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TABLE II. Unidirectional Caleium Fluxes Aeross the Isolated Shell Gland and Their Relation
To Egg Location in Oviduet at Time of Sacrifice (Mean + SEM).

Flux ratio
No. of Caleium flux (gmole/em*hr) (Cainflux/
Egg position observations Influx Efflux Net influx Ca efflux)
Not in shell gland* 5 032 += 007 .031 = .005 .001 = .004 10+ .1
In shell gland [§ 051 = .004 .021 #.001 .030 + .004 24+ .2

*In 3 eases the oviduet did not contain an egg; in one case an egg was in the magnum and

in another it was in the isthmus.

absence of concentration gradients and isola-
tion from CaCO; deposition n vitro, the net
Ca movement seems to parallel the time course
of shell deposition i vivo. In the live animal,
the rate of deposition is initially low, followed
by an increase to a maximal and constant
value toward the end of the plumping period
(4).

The results indicate that only when an egg
was in the shell gland at time of sacrifice was
a net flux of Ca observed in vitro. Further-
more, net movement of Ca occurred in the
absence of an eggshell and isolation from
the physiological variables present in the live
animal. The data suggest the existence of a
physiological control mechanism which, at the
time the egg enters the shell gland or some-
time thereafter, initiates net movement of Ca
in the mucosa.

Summary. The experiments indicate that
calcium movement across the avian shell
gland in vitro is in part dependent on meta-

bolic energy derived from oxidative metabo-
lism, requires the generation of phosphate-
bond energy, and is predetermined by the
physiological state of the shell gland at time
of sacrifice.
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Relationships of the thyroidal system to
the red cell-hemoglobin axis was recently
discussed by Muldowney ef al(1) who ob-
served red cell mass to be reduced in hypo-
thyroid human subjects. In newborn rats,
Adam and Doljansky(2) noted the develop-
ment of a progressive hyperchromic-microcytic

* Published with the approval of the Director,
Louisiana Agricultural Experiment Station, Baton
Rouge.

anemia following thyroidectomy. Falkheden
et al(3) reported red cell volume and total
hemoglobin to be reduced after hypophysec-
tomy in 14 human subjects affected by mam-
mary carcinoma, acromegaly or diabetes.
These data, however, suggested that thyroid
deficiency alone did not explain the observed
results. In a later report by Meineke and
Crafts(4), an erythropoietic effect of thyroxine
was demonstrated in rats that was indepen-
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dent from the effect upon increased oxygen
consumption. Conversely, Goswami(5) found
daily doses of 100 mg thyroxine to actually
decrease red cell count in the buffalo.

This study was initiated to investigate by
radiochemical procedures the relationships of
circulating thyroid hormones and red cell
volume in the intact sheep, as measured under
physiological conditions.

Materials and methods. The 31 crossbred
castrated male sheep used in this study
ranged in age from 4 months to more than
6 years, and weights ranged from 19 to 72 kg.

During the preparation and test periods,
all animals were maintained in a well-ven-
tilated shelter and were fed a nutritionally
balanced 129% protein corn, soybean-oil-meal,
cottonseed-hull ration at a calculated mainte-
nance level. At periodic intervals animals
were placed in individual metabolism units
(6) and administered intravenously a single
tracer dose of I'3! labeled thyroxine for rou-
tine balance and blood studies. Radiochemi-
cal procedures were employed to measure
degradation rates of injected I'3! labeled thy-
roxine (RT-4), as described for the mathe-
matical model of Vohnout, Hansard and Mor-
ton(7), Employing plasma thyroxine disap-
pearance rates, the data were fitted to a
curvilinear equation by a method of non-
linear squares(8), and mean PBI values were
used to convert data to thyroxine units. Cal-
culations were made using an IBM 1620 com-
puter programmed procedure(7).

Red cell volume (RCV) was determined by
the Cr-51 labeled red cell dilution procedure,
and plasma volume was calculated using the
dilution of dosed radio-thyroxine within the
blood compartment(7). Total blood volume
was calculated from the summation of plasma
and red cell volume.

Results and discussion. Mean values for
measured parameters in the intact sheep are
shown in Table I. Accuracy of the procedure
for measuring thyroxine degradation rate
(RT-4), using a mathematical model for de-
scribing the system(7), and the chloric acid
digestion for PBI analysis has been previously
discussed (9).

Multiple relationships using RCV as the
dependent variable are shown in Table II.

ENDoGENOUS THYROXINE-RCV RELATIONSHIP

TABLE I. Average Values for Red Cell Plasma

and Total Blood Volume, Urinary Creatinine Extra-

thyroidal Thyroxine (ETT,), and Thyroxine Degra-
dation Rate (RT,) in 20 Wethers.

Per kg
Ttem Total body wt*
RCV, ce 796 18.2
Plasma 1808 414
Blood, total ce 2604 59.6
Creatinine, mg 1289 29.5
ETT, ug 180 4.1
RT, 98 2.7
Weight, kg 44 —_

* Body wt empty GI tract, calculated from the
formula Y — 19.56 4+ 1.173X — 20.909 log X where

Y is empty body wt and X is measured body wt
[Reid et al(19)].

TABLE II. Prediction of Red Cell Volume from
Body Weight and Thyroxine Degradation Rate.

Equation R square

Y = 124 4 11.898X + .8059X,
log Y == 1.9032 4 .5772 log X, 4 .000525X,

802
823

Y = ce total red eell vol.

X, = Kg body wt.

X, — ug thyroxine degraded daily.
Logarithmic expressions improved the degree
of this relationship; however, prediction of
RCV from RT-4 and body weight accounts
for only 82.3% (R?2) of the variation in red
cell volume. Table III shows the partial cor-
relation coefficients between the measured
parameters. It was difficult to speculate the
nature of the relationship between RCV and
RT-4. The fact that the greatest degree of
relationship was obtained when the logarith-
mic expression was employed for describing
the dependent variable, RCV, does not neces-
sarily imply that RCV and RT-4 are related
exponentially, as the equation Y == AebX,
A correlation of 0.48, although significant
(P<0.01), leaves 77% (1 — r?) of the varia-
tion in one variable unexplained. The sig-
nificant relationship between thyroxine degra-
dation rate and RCV observed in these in-

TABLE TII. Partial Correlation Coefficients.

Item RCV Log RCV
RT-4 A% 48t
Body wt 84t —
Log body wt — 904

* Significant P<2.05
t Significant P<.01
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tact animals confirms previous results using
other procedures(4,7). However, some of
these results were procured under pathological
conditions(1,2), or by the substitution ther-
apy(4).

The direct mechanism responsible for this
observed relationship remains speculative.
Thyroid hormones have been found to stim-
ulate amino acid incorporation into proteins
under in vitro physiologic concentrations of
the hormones(10-13), and to depress it under
thyroxine intoxication(14). It has also been
shown that thyroid hormones have a selective
action upon body tissues. Scow(15) reported
no effect of thyroxine upon muscle collagen
or bone protein in rats, but myosin did re-
spond to thyroxine stimulation. It should be
emphasized that myosin is also an enzyme
that can catalyze the removal of a phosphate
group from ATP(16). In addition, thyroid
hormones have been observed to stimulate
scavenger enzymes in amphibians(17,18). Re-
lationships between RT-4 and RCV would
also suggest an indirect dependence of RCV
on environmental factors, since the thyroid
gland is a major part of the mechanism of
body homeostasis(15). This dependence
through thyroid hormones could well be a
remainder of the adaptive mechanism of am-
phibian metamorphosis. Frieden(17) observed
tadpoles and frogs to have different hemo-
globins, different in composition and different
in relative efficiency. Hemoglobin of tadpoles
was reported to be more efficient in storing
oxygen, while frogs were found to be faster
in rate of oxygen delivery.

The present study has demonstrated the
existence of a d-finite thyroidal effect upon
circulating red cell volume in sheep under
physiological conditions, and the procedure
offers possibilities for measuring thyroid status
without substitution therapy or evoked
physiological changes that may mask actual
mechanisms.

Summary. Radiochemical procedures with
31 castrated male sheep employed to investi-
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gate relationships between thyroxine degrada-
tion rate and total red cell volume (RCV)
permitted procurement of accurate and de-
pendable results without use of substitution
therapy. The significant relationship (P<
0.01) between degradation and RCV in these
intact animals, under physiological conditions
and independent of body weight, would sug-
gest environmental factors to affect red cells
through the thyroid axis. The nature and
mechanisms of these relationships, though con-
sidered speculative, were discussed.
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