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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



6

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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