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Serum thyroxine (T4) and triiodothyronine (T3) concentrations
were determined twice daily (8°°h and 16h) in seven primiparous
Holstein cows from 4 days prior to (-4, -3, -2, -1) to delivery, on the day
of calving, and up fo 4 days postpartum (1, 2, 3, 4) by
radioimmunoassay (RIA). Serum thyroid hormone concentrations were
higher in the afternoon samples on the first two days of investigation
(-4 and -3}, but this circadian rhythm was not maintained. Serum thyroid
hormones declined significantly affer delivery according fo a
polynomial regression line (R%=0.967 for T4; R°=0.9216 for T3).
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INTRODUCTION

Thyroid gland function and hormonal changes in the different periods of the
reproductive cycle in cows have been investigated by many authors (Kesleret al.,
1981; Aceves ef al., 1985; Akasha et al., 1987; Nixon ef al., 1988; Tiirats et al.,
1997), and a relationship between ovarian function and the
hypothalamic-pituitary-thyroid axis was proposed some time ago. It appears that
plasma thyroxina (T4} concentrations are significantly lower during the first
postpartum estrous cycle than during subsequent estrous cycles (Kesler et al.,
1981). Our previous investigations also showed that serum levels of thyroid
hormanes in dairy cows decline considerably after parturition (Jovanovié et al.,
1988). Investigations of circadian and ultradian oscillations of plasma thyroxine
and triiodothyronine (Ts) in lactating dairy cows have given evidence of rhythms
in their secretion (Bitman et al., 1994). The aim of the present study was: 1) to
investigate the serum Ta and T4 concentrations in primiparous Holstein cows
during the periparturient period, and 2) o reveal any possible circadian rhythm
of thyroid hormone secration.

MATERIAL AND METHODS

Serum concentrations of Tz and T4 were determined in seven primiparous
Holstein cows before calving (1, 2, 3, and 4 days before delivery), on the day of
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parturition (day 0), and afier gglving (1,2,3 and 4 days after delivery). Two blood
samples were collected at 8°°h and 16h. The blood serum was separated and
stored at -20°C until required. Thyroid hormones in the blood serum were
determined using commercial radicimmunoassay (RIA) kits (INEP-Zemun).
Differences in the mean serum,fs and T4 concentrations prior to and after delivery,
as well as between morning (8°“h) and afternoon (16h) samples were tested using
split-plot two-factor ANOVA Factor 1= Days, Factor 2=Time and analysis of
variance. Serum thyroid hormones changes were also investigated using
regression analysis.

RESULTS

Serum Ta and T4 concentrations at 8%°h and 16h during the four days prior
to and after delivery of primiparous Holstein cows are presented in Table 1.

Two-way analysis of variance was carried out separately for the morning and
afternoon samples with day and cow as the variables. There were statistically
significant differences associated with both variables (P<0.001), the effects being

Table 1. Morning and afternoon concentrations of the thyroid hormones in
serum (nmol/L) from seven primiparous dalty cows during the puerperium.

Time T Ta
postpartum
(days) 8%h 16%h g%h 16%h
-4 1,79 2,45% 51.1° 63.82
-3 2,00%° 2,33 54,88 64.2°
-2 2,128 2.30% £3.3% 80.9%
- 2,482 2,417 59,5W 61.12
0 247" 1,74 59.6% 49,3
1 1.63%! 1.53% 42,57 43.44%
2 1.48% 1.43% 40.1% 41.9°
) 1.35¢ 1.35 36.90 33.88
4 1.38° 1,38 33.69 38.9°1
SE 0.13 2,21
F (day) 4,99 4,15
P-value 0.0001 0.0006
F (time) 0.51 3.06
P-value NS 0.086*
F {interaction) 2.47 4.76
P-value 0.024 0,0002

abedpjeans refering to a singla hormone net sharing superscripts are
significantly different (P<0.05)

*Logarithmic transformation of the data decreased the heterogenelty
of variance Increasing F (time) to 4.96 (P=0.030)
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additive for Ta but not for T4. Additivity indicates that the belween animal
differences were consistent troughout the examined time interval. Logarithmic
transformation of the data for T4 decreased their non-homogeneity of variance
below the level of statistical significance without reducing the significancs of the
main effects which then became additive. Two missing values for each hormone
on Day - 4 in the morning and one in the afternoon were calculated and the number
of degrees of freedom for error adjusted accordingly.

Two-factor split-plot analysis of variance for the complete set of data (Table
1) indicated a significant influence of sampling day but not consistent diurnal
effect. However, after logarithmic transformation of the data the general tendency
for serum T4 to increase during the day became stafistically significant (F(time) =
4.96; P= 0.030). For individual days this difference was statistically significant on
days -4 and - 8, aswell as on day - 4 for Ta. Paired t-test confirmed the siginificance
of diurnal differences only for T4 on day - 4 (t=2.50; P= 0.054; n=6) and the
reverse on day 0 ({=3.06; P=0.022; n=7). Earlg morning levels of both Tz and T4
increased up to the day of parturition, while afternoon concentrations remained
stable. These changes progressively reduced the difference in diurnal
concentrations observed at the start of the experiment. Moreover, there was a
significant decrease in mean serum thyroid hormone concentrations on the day
of parturition. Mean levels of Ta then tended to decline further during the flrst four
days postpartum, but not significantly. The continued decrease in mean Ta
concentrations was more marked and statisticaly significant.

Since the changes in T4 concentration appeared fo proceed those for Ts, it
may be suggested that the main influence on thyroid hormone concentrations
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Figure 1. Serum thyrald hormone concentrations (?iSE nmaol/L} in primiparous Holsteln cows betare
and after delivery (delivery an day 0)
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was the inability of thyroid hormone secretion rate o compensate fortheincreased
requrements associated with calving, colostrum secretion and reduced feed
intake during the examined fime interval.

Mean serum thyroxine concentrations decliged after delivery follgwing the
polynomial regression line (y=0.2220x"-3.6788x"-13.632x+48.381; R"=0.967),
and the same pattern of decline is evident fgr the mean serum T3 concenirations
(y=0.0102x°-0.1667x"+0.6412x+1.6315; R“=0.9218).

DISCUSSION

Our previous results indicated that serum thyroid hormone concenfrations
in dairy cows decline considerab(l:\]/ after delivery (Jovanovié efal., 1988). A similar
decline was reported for estradiol-17beta, but from 5-6 days to 9-10 days
postpartum plasma estradiol concentrations increased. Plasma progesterone
congentrations were also low during the early postpartum period, while luteinizing
hormone (LH) gradually increased (Kesler et al., 1979). Plasma thyroxine
concentrations were suppressed during the first 2-8 weeks postpartumregardless
of estrus (Kesler et al., 1978). Thyroid hormone concentrafions in the serum
decline 2-3 times immediately after delivery, and this decline is probably not
related to hypophyseal hormone secretion. In our previous work we did not detect
a clear relafionship between the decfine of serum thyroid hormone concentrations
a?d TSH) secretion from the pituitary during the postpartal period (Jovanovic et
al., 1988).

Frequent blood sampling in lactating cows housed in an enviromental
chamber (1910.5°C, with lights on between 7-23h, fed daily at 9n, and milked at
8h and 20h) revealed circadian and uliradian changes in thyroid hormone
secretion. The maximum serum concentration of thyroid hormones occured
between 17-20h and the minimum between 5-13h, with peak T4 and T3
concentrations of 50+2 ng/mL {64.35 nmol/L) and 1.58=0.17 ng/mL (2.43
nmol/L), and minimal concentrations of 42.2:2 ng/mL (564.31 nmolfL) and 0.84
0.17 ng/mL (1.45 nmol/L), respectively (Bitman ef al., 1994). ltis interesting to note
that our data show higher serum T3 and T4 concentrations in the afternoon
samples (1 6h? during the firsttwo days ofinvestigation (Table 1), butthis difference
disappeared [ater. Bitman et a/. (1994) also expressed the opinion that peripheral
Ts concentration is regulated independently of peripheral T4 concentration..

Investigating body temperature and endacrine interactions before and after
delivery in beef cows, Lammoglia et a/., (1997) concluded that approximately 30%
of the variation during the temperature decrease could be explained by plasma
hormone concentrations. In their study Ta had a negative effect on body
temperature during the prepartum decrease in body temperature, and the authors
offered no explanation for this phenomenon. The results of the same work showed
that circulating Ta concentrations during the precalving period were affected by
the time of day: they were lowest at 8h (1.29::0.08 ng/mL) and highest at 11h
{1.44x0.08 ng/mL} and 18h (1.39+0.03 ng/mL). Plasma T4 concentrations also
tended to be affected by the time of day with the lowest values at 3h, intermediate
values at 11h and the highest values at 19h (60 = 1.4 ng/mL). Furthemore, Stewart
et al., (1994) found that Holstein heifers had higher plasma thyroid-stimulating
hormone concentrations in the afternoon than in the morning. Our present work
indicates that the patterns of change of serum thyroid hormone concentrations in
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primiparous Holstein cows prior to and after delivery are simifar, but we could not
find clear evidence for a consistant circadian rhythm of thyroid hormone secretion.

Aceves el al., ﬁ1 085) found that under comfortable weather conditions
(temperature 22°C, relative humidity 40%) cows in early lactation had significantly
lower concentrations of T4 and Ts, and higher values of reverse Ta (rT3) than in
dry or animals in mid lactation. In contrast, during May, when the environmental
temperature increased (34°C, 40% of relative humidity) a clear-cut shift in the
Ta/rTa ratio occurred, and animals in early lactation exhibited the highest Tz and
lowest rTg concentrations. In his study Tirrats (1997) showed that the plasma T4
level was significantly lower during early lactation (45.1 nmol/L) compared with
later stages, but increased as the stage of Iactation progressed. Plasma Ta
concentration was significantly higher at the late stage of lactation {1.93 nmol/L)
compared with the early stage of lactation {1.71 nmol/L). Levels of all thyroid
hormones were negatively related to the daily milk yield. Nixon et af., (1988}
determined free and total thyroid hormones in the serum of Holstein cows and
concluded that free and total Tz and Ts are low in early lactation due to the high
metabolic demands for peak milk production.

Administration of bavine somatotrophin (bST) to non-pregnant lactating
Holstein cows showed that the activity of thyroxine-5-monodeiodinase in
mammary tissue is increased approximately twofold in response to bST
adminisiration. It was suggested that an increase in mammary conversion of T4
1o the more biologically potent thyroid hormone, T3, plays a role in mediating the
galactopoietic response of dairy cattle to bST (Capuco et a/., 1989). In a similar
experiment in primiparous lactating Holstein cows, Kahl et al., (1995) suggesied
that growth hormone-releasing factor and somatotrophin increase the
hypothyroid status of the lactating cow but maintain a euthyroid condition in the
mammary gland, thus enhancing the metabolic priotity of the mammary gland.
Riis et al., (1985) concluded that the decrease of T4 secretion raies at ihe
beginning of lactation seems to represent a homeorhetic adaptation to the
condition of decreased energy supply. It may be a key process of adaptation of
peripheral tissues 1o the increased metabolic demands of the mammary gland.
Our results presented in this work concerning the decrease in serum thyroid
hormone concentrations after delivery could be also explained by the increased
metabolic demands of the mammary gland and its high priority function.
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KONCENTRACIJA TIROKSINA 1 TRIJODTIRONINA U KRVNOM SERUMU JUNICA HOLSTAJN
RASE PRE [ POSLE PARTUSA

STOJIC V, GVOZDIG D, KIROVSKI DANIJELA, JUDITH-NIKOLIC, ANA, HUSZENICZA GY, SAMANG H,
WANOV |

SADRZAJ

spitivanje koncentracije tiroksina (T4) i rijodtironina (Ts) u krvnom serumu
vréena su radioimunolokom (RIA) metodom kod 7 junica HolStajn rase 4 dana
pre porodaja (-4, -3, -2, -1), na dan porodaja (0 dan), i posie porodaja (1, 2, 3, 4
dana) uzimanjem dva uzorka krvnog seruma dnevno (U 8 h ujutro | 16h
popodne). Kencentracija hormona tireoideje bila je vida u popodnevnom uzorku
u prva dva dana ispitivanja (- 4 i -3 dana), ali nije ustanovljen jasan cirkadijalni
ritam njihove sekrecije. Koncentracija hormonaztireoideje opadazznac“:ajno nakon
partusa prateéi regresionu polinomsku linfju (R*=0.967 2a Ta; R°=0.9216 za Ta}.



