus, dass der EU-Test Itir eine grobe Aussiebung des Thy­
reoideastatus bei grosserem Tiermaterial, sowie fUr Untersuchungen
des Zusammenhanges zwischen Thyreoideastatus und verschiedenen
Produktionseigenschaften sehr anwendbar ist.
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SAMMANFATTNING

Undersiikninqar iiuer erythrocyternas upptag in u i t r 0 au J131-miirkt
l-trijodthyronin som en test pd thyreoidea{unktionen hos notkreatur,

En undersokning har fOretagits over erythrocyternas upptag av
markt trijodthyronin (EU-testen) sasom en test pl\ thyreoideafunk­
tionen hos notkreatur, Baserat pl\ en undersokning av 141 SRB-kor
erholls ett norrnalvarde pl\ EU av 6,99:±: 0,95 (gransvarden : 4,45­
10,23) varvid dock tiden narmast efter kalvningen uteslutits, eftersom
statistiskt signifikant hogre Efl-varden erhalles hos nykalvade kor.
Ungdjur visar hogre El.l-varden., vilka sjunker med stigande Alder for
att vid 12-18 manaders alder vara desamma som hos aldre kor.

Den princip varpa testen bygger diskuteras med ledning av litte­
raturuppgifter. De erhallna resultaten [amfores med motsvarande re­
sultat hos specielIt manniska. EU-testen ar val Iampad fOr screening
av thyreoideastatus pl\ ett storre djurmaterial liksom vid undersokning
av sambandet mellan thyreoideastatus och olika produktionsegen­
skaper.

(R eceioed April 28, 1964).




