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INTRODUCTION

It has been shown by Andrews and Schnetzler (1946),
Muhrer (1947), McMillam et al, (1947), and many other workers,
that feeding thiourea or its derivatives will increase
the fat content of many domesticated animale including
swine and fowl, The goitrogens depress thyroid activity
which causes a decrease in the metabolic rate, which, in
turn, is assoclated with the deposition of fat,

It has also been shown that feeding natural or syn-
thetic estrogens may cause fat deposition in birds,
Lorenz (1943 gnd 1945), Thayer et al, (1945), Glazener
and Jull (1946), Thayer and Davis (1948), Davis and
Thayer (1948), and Quisenberry and Krueger (1948), to
name but a few, have obtained relatively good deposition
of abdominal fat, However, Sykes et al, (1945) 4id not
get as pronounced results as did any of the above investi-
gators, Neither 4id Davidson et al, (1946), studying the
administration of synthetic estrogens to turkeys, They
found an inorease in plasma fat but usually a decrease
in abdominal fat, The best fat depositions in birds
have been obtalned in the Oklahoma and California exper-
iments, Large deposits of abdominal fat in turkeys were
obtained when the birde were reared out-of-doors in areas
with rather warm mean temperatures (Davis and Thayer,

1bi1d.). In ocontrast, turkeys reared out-of-doors in the

northern portion of Michigan with much colder mean
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temperatures did not show the inorease in abdominal fat
with estrogen (Davidson et al,, 1946), Apparently a
difference in climate may have something to 4o with the
laying down of fat, One immediately suspects the thyroid
-gland, If thiouracil, which depresses the thyroid, also
induces fat deposition, a relative thyroid stimulgtion
induced by a colder environment might prevent the fatten-
ing effeot of estrogen, Unpublished data (Wolterink,
Davidson and Epstein) on turkey hens at the end their
first laying period indicate that the thyroid activity,
per unit body weight, of these birds during the cold
spring months 1s as great as that found in young chicks,
Similar results were found by Blakely et al, (1949) in
five-week-01d poults, Whether or not climate, per se,
is responsible for the decreased fattening results in
turkeys 1s unknown, It becomes desirable, however, to
reinvestigate the effect of estrogen administration under
different oconditions of thyrolid activity.

The existing literature 1s primarily concerned with
the effects of thyroldectomy or thyroid administration
on the hypophysis, the gonads themselves, or the
hypophyseal-gonadal axis, However, the consequences of
different thyroid status on effects produced by the secre-
tions of the ovary have been studied by Fleischmann (1946)
in the chick, He showed that the inhibiting effect of
thyroxine 1s confined to the metabolic changes induced 5&
estrogen, Whereas the morphological structural changes
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brought about by estrogen on secondary sex charaocters
are not effected, His work demonstrated that thyroxine
was able to neutrallize the abllity of the estrogen to
increase serum calcium, inorganic phosphate, protein
phosphate and cholesterol, yet it does not inhibit the
growth of the oviduct induced by estrogen,

This 1s an extension of the earlier work of Van Horn
(1933) and Meyer and Wertz (1938) who hypothesized that
excess thyroxine may, by lncreasing metabolism, cause a
more rapid elimination of estrogen from the body, Meyer
and Wertz showed that in rats, with a dose level of
thyroxine small enough to barely decrease the body weight
in five days, the threshold for estrogen was raised, e,g.,
it required more estrogen to induce an estrus-type vaginal
smear than was required in the normal intact animal, The
technique of thyroxine inhibition of estrogen-induced
estrus-type vaginal smear in the thyroidectomized rat
has been used by Barker et al, (1950) in studying thyroxine
analogues,

The effeots of estrogen administration on the
hypophyseal-thyroidal axis is not as well understood,
Meyer et al, (1930), Leonard (1933), Severinghaus (1934),
and Wolfe and Chadwiok (1936) showed that estrogen injec-
tion into rats caused either a decrease in the gonad-
stimulating potency of the anterior pitultary or that the
basophll cells were degranulated by the estrogen, Since
thyrotrophin is secreted by the basophile (Griesbach and
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and Purves, 1945), it would seem loglcal to assume that
the estrogen would depress the secretion of that hormone,
In assaying for the thyrotrophic hormone, Meites and Turner
(1948) actually found such a decrease in the amount of

that hormone in the pitultary of estrogen-treated rabbits,
The precise effect of estrogen on the pitultary oytology

as affected by thyroidectomy has been studied most recently
by Baker and Everett (1947), Their results are eomewhat
inconclusive due to incomplete removal of thyroid remnants
and to the short time following thyroidectomy in which

the thyrold effects might have become apparent, It 1is
sufficlent to point out that the precise effects are not
only controversial, but apparently depend upon a combination
of the effecte of estrogen dose levels and total time of
administration, Baker and Everett do conclude that "the
stimulating effect of estrogen on the hypophysis is not
mediated through the thyroid gland,"

The present experiments were deslghel . to determine
whether or not exogenous estrogen administered to intact
immature chicks with relatively nonfunctional gonads
would alter thyrold seoretion rate, In securing these
data, information was also obtalned on the effect of thyroxine
administration on the estrogen-induced slowing of the
iodine turnover time in the thyrolds of thiouracil-treated
animals,
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EXPERIMENTAL PROCEDURE

In this work we conducted seven experiments, In Exp, 1,
2 and 7 we used Rhode Island Reds, while in the interven-
ing ones we used Barred Rocks, All chicks were pullorum-
tested and came from a hatchery in Southern Michigan at
the age of one day. The birds were caged in a commercial
chick battery, and were fed gd libitum, All groups contained
both males and females,

All chicks were started on an Arcady Chick Ration*
for the two weeks after hatching prior to the beginning of
the experiments, They were then leg-banded and welghed to
the nearest gram, Groups as nearly equal as possible
in average Welghts wWere set up, and the experiments were
continued for two weeks,

The general plan was to set up & conventional thyroid
seoretion rate asssy by the method of Mixnef, Reineke and
Turner (1944), One half of the chicks Were placed on a
normal ration and assayed, The other half wss usually given
estrogen in the feed, Due to limited space, it was not
possible to use as many thyroxine dosage groups as might
have been desirable, The exact conditions for each
experiment may be noted from the tables, In addition, the
turnover of radio-iodine (I 131) was used as a check oén
the thyrold activity in the last four experiments,

At the end of the assay period, the animals were
saorificed and their welghts and sex recorded, Gonads,

combs and thyroids were removed and weighed on a Roller

»
Arcady Milling Company, Chicago, Illinois.
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Smith balance to the nearest tenth of a milligram, Organ
welghts were expressed both in actual weilght and as
welght per hundred grams of body weight,

The thyroids of the animals receiving radio-active
iodine were placed on copper discs and dried, They were
then counted with a thin mica end window Geiger-Muller
counter,

Unless otherwise stated, thiouracil was administered
in the feed at a dose level of 0.1%, This dose level
proved to be too low to completely suppress thyroid
aotivity, However, it is the dose level employed’h;
Mixner et al, (1944) and Schultze and Turner (1945),

Thyroxine solutions were prepared from oryetalline
thyroxine 1solated by Dr. E. P, Reineke from iodinated
casein, These were injected subcutaneously in the indi-
cated doses dally for the two weeks of the experimental
period,

The synthetic estrogen used, 3,4-d1aniey1hexene-5f
was 1injected in a corn oil suspension in the firest two
experiments, In the rest of the experiments it was
given in the feed at a dose level of 0,01%.

Radlo-active 1odine (I 131) wae obtained from Oak
Ridge in a weak bisulphite medium, In experiment #3
it was given to the chicks in the drinking water, However,
in the suocceeding experiments approximately 0,2 of a micro-

curie was injected subcutaneously,

* The dimethyl ether of stilbesterol, Breon,
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Turnover times for the output of iodine for the
thyroid glands-are the times in which the radio-iodine
content has been reduced to one half its value from the
start of the period, These were computed from counts
obtalned at twenty-four hours and a later time (between
forty-eight and seventy hours) after the injection of the
radlo-active tracer, An exponential rate of loss is
assumed, The method 18 essentially that derived by Keating
and Albert (1949),
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RESULTS

Effect of Estrogen on Thyroid Size

Table 1 summarizes data obtained in six experiments
in which a low estrogen dosage rate was employed, The
average thyroid size of normal four-week-o0ld Rhode Island
Red chicke was 9,5:0.4 milligrams per hundred grams body
welght, In comparable chicks given estrogen the thyroid
welght averaged 10.2+0.2 milligrams per hundred grams
body welght, The difference between the two groups was
not significant,

In Barred Rocks of the same age, the control thyroids
averaged 6,6:0.1 milligrams per hundred grame body Weight,
while the thyroids of the estrogen-treated birds averaged
6.020.1, Estrogen treatment in Barred Rocks evidently
decreased the average thyroid weights of the groups
used in these experiments when the welghted average was
computed from individual group averages, However, the
actual difference 1in weighte was only about ten per
cent, a_nd there WA no significant difference 1in any
of the groups rrém which the over-all average was com-
puted, Thus, the effect of this estrbsen dose level in
reducing thyroid weighte in Barred Roocks Was probably of
little 1Np6rtanoe. If real, the difference would indiocate
that estrogen slightly depressed thyrotrophin secretion
by the pitultary.
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thyroid
Table 1 aleso lists the/welghts of eimilar animals

recelving radlo-iodine, In Exp, 7 with Rhode Island Reds
no esignificant difference in thyroid size was produced

by the amount of radio-iodine injected, In Exp, 3
(Barred Rocks), radio-iodine apparently decreased thyroid
size, whereas in Exp. 5 (Barred Rocks) radio-iodine
apparently inoreased thyroid size, No significant differ-
ence was noted in either Exp. 4 or 6, From the weighted
means of all the experiments with Barred Rocks, 1t is
impossible to conclude that radio-iodine treatment had
any effect on the thyroid weights,

We will now discuss the effect of estrogen adminie-~
tration on thyroid size in birds which received thiouracil
in the assay procedure, Results for groups which received
0.5 gamma of thyroxine per day will be omitted, As
reported by Schultze and Turner (1945), a low dose of
thyroxine in a thyroid assay gives a very low thyroid
weight, a result which has been observed by numerous other
investigators, 8ince the cause of this phenomenon is
obsoure, data in which this effect plays a part cannot
be discussed profitably at the present time., Data for
this dose level may be found, however, in the appendix
and wherever the thyroid weight itself 1s not oritiosl
to the discussion,

Although there 1s considerable varliation between

experiments in the average thyroid weights of groups on






the same thyroxine dose level, the average thyroid weight
of all groups on the same dose level shows a very interest-
ing picture, The average of the thyroid weights in

Exp. 4, 5 and 6 (Barred Rocks) for the chicks at a one
gamma thyroxine dose level is 28,521,4 milligrams thyroid
per hundred grame body welght for the estrogen-treated
birds as compared with 28,9t1.1 milligrams thyroid per hundred
grams body weight for the controls, This indicates that
estrogen seeme to have no effect on the thyroid weight
when one gamma of thyroxine 1is given simultaneously with
the thilouracil, However, when one gives two gamma of
thyroxine, a different picture results. The controls
(1,e,, groups receiving 0.1% thiouracil plus two gamma

of thyroxine per day) average 30,0+ 1,2 milligrams thyroid
per hundred grame body welght as compared with 18,8+ 1.4
milligrams per hundred grams body weight for simllar groups
recelving estrogen, This reduction in thyroid size might
indicate that at this level of thyroxine dosage, the adminis-
tration of estrogen may have reduced the thyrotrophin
secretion of the pituitary (either by stimulating the
output of thyroxine from the thyroid and thus depressing
pltuitary thyrotrophin secretion indirectly or by direct
depression of the pituitary output of thyrotrophin).

If estrogen had no effect on thyrotrophin secretion, the
reduced thyroid size could be accounted for only if the
sensitivity of the thyrold to an unchanged thyrotrophin

output was decreased,
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We have only one group of animals with which to compare
the thyroid weights from chicke receiving four gamma of
thyroxine, As in the animals receiving two gamma of
thyroxine, the control thyroids were larger than the ones
treated with estrogen, 16,1+ 1.9 as compared with
11.2+ 1.0 milligrams per hundred grams body welght,

This again indicates the possibility of mechanisms similar
to those mentioned above,

Yhether or not thyrotrophin secretion was effected
by the oonditiona imposed in these treatments was not
determined directly. As will be shown subsequently, a
direct check on the thyroild output of radio-iodine d4id
indicate that in the smaller thyroids (produced by
estrogen), the turnover rate of iodine was increased,
Thus, a more rapid thyrold activity may have resulted in
a reduced thyrotrophin secretion which, in turn, may have

been reflected in the reduced thyrold size,
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The Effect of Estrogen on the Uptake of
Radio-lodine by the Thyroid Gland

In normal chickse, estrogen had no effect on the uptake

of the administered radio-iodine (Table 3),

In the groups on thiouracil and graded thyroxine levels,
estrogen 4id modify radio-iodine uptake, Exp, 4,5 and 6
were run on Barred Rocks, while Exp, 7 was on R, I, Reds,
When one gamma of thyroxine was used it was found that the
thyroids of thg R, I. Reds receiving estrogen picked up
more lodine than did their controls, whereas in two of the
three experiments run on Barred Rocks the control thyroids
acocunmulated more radio-iodine at twenty-four hours,

When two and four gamma of thyroxine were given to the
thiourgolil-treated groups, both breeds showed a greater
uptake of radio-iodine with estrogen administration,
Apparently in Barred Rocks estrogen increases iodine uptake
by the thiouracil-treated thyroid only when a dose of
thyroxine above one gamma 1s administered, These results
indicate that estrogen administered to thiouracil-treated
chicks producesan effect on uptake opposite to 1its effeot
on thyroid size, Thus, desplite the decrease in thyroid
welght produced by estrogen (Table 2), the synthetic female
hormone produced an actual incorease in iodine uptake, If
estrogen first deoreased thyrotrophin secretion, it is
difficult to see how lodine uptake could have been increased
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subsequently, On the other hand, 1f estrogen first stimulated
the thyroid, reduced thyrotrophin secretion by the anterior
pituitary would normally follow,
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The Effeot of Estrogen on Turnover Time of Radlo-Iodine
in the Thyrold

Table 5 shows tne effect of the administration of
the dimethyl ether of stilbesterol on the turnover time of
radio-iodine in the thyroids of normal chicks, In Exp,
4, 5 and 6 (Barred Rocks) the groups receiving estrogen
require from fifteen to more than 370 hours longer for half
of the thyroid l1odine to be discharged than do their normal
controls, This indicates that in the dose level employed
here, estrogen causes a depression of tne tayroid iodine
turnover in intact animals,

Exp, 7 employed R. I, Reds, In this experiment tne
control birds had an infinlte turnover time, That is,
in forty-eight hours no iodine loss from the thyroid occurred,
There was no apparent reason for these presumably normal
birds having completely inactive thyroids., The estrogen-
treated group in this experiment had a turnover time of
75.3t5,8 hours, In view of tne aberrant control values,
the effect of estrogen cannot be determined 1n this case,

¥hen the chicks were placed under the influence of
thiouracil, the thyroxine dose level agsln seemed to determine
what the estrogen effect would be, When a low dose of
exogenous thyroxine was administered to chicks recelving
thiouracil and estrogen, turnover time for the radio-iodine
was longer tnan in their non-estrogen-treated controls,
This was true for tne 0,5 and 1,0 gamma level of thyroxine,

However, when 2,0 and 4,0 gamma of thyroxine were administered,
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the 1odine turnover times in the thyrolds or tne ochickse
receiving estrogen were snorver tﬁan those in non-estrogen-
treated birds,

It is apparent that in hypothyroid animale (i,e,, in
birds whose thyroids have been depressed by uniouracil and
in whion the exogenouq/%gzzoitgzl is low) eetrogen depresses
the thyroid gland, However, in an animsal on a higher dose
of thyroxine (a relatively hyperthyroid animal) the estrogen
seems to stimulate thyroidal turnover,

Ir the thiouracil were completely bloocking tne_eyntheaie
of thyroxine, the data would suggeet that in this case
exogenous estrogen acts primarily on the turnover of the
inorganic iodine wnica is returning to ine blood stream,

This might or might not be under direct pituitary control,
However, the dose of talouracil used (0.1% in the feed)
apparently did not completely suppress thyroxine seoretion

in the two week period or these experimente., This is shown
by the effect of thyroxine on the talouracll but non-estrogen-
treated birds (Table 6), The greatest slowing of iodine
turnover occurred only when extra thyroxine was administered,
In the presence of estrogen, the additional thyroxine-
induced slowing waJ, in fact, reversed,

These considerations do not provide direct proof for the
localization of the estrogen effect 1ln a single locus 1in
tne thyroid gland itself, They are in line, however, With

the hypotheslis that there 1ls at least some initlal effect
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of estrogen in the thiouracil-treated birde in stimulating
thyroxine output, Only 1in tnis case would it be loglcal

to expect to get the observed depression of thyroid weight.

If the initial effect of estrogen were to increase

pitultary thyrotrophin secretion, tne inoreased iodine turn-
over might be explained, but not the decreased tayroid
welght, The third possibility, that estrogen reduced the thy-
rold sensitivity to thyrotrophin, should mean tnat bothn
thyroid weight and iodine should be concurrently decreased,
The observation is that altnougn thyrold welght was decreased,
iodine turnover was inoreased by estrogen in these thiourascil-
treated birds,

We ocome to the tentative conclusion that in thiouracil-
treated chicks, 1f suffiocient exogenous tnyroxine is
administered, there 1s at least some direot stimulation
of thyroxine output/ggs:géffgfnor whatever other effects
the estrégen might have at other points in the thyroid-pituitary-
gonadal axis, In normal birds, and in birds on thiouracil
and low thyroxine dosages, estrogen depressed tne iodine
tufnover with no evidence of change in thyroid size, The
pituitary could not have been extensively involved, even
secondarily, in the normal bircs since even iodine uptake
was unaffected, _

The net result of these data 1s to emphaslze the point
that the effect of estrogen may be elther to depress the
thyroid or to stimulate 1t., Depression was obeerved in

normal or relatively hypothyroid animals, Stimulation was
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observed only where higher thyroxine levels were maintained,
In the birds on these experiments, no evidence was found

to indicate that the primary effect of estrogen was solely
on the pituitary, although the pitultary was probably
involved secondarily, It is always possible that estrogen
administration produced minor effects by direct action on
elther the pitulitary oytology (which was not studied)

or on other pointe 1in the axis, Sucn effects, if present,
were not large enough to result in changes demonstrsble

by the techniques used here,
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The Effect of Estrogen on the Daily Rate. of Iodine Output
by the Tnyroid

The data clted in the previous section may also be
computed in terms of the dally output of i1odine from the
thyrolid gland, This 1s convenlently expressed as per cent
or the lodine or tne thyroiddimingted in twenty-four hours
per hundred grams of body welight, In the four experiments
on normal birds (Table 7), tne estrogen caused a decreased
output as compared witn tne:* control groups, Thus, in the
dose level administered, estrogen depressed the thyroid out-
put of 1iodine,

In one case (Exp, 7, R, I. Reds) a net uptake, rather
than an output, of iodine was found foriy-eignt nours after
the injection of radio-iodine 1in the estrogen-treated birds
as ocompared witn 19,8% output for the normal controls.

As reporte& previously, no apparent reason can pe given ror
this aberrant result,

Again the rate or dally output is correlated with the
thyroxine dose rates 1n'tne groupe receiving thiouracil and
thyroxine in addition to the estrogen (Table 8), In the
thiouracil-treated birds receiving one ug of thyroxine per
day, the dalily output from the tayroid glands 1is less in
the estrogen groups. Conversely, in the animals receiving
2,0 and 4,0 ug of thyroxine, the amount of iodine eliminated

per twenty-rour hours 18 increased by estrogen administration,
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the Method of

Thyroid Secretion Rates as Calculated b
xner,; Relneke gnd: , 43

Computation of thyroid secretion rates invelves
plotting the thyroid weights of birds on thiouracil against
the thyroxine dosage, Since the lower thyroxine dosages
usged in these experiments glve aberrant thyroid weights
(as mentioned above), the calcoulation of secretion rates
had to be made on the basis of only the 2,0 and 4,0 ug
thyroxine dose level, The data are, therefore, subject
to conslderable error, Nevertheless, the values so computed
are listed in Table 9, They are in general agreement with
those found by Boone et al, (1950), The data obtained show
no clear evidence for any effect of estrogen on the thyroid
gecretion rate, In view of the rest of the data and the
inadequacies in these direct assays, it seeme impossible
to oredit these results for more than an estimate of the
general level of thyroid secoretion,

The average thyroid seoretion rate was 2,1 gamma
per day per hundred grams body weight, In view of thie
magnitude of thyroxine seoretion rate, four gamma of
exogenous thyroxine per day should definitely produce
a hyperthyroid animal,
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TAELE 9

THYROID SECRETION RATES AS COMPUTED FROM THYROID WEIGHTS
PER HUNDRED GRAMS BODY WEIGHT

EXP, CONTROLS ESTROGEN-TREATED BIRDS
4, 1.8 ug/day

50 2.7 uE/d”

6. 2.2 ug/day

Te 1.9 ug/day 1.9 ug/day
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Effect of Estrogen on Body Weights

In all of the groups under observation, both control
and experimental, there seems to be no change in body weight
when the animals are treated with estrogen (Tables 10 and
11), Thayer, Jaap and Penquite (1945) found an inorease
in the body weights of cocks on an estrogen diet, while
Davidson et al, (1946) found that the weights of young
turkeys was usually decoreased by the administration of

estrogen,
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Effect of Estrogen on Comb Growth

Since the estrogen was administered to the chicks
in the feed in the last five experiments, it was considered
desirable to measure the growth of the ocombe in order to
gain some indication of the oral effectiveness of the estro-
gen. In the normal chicks (Table 12), it will be noted,
the estrogen caused a depression of the comb growth in
all groups, as compared with the controls,

Radlo-iodine had no effect on the comb growth of
normal chicks as compared with normal controls not
receiving the isotope.

On the whole, the estrogen caused a decrease in comb
welght even when exogenous thyroxine was administered to
the chicks on the thiouracil aseay (Table 13). The
administration of thiouracil did not potentiate the action
of the estrogen., Conversely, the action of the estrogen
on the comb weighte was not modified at all by the
administration of even four ug of thyroxine per day.

It is very interesting to note that while estrogen
had no apparent effect on the pltultary as far as the
thyrotrophic hormone was concerned, it aid affect the
pituitary gonadotrophin, This 1is evidenced by the
decrease in comb growth with the administration of
estrogen. Boas and Ludwig (1950) report that the effeot
of estrogen on comb growth is manifested through the
action on the pituitary. On the basis of comb histology
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in normal and hypophyseotomized birds, they maintain that
estrogen depresses the secretion of gonadotrophin and
thereby causes a depression of comb size,

This indicates that in our experiments the estrogen
is affecting the gonadotrophin but not the thyrotrophin,
both presumably products of the same cells of the

anterior pituitary,

Summary of Effects of Estrogen on the Chick

In order to facllitate reading and understanding of
the disocussion section of this paper, we gre summarizing
the results found in the experiments herein reported.,

This summary may be found in Table 14,
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TAELE 14
SUMMARY OF THE EFFECTS OF ESTROGEN ON THE CHICK
1. ON THYROID SIZE

a. Normal Animals - estrogen has no effect

b, Thiouracil-treated Animals

(1) Low dose of thyroxine - estrogen has
no effeot

(2) Two and four gamma of thyroxine =
estrogen depresses slze of glands

2, ON UPTAKE OF RADIO-IODINE

a. Normal Animgls - estrogen has no effect
b, Thiouracil-treated Animals

(1) Low dose of thyroxine - estrogen
generally depresses uptake

(2) Two and four gamma of thyroxine =
estrogen stimulates uptake

3, ON TURNOVER TIMES OF RADIO-IODINE
a, Normgl Animals - estrogen causes a longer turn-
over time (reduced daily output)

b lourgecll-treated imgls

(1) Low dose of thyroxine - estrogen causes
a longer turnover time (reduced daily
‘output)

(2) Two and four gamma of thyroxine -
estrogen causes a shorter turnover time
(inoreased daily output)

4, ON COMB SIZE

In all cases estrogen depresses the size of the
combs,

5. ON _BODY WEIGHTS

In all cases estrogen has no effect on the body
weights,



altie (a2



(38)

DISCUSSION

The earliest intimation of the interrelationship
between the thyroid and the ovary seems to be the discovery
by the Chinese - that women are more prone to golter than
men, Salter (1940) points out that the ratio of goiters

goliters in
in women to/ men decreases progresslively as sex becomes less
important in the life cycle, becoming equal between the
sexes after the menopause, Much work has been done on
the relationéhlp of these two glands of internal
seoretion, but many of the results are of a very contro-
versial nature,

Kunde et al, (1931) found that when estrin was
administered to dogs for seventeen weeks, there was
hyperplasia of the thyroid, Pincus and Werthessen (1933)
found similar results in rate if the estrin were
administered to rats for five to ten days, but they found
involution of the thyroid if they administered the hormone
for twenty or more days. Karp and Kostkiewiocz (1933),
working with rabbits, and Benazzi (1933), working with
mice, found that follioculln caused an increase in thyroid
slze,

An increase in thyrold weight might indlocate that
the thyrotrophin secretion 1s elther direotly increased
by estrogen or indirectly stimulated by decreasing the
secretion of thyroxine, The possibility also exists that
the estrogen directly increases the sensitivity of the



9-501L 1.

ang vd



(39)

thyroid to thyrotrophin, Conversely, a decrease in
thyroid welght might indicate that the thyrotrophin is
beilng depressed, Agaln this might be a direct action on
the anterior pituitary, or it might be an indirect consequence
of a primary thyroid depression, As reported in the
introduction, most of the work on pitultary cytology
indicates that estrogen causes degranulation of the basophil
cells which produce the thyrotrophin, This cytologilc
ploture is usually interpreted as being sufficient to
-indicate a depression of the secretion of that hormone,
a result in agreement with the depression of pituitary
thyrotrophin on direct assay as reported by Meites and
Turner (1bid).

The inoreased thyroid weights induced by estrogen,
as reported by the investigators cited above, are
difficult to explain if thyrotrophin 1s reduced, If, on
the other hand, estrogen first supresses the thyroid output
of thyroxine, as 1s suggested by the chick data reported
herein, pituitary thyrotrophin should be increased and,
given sufficient time, thyrold enlargement should result,
as was reported by Kunde et al,, Pincus and Werthessen,

‘and XKarp and Kostkiewiocz (1ibid,). Such enlargement was

not observed in the chicks in these experiments, however,

The data from thiouracil-treated birds given two or
four gamma of thyroxine indicated that estrogen does not
always suppress thyroid turnover, but may, in fact, stimulate

1t if oirculating thyroxine is present in suffiocient






amounts, In that case estrogen should depress thyrotrophin
as suggested by the evidence of pitultary cytology. In
either event, the decisive factor, or factors, apparently
lies in some combination of the ratio of estrogen to cir-
culating thyroid hormone and the duration of treatments,
Data from experiments set up with these points in mind

are urgently needed,

If we were to base our concluslons solely on thyroid
size, we should be forced to conclude that estrogen adminis-
tration to normal and hypothyroid chicks has no effect
on the thyroid gland, Also, estrogen administration to
chicks made somewhat hyperthyroid by thyroxine increases
thyroid activity,

Data obtained from the uptake and turnover of radio-
iodine give a more sensitive criterion of thyroid activity,
We found that in normal chicks estrogen had no effect on
the twenty-four hour uptake of rsdio-iodine, Similar
results were found in rate by Paschkis et el, (1948) at
four hours after lodine administration, Since Morton
et al, (1942) have shown that the uptake of lodine by the
thyroild gland is controlled by thyrotrophin, we might
readlily assume that 1n our experiments, two weeks of estrogen
administration had no effect on thé secretion of thyrotrophin,

In chicks on the thiouracll assay, estrogen caused
legs radio-iodine to be taken up when a low dose of thyroxine
was administered dally, This would indioate a depression
of thyrotrophin secretion. Yet, it 18 difficult to see
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how a decreased thyrotrophlin secretion could have caused
a decreased uptske of 1odine and still not decrease the
slze of the thyroid gland, that is, 1in view of the
observation of Keating et al, (1945) that thyrotrophin
first influences thyrold weight and only later influences
uptake of radio-iodine,

When two or four gamma of thyroxine were administered
to the chicks on the thiouracil assay, estrogen stimulated
the thyrolid to take up more of the injected rsdlo-iodine.
If the stimulation were the result of increased pituitary
thyrotrophin secretion, an increasged size of the thyroid
should have been observed, The data give no indication
there was any direct effect of the estrogen on the
secretion of thyrotrophin by the anterior pitultary (unless
i1t be concurrently assumed, in disagreement with Keating
et al,, that under the influence of thyrotrophin altered
radio-iodiné uptake can occur wWithout change in thyroid
size),

Turning our attention to the turnover of radio-iodine,
we find that estrogen increased the turnover time in normeal
chicks, This indicates that the estrogen 1s depressing the
activity of the thyroid by deoreasing the output of iodine,
From the present data this 1s the first indication we have
of any effect of estrogen on the thyroids of normsl animals,
We had no indication of this from the size of the glands,
or from the uptake of radio-iodine, This must mean that,

in normal chicks at least, estrogen depreeses
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the thyrold directly. If 1t did exert its effect through
the pituitary, even secondarily, we should have expected
to see some change in the size of the thyroid and in the
upteke of radio-iodine, However, such was not obaerved.
In the chicks on the thioursacil assay, we find that
when a low dose of thyroxine was administered, estrogen
again depressed thyroidal aetivity, indicated by a longer
turnover time in the estrogen-treated birds than in their
controls, This depression was reflected in the decoreased
iodine uptake of these birds, However, we found no
change in the size of their thyroids, If Keating and his
co=-workers are correct, this again indicates that
thyrotrophin secretion could not have been extensively
involved, They showed the differential effect of
thyrotrophin on thyroid size as compared to radio-iodine
uptake in three days, Surely, in the two weeks of our
experiment, the thyroids of the chicks should have had
enough time to react to altered thyrotrophin levels if such
had been induced by estrogen, Therefore, since we found
no ochange in the thyroid size and a decrease in the
uptake of iodine, we must presume that there is no effect
on the pituitary thyrotrophin., This is in direct contrast
to the effect of estrogen on gonadotrophin, As pointed
out earlier, the depression of comb size by estrogen 1is
clear evidence of the depression of the secretion of

gonadotrophin,
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The oconclusions reached here add direct evidence for
the thyroid-pitultary mechanisms in the modifications of
those metabollic effects of estrogen cited by Fleischmann
(1946), He found that the abllity of the estrogen to
increase serum calcium, inorganic phosphate, protein
phosphate and cholesterol was neutralized by the
administration of equal parts of thyroxine, It 1s thus
apparent that the fattenling of birds by estrogen must be
profoundly influenced by the level of thyroid activity,
The data of the present experiments directly demonstrate
that estrogen can primarily alter thyroid activity,
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SUMMARY AND CONCLUSIONS

1, Thiouracil administrated orally as 0.1% of the
feed did not completely surpress iodine turnover in the thy-
roid,

2., Estrogen had no effect on the thyroid size of
normal chiocks,

3. Radio-iodine injections (0,2 microcuries) had
no effect on the size of the thyroid glands,

4, In chicks receiving thiouracil and one gamma
of thyroxine a day, estrogen had no effect on the thyroid
size,

5. In chicks. recelving thiouracil and either two
or four gamma of thyroxine per dasy, estrogen caused a
decrease in the size of the thyroid glands,

6. In normel chicks, estrogen had no effect on the
uptake of radlo-iodine by the thyroid.

T. In chicke receiving thiouracil and one gsmma of
thyroxine per day, the Rhode Island Reds picked up more
radio-iodine under the influence of estrogen than d4id theilr
controls, while in the Barred Rocks the estrogen administra-
tion caused less iodine to be taken up.

In chickes receiving thiouracil and two or four gamma
of thyroxine per day, estrogen caused a greater uptsake
of radlo-iodine in both breeds,

8., Estrogen caused a depression of thyroxine turn-

over in normal animals,
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‘9, When the chicke were placed under the influence
of thiouracil, the thyroxine dose level seemed to determine
what the estrogen effect would be, When a low dose of
exogenous thyroxine was administered to chicks receiving
thiouracil and estrogen, turnover time for the radio-
iodine was longer in these birds than in the non-estrogen-
treated controls, However, when two or four gamma of thy-
roxine were administered to comparable animals, the turn-
over time was shorter in the estrogen-treated animgle than
in their controls,

10, If sufficlent exogenous thyroxine is administered,
estrogen stimulates thyroxine output by a direct action
on the thyroid gland, With low thyroxine levels, estrogen
depresses 1odine turnover by the thyroid gland,

11, Changes in pituitary thyrotrophin output, as
nearly as can be determined from these data, were the
secondary results of the alteration in the thyroid as
induced by estrogen,

12, The direct effect of estrogen on the pituitary
or on the sensivity of the thyroid to thyrotrophin could
not be demonstrated from these data,

13, Estrogen was not observed to have any effect on
body weight under these conditions of ad libitum feeding.

14, Comb weight was depressed by estrogen but not
by radio-iodine in the normal birds,

15, The depression of comb welght induced by estrogen

was not modified either by thiouracil or by exogenous thyroxine,
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Since comb weight 1s controlled by pltultary
gonadotrophin, no pronounced effect of thyroxine depreseion
or excessive thyroxine on gonadotrophin secretion could

be demonstrated from these data.
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APPENDIX

Complete data for each experiment are found
on two successive pages, Body and organ weights
are listed on the first page and radio-iodine
data are listed on the second page. The headlings

on each page give the experiment number and the

breed of the chicks used,



EXPERIMENT 1

RHODE ISLAND REDS

USSR Y3} JO JOJIF DJICPUBLS #

91vuotdouag
9uU0I67 580183
WIBTITIN T
sutxouafyy
Je WBJIZOIOTH O°T

L°8F9° LE L°823¢ °691 Ry  TT0BINOTYL %4T°0

(uedouay8y)

auaxXayuTTsiusIq
SWBIITTITN 0°G

sutrxoxfyy
Jd2 WBJIBOIOTH O°T
L°T#y Ly 0°8239°G6T Ky Trovamotyl ¥1°0

suTxoxLYyy
de WBIBOIOTH O°T1
0°9%6°G¢ 6°92 0 461 N, Trovanotyy ¥1°0

®18Q ON -5 d
TQ ON 8°0%T°g # 1°ge%G 022 79 #TOI3U0)
"ROO0T/DA "RDOOT/ BN “WO OOL/DN BRYVYD

LA QVNOD ‘LA gR0D ‘LA QIOCHZXHI ‘ILa Xao€ SJXOIHD °‘ON INIRLYIH L



EXPERIMENT 2

RHODE ISLAND REDS

‘WSOK Y} JO JOIIY PISPUBYS #

UIXOYTASTUBTT o

suTxOoI LYY
d L BUBJIZOIOTN 4
8°938°09 1°81 94Tz LTS R9 TTo8INOTYY ¥T°0
g uTXOIAqL
d9 SURJIZOIOTN 0°2
L°939°6% G°2F8*6¢ T°1I39°¢cece ), ) T1o8aNOTYL ¥T1°0
ejvuotdoxg
d OT ouoasy1s8089]
G939 ‘4l 9°0F1° 1T #°0TFG°002 ), A SUBIBTTITIIR O0°T
d 6 tqmwo&omm
g°23e’¢ce T°T#e°11 e TeFT °LST RS BUBJIBOIOTH 0°G
d L
¥38Qq ON L°8T#6°00T €°2¥s ot # 8°631°9¢2 R 2t sToI3u0)
*WPOOT/DN *FRDOOT/HK ‘"D O0T/9K SRVHD
‘LA QVNOD ‘LA EM0D ‘LA CIOMZXHI ‘LA Xaod SIDIHD °ON INTNIVIHL



EXPERIMENT 3
BARRED ROCKS

(0TX03 003 %2C°0) Puooes 8yl ¥91°0 uUamy

Y994 puUoOdas8 ¢G00°0 UaY} YoM 38ITJ JI0]

Uy oY} JO JOJIF PIBPUBLg #

‘Yoom 33XTJF I0J 92€°0 = PIS8J UT UOWOLO0IJgme
gT0°0 P99J UT SUSXSUTABTUET] we

Yoo 0U0 J0J J918y FUTYUTIJ UT QUTPOI SATIOBOTIPBY

ugeqoadoafyyl,
uagouxlsd
d € TroBamolyl %c°0
ST ST #°035°1 8°€c#S°GLT ) S 8 euTpol
utgejoxdoafy]
i % Heanotwy %20
0°C3T*#1 c’03ye’e 6° 1132 Lee ) suypol
uszouaq sy
d 8 TroBanoTyl %2°0
c’131°6 S Il le 8°652°182 N ¥ eutpol
d L TroBanotul %c°O
0°T¥L° 01 0°T3z°12 6°6%5°682 R S eutpol
I 6 - tnowoﬁ. 89
1°c3¢° 1T 9°0%¥°S T1°8T+T1°%62 R ¢ duTpol
d S
7°%38°Ge 9°0%L Y 6°63G°0¢cE n 8 ¢o§doH
d 0T
®38q ON L°¢38°6T1 oy J A #L°0T¥z “Q0¢ N ¢ oy
Ox
“RDO0T/ DN *FDO0T/HN “RDOOT/DN BIVHD /..:ao
LA QVNOD ‘LA €Nod ‘LA QIOYXHI *Ia Xaog

SXOIHD °ON






BARRED ROCKS

EXPERIMENT 4

*UBoR oY} JO JOXXY PIBPUBYg #

*8)o0M OA% JOJ PI9J UT QUIXIUTASTUBTE £T10°0

euTxoILYy

d6s sWBIBOIOTH 0°C
C'cFeen  0°G35°6T g*yiece 9°0T0" %02 "¢ TyosdanoTul 31°0
suTxoxAyy,
SUBIZOIOTN O °2
d1 uagoxq sy
T°971°92 ¥°278°91 8°Cry° TS 0°6 ¥2°6LT K& TI08In0TYL ¥1°0
auTxXOoILYY
d S WBIBOIOTH 0°T
T°Gryr 2y #°2¥8°GT 6°C 7€ °2E 0°630°20C R € Tro®amoiyl 41°0
euTxox Ay
weIZoI0TN 0° T
g% uedouan sy
#°93TT°¢C 0°Cin°0T G°L3L 02 L°G7¢ *eoe NS Troeanoiyl $1°0
, euTxX0IAY
d G SWBIBOJOTR ¥G°0
#°1176° 9y G°2T¥I°Ge L°619°2e 9°4#T70°08T1 N Trosanotyl $1°0
sutxox LYy,
weIB0IO TN G ° 0
d < uegoxy 8y
goy3e se 9°C¥6°91 L*GF0°CS G*LT3G *#02 R4 Tvoeandtug 41°0
i< |
L°LI9°on 946G G2 £°27¢° 1T 2°¢z0°92e RS Toxjuo) outpol
_ d S
0°935°92 €°2F2°9T1 L°0¥6°9 1°L70°91C R ¢ uedouxy 83
d S
¥°0131°q¢E Sy3IT°62 L°132°6 #L°0T#8°991 ) sTox3u0)
"WDOOT/DR  “T000L/DN "RDOOT/DN SHRVED
‘L AQVNOD ‘L4 €NOD ‘I CIOMXHI ‘LA Xd0€ *ON INEARLVIYL



EXPERIMENT 5

BARRED ROCKS

T T-INIQOI OATIOB-OTPBJI UO STOIJUOO TBULIOU 9

‘wseN ey Jo_uaoary pawpuwyg #

90Xd STOWTUB TIV e

8YooM oM} 0 ATT®P POdJ UT QUeXaYTLSTUZTT $T0°0 4

iz ewoi38isHk oz

9°¢36°92 e'rgeee 9°¢cF0°6C G*e1s0°Gce R % Tiosanotyy $1°0 °Q
eugxoxfyy
SWBJIBOJOIN O0°2
d Y uszoual s
L°T§9°02 L°Tan°91 9°179°61 2°eT§8 902 R # TrosamoTuL ¥1°0 °L
euTxXoIAiYyY
- d ¢ WBIBOIOTR 0°1
woeRGce 9°6%2 “we 1°gsw°6c T°4T170°6¢€2 N ¢ TToBanojyy $T1°0 °9
sutxoxfyy
weJIdo0I0TN O°T
d e ueyvoIq 8q
6°c¥c°0C c eYI6°9T 2°G7g° Y L°TTI§0°2He R £ TroBamoTyy %1°0 °G
suTxoxLyy
d G WBIBOIITN G°O
9°F6°¢e €IS 4T Ve Adelq L°931°GTC K C TTo8Inotyl %1°0 °¥
sutxoxfyqy
WBJIBOJIOTN S°0
. dc ualdoual sy
9°cE6°0C #°2¥C°L1 G°¢3G6°92 g8°6F9°92e ‘K G TroBanoiyql $1°0 °¢
dC
0°9#6°¢CYy T°6¥9°¢ce ¥°1¥8°6 6°L13¢°88T )| ##8UTDOT °C
. d ¢
9°T¥6°9T1 L°2¥c 02 S*orH°9 S#T¥6°0ce Ry 2u930198F °T
L J [ J -m m
L AL Rr]e 6°cig’ L2 9°036°G #L°9Tw w2 RS 8T0JI3U0)
J00T/DN "RHO0T/HN ‘OO0T/DR SHVHD
IA QVNOD ‘LA €nod ‘LA AIOMXHI ‘LM Xaod INIRLVIYL

SIOIHD °‘ON






EXPERIMENT 5, Concluded

UBa oYl JO J0adF PIBPUBLE #

9 7 8°TT3c 2T L99°03£5950°0 " T00°0%#£0°0 OLy 0415 °0 °8
B98Q ON B98Q ON ®3%8Q ON " 6¢0°0%680°0 8380 ON L
2°LS 8°T49°8T  #90°0FTLSC0°0 " G00°*05660°0 0£T 030750 9
2°65 ¥°C79°8T 92T O¥9LLELO°O . .200°035%0°0 8TT°0%TL2°0 °g
e°69 2°9FT°4T  00%°OF606%0°0 " 0#0°035L0°0 09% *Cz 464 °0 y
o°2y 2°0%G° 0 #00°03TL220°0 . 0TO*0FSET 0 O02T1°0F0%0°0 °c
9°8S T+ 61 870°03695£0°0 " 052 °0¥#026°T 000°2#0L9°0T °e
0°8e 8°088°He 9T0*0Z€66TO0°0 8anoY gy OT#°0308% °¢ #OTC *T20L0°6 °1

. ({-8Imoq) X PN/ *03s/ ‘510 "D/ ' 035/BL0

aammmw wmmma §Hanmmmw§ gwmmwwﬁwwﬁ IVAYIINI NI Buazamz.w:mwmmmwmﬁ nu«ammomzwm& dNoyo



BARRED ROCKS

EXPERIMENT 6

.HMH‘HZHGOHOP.Eo.mlo.ﬂow.n dwba&—d.mmw% oo Hdaoo &hﬁn%ﬁ%%% M@a@ t#

$YooM oM} 03 ATTwp P90J UT ¥T0°0 - UdxXeUTLAstu®ig
ouxlk
d TT nl“MWo&oM* 0%

9°T%G *%¢ #°2%2°61 6°T3T°9T 8°8s9° 22 R € Tio®anotyul 4T1°0 °8
SUTXOIAY ]
SWBJIBOJIOT 0°4
d 0T aue30a2 83
6°1%g°ce CT°T%G°4T 0°TEe 1T 8°LF6°GTC R G Tio®anoiyl %1°0 °.L
surxoxfqy
d L 8uBIB0IOTR 0°C
0°cie°*G¢ G°G¥L%e 9°#F6°LE 0°eTin‘eHe R G TroBanoIyl £1°0 °9
suTxoxLyy
SUBJIBOIOTN 0°2
d L aUdd0oua187%
L°T39°9T €°T30°9T T°TFC 6T G°0T¥E °GEe K 9 TioBanoIql 41°0 °G
sutxoxfyy
d IT WSJIB0JIOTHN O0°T
6°0F8°62 6°T$9°91 0°231°Ge 0°gsG°cee K € Tiosanotyl 41°0 °4
euTxouILlyy
WBIBOIOTR O°T
d L wejoul sy
0°235°02 S IF6°LT 2°¢70°0¢ L°9z9°022 K 9 Tro®anoiyp %1°0 °¢
. h Q o
¥°139°62 6°G36°g2 2°03G°S g°lLre*eee R ¢ ##®UTPOI °C
d9
0°23H°LT 6°0¥8°G1 €°038°G 9°93G6°1ee ne JueTouasy 1
d9
S°esT 9¢ 6°G3IG° LS #°0%2°9 #9°63S°T#S R 11 8T0a3U0D
scooa\ﬁs "WHO0T/BN “MO00T/DK SHVYD

‘LA QVNOD ‘LA €ROD ‘LA QIOHZHI ‘LA Xqod SXOIHD °ON INIJULVIH &






EXPERIMENT 6, Concluded

‘USON O JO JIOJIY DJIEPUELS g

=== UOT3ETNUMOOY -—- . ¥80°0:429°0 96T1°0+T2% 0 ‘8
6°65 G°Gze2°8T  602°03¥08£0°0 s T €€0°03¢22 °0 %18°07090°T ‘L
%°L1 1°¢i6°98  G20°0386L00°0 O T10°054%70°0 200°03950°0 ‘9
8°cy T°231°T¢  L#0°0482220°0 w62 0TT*032LS°0 OrE 03T6E " T °g
9°9% #°0¥G°92  TI0®0¥91920°0 °~ & L2 610°072TT°0 0T0°03LLE *0 gt
e°o¢ CHEc oy mwo.oﬂmméﬁoro s 92 020°035960°0 €90°0%0%T"0 °¢
6°91 6°T32°6L  LT0°0¥HLS00°0 . G2 091°0362%°2 ¥ *03420°¢ 2
Gg°et €°cilH#2T 8T0°0495500°0 8amoy #2 9C °0306L°2 #Or°0rLleT ¢C °T

(1-8anou) X DR/ "03s/ °SLO PN/ °0IS/ °SID
*SHH %2/¥ SHNOH INVISNOD TIVY NOIINZI®Y INIQOI  FAVIJN ENIAOI

L0diN0 XTIVJ INIL HIAONHAL

HIAONMAL  "IVAHALNI INTL

LNINDIBENS

HNOH +#¢ dn0yo



EXPERIMENT 7
RHODE ISLAND REDS

i

TCT-IANIQOI 9ATI0B-OTPBI PIAT0OX

UBdN oY} JO J0JIaY PJIEPUBLS #
sToxjuoo Tvwgou j3deoxs sdn 1TV e

8Ye9M O} J0J ATTYP DP9 UT ¥T0°0 =~ SUSXeUTLSTUPTd «

eUTXO0xAYY,
d ¥ SuBIZOIOTR O°%

1°¢49°2y G°9F8°0¢ 2°Tro°et %°1170°22e K 1 Tyo'amotyyl $1°0 °8
auTxoILyy
SWBIBOJIOTH O°#
d € uegouasl sy
€°GFI e 0°¢¥c°9T 9°T7L°0T 0°TT&0°LEC K ¢ Trosanotyl ¥T1°0 °L
sutxouxLyy
d & SWSIZOIOTN 0°C
L°93L°8¢ 9°Lyc 8¢ 6°GF9°9¢ 9°0T¥8 e K % TToBamoTul ¥T1°0 °9
uTXoI Ay
SWBJIBOJIO TN 0°2
d € uegoual 8y
G°GIv°lLe e eIy Ll 8°¢cI8°61 6°0T+€ °9¢C R ¢ Trosanotyl ¥1°0 °G
sutxoafyy,
d 1T wWBIBOIoTH 0°T
9°#+8°6¢ 6°G38° Ty T°4x9°82 0°Li9°6TC R G TI98InOTYl %T1°0 ‘¥
| sutxoaflqrL
WBIBOIOTI O°T
d e uedouay sq
T°G¥8°#2C S°eF6°LT #°930°92 6°4Trc 622 R % Tio8anoiql ¥1°0 °¢
d e .
G°LIGeE 6°L79°TH 0°1§9°9 2°0TEL ST Ry ##0UTPOI °2
d ¥ .
€°Gryece A Fychdel § 8°03G°L 0°GH T °#%e T sUd30198g °T
. d S
0°%50°8¢ 3 ST ALY 9°0F2 L # o2y ONe R < Toajuop
"TOO0T/DN ‘WHO0T /O "ROO0T /DN SNYHD .
‘LA AVNOD ‘LA ENOD ‘L4 QIOYZHI ‘LA Xdod SIDIHO °ON - INIRIVIYL






EXPERIMENT 7, Concluded

‘UBOR 98U} JO J0JIF PI¥PUBLE %

9°0T G°LTRO°GRT  G08°0328T0T°0
§°62 6°913G° Ly 08L°0F00LTL °0
6°65  2°GSI2°8T  695°2F00T2S8°0
8°8%  €£°C956°%e O76 *2%00009 *0
9°99 1°9830° 12 070 *#30£€0L°0
€°s 9°9¢§6°L0C  2GL°TTO000L%°O
- uo .n..«.QH.SEﬁOO4 e =
8°61 8°GF€°SL  €£50°0502600°0

. (f-samoq) X

*SHH %2/% SYNOH INVISNOD FIVH

L0dIN0 XTIV INIL HIAAONMNL

HEAONHAL  TVAMIINI TNIL

LT0*03#€0°0 LTO®0FL#0°0 g
¢TO°OFTH#O O 0£0°08580°0 ‘L
G0O0°*0FSTO®0 #00°03980°0 9
8€0°0%£L0°0 4€T 07952 *0 g
100°0§900°0 8TO*0R0£0°0 ‘g
8T0*0%650°0 680°034LT 0 ¢
20T°030LT"T 29T°0FLL6"0 2
260°03€€9°0  #CHT 0328L°0 °1
DR/ 0ds/ 8d0 DN/ ods/ sd0

HOIINZIFTY ANIAOI  ¥IVIIN INIAOI
INTNDISENS WNOH 42 J00UD



NV VJe Vithk

Ja 5 94 A

VS Q2 YW

INTER (5RARY LoaN

w




il

67




