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Effect of Chronic Dietary Nitrate on Canine thyroid Function.l
Kelley, S. T., Oehme, F. W., And Hoffman, S. B. (1973). Toxicol.

Appl. Pharmacol. . An investigation was conducted to gain

information concerning the effects of dietary nitrate on thyroid function
in Beagle dogs and their cffspring. The dogs received O ppm, 300 ppm,
600 ppm, and 1000 ppm sodium nitrate in drinking water under normal
management and feeding conditions. Continuous consumption of sub-lethal
levels of nitrate by dogs did not produce a syndrome of chronic nitrate

toxicosis characterized by thyroid dysfunction.



The existence of potentially toxic levels of nitrate in the water
of many rural areas is a recognized occurrence (Olson EE al., 1972).
Subacute and chronic nitrate toxicity has been observed in food animals
to nroduce signs of anorexia, dyspnea, grinding of teeth, restlessness,
vasodilation, reduced blood pressure, abortion, decreased milk secretion,
possible avitaminosis A, and possible thyroid malfunction (Blood and
Henderson, 1968; Dolahite, 1970).

The potential influence of nitrate toxicity on thyroid function has
been studied in several animal species. In rats a definite correlation
exists between thyroid hypofunction and nitrate poisoning (Bloomfield
et al., 1961; Lee et al., 1970; Wyngsarden et al,, 1953), and it appears
that nitrate is an antithyroid substance in that species. This effect
is probably a result of nitrate interference with the thyroidal iodide-
concentrating mechanism (Lee et al,, 1970). When nitrate is présent,
higher levels of iodine are needed for the maintenance of normal thyroid
glands. Thyroid abnormalities in sheep were associated with the level
of nitrogen fertilization (Reid et al., 1969). However, nitrate was fed
at relatively high rates to pregnant heifers without any change in several
measures of thyroid function and suggests that ruminants may not respond
to nitrate in the same way as rats (Jaimudeen et al., 1965).

The relationship between nitrate consumption and thyroid function
is thus unclear., This study was undertaken to determine if there was any
correlation between chronic dietary nitrate and the occurrence of thyroid

malfunction in dogs.

METHODS

" tnatal of 28 mature, breeding Beagle dogs, LI males and 2l females



in good health were used. They were randomly divided into L groups of

1 male and 6 females each. Each group received O ppm, 300 ppm, 600 ppm,
or 1000 ppm sodium nitrate in their drinking water. All the dogs were
housed in identical conditions and fed a commercial dry dog food ad

lib.2 The males and females were bred wiéhin their respective groups and
the resulting puppies maintained on respective feed and water.

After 1 year, blood samples were collected monthly for L months
from the adults in each group. Samples were drawn at the same hour of
the day each time with heparin used as the anticoagulent. The plasma
was separated and frozen. Samples were also collected from all puppies
in each group at 9 weeks of age during the test period and were handled
in the same manner as blood from the adults.

Plasma samples were thawed to room temperature at the end of the -

test period and evaluated for thyroid function using two EE vitro tests,

One procedure used was total serum thyroxine by compstitive protein
binding of labeled thyroxine (IQST-h)B; this test was recently designated
thyroxine (displacement) or Th(D) (soloman et al., 1972). Determination
of Th(D) was according to manufacturer's instructions except that 0.9 ml
of supernatant rather than 0.3 ml was removed after plasma centrifugation.
This in turn necessitated division of results by 3 to obtain the thyroxine
(Th) values reported here. The modification was necessary due to the

low Tﬁ concentration found in canine plasma (Furth et al., 1968).

The second procedure was resin sponge uptake of radioactive triiodo-
thyronine (125T—3 test)h, designated resin triiodothyronine uptake or

RTBU (Soloman gg_gl;, 1972). The same deep well counter5 was used, After

determination of Th(D) and RT.U values for each adult and puppy sample,

3



the thyroxine-resin T3 index (Th-RT3 index) was calculated. The Th-HT3

index 1s also known as the thyroid activity index, corrected thyroid

concentration, T,, and frée thyroxine index (Solomon éﬁ al., 1972) and

iz calculated as the Th(D):RTBU ratio or (Th(£3) X (RTjU) = (Th—RTB).
Mean and standard error of the mean (SEM) were computed for each

experimental group of adult and puppy Beagles, and Student's t test of

significance was applied to evaluate differences between groups of adults

or puppies using a programmed electronic calculator.

RESULTS

Table 1 shows results obtained for the thyreid function studies
performed on the adult dogs in each group. No significant differences
were observed between groups receiving O ppm, 300 ppm, 600 ppm, or
1000 ppm sodium nitrate.

Table 2 shows the results obtained for the thyroid function studies
performed on the puppies in each group. No significant differences in
the thyroid function evaluations were observed among the puppies from
dams receiving 0 ppm, 300 ppm, 600 ppm, or 1000 ppm sodium nitrate.

No clinical manifestation of hypothyroidism was observed in any of

the groups of adult or puppy Beagles.

DISCUSSION
Various investigators of canine thyroid function have observed that
'Tu(D) and RTjU are valuable indicators of thyroid function (Anderson and
Dorner, 1971; Hightower and Miller, 1969; Hightower et al., 1969;
Xallfelz, 1968; Xallfelz, 1969a; Kallfelz, 196%; Kyazr et al., 1972).

In humans the Th—RT3 index has proved a valuable measure of total thyroid
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function since it overcomes possible inherent errors when sither Th(D) or
RT3U is used alone (Howorth and Ward, 1972; Stein and Price, 1972), This
value is also of use in animals since it gives an index of the free
cifculating Th’ which is the active form (Siegal, E. T. personal com-
munication, 1972).

In performing the Th(D) test in this study plasma was used instead
of serum aé is called for in the manufacturer's directions; however, this
modification does not alter the results obtained (Kelley and Oehme, 1973).

Chronic nitrate toxicity in rats mimics the effect of iodide
deficiency by causing an increased dietary requirement for iodide (Lee
et al., 1970). This observation questions whether long-term restricted
dietary iodide consumption would effect the thyroid status in the dog.

To answer this question Beagle dogs were maintained on low dietary iodide
for up to two years (Norris et al., 1970). During the first yeér the
dogs manifested abnormal thyroid function as measured by uptake and

1311 by the thyroid and gross and microscopic examination of

release of
the thyroid, but the only thyroid function test remaining abnormal after
two years was 131]: thyroid uptake. Since the adult dogs used in our study
were consuming sodium nitrate for one year before thyroid status was
measured, a parallel between the experiments may be attempted. If chronic
nitrate consumption in dogs mimics iodide deficiency, the dogs in the
present study may have accommodated to the condition at the time samples
were collected. At no time, however, did the dogs in this study exhibit
clinical signs of hypothyroidism,

The reported incidence of hypothyroidism in cattle due to chronic

nitrate intake may have been due to other causes mimicking hypothyroid



clinical signs (Jainudeen et al., 1965). From the results of this study
there is no evidence that dietary nitrate in the doses and for period of

time administered has any effect on canine thyroid function.
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TABLE T

Thyroid Function Studies in Adult Dogs Recelving

Sodium Nitrate in Drinking Water

Thyroid function test (% SEM)

Dose level N No. of Th(D) RTBU TLL~RT3 :
(pnm) samples (ng/100 ml) (%) index

0 g 21 1.20%0.57 50.56%0,68 0.60.10,06

300 7 20 1.19%0.64 50.45%0.96  0.59%0.96

600 7 22 B B0 07 19.68%0.81  0.hh%0.08

1000 7 20 0.94%0.15 50,36%1.02  0.47%0.07

A1l dogs 28 85 1.08%0.08 50.14%0.08  0.53%0.0L
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TABLE IT

Thyroid Punction Studies in Puppies from Dogs

Receiving Sodium Nitrate in Drinking Water

Thyroid function test (= SEM)

Dose level N No. of Th(D) RTBU Th-—RT3
(ppm) Samples (pg/100 ml) (%) index
0 b1 hl 2,2720,09 L7.01%0,09  1.08%fc.ok
300 5 13 2,16%0.13 18.1051.00  1.0L10.07
600. L L 2.47*0.2) 13.80%0.7  1.0920.07
1000 18 L8 2.30%0.08 46.83%0.L0 1.08%0.03
A1l puppies 10l 10k 2.30%0.05 L6.83%0.0  1.08%0,03




INFLUENCE OF ESTRUS CYCLE IN NORMAL MARES ON SERUM THYROID LEVELS

Stephen T. Kelley, D.V.M., M.5.,; Frederick '. Oehme, D.V.M, Dr. med.

vet.,, PhD.; Gary W. Brandt, D.V.M., M.S.

SUMMARY
Serum thyroxine (Th)’ resin triiodothyronine uptake (RT3U), and

thyroxine resin T3 index (Th-RT index) were followed in 9 normal mares

3
during their estrus cycles. A statistically nonsignificant decrease in
serum 'I‘h was observed after ovulation, However, there were no significant
differences in the thyroid function test results during various stages

of the estrus cycle. It appears that the stage of éstrus ecycle does not

significantly influence the serum thyroid hormone levels in normal mares.

From the Comparative Toxicology Laboratory, Department of Surgery
and Medicine,.xansas State University, Maphattan, Kansas 66506,

The technical Assistance of Shryll Hoffman, M. T. (ASCP) and the
typing skills of Mrs. D. C. Kelley are gratefully acknowledged.
Appreciation is expressed to Abbott Laboratories, North Chicago, I11.
for supplying the ?etrasorb-lES and Triosorb-125 tests and the well
counter,

Reprint requests should be sent to Dr. F, W, Oehme, Comparative
Toxicology Laboratory, Department of Surgery and Medicine, Kansas State

University, Manhattan, Kansas 665006,
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The influence of the thyroid upon reporduction in many animal

. ‘ . . : : 1-6 g
svecies and man has been extensively investigated and reviewed. 213,15,

16ﬂ18’20’23. However, there appears to be considerable confusion con-
cefning the relationship between thyroid function and reproduction.
Some investigdtors contend that female reprcductive performance can
proceed normally only in euthyroid individuals.l8 Others disagree,
saying that reproductive capacity is frequently maintained even in the

23

complete absence of normal thyroid function., The confusion may lie in
difference of experimental design or means of evaluation or may be due
to species variation.

Much of the research conducted on the thyroid-reproduction relation-
ship has been done on thyroidectomized animals, animals fed antithyroid
comnounds, or animals receiving exogenous thyrold hormones. Reports can
be found in a large number of different species that thyroidect&my or
antithyroid compounds appear to adversely affect reproduction in some

?
;.6513,18,23

wa, Conflicting reports maintain that, at least in some
species, thyroldectomy or antithyroid compounds do not adversely affect
reproduction.5’6’13’23 It has been noticed ﬁlinically and experimentally
that exogenous thyroid hormonss enhance reproductive I‘unc’c,:lon.si16
This has lead to the theory that thyroid replacement may aid infertility
problems in both man and animals.6’12’16
It has been observed that problems of infertility in mares, par-
ticularly anestrus or irregular estrus, will respond to thyroid
replacement therapy.12 “This study was. undertaken to determine if the

estrus cycle in normal mares influenced serum thyroid hormone levels,
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Materials and Methods

Nine mature (over 5 years) quarter-type mares were used. All were
fed a ration consisting of brome and alfalfa hay mixture and oats. The
mares were obtained at different times during the experimental period:
mares 1 and 2 were procured in March; mareé 3, 4, and 5 in May; mares 6,
7, and 8 in June; and mare 9 in July. Each mare was given a complete
physical examination, including genital examination before being placed
on experiment. The genital examination included rectal palpation,
vaginal examination, and cervical and uterine culture. If available, a
reproductive history was obtainéd.

For purposes of relating the stage of the estrus cycle to serum
thyroid hormone levels, the mares' estrus cycles were divided into 5
periods determined by daily rectal palpation of each mare: 1) Proestrus 1
(Pl), the first day a developing follicle could be palpated on one of the
ovaries; ?) Proestrus 2 (P,), the day the follicle was large and soft,
approximately 2L to L8 hours prior to ovulation; 3) Estrus (F), the day
of ovulation; L) Metaestrus 1 (Mi), 6 days after ovulation; 5) Metaestrus 2
(Mp), 11 cays after ovulation. Bloed samples were collected from the jug-
ular vein of each mare at the perlods outlined at the same hour of the
day. The serum was separated and frozen.

Serum samples were thawed to room temperature at the end of the

test period and evaluated for thyroid function using two in vitro tests,

One procedure was total serum thyroxine by competitive protein binding
of labeled thyroxine (125T—h)a; this test was recently designated
thyroxine (displacement) or Th(D).21 Determination of Th(D) was as

described previously.8 The second procedure was resin sponge uptake of
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25

1
radicactive triiodothyronine (7 “T-3 test)b, designated resin tri-

: 21
iodothyronine uptake or RTBU. This test wzs performed according to
manufacturer's instructions using a deep well counter.® After deter-

mination of Th(D) and RT.U values for each sample, the thyroxine-resin

3

T3 index (Th-RT3 index) was palculated. The 'I‘h—RT3 index is also known
as the thyroid activity index, corrected thyrold concentration, T?, and
free thyroxine ndex ard 4s cslenlated as the THCD)=RT3U ratio or
(Th(D) ¢ (RTBU) = (Th—RTB).

Mean and standard error of the mean (SEM) were determined for each
stage of the estrus cycle in all mares, and Student's t test of sig-
nificance was applied to evaluate differences between the various estrus
cycle stages using a programmed electronic calculator.d

During the period of this study, a co-study mgasured luteinizing
hormone (LH) and estradiol in peripheral blood of mares no. 1, 2, L, 5,

and 9 during one or more of their estrus cycles.19

Results

A total of 35 estrus cycles were followed in the 9 mares during
the test period. However, the mares varied considerably as to number and
regularity of their estrus cycles (Table 1),

Table 2 provides the mean results of thyroid function studies in
the 9 mares. Significant dif ferences were noted when comparing individual
mares to the total group and when comparing individual mares to each
other,

Table 3 indicates the results of thyroid function studies at
different stages of the estrus cycle in all nine mares. No significant

A ffeorences in thyroid function evaluations were observed when comparing
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the results of each stage of the estrus cycle to the total or when
comparing each stage of the estrus cycle to the other stages,

To examine the data obtained for the thyroid function tests during
the estrus cycle visually, graphs were made of sacihi thyroid function
test value for each mare's cycle. Graphs of the mean and SEM values for
each of the 3 tests performed, Th(D)’ RTBU, and Th-RT3 index, for all
mares are shown in Fig, 1, 2, and 3.

Fig. 1 is the mean and SEM of the total serum thyroxine (Th) for
all mares during each stage of their estrus cycle. It should be noted
that there was considerable variance in the level of serum Th between

mares, but there was a consistant decrease in serum T, after ovulation,
3

L
This decrease was seen in 73.6% (25 or 3L) of the cycles observed,
Further, in 567 (19 of 34L) of the ¢ycles observed, the curve of the serum
Th followed the shape demonstrated in Fig., 1. Fig. 2 provides ﬁhe mean
and SEM of RTBU for all mares during each stage of their estrus cycle.
The shape of the curve is not consistant between mares or between estrus
cycles in the -same mare. Fig. 3 demonstrates the SEIf of Th-fiT3 for all
mares during each stage of their estrus cycle, As with Fig. 2, the shape
of the curve in Fig., 3 is not consistant between mares or between estrus
cycles in the same mare,

The measurement of LH and estradiol in peripheral blood of marss
during their estrus cycle revealed no observeable correlation between the

thyroid test values and the LH and estradiol levels when all parameters

were measured simultaneously,

Discussion

Tnvestisntors of equine thyroid funetion have observed that TH(D)



Ak

7-9,11,14

and RT.U are valuable indicators of thyroid funection,. In humans

3

the Th—RT3

since it overcomes possible inherent errors when either Th(D) or RT3 arc
10,22

index has proved an important measure of total thyroid function

used alone,
The total mean values reported in this study for Th(D) and RT.U in

3
all mares agree favorably with values reported by other investigators.2'9’

11,1k The results indicate that there is a significant variation between
the thyroid function test results in different mares. However, this wide
variation in values in different individuals has been observed in bhoth
man and animals, including horses.7'9’11”’17
In other species it has been reported that there is a definite
relationship between the thyroid status and the estrus cycle.l’g’s’é’18
In women it has been observed that there is a decrease in free serum Th
levels in the luteal phase of the menstral cycle.l In rats, hamsters,
and pguinea pigs increased thyroid activity has been observed after
ovulation.2 Female mice have increased thyroid activity during
nroestrus.lg
The fact that there was a mean decrease in serum Th after ovulation
in most c¢ycles is an interesting trend. This suggests a possible species
variation since, as noted earlier, rats, hamsters, and guinea pigs show
increased thyroid activity after ovulation, It is difficult to postulate
a reason for the observed decrease in serum Th after ovulation in mares.
It is known that in the mare there is a peak in serum estrogen shortly

12

before ovulation. In women it has been observed that during period of
increased serum estrogen, such as pregnancy or in women receiving

estrogen containing contraceptive drugs, there is an increase in serum
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thyroid-binding globulin (TBG) which causes an increase in serum Th'23
if there is an increase in the mare's serum proteins that bind Th during
the increase in estrogen prior to ovulation, there would also be a
slight increase in Th' After ovulation there may be a decrease in Th-
binding proteins due to the decrease in serum estrogen. This could
cause a feedback inhibition of Th from the thyroid gland and a decrease
in serum Th after ovulation. Since the RTBU did not change significantly
during the estrus cycles, this theory to explain the drop in Th
following ovulation is questionable.

Another theory for the consistant decrease in serum T, following

L
ovulation is that thyroild changes are a consequence of owvulation and not
related to estrogen concentration. This theory is supported by one
investigator who maintains that thyroid activity appears to be asscciated
with ovulation.2 However, since no correlation avpeared between LH

and estradiol levels and thyroid levels, it could be suggested that neither
LH nor estradiol éffect thyrold activity directly. Further investigation
needs to be conducted to determine the consistency and caﬁse of the
decrease in serum Tll after ovulation.

When examining Table 1, which shows the number and regularity of
estrus cycles of the mares, and Table 2, which shows the results of thyroid
function studies in the mares, an interesting trend is observed, The mare
with the highest mean serum Th level (mare no. 2) had very irregular
estrus cycles, Mare no. 8, which had the lowest serum Th level, also had
few and irregular estrus cycles. However, when examining LH and estradiol
levels during estrus cycles,19 both mares no, 2 and 8 were entirely normal

and exhibited curves similar to the other mares studied. Mares no., 3
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and 7 exhibited only one estrus cycle during the test period, but the
results for Th(D)’ RT3U, and Th—RTB index were similar to the means for
211 the samples. There was no signifiecant difference for the thyroid
function tests between the various stages of the estrus cycles measured
{Table 3},

Another group of investigators has studied reproductive function in

13

thyroidectomized mares and stallicns. The thyroidectomized animals
subsequently showed clinical signs of hypothyroidism, but the thyroid-
ectomized mares had estrus cycles and teasing patterns similar to those of
controls. Together with results of the present study, this suggests that

the estrus cycle does not significantly influence serum thyroid hormone

levels in normal mares,
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Fig. l--Mean and SEY of Serum thyroxine (Th) during different stages of
the estrus cycl of 9 normal mares, P1 is proestrus 1, the first day a
developing follicle could be palpated on one of the ovaries; ?2 is
Proestrus 2, the day the follicle was large and soft, and approximstely
2L-L8 hours prior to ovulation; E is Estrus, the day of ovulation; Ml

is Metaestrus 1, 6 days after ovulation; and M, is Metaestrus 2, 11 days

after ovulation.
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Fig., 2--Mean and SEM of resin triiodothyronine uptake (RTBU) values
during different stages of the estrus cycle of 9 normal mares. Pl is
Proestrus 1, the first day a developing follicle could be palpated on one
of the ovaries; P2 is Proestrus 2, the day the follicle was large and
soft, and approximately 2L-L8 hours prior to ovulation; E is Estrus, the
day of ovulation; My is Metaestrus 1, 6 days after ovulation; and M, is

Metaestrus 2, 11 days after ovulation.
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Fig., 3--Mean and SEM of thyroxine-resin T3 index (TM-RTB index) during
different stapes of the estrus cyele of 9 normal mares. P1 is Proestrus 1,
the first day a developing follicle could be palpated on one of the
ovaries; P, is proestrus 2, the day the follicle was large and soft, and
approximately 2L-L8 hours prior to ovulation; E is Estrus, the day of
ovulation; Ml is Metaestrus 1, 6 days after ovulation; and Mé is Metaestrus
2, 11 days after ovulation.
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TABLE 1-Number and Regularity of Estrus Cycles of 9 Normal Mares

Mare

No. of estruvs cycles

Days between

estrus cycles

2l
23
2l
25
27
25

51
23
56
18

19
20
20
22

23

15
21
2l
19
26

L7

23
L6

2l
22

23




TABLE 2-Thyroid Function Studies in 9 Normal Mares

33

Thyroid function test (I SEM)

Mare No. of Th(D) RT3U ‘I‘l{-RT3 index
samples (ng/100 ml) (%)

1 28 1.22%0.15 146,70%0.83 0.5520,06
2 25 2,13%0.17 51.74%1.18 1,08%0,08
3 5 i 3280,.0% 50,83%1.37 0.66%0.09
L 25 1.67%0.16 L7.97%1.L3 0.81%0.08
5 2ly 1.55%0.12 46.42%0,15 0.7220.06
6 12 1.30%0,23 L7.24%0.89 G510, 11
7 8 1.91%0,17 143.05%0.33 0.820.07
8 15 0.51%0,12 55.00%1.36 0.280.05
9 16 1.3220.98 148.1620.98 0.63%0.09

A1l mares 158 1.47%0,07 18.57%0.L5 0.7020.03
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TABLE 3-Thyroid Function Studies at Different Stages of the Estrus

Cycle in 9 Normal Mares

Thyroid function test (¥ SEM)

Stage of No. of Th(D) HTBU Th-RT3 index
cycle samples (pe/100 ml) (%)
P 32 1.44%0.16 18.3051.13 0.69%0,08
2o 28 1.61%0.13 50,76%1.25 0.82%0.07
ol 3l 1.68%0.13 L7.75%0.72 0.7920.06
+
o 33 1.20%0.1} 17.91%0.77 0.68%0,07
M§ 32 1.33%0.16 L8.57%1,02 0.63%0.07
Total 158 1.47%0.07 48.57%0.L5 0.70-0.03

*Proestrus 1, the first day a developing follicle could be palpated on
one of the ovaries

**proestrus 2, the day the follicle was large and soft, approximately
2Li-1:8 hours prior to ovulation

+Istrus, the day of ovulation
tMetaestrus 1, 6 days after ovulation

8Metaestrus 2, 11 days after ovulation
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A Comparative Study of Circulating Thyroid Levels. Kelley, S. T.

and OQehme, F, W, (1973). Toxicol. Annl . Pharmacol. Three

thyroid function tests: thyroxine (disnlacement), resin triiodothyronine

uptake, and thyroxine-resin T_ index, were used to measure thyroid

3
functlion in dogs, horses, and cattle. A comparison was also made of the
use of serum or plasma. The choice of serum or plasma did not interfere
with or alter the test results., The thyroid function tests gave similar
results in dogs and horses, but there were significsnt differences in

cattle., This variation may be due to basic species differences in thyroid

physiology.
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Thyrold malfunction has been incriminated in several toxicological
and clinical disorders in dogs, horses, and cattle (Blood and Henderson,
1968; Bloom, 1968; McDonald, 1969; Nodine and Siegler, 196L), Until
recently it has been difficult to evaluate thyroid function in domestic
animals, but with the advent of simpler ana more accurate methods for
lzboratory evaluation, it is now possible to better relate clinical and
subclinical thyroid disorders with laboratory data. In order to determine
the normal values for these laboratory methods, this study was undertaken
to measure circulating serum thyroxine (displacement) (Th(D)), resin

triiodothyroxine uptake (RT3U), and thyroxine-resin T. index (Th~RT3

3

index) in a group of normal dogs, horses, and cattle.

METHODS

To test thyroid function in dogs, three groups were used: 08 matufe
breeding Beagles; 39 nine-week old puppies; and 12 randomly-selected male
and female mixed-breed dogs. The horses used were a groun of 9 mares on
an estrus cycle stud& (Kelley et al., 19735) and a groun of four mares
admitted to Djkstra Veterinary Hospital, Kansas State University, for
infertility problems. Three of the latter mares were aged Thoroughbreds
showing signs of anestrus, but with no signs of hypothyroidism. The
fourth mare was a Quarter horse showing signs of anestrus and also
exhibiting clinical signs associated with hypothyroidism. To evaluate
thyroid function in cattle, 1% mature Holstein cows, pregnant and in mid-
lactation, and || Hereford steers were used.

At least 5 ml. of blood was collected from each animal. Heparin
was uscd as an anticeoagulant for half the sample and the remainder was

allowed o clot. The nlasma or serum was separated and frozen. Samnles
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were later thawed to room temperature and evaluated for thyroid function.

Two in vitro tests were used. Total serum thyroxine (Th) wa.s

determined by competitive protein-binding of labeled T) (125T~h)1; this
test was recently designated thyroxine (displacement) or Th(D) (Soloman
et al., 1972), Resin sponge uptake of radioactive triiodothyronine
uptake or RTBU (Soloman et Ei., 1972) was also measured, Determinations
of Tb(D) and RTBU were as outlined previously (Kelley et al., 1973a,b)'

The thyroxine-resin T, index (Th—RT3 index), also known as the thyroid

3
activity index, corrected thyroid concentration, T7, and free thyroxine
index (Soloman et al., 1972), was then calculated as the Th(D):HTBU
ratio or (Tb(D)) 4 (RTBU) = (Th~RT3). Extraction effeciency of Th
from serum or plasma of each species being studied was determined as
previously described (Kallfelz, 1969;).

Mean, standard deviation (S.D,), and standard error of the mean
(SEM) were calculated for each experimental group, and Student's t test
of significance (P&0.05) was applied to evaluate differences between

3

groups using a programmed electronic calculator.

RESULTS
The results of the thyroid function studies and the serum-plasma
comparison from dogs are shown in Tables 1, 2, and 3. There was a
significant differegce between the mean Th(D) and ThunB index of the
adult and puppy Beagles, with the puppies showing significantly higher
values. There was no significant difference between adult and puppy
values for RTBU. There was no significant difference in the test results

when serum or plasma was used (Table 3). The mean values for Th(D) and

Th--RTq index were lower for the mixed-breed dogs than for the adult
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Beagles; but dog no. 5 had a Th(D) and T),-RTy index value of 0, there-by
materially lowering the means of these tests for that groun. If this
dog's results are omitted, the mean values are similar.

The results of the thyroid function tests verformed on the horses
are summarized in Tables L} and 5.

The thyroid function test results for cattle are shown in Tables 6
and 7, There was no significant difference when serum or plasma was used.
Significant differences were found in the Tb(D) and T) -RT, index when

3

comparing the dairy cattle to the beef cattle, but not when the RTBU results

were compared.

The extraction efficiencies of T, from serum and plasma of dogs,

L

horses, and ca2ttle are given in Table 8.

DISCUSSION

Investigators of thyroid function have observed that Th(D) and
HTBU are valuable indicators of thyroid function in dogs (Anderson and
Dorner, 1971; Hightower and Miller, 1969; Hightower et al., 19693
Kallfelz, 1968; Kallfelz, 1969a; Kallfelz, 1969b; Kyzar st al., 1972),
horses (Hightower and Miller, 1969; Hightower et al., 1969; Hightower
et al., 1971, Kallfelz and Lowe, 1970; Lowe and Kallfelz, 1970; Motley,
1972), and cattle (Hightower et al., 1969; Lorscheider, 1970). In humans
the ThaRT3 index has proved a more valuable measure of total thyroid
function, since it overcomes pogsible inherent errors when either Th(D) or
RT}U are used alone (Howorth amd Ward, 1972; Stein and Price, 1972),

ThnRT index is also of use in animals since it gives an index of the

3

free circulating T}, s which is the active form (Siegal, E. T., personal

Ao AT pn +4 on ¥ ]972) .
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Our studies and those elsewhere indicate that the use of either
serum or plasma in testing dogs, cattle, or horses (Hightower et al.,
1971) should not interfere with test results. This is imvortant because
now a single blood sample can be reliably used for these thyroid function
tests as well as for other clinical 1ab0ra£ory nrocedures utilizing
nlasma.,

The observation of significantly higher serum Th concentrations in
young than in adult dogs (Tables 1 and 2) has also been made in other
species (Lowe and Kallfelz, 1970; Lorscheider, 1970; Murray et al., 1971).

The mean values for Th(D) in dogs are lower than those reported by
other investigators (Anderson and Dorner, 1971; Hightover et al., 1969;
Kallfelz, 1969a,b; Kyzar et al,, 1972}, but the method for performing this
procedure was slightly modified (Kelley et al., 1973a) from those pre- .
vicusly reported. The results for RT3U in the adult dogs agree favorably
with those previously reported (Hightower and Miller, 1969; Kallfelsz,
1969).

The results for Ty (D) and RT.U in horses also agree favorably with
h

3
results published by other investigators (Hightower and Miller, 1969;
Hightower et al., 1969; Hightower et al., 1971). However, the Th(D) values
werc below those others reported in horses (Kellfelz and Lowe 1970;
Lowe and Xallfelz, 1970). This difference is believed due to the modifi-
cations in the Th(D) test.

The TM(D) test results in cattle correlate favorably with the
reports of other investigators (Hightowar et al., 1969; Lorscheider, 1970).
while the dairy cattle had significantly higher values than beef cattle,

tlhiere was also nonsignificantly higher RT3U values in the beef cattle as

compared to the dairy cattle.



el
The thyroid function tests measured had very similar results in
dogs and horses; however, cattle had significantly higher mean values for
Th(D) and Th_RTj index and lower wvalues for RTBU' This observation may
be due to basic species differences in thyroid physiology (Refetoff et al.,

1970).
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Thyroid Function Studies in ftdult Beagle Dogs

TABLE 1

Dog

Sample

Thyroid function test

T}l(D)

RT.U

TM_RT index

3 3
no. (pg/100 ml) (%)

1 1 0,089 52.7h 047
2 g 55.50 0.67

3 0,18 L7.08 0,37

2 L 0.89 52.h5 047
5 0.93 5h.25 0.50

6 0.67 51.63 . 0.35

7 0.26 1,8.37 013

3 8 2.33 51.77 1.21
9 1.68 52.13 0.88

10 1.51 53.09 0.80

N 11 0.47 5l.58 0.26
12 1,77 52.79 0.93

5 13 2,51 £1,93 1.30
1k 0.147 50,86 0.2

15 0,90 h6.34 0.42

6 16 1.15 h5.99 0,56
17 1.8h 115,99 0,85
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TABLE 1 (cont,)

Dog Sample Th(D) RTBU Th'RTB index_
B (ng/100 ml) (%)
6 18 2.0 W5k 1.07
7 19 0.99 Lol 0.L9
20 2,08 39.53 0.L7
21 1,58 L5.77 0.72
8 22 1.21 P T 0.6l
23 i | 50,66 0.61
Mean 1.29 50,18 0,6l
S.D 0.63 3.69 0.30

SEM _ 0.13 0.77 0.06




TABLE 2

Thyroid Function Studies in Beagle Puppies

Thyroid Function test

Puppy Th(D? RT.U T)-RT3 index
no, (pe/100 ml) (%)
1 2.11 43.18 0.91
2 Lylid 45,1k o.én'
3 1.0t Lh .66 0.77
i 1.38 h2.25 0.59
5 2,11 L5.08 0.95
6 2.36 L7.87 . 1.13
7 2.91 L5.L9 1.32
8 1.38 47.69 0.66
9 2.20 L8.06 1.06
10 2,59 118.50 1.26
11 a1 L7.89 1.39
12 3317 116,50 157
13 2.59 L5042 1.18
1h 1.80 JG.GT 0.TL
15 : 1.65 43,76 0.72
16 2.83 18.27 1.37
17 1.88 49.1h 0,92
18 3.1h 46.33 1.5
19 Bl h3.69 1,40

20 .59 U7.87 1.8,
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TABLE 2 (cont.)

Punpy Th(D) RTBU Th—RTB index
no. (pe/100 ml) (%)
?1 B Bl 16.81 1.65
22 2.7h Lj2.98 1.31
23 : 2.36 Lh.h5 1,05
2l 211 39.13 0.84
25 2,71 50.80 1.38
26 2,36 L7.24 1.13
27 2.51 1,8.89 1.23
28 2.81 L9.97 L4
29 2.59 18.31 1.25
30 _ 2.11 52.82 1.11
31 2,98 50.8k 1.5l
32 1,73 L7.66 0,82
33 1.8 L8.L7 0.72
3k 2.03 L5.6L 0,93
35 1.80 47.38 0.85
36 1.73 L8.7h 0.8l
37 0.95 47.05 0.L5
38 2,11 51.79 1.09
39 1.93 ch.28 ' 1.05



TABLE 2 (cont.)

L9

Pupny Th (D) RT3U TIL—RT3 index
no. (pe/100 ml) (%)
S.D. 0.59 3.03 0.29
SEM 0.09 0.47 0.0k
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Thyroid Function Studies in 9 Normal Mares

TABLE 4

52

Mare

No. of

Thyroid function test (ISEM)

T),(D)

RT.U

T, -RT

3 W3

no, samples (;2/100 ml) (%) index
1 28 3.22%0.,15 46.7020,83 0.55%0.,06
2 25 2,13%0.17 51.74%1,18 1.08%0,08
3 5 1.32%0,17 50.83%1,27 0.66%0,09
L 25 1.670,16 U7.97%1.43 0.81%0.08
5 2l 1.5520,12 L6.42%0. 45 0.72%0,06
6 12 1.30%0.23 u7.24%0.89 0.61%0.11
7 8 1.91%0.17 13.05%0.33 0.82%0.07
8 15 0.51%0.12 55.0051.36 0.28%0.05
9 16 1.32%0.10 18,161 .98 0.63%0.09
Mean 1.h7%0.07 h8.570.L5 0.70%0.03
8.0 0.8 5.65 0.40
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TABLE 5
Thyroid Function Studies in L Mares Admitted

for Clinical Evaluation

Thyroid function test

Horse Breed | TM(D) RT4U Th~~RT3
no. (pg/100 ml) (%) index
1 Thoroughbred 1.52 53.35 0,81
2 Thoroughbred 3.09 L7.06 151
3 Thoroughbred h.30 L7.L8 7.04

I Quarter horse Lot IV 0.67
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TABLE 7

Thyroid Funciion Studies in |, Hereford Cattle

Thyreoid function test

Cattle Th(D) RTSU T),-RT,
no. (peg/100 ml) (%) index
1 2.6 35,17 0.86
2 3.95 35.76 1,41
3 2.20 33.0 0.73
I 3.82 33.29 1:27
Hean 3.11 3hbl 1.07
S«Da 0,78 1,08 0,18

SEM 0.39 0.5, 0.14




T ABLE 8

Extraction Efficiency of Thyroxine from Serum and

Plasma of Dogs, Horses, and Cattle
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Species Media Extraction efficiency
(%)
Dog Plasma 97.50
Dog Serum 97.10
Horse Serum 81.82
Cattle (beef) Serum 85.20
Cattle (dairy) Plasma. 85.57
Cattle (dairy) Serun 85.93




AN EVALUATTION OF SELECTED COMMERCIAL THYROID FUNCTION TESTS IN DOGS

Stephen T, Xelley, D.V.M., M.S.; Frederick . Oshme, D.V.M., Dr. med.

vet., PhD.; Shryll B. Hoffman, B.S.
SUMMARY

Five different commercial test kits for studying thyroid function
were evaluated using normal dogs., Two of the tests were found unsatis-
factory for use without considerable modification and two tests were of
value. One test appeared promising for evaluating thyroid function, but

further investigation is needed.

From the GComparative Toxicology Laboratory, Department of Surgery
and Medicine, Kansas State University, Manhattan, Kansas 66506,
Apnreciation is expressed to Abbott Laboratories, Worth Chicago, Ill.,
imes Co., Elkhart, Ind., and Mallinckrodt Chemical Works, St. Louis,
Mo. for supplying the respective tests and instrumentation, and to
Mrs. DD. C. Kelley and Dr. George Cardinet for their assistance in this
project.

Reprint requests should be sent to Dr., F. V. Oehme, Comparative
Toxicology Laboratory, Department of Surgery and Medicine, Kansas State

University, Manhattan, Kansas 66506,
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Two new methods for measuring thyroid function have recently been
developed. One method is thyroxine (displaccment) (Th(D))’ which measures
the serum concentration of thyroxine (Th) and is often called thyroxine
(Murvhy-Pattee), displacement analysis, isotope displacement assay,
saturation analysis, combetiﬁive protein binding, and radiocligand
binding.22 The second method 1s resin triiodothyroxine uptake (RTBU)’
which measures untake of radiocactive iodine-labeled triiodothyronine (T3)
on a resin.22 Severzl commercial laboratories have develoned kits fof
conducting Th(D) and RTBU studies, and clinical laboratory is faced with
the decision of which commercial procedure to employ.

This experiment was undertaken to study the results of simul-
taneously using the thyroid function testing kits available from three

3,0,0,4,8 1 normal dogs. All the kits had been
2,3,5,16,17,19,2k

commercial sources
extensively tested in humans, but 1little investigation

had been conducted in animals. Only two kits, one for testing Th(D)c

and one for testing RTBU,a had been previously used in animals; the results

have Leen reviewed_l,6,7,9—11,13

Materials and Methods

Five thyroid function testing kits were studied. Two kits

evaluated RTBU;a’b

the evaluation of RT,U and TH(D) so as to determine and express serum

two other kits tested Th(D);c’d and one test combined

; e
Th concentration as a percent,

The first two kits, measuring RT y? and Th(D),C were studied usiﬁg

3
8 adult Reapgles, 39 Beagle pupples, and 12 mixed-breed dogs, all from

b,d,e

the ILaboratory colony. The other three kits used mixed-breed dogs

varving in age from 3 months to § years, and German Shepards, German
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Shenard-Greyhound crosses, and Greyhounds, from 5 months to L years of age,
which had been raised and maintained in a camnus colony.f A1l dogs were
healthy and had no clinical signs of thyroid disorder.

At least 10 ml. of blood was collected from the cevhalic vein of
all the dogs and divided into ftwe portions., Heparin was placed in one
portion and the other was allowed to clot., The serum or plasma was
separated and frozen. The samples were later thawed to room temperature
and used in the thyroid function test procedures in duplicate.

The methods used in the first two tests (for RT
11,12

3Ua and ), (D)) have

been previously described, as has that for the third thyroid function
test studied (R’I‘B'Lib).u‘L Several modifications of the fourth thyroid
function test (Th(D)d) were attempted before a method was determined that
gave satisfactery results. The final procedure was a modification of a
method originally reported in the human literature.2 In the original
human method, the serum was applied directly to a Sephadex G-25 column;
the modification required for dogs necessitated that 1 ml. of serum or
plasma be first extracted with 2 ml. of 95% ethanol. Following mixing

for 15 sec. and allowing to stand for 5 min,, the samples were centrifuged
at 2000 rpm for 5 min. The supernatant was separated and dried with air
in a water bath at 55°C, The dried nroduct was reconstituted with 1.0 ml.
deionized water and mixed gently for 5-10 min., After the phosphate

buffer in the Sephadex columns was discarded and 1 ml. of‘the 125 I-Th
reagent applied to each column, 0.8 ml. of the reconstituted sample was
introduced to each column and mixed gently. The columns were allowed to

drain completely. Four ml. of pH 8.6 barbitol buffer were placed on the

colum and drained through. They were then placed in a well counterf and
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the activity determined. After counting, 1 ml. of eluting reagent was |
placed on each column and allowed to drain., Four ml. of the barbitol
buffer was also added to each column and drained. The columns were again
placed in the well counter and the final activity detefmined. Although 7
the well counter used in this study gave a.direct reading of percent
retention, this value could also be calculated by the following formula:

% Retention = final counts obtained from column X 100,
initial counts obtained from column

A corrected percent retention was calculated as follows:

Corrected % Retention = % Retention
% Extraction Efficiency

The nercent extraction efficiency for canine serum was determined by
pipetting 0.2 ml. 1251—Th reagent into several test tubes. To each tube
was added 1.0 mi. of canine serum or plasma., The tubes were incubated
for 10 min. at room temperature while being shaken gently. After incu-
bation the tubes were counted in a well counter for 1 min. Two ml. of
95% ethanol was added to each tube and the contents mixed for 15 sec., The
tubes were 2llowed to stand for at least 5 min. and were then centrifuged
for 5 min. at 2000 rpm. One ml. of the supernatant was counted in a well
counter for 5 min. The percent extraction efficiency was calculated as
follows:

4 Extraction Efficiency = cpm final count x 3.2 x 100
cpm initial count .

ThI (pg./100 ml.) was calculated from a standard curve prepared
using the corrected % retention. ThI (pg./100 ml,) was converted to
Th(pg./loo ml.) by dividing by 0.653, since there is 65.3% I in Th'

The actual concentration of T, was then calculated as follows:

h
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Actual pg.Th/loo ml. ='pg.Th/IOO ml.
8

The division by 8 was required because 0.8 ml. of the reconstituted serum
extract was used in the modification instead of the recommended 0,1 ml.
This was necessitated by the low circulating Th level in dogs,

A standard curve was prepared using human serum provided with each
kit. For each curve 0,05 ml., 0,10 ml., and 0.20 ml, of standard serum
were used, which is equivalent to 2.5 ug.Th/loo ml., 5.0 ug.ThIfloo ml.,
and 10,0 ug.Th/IOO ml, respectively.

The final thyroid function test studied was an estimation of serum
or plasma Th concentration (Th ratioe) in test serum, expressed as percent
of the serum Th concentration in similarly determined normal serum., The
methodology has been previously described.2h

After both RTSUb and Th(D)d were determined, the thyroxine resin

T3 index (TH—RT index) was calculated. The Th—RT3 index is also known as

3

the thyroid zctivity index, corrected thyroid concentration, T?, or

free thyroxine index and is calculated as the Th(D):RTBU ratio or

_ 28

(Th(D)) X (HTBU) (Th—RTB).
Mean, standard deviation (S.D.), and standard error of the mean

(SEM) were computed for each experimental group, and Student's t test of

significance (€ P 0.05) was applied to evaluate differences between groups

using a programmed electronic calculator.h

Results
The extraction efficiency for both canine serum and plasma was
86,94, BExtraction efficiency for human control serum used to establish

the standard curve was 87.8%. The results of using serum and plasma in
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the thyroid function tests studied are outlined in Table 1. No signifi.
cant differences could be noted.

The results using the first two thyroid function test kits
(RTBUa and Th(D)C) are summarized in Table 2. No significant sex dif-
ferences were noted in any of the groups.

The results of the third test kit evaluated (RTBUb) are summarized
in Table 3. Significant differences were noted between males and females,
Greyhounds and mixed-breeds, German Shepard-Greyhound crosses and mixed-
breeds, and 0-6 mo.-old pups and the total population.

Results for the fourth thyroid function test kit studied (modified
Th(D)d) are shown in Table L. Significant differences were found for
Greyhounds comnared to mixed-breed dogs and 0-6 mo,.-old dogs compared to
the total population.

Results for T)-RT;, established by maltiplying RT3Ub by m,®)°, are
summarized in Table 5. The 0-6 mo.-o0ld dogs and significantly higher
values and German shepard-Greynound crosses had significantly lower values
when compared to the mixed-breed dogs and the total nopulation.

The results for the final thyroid function test studied (T, ratio®)

b

are given in Table 6. The only significant difference noted was in

comparing Greyhounds to mixed-breed dogs.

Discussion

The finding that either serum or plasma can be used to perform any
of the thyroid function tests studied allows a single blood sample to be
employed to perform thyroid function and other clinical laboratory
procedures,

T e T e ke D T B Par Ly e oyt ~ LT T F
Whereating fnands vers phaerved by cynndniias g datd from
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gach thyroid function test. The measurements of T)(D) and Th—RT using
1%

3

FyBs 4N, ha¢ high thyroid function values in the

four different methods
young dogs (up to 0.6 mo.). This observation has also been made in other

15,18

species, When the dogs of different breeds were compared, Greyhoundé
and German Shepard-Greyhound crosscs had significant differences from the
mixed-breed dogs. Breed differences in thyroid function test values have
been noted previously using different testing methods.20 ~Although
additional investigations are needed, this suggests that true breed
differences in thyroid function exist. In one test (RT3Ub) a sex dif-
ference was observed; females had higher values than males. The opposite
observation has been made in humans, with males having higher RTjU values
using this procedure.

The Th_RTB index has proved a valuable meésure of total thyroid
function in humans since it overcomes possible inherent errors when either
Th(D) or T4V are used alone.8’23

The wechanism by which the Tb(D) test® determines serum T), con-
centration has been previously discussed.lo The celumn method of
measuring serun Th (Th(D)d) was designed on a different principle. The
first method® used ethanol to extract T from the serum or plasma

4
2257 p

proteins, and the patient's Tﬂ then competed with for binding

Iy
sites on thyroid-binding globulin (TBG). The column method (Th(D)d) used
a Sephadex G-25 column (pH 5.3) in place of the ethanol to extract the
Th’ which than competed with 1251—'1’Ll for binding sites on TBG. When
canine serum was applied directly to the column without prior extraction,

the canine Th was not retained in the Sephadex as expected and necessitated

the modification described. It is postulated that the canine Th did not



remain on the colwm because of inherent differences in the binding of
canine TLL by serum nroteins as compared to humans.h’21 With the modifi-
cation of the column method (Th(D)d), results comparing favorably with
those of the first method (Th(D)C) were found, However, the modification
required additional time, making the entire test longer to perform than
the firstc, aﬁd thereby negated the advantage this method has in human
medicine. The column method also required the calculation of a new
standard curve for each group of tests performed, thus, further increasing
the time and cost.

When examining the data for the two methods measuring RTBU, the
values for the first test® are seen to be considerably lower than the
values for the column testb. This same phenomenon was observed to occur

25,26

although good corrslation was found.when comparing the

1

in humans,
two methods in humans,
The mechanisn of the T ratio thyroid function test® and the results
of its use in humans has previously been described.zh The results of this
test in dogs were consistant, with little variance betweén individuals,
and suggest that further evaluation should be conducted with this method
on dogs with abnormal thyroid function., It would appear that this
method could be of importance in veterinarj medicine, since it combines
two tests (Th(D) and RT3U) into one quick and relatively simple
technique.,
Of the thyroid function tests studied, two methods®s® were shown of
value, Because of the modifications required, two testsb’d were too
involved and time-consuming for practical use. With further investigation,

the Th ratio test® may be of value in measuring thyroid function in the

dog.
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Footnotes

a, Triosorb-125 (T-3 Diagnostic Kit), Abbott Laboratories, North
Chicago, TI11.

b. Trilute (1251 Column T-3 Test for Thyroid Function), Ames Co;,—
Ilkhart, Ind.

c. Tetrasorb-125 (T-L4 Diagnostic Kit), Abbott Laboratories. Horth
Chicago, I1l.

d. Tetralute (Y51 Colum T-L Test for Thyroid Function), Ames
Co. Elkhart, Ind.

e, Res-0-Mat ETR Diagnostic Test, Mallinckrodt Chemical Works,
St. Louis, Mo.

f. Weuro-lMuscular Disease Laboratory, Dept. of Physiological
Science, Kansas State University, Manhattan, Kansas,

g. Thyrimeter (Direct Ratio Reading Gamma Counter), Ames Co.,

Elkhard, Ind,

h. Wang 360 K, Tewksbury, Mass.
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TABLE i-Compzrison of Serum and Plasma for Selected Thyroid Function

Tests in Dogs

Thyroid function N Serum Plasma

test (£sE1) (sEm)
RT3U% () 2l h9.2L%1.17 51,12%1.4L
RI3U (3 32 82.39%1,09 8L.3621,22
7),(D)* (ug./100 ml.) 2l 0.9470,14 0.97%0.16
T,(@)** (ug./100 al.) 30 0.96%0.10 1.9650,97
T)-RT, indext 2l 0.L6%0.07 0.50%0.09
T),-RT index*! 29 0.7520.08 0.92%0,09
T, ratio® (%) ho 87.57-0.58

86.78%0.58

¥*

Chicago, Il1l.

e

Elkhart, Ind.

Triosorb-125 (T-3 Diagnostic Kit), Abbott Laboratories, North

e
Trilute (Y°°T colum T-3 Test for Thyroid Function), Ames Co.

* Tetrasorb-125 (T-4 Diagnostic Kit), Abbott Laboratories, North

Chicago, Ill.

‘J
*+ Tetralute (12JI Column T-l Test for Thyroid Function), Ames Co,

Elkhart, Ind.

+
T

oo ~RT3 index determined by multiplying RT

b

3
3

AT, index determined by multiplying RT.U* by TL(D)+.
)

U* by T)(D)**.

§ Res-0-Mat ETR Diagnostic Test, Mallinckrodt Chemical Works,

3t Louis, Mo,



TABLE 2-Values of RTBU%, Th(D)**, and Th--RT3 Tndex  in Dogs Using Two

Commercial Thyroid Function Test Kits

72

Group N Test HMean S.D. SEi1
Adult Beagles 8 Th(D)(ug./loO ml, )} 1.20 Q.57 0,12
8 RT3U (%) 50.56 3.10 0,68
8 Th-—RT3 index "0.60 D27 0.06

Puppy Beagles 39 TM(D)(ug./lﬂO ml,) 2.27 0.59 0.09
39 RT,U (%) L7.01 3.03 0.L7

29 Th—RTB index 1.08 0.29 0.0k
Mixed-Breeds 12 Th(D)(ug./lOO ml.) 0.97 0.58 0.16.
12 RT,U (%) 51.12 4.97 0.16

12 0.50 0.27 0.09

rh—RTj index

* Priosorb-125 (T-3 Diagnostic Kit), Abbott Laboratories, North

Chicago, I1l,

* petrasorb-125 (T-L Diagnostic Kit), Abbott Iaboratories, North

Chicago, I11,

* T),-RT index determined by multiplying RT

3

3

1™ by Th(D)%%.
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TABLE 3-Values for a (RTBU)*'Column Thyroid Function Test in Dogs

Groun N Mean 5.D. SEM

(%)
Males 25 82.7hL L.2h 0,85
Females 26 85.06 L.o7 0.98
German Shepards 23 82,70 3,26 0.68
Greyhounds 9 87.67 3.87 1.29

GCerman Shepard-

Greyhound Crosses g 86.18 2.27 1.02
Aixed-Breeds 11 81.30 - L.89 1.48
Dogs 0-6 mo. 6 81.22 . B.ES 227
Dogs 0-12 mo. 15 - 83,56 L.77 1432
Dogs 1-5 yrs. 38 8L.05 .80 0.78
411 Dogs 5l 83.73 L.72 0.66

* prilute (1251 Column T-3 Test for Thyroid Function), Ames Co.,

Elkhart, Ind.



TABLE L-Values for a Modified (Th(D))% Column Thyroid Function Test in

Tk

Dogs

Group N Hzan S.D. SEM

(pg./100 ml.)

Males L1 1.1k 0.61 0.09
Females 29 1.19 0.kk 0.08
Cerman Shepards L7 1.29 0.7 0.11
Greyhounds 6 0.72 0,19 0.08
German Shepard-

Greyhound Crosses 5 1..00 0.39 0.20
Mixed-Breeds 11 1405 0.42 0.21
Dogs 0-6 mo. 6 0.52 0.15 0.07
Dogs 0-12 mo. 17 1.20 0.2} 0.06
Dogs 1-5 yrs. 53 Tl 0,57 0.08
A1l dogs 72 118 0.41. gL

* Tetralute (1251

Flkhart, Ind.

Column T-4 Test for Thyroid Function), &mes Co.



TABLE 5-Column Thyroid Function Test (Th-RT

3

Index)” Values in Dogs

75

Groups N Mean S.D. SEM
(units)
Males 2l 0.83 0.31 0.06
Females 22 0.93 0.40 0,08
German Shepards 23 1.05 0.32 0.07
Greyhounds 6 0.6L 0.17 0.08
Cerman Shepard-

Greyhound Crosses 5 0.86 0.36 0.18
Mixed-Breeds 11 0.85 0.35 0,10
Dogs 0-6 mo. % 120 0.19 0.08
Dogs 0-12 mo. 12 0.95 (.38 0.11
Dogs 1-5 yrs, 3L 0.88 0.36 0.06
A1l dogs L9 0.92 0.36 0.05

¥ T)-RT3 index determined by multiplying RT;U%* by T) (D)

i Trilute (1251 Column T-3 Test for Thyroid Function), Ames Co.,

Elkhart, Ind.

i 125 i . )
Tetralute (¢ "I Column T-4 Test for Thyroid Function), Ames Co.,

Elkhart, Ind.
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TABLE 6-Thyroxine Ratio (ThRatiO)% Values in Dogs

Group N Mean S.D, SEM

(%)
Males 56 86.81 2.89 0.39
Females L3 86,95 3,39 0.52
German Shepard 60 87.24 3.21 0.h1
Greyhounds g 85.82 1.98 0.55

German Shepard-

Greyhound Crosses 7 85.h1 3.06 1.50
Mixed-breeds 15 _ 87.71 2.58 0,66
Dogs 0-6 mo. 9 86.29 2,25 0.75
Dogs 0-12 mo. 2l 86,56 3.19 0.65
Dogs 1-5 yrs. . L3 86,97 3.36 0.39
A1l dogs 104 86.89 3.h5l 0.3

* Res-0-lat ETR Diagnostic Test, Mallinckrodt Chemical Works,

8t. Louvis, Mo,
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Thyroid Function Studies in Adult Beagle Dogs

TABLE I

Receiving O pom Sodium Nitrate in

Drinking “ater

79

Thyroid Function Test

Dog Sample Th(D) RT4U T}, ~RT,
no. (pg/100 ml) (3 index
1 1 0.89 52,74 0.47

2 Tu2l 55.50 0,67

3 0,18 L7.08 0.37

2 I 0.89 52,45 0.47
5 0.93 sh.25 0.50

6 8,67 51,68 0.35

7 0.26 L8.37 0.13

3 8 2.33 51,77 1.21
9 1.68 52,13 0,88

10 1.51 £3.09 0.80

N 11 0.47 5L.58 0.26
12 1.77 52,79 0.93

5 13 2,51 51.93 1.30
1k 0.L7 50.86 0.2

15 0.90 16.3h 0.h2



TABLE I (cont.)

Dogr Sample TE(D) RTBU Tb—RT3
no; (pg/100 ml) () index
6 16 1.15 15,99 0.56

17 1.8 L5.99 0.85
18 2.10 L. 5l 1.07
7 19 0.99 Lol 0.49
20 2,08 39.53 0.U7
21 1,58 15,77 0.72"
8 2p) 1.21 52,57 0.6l
23 1.21 50.66 0.61
Mean 1.29 50,18 0.6L
S.D. 0.63 3.69 0,30

SEM 0.13 0.77 0.06




TABLE II
Thyroid Function Studies in Adult Beagle Dogs
Receiving 300 pom Sodium Hitrate in

Drinking “ater

Thyroid Function Test

Dog Sample TM(D) RTBU Th-RT3
no. (pg/100 ml) (%) index
1 1 1.68 50.77 0.85

2 2.31 45,58 1.05

3 1.58 51.32 0.81

L 1.62 L8.94 0,79

2 5 1.51 52,8l 0.80
6 2.6 L5.59 1.12

T 1,15 L8.93 0.56

3 8 0.63 56.28 0.36
9 0.31 61.96 0.19

10 0.63 53.48 0.34

I 11 0.L7 £3.05 0.25
12 0.31 h7.12 0.15

13 1.L5 45,84 0.70

5 1l 0.55 56,70 0x31
15 1.93 50.68 0.98

16 0.67 Ly .06 29



TABLE IT (cont.)

Dog Sannle TH(D) RT,U T)-RT

¢ 3 L3
no. (pe/100 ml) (%) index
6 17 1:2% 19,88 0.60
13 1.68 L7.94 0.80
19 1.15 48,10 0.55
7 20 047 49.88 0.23
Mean 1.19 50.45 0.59
5.D 0.6 0.6l 0.30

SEH 0,14 0.1l 0.07




Thyroid Function Studies in fdult Beagle Dogs

TABLE III

Receiving 600 ppm Sodium Nitrate in

Drinking “ater

83

Thyreid Function Test

Dog Sample Th(D) RTBU T),-RT
no. (pg/100 ml) (%) index
1 1 0.08 5l.72 0.0L

2 0.05 62,58 0.03
3 0.89 52.92 oL
L 0.93 50,32 047
P, 5 2.03 51.50 0,79
6 2,46 49,28 1.21
7 1.73 51.20 0.88
2.88 L5.37 1a31
3 9 ¢.63 50.14 0.32
10 1.58 l,2.85 0.68
11 0.73 L7.37 0.35
Iy 12 0.31 51.58 0.16
13 017 h3.9h 0.21
1l 0.89 L5.26 0,40
5 15 0 19,85 0
L3 J 05 .50 (
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TABLE III (cont.)

Dog Sample Th(D) RTBU ThwRTB
no. (pg/100 ml) (%) index
17 0.05 L6.9) 0.02
18 0.03 L7.72 0.01
6 19 0.37 52,48 0.19
20 1.36 49.00 0.67
7 _ 21 1.y 1) 52,52 0.56
22 0.63 L8.51 0.31
Mean 0.87 L9 .68 0.4l
5D 0.81 3.95 0.38

SEM _ 0.17 0.8 0.08




Thyroid Function Studies in Adult Beagle Dogs

TABLL: TV

Recelving 1000 pom Sodium Nitrate in

Drinking Water

85

Thyroid Function Test

Dog Sample T), (D) RTBU TLL--RT3
no, (pg/100 ml) (%) index
1 1 1.25 W, 77 0.56

2 1.48 L5,78 0.68

2 3 0.05 52.24 0.03
L 1.06 57.10 0.61

3 5 0.67 56,38 0.38
6 1.28 50.53 0.65

I 7 T3 47.31 0.82
8 1.06 50.94 0.5L

5 9 0.78 62.80 0.49
10 B B2 49.75 1.30

11 0.78 51,20 0.ho

12 1.15 49.85 0.57

6 13 0.58 51.35 0.30
1L 2,08 L9.L2 1.03

15 0.89 52,09 0.L6



6

TABLE IV (cont.)

Dog Samnle qu RT4U Ty, ~RTy
6. (g/100 1) (% index
16 0 119,07 o)
1 17 0.47 41,60 0.19
18 0 1;5.08 0
8 19 0.63 50.52 0.32
20 0.37 L9.10 0.18
2on 0.9} 50,36 o0.L7
3.D 0.66 ;.58 0.32
ST 0.15 .02 5,07




TABLE V

Thyroid Function Studies in Pupnries from

Beagle Dogs Receiving 0 ppm Sodium

Nitrate in Drinking Water

87

Thyroid Function Test

Puppy Th(D) RTBU Th—RT3
no. (pg/100 ml) (4] index
1 2.11 43.18 0:91
2 1.h1 LS,1h 0.64
3 1.h1 bl 65 0.77
L 1,35 li2,25 0.59
5 2,11 L5.08 Badh
6 2.356 L7.87 1.13
7 2.91 L5.49 1.32
8 1.38 7,69 0.66
9 2,20 18,06 1,06
10 2,59 L,8.50 1,26
11 271, 47.89 1.39
12 3.37 116,50 1,57
13 2.59 L5.L2 1.18
14 1,80 39.57 0.71
15 165 13,76 0,72
16 2.83 u8.27 131
17 1,88 L9 14 0,92
13 L6.33 Leub
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TABLE V (cont,)

Punny T, (D) AT3U Tj~RL

s (;1e/100 ml) (% index3
19 2,11 k3,69 1.h0
20 2.59 L7.87 1.2l
21 3:53 16,81 1.65
22 2,74 42,98 1. 38
23 2.36 Lh.Ls 1.05
Zh 2,11 3973 0.8k
25 2.7 50.80 1,38
26 2.36 L7.2L i
27 2:51 L8.89 1:23
28 2,81, L9.97 Ll
29 2.59 L8.31 1.25
30 2,11 52,82 141
31 2.98 50.84 15l
32 173 L7.66 0.82
33 1.L8 L8 . L7 0.72
3l 2,03 hS.6l 0.93
35 1.80 L7.38 0.85
36 1.73 L8. 7% 0.84
37 0.95 47.05 0.45
38 2,40 51,79 1.09

by v e i e sk . o e W T o R o L e S ke Sy S o oy g T o A i U S B S kS L AR A P s A 8 o S D gy e o o o



TABLE V (cont.)

62

Punny TM(D) RT4U T),-RT5

no. (pe/100 ml) {(3) index
Mean 78 L7.01 1,08
5.D, 0.59 3403 0.29
SEM 0.09 0.L7 0.04
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TABLE VI
Thyroid Function Studies in Puppies from
Beagle Dogs Receiving 300 ppm Sodium

Nitrate in Trinking 'ater

Thyroid Function Test

Puppy Th(D) RT3U Th——RT3
no. _ (pe/100 ml) (%) index
2 da 13 50.51 0.87

2 : 228 L3 1.10

3 Lol ¥ L9.97 0,88

L 1.73 L3.63 0.75

5 2.51 50.89 1.28

6 1.L8 43.32 0.64

7 2.83 L3.5h 1.23

8 : 2,66 50.29 L33

9 2,59 g1.2l 1.33
10 2.28 52.23 1.19
11 1,95 1,5.01 0.88
fean 2.16 18,10 1,04
8 0.43 3435 0.2}

SEM 0.13 1.00 0.07




21,
TABLE VIT
Thyroid Function Studics in Pupples from
Beagle Dogs Receiving 600 ppn Sodium

Nitrate in Drinking Water

Thyreid Function Test

Pupny Th(D) RTBU ThwRTB
no. (pg/100 ml) (4) index
1 2.71 Lk .85 1.21
g 2,98 45,06 1.34
3 1.70 41,32 0.70
L 2,51 13.99 110
Mean 207 53.80 1.09
5.D. 0.48 1.49 0.2l




TABLE VIII
Thyroid Function Studies in Pupples from
Bezagle Dogs Receiving 1000 ppm Sodium

Hitrate in Drinkine Water

Thyroid Tunction Test

Puppy Th(D) RTBU Th-RTB
no, (pg/100 ml) (%) index
X 2.1 L5.42 1.2l
2 1.1 42.35 0.60
3 2.43 L9.0L 1.9
N 2,55 L7.84 1.27
5 4,11 18,39 1,02
6 2,03 19.07 1,00
7 3.37 L. 75 1.51
8 _ 2,36 L7.81 1.13
9 | 2.7k h2.11 1.15
10 3.61 Ll 6k 1.h1
11 3.98 43.13 1:72
12 1.88 i5.25 0.85
13 2.11 h8.8L 1.03
14 2.20 41,1l 0.90
15 178 43.08 0,51
16 1.93 L7.98 0:93
17 2.98 17,20 1.1

o Py o - - r
N D e a%.31 1,05



TABLE VIII (cont.)

Pupny T h( D) RTBU T),~RT 3
no, (pe/100 ml) (%) index
19 1.58 47.55 0.75
20 2.98 16.51 1.39
21 1..93 19.02 0.97
22 1.88 L6.14 0.87
23 1.96 L7.75 0.94
2k 183 16,90 0.90
25 2.36 51.02 1.20
26 2,28 52,38 1.19
27 1.41 52.20 0.74
28 125 1,8.86 0.61
29 3.61 16,50 1.68
30 1473 148.30 0.8L
31 2,66 L), 50 1.8L
32 1.80 43,12 0.78
33 250 19.05 1.23
3k 3.6 - 18.69 1,68
35 2.03 h3.17 0.88
36 3.14 L7.28 Lo4B
37 2.3 L3.59 1.19
38 " 2.7L 49.31 1.35
39 2.28 45.95 1.05
LG Z.7L Y 147



ol

TABLE VIII (cont.)

Pupny 7),(D) RT,U T),-RT,
no. (322/100 ml) (%) index
bl 313 L7.90 1.50
h2 2.03 L6.43 0.94
L3 1:33 50,72 0.67
nn %83 L6.81 0.90
45 2,03 53.57 1.09
L6 1.85 ' 51.60 0.95
W7 118 L6.65 055
L8 1,58 _hs.éé . 0.72

Mean 2431 17.20 1.10
S.D. 0.68 2.96 0.32

SE3 0.09 0.4h3 0.05




TABLE IX

Thyroid Function Studies in Normal Mares:

Ty, (D) (ag/100 ml)

Mare no. 1

95

Cycle Py py*¥ ol Myt M ¥
no.
1 i S 187 2,22 3.18
2 3.0 Sy 2.25 0.83 %
3 2.3 092 167 SR 0.83
L 1.25 0.69 0.98 0.57 0.93
5 0.c5 — 1.79 0.61 0.75
6 0.83 — 1.8} 0.83 ©0.20
7 0.49 1,10 0.41 110 0.83

RT;U (%)

Cycle Py Py E Ml*"'* 1, ¥
Nno.
1 - L7.61 41.80 L1.10
2 3550 S 42,92 56.00 R
3 45.80 51.23 6. 7h PR L6145
L 5151 5230 5h.22 46.63 8.3k
1 1395 T 145.80 L2,.81 ilali2
6 Lis, 72 —— It .50 L7.6k L7.h3
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TABLE IX (cont.)

Cycle By Py gt 1 ** M4
no,
7 54.12 L6.81 115,90 L6.31 L8,12
Th-QT3 Index
Cycle Py p,*¥ E* Myt i
no, |
1 S . 0.79 . 0.93 1.31
2 1.08 s 0.97 0.46 i
3 Logelel O li? 0.78 R 0.38
i 0.64 0.36 0.53 0.27 0.45
5 0.03 —_— 0.82 0.26' 0.31
& 0,37 R 0.82 0.39 0,09
7 0.26 0.51 0.19 0.51 0.LC

Proestrus 1, the first day a developing follicle could be palpated
on one of the ovaries

Az

*Fproestrus 2, the day the follicle was large and soft, approximately
2i-28 hours prior to owulation

* Bstrus, the day of owulation
**Hetaestrus 1, 6 days after ovulation

T Metaestrus 2, 11 days after ovulation



Thyroid Function Studies in Normal Mares:

TABLE X

Mare no. 2

Th(D) (pg/100 ml)

g1

Cycle Pl"" PE’“""" ol my Mo+
no.
1 1.51 e s R e
2 —_— - 150 La 51 — S
3 —_— 2,20 - - -
i —_— - S 3.08 3,04
g 2.16 2.8) 2.80 2,10 2.87
6 —— 2.26 2.9, 1.582 0.69
T 2.05 —_— N — S
8 3.37 1.41 1.68 1.68 1.68
9 _ 2.55 0.93 1.07 —

RT3U (%)

Cycle p.o p i ' 0t 1, *
Nno.
1 53,82 e —_— ——
2 w—— 62,64 54,12 —_— I
3 s —— L6.73 — —_—




TARLE X {cont,)

Cycle Pl% sz'r":' ol Ml++ Mzi
0.
L —— —_— —_— 52.12 L9 .60
5 52.hl 54.00 11.83 51.12 L9.51
6 —_— h3.21 h9.21 L9.68 51.08
7 Lh.11 STS— e — A
8 13.80 6,16 L8.16 52,20 52 .2
9 S 58.65 57.10 53.15 —_—
ThaRTB Index
Cycle P p " w m¥
no.,
1 0.81 — S— —_— —_—
2 —— 0.9k 1.17 —— ——
3 o 1,04 s —— —_—
L e A P 1.78 1.50
5 1.13 1.19 Lkl 1057 1.h2
6 — 0.98 1.L5 0.90 0.35
7 0,90 — S —_— —
8 1.48 0,90 0.81 0.88 0.88
9 —— 1, 56 0,53 0.57 _




TABLIL X (cont,)

* proestrus 1, the first cday a developing follicle could be palpated
on onc of the cvaries

proestrus 2, the day the follicle was large and soft, anproximately
2L-1t8 hours nrior to ovulation

* Estrus, the day of ovulation
"Tietaestrus 1, 6 days after ovulation

} Metaestrus 2, 11 days after ovulation

99



TABLE XI

Thyroid Function Studies in Normal Mares:

Th(D} (2£/100 ml)

Mare no. 3

100

Cyele P* P, E* 1 11, ¥
no.
i 1.35 1.3k 1.82 0.69 1.82
2 0.93 —_ —_— — _
RT,U ()
Cycle Py ¥ Pp™ o ™t My
no.
1 52,61 —— 18.29 53.02 L6.15
2 54.10 S— —— S N
T)-RTy Index
Cyele B By E* Y M,*
no.
1 0.7 S— 0.68 0.37 0.8hL
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TABLE XI (cont.)

” 3% + ++
Cycle B 17 E My M}
no,
2 0.50 —— — - _

¥ proestrus 1, the first day a developing follicle could be palnated
on one of the ovaries

%%Proestrus 2, the day the follicle was large and soft, approximately
2L-L48 hours prior to ovulztion

+ v
Tetrus, the day of ovulation
$ by

Metaestrus 1, 6 days after ovulation

I lietaestrus 2, 11 days after owvulation



TABLE XIJ

Thyroid Function Studies in Normal Mares:

Th(D) (pg/100 ml)

fare no. 4

102

Cycle P o £t iy " ¥

no.,
1 s — 3.73 1.87 3,12
2 . 1,82 2,00 1.36 1.23
3 1.36 2,11 2.16 0.69 0.81
L 2.9 — 2.h9 1.93 1.74
[ 1.36 2,29 1.87 0,61 0.49
6 1.00 1.07 1.36 0.8 2.0l

RT3U (%)

Cycle B¥ B, E* Mt ¥

no,
1 S S 5039 L7.83 Wl 17
2 5.89 L3.43 38.23 67.65
3 37.56 Sh.56 38,75 L8,61 16,61
i 40,58 I 48.148 47.85 57.39
5 55,26 62,19 51,74 Lh.01 38.69
6 49.33 45.99 50,52 L7.07 L5146




TABLE XIT {cont.)

T, ~RT. Index
L

L3

Cycle Pl% P, mt L&f* M,*

no.
1 — — 1.88 0.89 1.38
2 S 0.83 0.87 0.52 0.82
3 0.51 1,15 0.8L 0.33 0.38
L 1.01 A 1.2l 0.92 1.00
5 C.75 1 M2 0.97 0,27 0.19
6 0.L9 0.50 0.68 0.39 0.57

* Proestrus 1, the first day a developing follicle could he nalnated
on one of the ovaries

*Fproestrus 2, the day the follicle was large and soft, anproximately
2L-1,8 hours nrior to owvulation

* Estrus, the day of ovulation
**Metaestrus 1, 6 days after ovulation

¥ Metaestrus 2, 11 days after ovulation



TABLE XIIT

Thyroid Function Studies in Normal Mares:

Mare no. 5

104

Th(D) (/100 ml)
Cycle P, ¥ py** E My ¥
no.
1 —_— — 1.32 S —_—
2 - 2.88 1.68 0,99 1.Lhh
3 1.07 1.30 1.5h 0.99 2.00
N 2.29 Mo 1.87 1.50 0.75
5 1.54 2,02 2.95 1.7 0.57
& - 1.18 1.50 0.69 1.18
RTBU (%)
% i + ++ u ¥
Cycle By Py E My ¥
no.
1 e —_— 1i5.39 —_—
7 e 18,62 5.32 119,80 18,36
3 L8.1LT 50,80 L9.2L ,5.03 L7.94
I L5.99 Ll T3 16,58 LS. 1:9.58
5 43.57 Ll .50 L5.27 L3.52 13.81
6 S L7.1k 116,03 16,0l L2.60




TABLE XIII (cont.)

105

Th—-RT3 Index
Cycle B * P, B ™ M, ¥
no.
1 — —_— 0.60 N _—
? S— 1.40 0.76 0.h9 0.70
3 0.52 0.66 0,76 0.L5 0.96
L 1.05 0,94 0.87 0.69 0.37
5 0,67 0.90 1,33 0.76 0.25
6 S 0.55 0.69 0.32 0.50

* Proestrus 1, the first day a developing follicle could be palpated

on ona of the ovaries

Fproestrus 2, the day the follicle was large and soft, aoproximately
2L,-L4B hours prior to ovulation

* Lstrus, the day of ovulation

**ietaestrus 1,6 days after ovulation

¥ wetaestrus 2, 11 days after ovulation



TABLE XTIV

Thyroid Function Studies in Normal Mares:

T),(D) (2g/100 ml)

Mare no, 0

Cycle Byt P % E" i+ M,
HO.
1 1 07 S — —_— -
2 2,80 0.37 S Spitn et
3 0,81 _— 0.87 D25 0,57
It 0.69 —— S S A
5 — 2,00 2,10 2,19 - 1.8L
RT5U (%)
Cycle Py Py B i Myt
no,
1 51.73 S — — _—
2 50.47 L. B6 R — —_—
3 51.66 S, 51..51 hir.oh L7.69
l ). 68 et i i i




TABLE XIV (cont.,)

107

Th-RT3 Index
3 Kz + ++
Cycle Py Py E My MyF
I]Oo
1 0.55 S s — R
2 1.1 0,17 —_— _ R
3 0.42 —_— 0.U5 0.11 0,28
B P 0,91 0.91 0.98 0.8}

¥ proestrus 1, the first day a developing follicle could be palpated

*Fopoestrus 2, the day the follicle was large and soft, approximately

on one of the ovaries

2li~hi8 hours prior to ovulation

* Estrus, the day of ovulation

"Hetaestrus 1, 6 days after ovulation

* Metaestrus 2, 11 days after ovulation



TABLE XV

Thyroid Function Studies in Normal lHares:

Th(D) (ng/léo ml)

Mare no. T

108

i i + ++ +
Cycle P1 P2 E My Mé+
no,
1 1.87 1.1 - P Bt
2 1.93 I —_— S N
3 2.86 1.83 2.00 .18 2.18
 RI3U (%)
Cycle Py ek o " u,*
MO
1 2,1l L3.58 —_— — R
2 42.83 o2 s — JERPIPIR .
: 43.73 - b3 L2 LL.70 L1.Lg h2,5h
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TABLE XV (cont.)
~-RT_ Index
3
" 3 e ok . w4
Cycle P4 Py E My 1-121
1O,

1 0.79 0.61 o —_— —
2 0.83 N —_— S —_—
3 1.25 0.79 0.89 0.49 0.93

* Proestrus 1, the first day a developing follicle could be palpated

on one of The ovaries

Proestrus 2, the day the follicle was large and soft, approximately
2h-48 hours prior to ovulation

+
Estrus, the day of ovulation

"letaestrus 1, 6 days after ovulation

¥ Metaestrus 2, 11 days after ovulation



TABLE XVI

Thyroid Function Studies in Normal Mares:

7, (D) (/200 ml)

lfare no. 8

110

4

i R g 2 :
Cycle Py P, E 1 M;
Nno.
1 —_— J— 0.75 2.00 0.14
2 0.50 0,75 0,61 0.57 0
3 0,50 0.50 — N -
b 0.2l 0.61 0.1k 0.32 0.09
RT5U e
3 3 i . 1
Cycle Pl P2 B Ill 1{2
no,
1 —— 51.66 L6049 60.54
2 L1.05 56,69 58.08 54,40 5541
3 59,84 59.01 S
i 59.72 59,24 52,20 57.32 53.18




TARLE XVI (cont.)

Th~RT3 Index

111

Cycle e po*¥ E Myt Myt
o,
1 s 0.39 0.95 0.08
2 0.20 0.42 0.35 O3l 0
3 0.30 0.29 — — S
N 0.14 0.36 0.07 0.18 0.05

* Proestrus 1, the first day a developing follicle could be palpated

on one of the ovaries

**proestrus 2, the day the follicle was large and soft, approximately

2L-48 hours nrior to ovulation

* Estrus, the day of ovulatien

Metacatrus 1, 6 days after ovulation

s Metaestrus 2, 11 days after owvulation



TABLE XVIT

Thyroid Function Studies in Normal Mares:

T

Iare no. 9@

M) (pg/100 ml) -
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I
Cycle Pl“‘" B E Ml” Mt
1O«
1 O 0.50 0.32 0.2 D87
? 0.03 e 1,09 2,02 2,59
3 N— 2.02 1.5, 1.51 1.51
I, 1.19 - 2.39 1.50 1.87
RT U (%
3 (%)
Cycle P B B " b
no,
1 s L8.2k L6.57 52,64 53.52
2 57.56 16,15 52,74 L9,79
3 45,03 bl 47 Ll 68 L3.4L8
Iy L. 62 S L7.8L 45,08 L8.22
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TABLL XVII (cont.)

Th-RT3 Index
A KT + +4
Cycle Py Py E . M Mgi
no,
1 S 0.24 0.15 0.13 0.47
2 0.02 — 0.50 © o 1.06 1.29
3 SO 0.91 0,68 0.67 0.66
L 0.53 SI 1.14 0.68 0,90

¥ Proestrus 1, the first day a developing follicle could be palpated
on one of the ovaries

 rroestrus 2, the day the follicle was large and soft, approximately
2ki-}i8 hours prior to ovulation

¥ Bstrus, the day of ovulation
**Hetaestrus 1, 6 days after ovulation

* Metaestrus 2, 11 days after ovulation
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APPENDIX B

THYROXINE RESPONSE TO THYROTROPIN-RELEASING

HORMONE IN A DOG

In recent years two in-vitro thyroid function tests have been

2,9,10,12-16,18

extensively investigated in the dog. One procedure is

total serum thyroxine by competitive protein binding of labeled thyroxine
(Th)3 recently designated thyroxine (displacement) or Th(D)'25 The
second procedure is resin sponge uptake of radicactive triiodothyronine,

25

designated resin triiodothyronine uptake or RTBU.

When compared to humans, the dog has a low level of circulating

6’20 For this reason it is difficult to diagnose borderline hypo-

3423

Th'
thyroidism in the dog using Jjust the previously ocutlined nprocedure,
The thyroid stimulating hormone (TSH) stimulation test has Drovéd
valuable in veterinary medicine since it overcomes this problem.3’23
However, the TSH-stimulation test has one serious disadvantage; the TSH,
which is extracted from bovine pituitaries, is antigenic and repeated
administration may elicit specific anitbody response.3
Recently a new hormone, thyrotropin releasing hormone (TRH) has been
identified and synthesized.7 Present thyroid physiology indicates that
TRH, produced in the hypothalamus, is released by proper stimulation into
the hypothalamo-hypophoseal portal circulation. There it acts to
stimulate the release of TSH which, in turn, stimulates the thyroid gland
to release and synthesize thyroid hormones.21 Considerable investigation

has been conducted in humans on the effect of TRI on thyroid physioclogy

and the possible role of TRH in thyroid function testing,ls¥,5,8,11,19,22,

| P ol Ly
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Because of the possible antigenic reaction resulting from repeated |
use of TSH, thyroid response using Th(D) and RTjU may be a measure of
thyroid function in the dog. This experiment was designed to measure

thyroid response after intravenous administration of TRH to one dog.

MATERTALS AND METHODS

A healthy, 7-year old female Irish Setter was used. Ten min, prior
to administration TRH, a 10 ml, blood sample was collected; 120 pg. TRH
was then administered intravenously. Ten ml. samples of whole blood were
collected at 30 min., 2 hrs., 6 hrs., 12 hrs,, 2L hrs., 36 hrs., and
60 hrs, after TRH administration. The samples were allowed to clot, and
the serﬁm was separated and frozen. Samples were later thawed to room

temperature and evaluated for thyroid function using the two in vitro
r

Ub, previously described.

3
and RTqU for each sample, the thyroxine-resin Ty ihdex (Th-RT3 index),

tests, Th(D)a and RT After determining Th(n)

known also as the thyroid activity index, corrected thyrold concentration,
: 2

Ty, and free thyroxine index, 5 was calculated as the Th(D):HTBU ratio

or T,(D)) X (RT3U) = (T,-RT,).

RESULTS
Fig. 1, 2, and 3 demonstrate the values determined for Th(D)’

RT,U, and Th—RT3 index at various times after TRH administration.

3

DISCUSSION
Most investigators agree that there is a rise in serum TSH after
administration of TRH to humans and that this response is dose dependent

I,5,8,11,19,22

within limits. TRH has also been demonstrated to cause

inerense in serum triiodothyronine (T,) concentration as measured by
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11,22 However, the evidence supporting the TRH-induced

radioimmunoassay.
rise in Th(D) and RTBU values 1s confusing, One investigator demonstrated
that there was no change in Th(D) or HTBU values for tests performed
before and 2l hours after administration of a single intravenous dose of
TRH in humans.1 Another study found a significant rise in serum Th’ as

measured by protein bound iodine (PBI), if TRH was administered orally19

or infused over & L-hour period.?? A significant rise in serum Th was
measured by Th(D) after a single intravenous dose of TRH and the collection
of samples 10, 20, LO, and 60 min. after the TRH administration.t

In the present experiment, the rise in serum Th levels after TRH
administration was rapid and then quickly dropped to below initial levels.
This is in general agreement with similar studies in humans.ll A

26

possible reason that the human study®- did not demonstrate an increase in
serum Th after TRH administration is that bloocd samples were collected
after tﬁe serum Th peak had occurred. The cause of the increase in

serum Th 36 hours after TRH administration is difficult to postulate;
perhaps it was due to a feedback phenomenon on the anteriﬁr pituitary

3U after TRH administration.

The decrease in RTBU one hour after TRH administration may have resulted

gland. There was no significant rise in RT

from an absolute decrease in serum T3 or from a decrease in binding sites
on the serum thyroid binding proteins. The Tu-RT3 index reflects the free
(unbound) T), in the serum and may be a more accurate index of the effect
of TR on the thyroid gland.23

The results of this experiment are inconclusive in themselves.
However, there are indications that TRH administration, followed by

measurcment of Th(D)’ RT3U, and TM-RT3 index, may be a useful diagnostic



aid in veterinary medicine.

conducted,

More extensive experiments should be
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Footnotes
a. Tetrasorb-125 (T-L Diagnostic Kit), Abbott Laboratories, North
Chicago, T11.
b. Triosorb-125 (T-3 Diagnostic Kit), Abbott Laboratories, North

Chicago, Ill.
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Fig. 1--Serum thyroxine CTh) levels before and after administration of

thyrotronin releasing hormone (TRH).
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Fig. 2--Serum resin triiodothyronine uptake (RTBU) before and after

administration of thyrotronin releasing hormone (TRH).
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Fig. 3--Serum thyroxine resin triiodothyronine uptake (ThRTB) before and

after administration of thyrotropin releasing hormone (TRH).
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APPENDIX C
LITERATURE REVIEW

THYROID FUNCTTON TESTING IN DOGS,

HORSES, AND CATTLE

Disorders of the thyroid gland are the most common endocrine dis-
orders in man and an extensive accumulation of historical, and scientific

13,60,66,79

literature is available, However, in domestic animals, the
thyroid and its disorders are less well known and documented.

Since extensive study has already been done on thyroid function
testing in humans most of the tests done in animals are modifications of
human methods. Thyroid function tests can be classed into general
groupings according to the specific function that is measured. The general
grouﬁs are as follews: 1) physiologic effects including, basal metabolic
rate (BMR), serum cholesterol, and hematology; 2) radiocactive tracer
studies including, radioactive iodine uptake by the thyroid, urinary
excretion of rédioactive iodine, protein bound 1317 (BP13lI), conversion

A3y plasma clearance half-time, and thyroid secan; 3)

ratio, thyroxine
serun hormone concentration including, protein bound iodine (PBI),
butanol extractable iodine (BEI), thyroxine by column (Th—COL), free
thyroxine determination, radioimmunoassay of thyroid stimulatin hormone
(TSH), thyroxine {Th)’ and triiedothyronine (T3)’ thyroxine (displacement)
(TM(D))’ and resin triiodothyronine uptake {RTBU); 1) combined thyreid
function tests including, thyroxine secretion rate (TSR), thyroxine resin

Ty index (TM—RTB index), and effective thyroxine ratio (ETR); 5) stimulation

tests including, TSH stimul=tion test and thyrotronin releasing hormone
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(T3H) stimulstion test.

The group of thyroid function tests based on the physiologic effects
of the thyroid gland were the first group of tests applied to veterinary
medicine. Determination of BMR has long been a method of choice for '
detection of thyroid malfunction in man. ﬁowever, this test, which
measures oxygen consumption under standardized conditions, has found little
application in veterinary medicine due to the difficulty of maintaining
animals under the conditions required for the test. 10 The level of
plasma or serum cholesterol is affected by the status of thyroid activity,
and in general, it varies inversely with the degree of activity. However,
cholesterpl determination is an unreliable indicator of thyreid function
because the normal range for serum cholestqrol is wide and elevations are
frequently seen in a variety of conditions unrelated to thyroid activity.
The diagnostic accuracy of serum cholesterol for hypothyroidism in the
dog is about 60%. However, when the levels are very high, greater than
500 mg./100 ml, and diabetes mellitus is eliminated, its diagnostic
accuracy is increased, Evaluation of serum cholesterol as an indicator
of hyperthyroid status is completely ineffective.36 A moderate normocytic
normochromic anemia is sometimes associated with eclinical hypothyroidisnm
in the dog. But, because this type of anemia characteristic of a variety
of diseases this observation could not be used to diagnose hypothyroidism,
just help confirm a suspected case.36

A1l radicactive tracer studies, used in the dlagnosis of thyroid
gland malfunction, have one thing in common; they require the injection of
radicactive iodine (usually 1311) into the subject. This requirement is

a distinet disadvantage because of the regulations concerning the in-vitro
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use of radiocactive isotopes and the elaborate monitoring equipment
necessary. This means that these tests can only be conducted at insti-
tutions with the proner facilities.

Radioactive iodine uptake by the thyroid is intended to measure the
ability of the thyroid gland to concentrate iodine. Radicactive iodine
is administered to the subject and at specified times following admini-
stration the quantity of radioactive iodine concentrated in the thyroid
gland is determined by placing a radiation detector over the gland. A
high uptake usually indicates a very active gland and a low uptake a
sluggish 0119.72 Several invesiigators have examined upntake of radio-
active iodine in dogs with varying results depending on the specific
method used.8’1h’16’3h’38’59’62’63’65 Data for this test is not as
plentiful in other species but investigators have reported on hor5953
and dairy cattle.73

Urinary excretion of radiocactive iodine is similar to thyroidal
uptake of radioactive iodine in that it measures the thyroid gland's
ability to concentrate iodine.68 This procedure is plaguéd in veterinary
medicine with the requirement of total urine collection during the

22

measurement period and also necessitates normal kidney function. In

animals this test has been experimentally used only in dogs.sn,éz

Two additional tracer techniques include PBlBlI and the coﬁversion

ratio., These procedures depend upon thyroidal secretion of administered

1311 incorporated into the circulation at specified times after admini-

stration., In the PBlBl

I method, the hormonal protein-bound moiety is
separated from the circulating iodide. The protein-bound fraction is

expressed as a percentage of the administered dose, Normal values have
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8,62

been worked out in dogs. * " The conversion ratio represents an alterna-
ive calculation that expresses the fraction protein-bound radiocactlivity

131 : 35
as a percent of the total I present in plasma, In dogs there are

conflicting reports of the normal values for the conversion rati0.3o’39

1Ly plasma clearance half-time is the time required for

Thyroxine
one-half of and injected amount of tagged thyroxine to disapnear from
circulation and is a measure of the rate of thyroxine utilization. This
procedure has been conducted experimentally in dogs.Sh

Thyroid scan requires a radioisotope scamner, It is a visualization
of the shape and size of the thyroid tissue that concentrated radioactive
iodine that was previously administered. This diagnostic method has
been used successfully to diagnose thyroid neoplasiz in dcgs.21

In-vitro thyroid function tests, which measure circulating levels of
thyroid hormones are superior to those requiring injection of radio-
isotopes because they are simpler for the practioner to make use of, These
tests usually require the collection of a serum or plasma sample from the
patient and then sending this sample to a laboratory for analysis.

Determination of PBI is a measure of the level of thyroid hormone
in circulation., PBI is a rather sensitive test and is easily affected

22’36 This method is one of the oldest in use in

7,18,

by iodine contamination.
veterinary medicine and there is considerable data available for dogs,
32,36,hb,53-55, 59,61 horses,28’35’6l’76 and cattle.ho’hl’él

The BEI vrocedure like PBI is a chemical procedure to determine
thyroid hormone levels in circulation.26 It is reported to be more snecific
for the protein bound iodine containing hormones and less sensitive to

L5,6

0
other organic iodine compounds which may be present than PBI, ~’  but it
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is very complex and for this reason is rarely performed on animals except
for research purposes.

Th—COL is a more specific approach to evaluating thyroid function.
This procedure uses an anion exchange resin to remove TB’ Th and other

17

iodide containing compounds from the serum, Only the fraction con-

taining Th and T3 are eluted off the column., T -COL is reported as

N
ng.I1/100 ml. (Th—COL). Only a limited amount of data for the dog is

presently available by this method.36
Free (unbound) thyroxine (Tp) is considered to be the metabolically

active fraction of total circulating Th’ thus this parameter of thyroid

9

function would be most valuable to have available.” However, the con-
centration of Tf is extremely low in most species.él This makes this
determination difficult to perform, expensive, and time consuming,

Recently the discovery of radioimmunoassay procedures has opened the
way for relatively simple and very accurate procedures for measuring

20,25,57

serum levels of T3, Th’ and TSH in humans, More investigation
needs to be done to adapt these methods to animals,

In 196l investigators,h9 developed a technique to determine Th
utilizing the property of protein-binding, recently designated thyroxine
(displacement) (ThﬁD)), formerly called thyroxine (lMurphy-Pattee), dis-
placement analysis, isotope displacement assay, saturation analysis,
competitive protein binding, and radioligand binding.TO The Th(D) test is-
based on competitive protein binding and estimates the levels of Th in
serum or plasma by the amount of 1251—1abeled Th released from labeled
thyroxine-binding-globulin (TBG) as a result of competition with the T,

s

present in a test sample.Ba Several commercial test kits have been



12

produced measuring Th(D) by slightly different modifications and some

0-52

have been investigated in humans. (ne of the commercial kits

utilizing a resin sponge has been extensively investigated in dogs,2’22’

23,31,72,88 horses,22_2h’33’h3 and cattle.gz’he

In 1957, measurement of'uptake of radiocactive T3 by RBCs was
described as a method of estimating thyroid funection in man.18 This test
is based on the fact that Tb and T3 are bound by plasma proteins and
RBCs, but more firmly bound by the proteins, However, this technique-is
difficult to perform since it requires the washing of RBCs in a careful

30

and uniform manner to insure repeatable results, In 1961, measurement

IBlI (131

of resin sponge uptake of liqthyronine T3) from human serum as

a diagnostic test for thyroid dysfunction and pregnancy was reported.

This test is an indirect measure of thyroid function. In fact, it is a
measure of ﬁhe relative saturation of thyroid hormone binding sites in
circulation.23 Recently the resin uptake of radiocactive triicdothyronine
has been designated resin triiodothyronine uptake (RTBU).?O Values for
RTBU using 1251 has been reported in dogs,2’23’32 horses,23’53’h8 catt18.23

The thyroxine-resin T index (Th—RT3 index), also known as the

3
thyrolid activity index, corrected thyroid concentration, T7, and free
thyroxine index is calculated as the TL(D):RT3U ratio or (Th<D)) X (RTBU) =

C
(Th_RTB)'? In humans the Th-RT index has proved a valuable measure of

3
total thyroid function, since it overcomes possible errors when either
Th(D) of RTBU are used alone.15’27’71

TSR is a measure of the rate of secretion by the thyroid gland. The

determination requires measuring the plasma clearance half-time of tagged

Th and PBI. The remainder of the procedure involves mathematical manipu-
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lations of the tagged Th clearance curve, clearance hélf—time, and PBI.
This assumes that the rate of thyroxine utilizgtion or loss equals the
rate of secretion or produc‘f,ic»n.?2 Several investigators maintain that
TSE is the best measure of thyroid status in horses29 and cattle.3’58
TSR has also been determined in dogs.

Recently a new thyroid function test has been developed that pur-
portes to overcome some of the possible errors using either RTBU or
Th(D) alone, This test is called the effective ﬁhyroxine ratio (ETR).
This procedure guantifies only the concentration of Ty, and is expressed
as a ratio of Th similarly determined in asolute units.h6’75

A valuable method for indirectly evaluating thyroid function is the
thyroid stimulation test., In the TSH- stimulation test, adminis£ration
of exogenous TSH (extracted from bovine pituitaries) simulates the effect
of endogenous TSH by accelerating thyroid gland physiology. This test is
used in human medicine principally to differentiate between primary and

79

secondary thyroid disorders, However, it promises to be of far greater
importance to veterinary medicine as a primary diagnostic procedure.h’55
The test is performed by injecting a quantity of bovine TSH into
the patient. A blood sample is collected before injection and 2l hours
after administration, TM(D) or PBI tests are performed on the samples.
If the test values rise a significant amountg, the test 1s considered
normal., The TSH-stimulation test has one serious disadvdntage; TSH
extracted from bovine pituitaries is antigenic and its continued admin-
istration may elicit specific antibody response.

In humans the TRH-stimulation test, based on a principle similar

to the TSH-stimulation test, has been investigated as a possible test of



1l

the pituitary-thyroid axis.1’6’11’19’?6’56’65’67’69’7?’78

No investigations
have yet been published concerning the TRH-stimulation test in animals.
Relatively few of the thyroid function tests available to humen
medicine are ﬁractjcal for routine use to diagnose thyroid dysfunction
in dogs, horses, or cattle., Tests most apﬁlicable to veterinary medicine
are RTqU, T)(D), PBI, serum cholesterol, radioactive iodine uptake,
conversion ratio, tagged T), clearance half-time, TSR, and thyroid scan.22
Of these tests only RTBU, Th(D)’ PBI, and serum cholesterol are feasible
for the practicing veterinarian to use, unless he has access to

L

sophisticated instrumentation.
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Five selected studies of thyroid hormones were conducted in dogs,
horses, and cattle. These studies were: 1) effect of chronic dietary
nitrate on canine thyroid function; 2) influence of estrus cycle in
nofmal mares on serum thyroid levels; 3) a comparative study of circu-
lating thyroid levels; L) evaluation of selected commercial thyroid
function tests in the dog; 5) thyroxine response to thyrotropin-releasing
hormone in a dog.

An investigation was conducted to gain information concerning the
effects of dietary nitrates on thyroid function in Beagle dogs and their
offspring. The dogs received O ppm, 300 ppm, 600 ppm, and 1000 ppm
sodium nitrate in drinking water under normal management and feeding
conditions, Continuous consumption of sub-lethal levels of nitrate by
dogs did not produce a syndrome of chronic nitrate toxicosis characterized
by thyroid dysfunction. ‘

Serum thyroxine (Th)’ resin triiodothyronine uptake (RTBU)’ and
index) were followed in 9 normal mares

thyroxine resin T, index (T)-RT

3 3
during theri estrus cycles, A statistically nonsignificant decrease in
serum Th was observed after ovulation. However, there were no significant
differences in the thyroid function test results during various stages of
the estrus cycle., It appears that the stage of estrus cycle dees not
significantly influence the serum thyroid hormone levels in normal mares.
Three thyroid function tests: thyroxine (diSplacemént) (Th(D))’
RT3U’ and ThRT3 index, were usecd to measure thyroid function in dogs,
horses, and cattle, A comparison was also made of the use of serum or

plasma. The cheoice of serum or plasma did not interfere with or alter

test results. The thyreid function tests showed similar results in dogs



and horses, but there were significant differences in cattle. This
variation may be due to basic species differences in thyroid physiology.

Five different commercial test kits for studying thyroid function
were evaluated using normal dogs, Two of the‘tests were found unsatis-
factory for use without considerable modification, and two tests were of
value. One thyroid test appeared promising for evaluating thyroid
funetion, but further investigation is needed.

Thyroxine response to thyrotropin-releasing hormone (TRH) was
measured in one dog. Thyroid response was determined by measuring
Th(D)’ AT4U, and T) -RTy index. There was a significant change in TM(D)
values after TRH administration. RT3U and Th--RT3 index values did change,
but not dramatically. The results from this experiment were inconclusive
in themselves. However, there were indications that TRH administration,
followed by measurement of Th(D)’ RTBU, and Th--RT3 index, may be a useful

diagnostic aid in veterinary medicine.



