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INTRODUCTION

On entering ﬁh@ field of physiological embryology, one is
amezed at the tremendous smount of data sccumulsted in ths lasgt
half ecentury, Especially in the cres of endocrinology has the
-experimental study been inbense, However, the effects of hormones
on the early development of Tish embryos appears Lo be an almost
virgin field, Teu attempts have been made to determine the
physiological effects of internal secreticons before the glands
of secréticn themselves have become sctive,

The ohjective of the study reported hareln was sn attempt
to alter, by retardation or acceleration, the eorly development

v

of the embryo of the zebra fish, Brachydanio reric. To gain an

Y

insight into mitosis and pigmentation, thyroxine solubtions of
different concentrations were applied for verying lengths of time

to 1216 fish embryos in the early stages of development,



REVIEW OF THE LITERATURE

The functional activity of the thyroid gland and its
hormone has fascinsted g multitude of observers, The hormone
is called iodéthyroglobulin. Thyroxine is én affective amino
scid constituent of this protein molecule, and lodine Torms an’
essential atom of the amino scid component, It is believed that
the Chinese, nany centuries before Christ, had lesrned by trial
and error thet substsnces now knowm to contain iodine exerted
beneficial offects upon the thyroid (Turner, 1950). Burnt
gponge and seaweed were added to the diet during the time of
Hippocrates (460-370 B.C.) in order to reliove enlarged thyroids.
Juvenalls words "Quis tumidum gubbuwr miratur in Alpibus" bespeck
recognition of the thyroid for over two thousand years.
Aristotle (384-322 B.LC.) spoke of the thyroid gland, "Fliny the

Blder (23-79 4.D.) suggested that impure water might be the cause

o

of goiter, Gelen {131-201) described the thyroid znd bhelieved

3

it provided a lubviceting fluid for the lerynx." The Chinese,
again ehout 600 A.D,, troeated crotinism with sheep thyroids
wvhoreas Roger of Pslermo in 1180 used the aghes of ground sponges
and seaweed, Vesalius in 1543 gave a full description of the
gland, and Thomag Wharton (1614-1673) supplied its current name

(Hamblen, 1945) .



..
2

The discovery of ilodine in 1811 by Courtois led shortly
to its uso in the tresiment of golter by Coindet. Shorily
hefore 1900, the view that lodine is en escenitisl atom of the
probein molecule synthesized by the thyroid began to teke form,
Since 1900, investigations have produced & mass of literature on
the physioloegic importance of the thyroid hormone (Hambl@n, 19453
Turner, 1948).

The first isolation, by Kendall in 1914, of crystelline
thyroxine from thyroid tissue sccelerated further interest result-

ing in géded informstion to the already volumincus literature,

&

Magmis~-Levyls clossleal observations reported in 1895, subsequently
confirmed hy lahoratory experimenﬁation, led %o the concept thot
the thyroid regulated the rate of oxidetion (Feedham, 1950),
Fleigehmann (1951) observed that the effects of the thyroid hormone
is restricted to the Phylum Chordata. The thyroid gland of the

adult lemprey censisting of isolsted foliicles represents the most

[
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primitive anaftomical condition of the gland (Ieach, 19463 Goldemith,
1949) . The theory that the endestvle in the larval or armocoetes
stape is e primitive thyrold mechenigm concerned with lodine
notabolism has recontly heen corroborated through studies using

rodioactive iodine (1131)

as a tracer. Specific cells of the
endosgtyle of simocostes of the free-living lomprey Entospenus

lamottel are capable of ghoring radioactive iodine, "It seems
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significant that endostylar tissue actively removes inorgsnic
icdine from its fluid environment and stores it intracellularly
even before it has begun its differentia%ion into thyroid tissue!
(Gorbmsen end Creaser, 1942), lietsmorphosis from the larval or
anmocoetes sbage to the lamprey is not asccompanied by an increase
in oxygen consumption., It haé been further shovm thet ammocoetes
do not respond to administration of mammalisn thyroid (Fleisehmann,
1951) . Weither the rate of metamorphosis nor that of mebtabolism
1s affected, The theory has heen proposed that the thyroid in
the lewor vartebréﬁcs is concerned mainly with growth aand
maturstion (Leach, 1946).

The endostyle found in the lowuzi chordate snimalg = -
tunicotes and scranistcs -~ «~ was long believed %o be homologous
snd analogous to the veritebrate thyroid gland., This ides has been
discarded uore recently for morphological ressons {Hymsn, 1942)
and becouse of thu Tact that neither the endostyle of the tumicate,

Parophore anneciueng (Gorbman, 1941), nor that of the scrazniate,

Anphioxus (Gorbman and Creaser, 1942) is cenable of ghoring
rediocetive ieding,
In mogt fishoes the thyroid eonsishs of folliclaes scattered

- . <}

in the connective tlssus along the ventral aorts snd sffarent

1,

branchial arteriss (Fleischmann, 1951},
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Grobstein and Bellany (1939) reporied a decreased grovth.
rate and altered body proporitions as a resulit of feeding
goxuslly immature fishes deslccated marmalisn thyroid. It should

be recalled, hovever, thol a decreased grouth rate does not

jon of differentistion according

Y,

nacogsarily signify o rotsrdat
to Heedhenm (1950). Hoadley (1929) has shown by Gre ngplantutlon

of eye cups of the chick ambryo to the chorio-gllanteic membrane

that & suppression of cell division wes produced, bhut histogenesis

5

continued, Differentiation, sald loadley, "is not primarily

dependent upon any mechanism invelved in specific cell-divisions,

.

but to a large extent takes plece independently of these. Inasmuch

o o

as this is true, and inasmch as typlcel development depends not

only on the subordinate differentiaztion of the constituent perts
of the embryo, bub 2lso on the spatial relations betueen them and

their aize, the ftruth of the following staztement is evident -
typical development is the result of the usual balance betwoeen
norphogenetic (form producing) and histogenetic (cell differentistion)
processes' "
Turner (1948) citing Gundenatch (1912) sbated, "ihile thyroid
feeding accelerates differentiation, growth is definitely retarded",
Studies seem to indicate (4llen, 1938) that the hastening of

notemorphosis (in Rana catesbisna) is not due merely %o =

stimlaetion of metabolic rate.



A1len (1918) in o stetement of the converse prrineiple of
Gudernatseih's work meintained hﬁt the sblation of the thyroid
rudiment prevents the metamorphosis of amphibian larvae, Such

ihyroldectomized tadpoles, though not meﬁgmorphasing into adults,
grow lzrge and eventually develop lungs o renroyuctlve Organs .

"CGrowth, on the othor hand, without differentiation is
likely %o otcur whenever there is any failure of ﬁhe_férmation
or liberation of primsry or secondary orgasnizers" (Needhsm, 1950) .,
The discussion of Kyle (1921) may be cited as an ezampie of this.
He found thet flat fishes eccasionslly f2il Ho turn over, and thus
rebain thoir bilateral symmetry throughout their lives.,

It iz 2lso noted that metabolism without growith and differeniis-
tion in embryonic cells has occwred, It is not so generslly
knovn thet something enalogous to diaspsuse occurs in mammalisn
development, According to the work of many observers, reviewed
by Hemlett (1935), the embryos of many memmals pass a considerabla
proporiion of thelr intra—uterine life in a state of suspoended
developnent, There can be 1little doubt bub that some melabolisnm
is proceseding olso during this "diapause”. In veptiles, embryonic
hibernation is found in the case of the tuatara lizard, Sphendon
(Dendy, 1898), and the pond torto i Emys (Boulenger, 1898),

x

7% 1s sald that the blackbird, for instance, lays one egg each

day for a week, but although sitting has begun frem the first day,

51l the eggs hatch out together" (Needham, 1950) .
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Richardson (1933, 1940, 1945) on regeneration in Iriturus

found that on excess of thyroxine retards regeneration, while
absence of the thyroid increases the rate of regensration,
Richardsonts work is further corrobora%edEby that of Hanner
(unpublished manuseript) who stated, "The removal of the thyroid
results in an increase in the raote of regencration. This leads
us to conelude thet thyroxine is an Inhibitor to growth, If we
hold our assumption, then we mﬁsﬁ also hold that the regeneration
rate increagses lnversely to the metabolic rate,! Menner also
reports the retardation of the formation of new cells as & result
of the presence of thyroxine,

It is pertinent also to indicaite an imbalance between the
rates of growth and respiration., ZX-radiztion, for example, et a
certain level will zbolish growth, but cause no change in the
intengity of respiration or fermentation; while a2t another level
it will exercise an inhibiting influence on metzbolic processes
as well (Needham, 1950) .

Weedhom (1950), citing various authors (Schlerk, 1933, and

S, Smith, 1936, on Sglmo; Trifonova, 1934, 1935, on Percas;

Amberson end Armstrong, 1933, end FPhillips, 1940, on Fundulus;
Bezler, 1939, on cysrinids) stated, "4s would be expected from

the growth of the ewbryo at the expense of inert yolk, the oxygen
consumption of the whole egg rises regulsrly throughout development.®
In this same discussion, Heedhsn gives the succession of anergy

scurces in teleostean figheg as carbohydralte preceding protein. end

preceding fat,
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It has been reported by Btkin, Root and Mofshin (1940} and

YMatthews and Smith (1947) that fish do not respond with a clesrcut

inerease in motobolism after thyroid feeding, Fleischmamn {1951)
stated that most fish are insensitive to thyroxine, Root and
ttkin (1937} fownd that thyroxine injected in doses of 10 mg,. per
kilogrem body weight daily for four to five days had no effect

on the oxygen cqmsumption of the toadfish, Opsanus jau. Smith

and Everett (1943) confirmed the opinion that thyroid prepsrations

fall to emhancs oxygen consumpihlon or somatic growth in the guppy,

The problem of netamorphosis in fiches is a complex one,

(1950} described

Sklower (1928} and Hagen (1936}, citoed by Heedh

-

narked hyperplasis of the thyroid in the larvee of the eel at the

time of transformation from leptocephalus to elver, 4 similer

change cccurs in the thyroid of the flatfish, Pleuronccices platesss,

dQuring mebamorphosis {Sklower, 1930). In the tropical goby,

Poriophthalmes chrysospilos, metamorphosis can be accelerated

by thyroid feeding. It is of interest that this fish normally

3

leads an omphibian lide, After adninistretion of desiccated
thyroid it lived less in water and more on land than the unlrsated
contirols. (Fleischmenn, 1951},

"The most clasgical cass of & gpecific morphogenobic
stimslation §r¢duced by & glandular hormone is no doubt the effect

3

of thyroxin upon amphibisn metemorphosgis discoveraed by Gudernatsch



and investigated by many workers, such as Huxlaey, 1925. After the

gsteblishment of the circulation snd the develomment of the thyroid

3

gland, thyroxin is poured into the blood et the time of neta-

morphosgis, The processes of growth and differentistion which

form. h}Q‘”lﬂd—lnmbS are thus sctivated, the resorption of the tail

V.J

and 7ills tokes place, and o host of other chenges, such as
perfornation of the operculun (in anurens) and the development of
the owter ear, follow, 41l these changes are not dues to the
specific action of thyrexin, though they toke place much sarlier
than they would normslly if thyroxin ig fed, Many of them involve
local specific stimuli of the nature of third- snd fourth-grade
organizers, It is likely, however, that most of them are to some
extont under the thyroid control.,” (Needhem, 1950),

Salmon (1938) proposed the following while working with rats.,
"It mey well be that the hody itissues as ths end organs of hormonal

actions need %o bhe primed with thyroid before they cen respond to
pitultary growth hormones.”

Etkin (1935), on the other hand, reported that neither the
size of the animal nor the preseonce or sbsence of the thyroid glend
in later tadpole steges plays any significent rcle in the natvre of
the rosponse.

Hosdham (1950) gave in o disgram the effects of thyroxin as

]

an accelerstor of melabolism and an accelorator of amphiblan

motamorphosis (Gudernateh, 1912; Hwrley, 1925), It is also known
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thet in memels thyroxine considershly raises the bassl metabolic
rate, but has little or no effect upon the iscloted tissue-~slice
(Dodds, 1935). Thyroxine also inecreases the gaseous exchange and
probsbly the heat production of the tedpole (Hwley, 19253
Schuartzbach and Ubhlenluth, 1936) .

In the smphiblan, Rana pipiens, investigators have found that

the rate of metamorphosis in tadpoles is, within broad limits,
proportional to the concentration of the thyroxine solubion

(Schwanger, 1951) ., Etkin (1935) stated thet the rate of response

to thyroxine in amuran metamorphosis is & function of vhe concentration.
As the concentration is decressed, the time required for a given

ovent at first rises slowly, then more asbruptly, also (Etkin, 1950)

that the acquisition of sensitivity in Rans pipiens avpears to

occur in all itissues at about the same time,

Stein (1951) in a preliminary study of the eoffects of temporary
immersion in thyrozine on larvae of Hgua pipiens, indicated that
the metamorphic affect of thyroxine is proporiional tc the length
of time the embryos were subjected to thyroxine, He further stated
that the mechanism by which thyroxine is gbsorbed ond stored in
the embryo is obscure, The animals! thyroid glands are still in
an undifferentiated state during the periods of exposure so there

is no reason to suppose that they sre the foecl of shorage of the
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hormone ag they are later in the 1ife bime of tbe snimals, It

ES

is noggible that the proteing of the embryo gemerally collech
o & of

thyroxine which is an amine acid and gtore it lor later use,
Tkin (193%5) ateted that there wos 1ibble dlffercrnce in

sensltivity among fully srown tadpoles of Hansa cant brigénsia

although differences which appeared indicated a slower responss
the part of the fully-grown animals, This was furbther

corroborzted by Schwangzer (1951) in & preliminary imvestigstion on

Rana pipiens, Schwanger, using hall-grown tadpoles (1& to 20 mm,

in Zength) and noles designatoed as small (10 %o 10 1/2 rm, in
— P
Llength) found litile difference in thyroxine sensitivity due to

age. A4llen, B, H, (1932) working with lang arvalls, on the other

:.’)’

1.

hand, found that the

=

P

influencs of

2

thyroxdine in solution is pro~
o

-~

the age of the badpoule, tho larger animals showing the

]

[x]

portional Go ¥
more rapid medamorphosis.

Hewly<horn suppiss, either ploced in water to which thyroxine
s (58 Taad sl s X

was added daily or fed dossicatedthyroid powder from birth shoved,
over o period of 50 to 90 days, no change in thelr growth rales
2s compared to non-ireated fish , Alsc, mzle guppies, when fed
dessicatod thyroid pouwder for 2 weelk or mere, showed no change in
their rate of oxygen consunphion, (Smith and Bverebt, 1943).
Rayer (1951) vorkiny with eggs from s harrsd columbisn stock

of Gallus domosticus, reported no significent increase in the
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metabolic rate of the chick embryo during any part of its embryonic
development as a result of injected thyroxine at the preincubation
stage,

With regard to the effects of thyroxine on the cardiovascular
system, tachycardia is not dependent upon nervous comnections but
appears Lo be due to a direct and persistent effect of the hormone
upon the cardiac musculature, "The excised heart of an animsl given
thyroxine in excess, beats at the increased raste when perfused, or
transplanted to the body of another animal, Also, fragmenis of
heart muscle of a two=-day-old chick embryo pulsate at a more rapid
rate when thyroxine is added to the nutrient fluid, The high pulse
ressure seen in hyperthyroidism is due to the gemeral vasodilation
conbined with en increased stroke volume, The increased circulation
rate is chiefly the resuli of the higher metabolic rate", (Best and |
Taylor, 1945). :

Lerman, Clark and Mesns (1933, 1934) arrived at essentially
the same comclusions, These writers found that deficiencies or
excesses of thyroxine ere paralleled by profound impairmemts in the
circulatory mechenism; that mest of the vasculsr sbnormalities
probably result secondarily from the lewered or heightened metabolic
rate; and that in hyperthyroidism, the heart enlsrges, and its
rate and amplitude are diminshed.

The investigations of Gibson end Harris (1939) and Thompson
(1926) led them to conclude that under conditions of hyperthyroidism
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the mass movement of blood is less than normal, If an excess
thyroxine is present, the heart rate is quickened, the peripheral
vessels dilate, and an increased mass movement of blood ensues,
In thyrotoxicosis there is a tendency for the blood volume to be
increased above normal, while the reverse condition prevails in
cases of thyroid deficiency. (Gibson and Harris, 1939; Thompson,
1926) .

During normal development, the rate of heart beat seems to
change fairly regularly, In fish embryos, it increases from 16-20
in Pristewrus melanostoms five mm, in length, to 27-29 at 10 mm, in
length and 43-45 at 17 mm, in length.(S, Paton, 1909), The heart
rate of trout at hatching has been recorded by Preyer and Kollicker
(1921) a2t 50 to 72 and by Babak and Hepner (1912) %o be 100.
Similar increases in heart rates were reported by Anderson (1929)
and Preyer and Kolliker (1921) on embryos of the lizard Lecerta
agilis (Needham, 1931). Romanoff and Vizbara (1929) studying young
chicks also observed an increase inlheart rate with age, The fore-
going results seem to be in agreement with Prosser's (1950) general
statement regarding fish embryonic heart rates, "The rate of heart
beat in a fish embryo increases as the embryo nears the time of
hatching "

"The subject of melanin pigmentation is still in an unsatisfactory
state, since apart from histological and .morphological studies, which,
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alone are incapable of advancing it much (e.g. Thumann, 1931, on
fishes; Dorris, 1938, on the chick; du Shane, 1934, on amphibiaj
Peck, 1931, 1934, on the rabbit; Makarov, 1929, 1931, on the chick
embryo retina), we know practically nothing of the nature or origin
of the substrate of iyrosinase in embryos, nor what mechanism
controls the formation and deposition of melanin" (Needham, 1950) .

From a genetic standpoint, it should be indicated that melanin
formation is due to the action of certain genes in the normal
chromosomal make-up of the organism,

"The enzyme, tyrosinase, converts tyrosine into 3,,i-dihydroxy-
phenylalanine, or dopa, which is an intermediary in the production
of the insoluble brown or black melanin pigments of the skin, hair,
iris, and choroid, and pigmented layer of the retina, The melanins
are colloidal polymerized oxidation products of BMbydfoxyphonyl-
alanine, which is closely related to adrenaline and may be a
precursor of this hormone, Melanins can also be formed from
adrenaline and tyresmine by phennl_ oxidases., Typical melanin contains
an indole nucleus formed by union of the alpha-emino nitrogen with
the henzene ring; other dark pigments classified as melanins do not
contain nitrogen, In epidermal melanoblasts, melanin formation is
accelerated by dopase; this enzyme is also in the kidney and the
liver," (Everett, 1946),

The presence of a melanophore dispersing hormone (intermedin)
should be mentioned., "It has been found that the hypophyseal cells
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of the chick begin to release detectable amounts of intermedin on
the fifth day of incubation, much in advance of ths onset of any
eyvtologic differentiation that can be interpreted as indicative of
secretory competence, Intermedin is present in the hypophyses of
all classes of vertebrates and it is instrumental in regulating
the chromatophores of fishes, amphiblans and reptiles. Though
present in plentiful amounts in the hypophyses of birds and
mammals, this hormone appears to have no effect upon the pigmentation
of these forms", (Turner, 1950).

The origin of melanophores in frogs and birds has shown to
be the tissues of the newral crest (du Shane, 1948; Bourne, 1951).
This has been further corroborated by the work of Saunders (1949)
on chick embryos, Our knowledge of their origin in mammals is less
complete, bui experimental evidence is consistent with what we may
call the neural crest hypothesis (du Shane, 1948). Boreea (1909),
cited by du Shane (1948), reported that the migratory cells in the
embryos of several species of bony fishes detached themselves from
the junction of the neural tube snd epidermis %o migraste either
laterad between the somites and epidermis or ventrad between nerve
cord and somites, In one species, pigment gramiles develcped in
the migratory cells only after they had reached their definitive
position, In others, the cells were already loaded with pigment

at the time of their separation from the epidermis and nerve cord,
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At that time, 1909, the common concept of pigment cells was that

they were modified comnective tissue cells, In view of this, it is
curious that Borcea published no more than a two=psge paper, without
i1lustration, in support of his novel interpretation and that he

did not specifically identify the sowrce of these cells as the

neural crest, There is, even today, no other account of pigment
develcpment in fishes which points to a neural crest origin for
chromatophores, The only possible exception, perhaps, is that of

the transplantation experiments of Lopashov cited by Openheimer (1949),
and her atypical pigment-cell differentiation in embryonic Fundulus
grafts and isolates. Lopashov, according to Openheimer, confirmed

the neural crest origin of pigment-cells in fishes of three specles,
Openheimer!s production of chromatophores by grafts and isolates

does not negate the neursl crest hypothesis, but suggests that under
cartain experimental conditions that pigment-cells can be differentiated
by cells which normally do not contribute to the teleostean counter-
part of the neural crest,

The effects of thyroxine on pigmentation in bhirds has received
considerable study. Mot all species of birds are equally sensitive
to thyroxine administration, Domesticaled birds, such as chickens
and pigeons, are more sensitive to exogenous thyroid hormone than

are wild birds, such as the common crow, Corvus corone (Zawadowsky
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and Rochlina, 1927), Even large doses of thyroid do not produce
molting in crows, although considerable depigmentation of feathers
oceurs, (Fleischmann, 1951),

The mechanism of sction of thyroxine on the plumage has been
studied by Lillie and Juhn (1932), They injected thyroxine into
fowle at definite time inlervals after plucking, In this way,
regenerating feathers of known age were exposed %o the hormone,
and a record was obtained, in the definitive feather, of the
physioclogical events taking place during tis formstion from the
feather germ, With increasing doses of thyroxine, black pigment
appeared, Barbule fo:n.nation and pigment deposit followed esch
other in order of increasing thyroxine concentration, Barbule
formation may occur alone, bul pigment formation is always
associated with barbule formation, It should be noted in this
connection, howevar, that thyroxine administered tc a white lsghorn
cock produces no modification in color from the normal white (Julm,
1933) .

According to Turner (1950), thyroid activity produces marked
elteration in the pigmentatlon of the feathers of chickens, but
these changes eppaar to be quite variable, In some forms the color
change is in the direction of loss of pigmentation, but in others
excessive thyroid csuses increased pigmentation of the plumage.

There is evidence that feathers on the various parts of the
body respond differently to thyroid excess, In the English sparrow
(Miller, 1935), for example, the hrown contour feathers and the
black breast feathers fail to deposit brown pigment normally, and
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the feathers appear slate grey. On the other hand, the light grey
feathers of the abdominal region of the male, regenerasting after

thyroxine injection, become excessively pigmented and appear
darker than normal,

Perhaps the most interesting work on pigments in ontogenesis
is that of Faris (1926) on a peculiar brownish pigment found in the
tissues of amphibia, Some of its characteristics would cause it
to be classed as a melanin, Working with the embryos of Ambystoma
microgtomm, Faris counted the pigment bodies in the myotomes, and
found that they inecreased in number with the age of the embryo, The
amount of pigment increased as the yolk decreased, and varied
directly with the degree of differentiation and development of
function, On the other hand, simple growth, or proliferation of
cells, was not accompanied by any increase in the amount of pigment,
Later, vhen the myotomes and central nervous system were penetrated
with blood-vessels, the pigment began to decrease in amount, and
eventually disappeared completely before the onset of metamorphosis,
Faris concluded that there was a definite relation between pigment
production and "differential metabolism", but not "growth metabolism®,

Fleischmann (1951) cited Iljin (1932) as follows: "The rabbit
the only mammal in which changes of pigmentation due to exogenous
thyroid hormones have been reported, Iljin found that desiceated
thyroid fed in large doses (0.56 g. daily) produced growth of white
hair instead of black on the ears of the black Russian rabbit",
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In Fundulus embryos, Wyman (1924) reported, "Thyroid powder
had no effect on melanophores while the embryo was still in the
egg membranes, but caused contraction of the melanophores of the
larva of the embryos which had been removed from the shell," Wyman
described the embryo as a developing Fundulus which had not emerged
from the egg membranes,

Langrebe (1941), working with the brown river trout and the
silver sea trout, both regarded as the same species, Salmo trutta,

that the brown trout turned silvery after one month of bi-weekly
injections of thyroid extracts equivalent %o one gram of fresh
tissue, Also, he reported the disappearance of parr marks in Salmon
after two months of bi-weekly injections of thyroid extracts, The
age of langrebe's experimental fish was 18 months,

Thiowrea and related substances have been shown to affect
thy1_'oid function: in the amphibians, Gordon, Goldsmith and Charipper,
(1943}, Hughos and Astwood (1944); in the chick, Mixner, Reineke
and Turner (1944) , Astwood, Sullivan, Bissell and Tyslowitz (1943);
in the rabbit, Baumann, Metzger and Marine (1944); and in the
hyperthyroid human, &stwood (1943), Williams and Bissell (1943),
Himsworth (1943) . Treatment with this drug is followed by an
enlargement of the thyrold gland which is accompanied by a fall
in the metabolic rate, These effects are sscribed to an influence
by thioures upon the synthesis of normal thyroid hormone (Keston,
Goldsmith, Gordon, and Charipper, 1944; Franklin, Lerner, and
Chaikoff, 1944) . In the young rat, administration of thiouracil



(Hughos, 1944) or thiowea (UGoldsmith, Gordea and Charipper,
1944) results in retsrdstion of growth,

in immsfure fish, Plabypeocilis meculatug % Xiphorus hellerii,

-

treated with o 0.033 percent solution cf thicurea, growth was
hore wes a fallure in the develooiont of secondsyy
sex characters, It appears that thiowres produces these effects
by interfering with thyrold hormone productlon in much the game

manner as raported for the mammal, (Goldemaith, Wigrelli, Cordon,
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MATERIALS AND METHODS

In many respects the zebra fish, Brachydanio rerio, is
admirably suited for the pu;odmtion of eggs for embryological
research, A native of India (Ceylon, Bengal, and Madras) the
danio is a tropical representative of the family Cyprinidae.

This species is a small (maximum length, two and one-half
inches), highly colored, cannabalistic fish which will spawn every
month in the year, The longevity of the danio is approximastely
two years, The spawning act of this fish is easily recognized
by the intense activity of both sexes. Several males in pursuit
of & female heralds the presence of precleavage eggs in the bottoms
of aquaria, Spawning begins within one hour after sumrise and may
continue for an howr thereafter., Usually a prolific female lays
50 to 100 eggs. Each female will spawn every three to five weeks,
Since all the females do not spawn on the same day, 100 to 300 eggs
may be collected each day when a sizable number of breeding fish is
maintained, The writer has maintained 150 to 200 breeding fish
throughout the study. This numberwas distributed into six tanks,
each tank containing from 35 to 40 fish,

The transparent, teleoecithal egg of the danio ylelds to
detailed study in toto. The oil globule is absent and the yolk is

homogeneous. The eggs are non-adhesive, heavier than water, and
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measure an average of 625 microns in diameter, The clear,
colorless, watery substance between the egg proper and the chorion
allows maximm vision from any desired aspect.

The danio egg is characterized by pronounced protoplasmic
streaming through the yolk materisl in its precleavage stage, The
duration of precleavage is A5 minutes at 27 degrees Centigrade and
ensuing cleavages occuwr at intervals from 17-20 minutes after the
first cleavage (Roosen-Runge, 1939; confirmed by Jones and Penrod,
unpublished data), The meroblastic cleavage produces large easily
recognizable blastomeres, Each cleavage is recognized first by a
slight indentation in the protoplasmic mass, designated as the
cleavage furrow, The furrow becomes progressively deeper until after
a lapse of three minutes two distinet daughter cells may be
distinguished., The tenth cleavage is attained in three hours at
27 degrees Centigrade (Roosen-Runge, 1939). The rapidity of
cleavages and morphogenesis produces a hatched, free-swimming fry,
with a small amount of yolk, withinan average of 72 hours after
fertilization (27 degrees Centigrade),

Throughout the period of study the breeding fish were kept at
maximum egg production by feeding a variety of foods four or five
times daily, Commercially prepared fish foods were used as the
basic diet, This diet was supplemented daily with live food (dwarf
vhite worms and brine shrimp), strained (infant) canned food:
(1iver and veal), and hard boiled egg yolk.
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All aquaria were kept at a constant temperature, 27 degrees
Centigrade, by the use of a thermostat in one tank, which controlled
the heaters in each of the other tanks. Dechlorinated water, tap
water allowed to stend in open containers for 24 hours, was used
as the initial water for breeding tanks, The water lost in the
siphoning procedures was replaced each time with fresh tap water,

411 tanks were placed in a north window and protected from
draft and excess sunlight by covering the lower half of the window
with cardboard, This cardboard covering proved to be an additional
asset, The removal of the cardboard from the window shortly after
sumrise and an artificial sunlamp seemed to stimulate spawming due
to the abrupt increase in light intensity.

The aquarium water, six inches in depth, was constantly aerated
by the use of a small pump, The boltom of the tanks were covered
with a layer of marbles which protected the eggs from egg-eating
fish,

The collection of eggs was accomplished by the use of a
siphoning apperatus (Plate I and Fig, I) designed in the laboratery
of Dr, Roy W, Jones, By systematically and slowly moving the
giphoning tube over the entire bottom of the tank all eggs were
collected, 4s shown in Plate I, a strainer with sufficiently small
guage to retain the eggs was used to separate tank debris from the
eggs. A small pipette and a wide field binocular dissecting



Plate I

Method of Siphoning Eggs from the Bottom
of the Aquarium



ADHESIVE TAPE

RUBBER TUBING 10 mm

STEEL ANGLE WOODEN FRAME 12 mm.

REINFORCEMENT

FIGURE 1. SIPHONING APPARATUS
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microscope was used to remove the eggs from the strainer, Following
removal from the strainer, all eggs were washed in three changes

of aged tap water.to remove debris and mold spores, The eggs, now
ready for experimentation were placed in finger bowls four inchea

in diameter and containing 150 milliliters of thyroxine solution,
thyroid powder solutions, thiouracil solution or dechlorinated
water (control), To avoid overcrowding not more than 25 eggs were
placed in each finger bowl, Separate pipettes were used with each
different concentration of solution to prevent contamination,

The thyroxine used during the study was manufactured by the
Delta Chemical Works, New York, New York. Fresh solutions were
prepared every thiriy days. Solutions with concentrations of
1:1,000,000, 1-10-25-50-100-500 ppn were prepared with aged tap
water, Thyroid powder used in this study wes furnished by Eli Iilly
Co., Indianapolis, Solutions were prepared in the seme manner as
thyroxine and in concentrations of 25 and 50 parts per million,

Thiowracil, manufactured by the Nutritional Biochemical
Corporation, Cleveland, Ohio, was used for the study herein reported.
Solutions with concentrations of 50 ppm of thiouracil were prepared,
with aged tap water, every thiriy days.

411 35 mm microphotography used in this study was accomplished
with a Leica, 1 C back, with a 1/3 x Mikro-Ibso attachment, (Plate II).



Plate II

35 mm, Phase Photomicrographic Equipment
(Phase Objective in Position)
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The 16 mm, time-lapse photography was accomplished with
Palliard Bolex Cine-Cameras and adjustor rings and a 1/3 x Mikro-
Ibso attachments (Plate III), A Steven's Cine-Timer and a timer
designed by the Research Division of the Oklshoma Institute of
Technology, Oklshoma A4, and M, College, wes used in the time-lapse
photography,

A1l embryos were photographed in Syrscuse waich glasses or a
sectional watch glass in the solntions in which they were incubated.

Film used in both 35 mm, or 16 mm, photomicrography was
Penatomic X or Kodak linagraph Shellburst Safety Film, Illumination
was obtained by the use of a Botsch and Lomwb ribbon filument lamp
which has a three step transformer and heat sbsorbing water jacket,
The use of veriable intensity of light from the lamp, with the use
of filters 2llows a cholce of contrast or detail to be obtained.
Table I mey be consulted for all pertinent information concerning
the photomicrography.

Heart rate counts were made by counting 50 beats and converting
to beats per mimite, The standard electric timer used for this work
wes sensitive to 1/10 second,

Pigment cell counts were made by counting the melanophores on
the median dorsal line, A4ll melanophores were counted for =
distance of 0,652 mm, anteriorly from the most posterior portion
of the ceudal fin, The eye piece used in meagurement was callbrated
using a Spencer stage micrometer,



Plate III

Similtaneous Time-Lapse Photomicrographic Equipment



TABLE I

Exposure Tghle for 35 mm, Ponstemic X Filn

Transforme;_-
Ccular Objective Ezposure Tine Lamp Filvers Pogition
10X 25 ma, (&X) 1/25 second Cobalt Low
10 X 25 mm, (GL)  1/125 second Hone Low
10 X 25 ma, (GX)  1/50 second o3 HJDJF % Low
10 X 25 ma, {G) 1/25 second 06 DT, Loy
10X 25 s, (80 1/10 sscond 0.5 .07, Low
10 X 258 an, (6L}  1/5 second 1.2 WJDJF, Low

10 X

25 me, (6X) 1/2 second 1.2

NDJF, = Hentral Density Filter
Tronsormer position may he placed at medium by reducing
the exposwre timo to ong-heglf that given in teble,

Transformer position nay be placed at high by reducing
the exposiwre to one-hall the mediun exposura calculated
from the toble.

£3 E N

Table may bhe used to calculste wrathben color filters,

tha gbove caleulations is 5 1/4 inches
lamp to the bhase of the microscope.

The lamp position in
from ths hase of the
32 ma, {4X) objective may be suhstituted for ithe 25 mm.
objective without changing the exposure time.

A0 mm, (3X) end 48 mm, (2.2X) objoctives may be substltuted
for the 25 mm, ohjective by halving the exposure tima,.

A1l ealculstions =ve with top element of the condenser removed,



10.

11,

i4

Calculations for 16 mm, time-lapse may be msde from the
table by keeping the exposure time constant at 1/25 second,

CGalculations for other types of film may be made by use of
the fable and the rating of the film desired,

The Woston rating of Panstomic X is 24 Jerlight or 16 tungsten,

The Wasten rating of Xodsk Linsgraph Shellburst Ssfety film is

100 daylight or 64 tungsten.
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< a s

A1l embryos were fixed, et hatchiny, in Bouinls scluiion

Lo
1
+

I . e

ghained in Horris modification of Delafieldls, embedded in perafin,

-

A

’

and sectioned a% 5 to 10 wmlerons,
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EXPERIMENTAL DATA AND OBSERVATIONS

Experiment No, I, (T.S. 105)

Age of Total no. No, of No, of Chemiecal Length

enbryos of embryos enmbryos embryos- concentration exposure
treated control

Pre- 60 15 Aged water To hatch

Cleavage 15 Thyroxine, 131,000,000 24 hrs,
to 15 Thyroxine, 1:10,000,000 24 hrs.
32 Cell p < Thyroxine, 100:1,000,000 24 hrs,

Stage

The embryos of Experiment No, I were allowed to develop for 24 hours in
the thyroxine solution, after which time they were transferred to aged water

and allowed to develop until hatching, The embryos were fixed at the time
of hatching,

Experiment No, II, (T.S, 106)

Age of Total no. No, of No, of Chemical Length
emhryos of embryos embryos embryos—- concentration exposure
treated control

Pre- 32

Cleavage 16 dged water 24 hrs,
to 16 Thyroxine, 1:1,000,000 24 hrs,
32 Cell

Stage

The embryos of Experiment No, II were allowed to develop in thyroxine
solution for 24 howrs, after which time they were fixed.

Experiment Mo, III, (T.S. 107)

ige of  Total no, No, of  No. of Chemical Length
enbryos of embryos embryos enbryos concentration exposure
treated control

Pro- Continued

Cleavage 20 10 Aged water to hatching
to

32 Cell

Stage 10 Thyroxine, 25:1,000,000 21 hrs.

The embryos of Experiment No, III were exposed, by submersion, in the
solution for 21 howrs, after which time they were changed to sged water and

allowed to develop to hatching., They were fixed in Bouin's at hatching.



Experiment o, IV, (T.S. 108)

32

Age of Total no. No, of No. of Chemical and Length

embryos of embryos embryos embryos concentration epxosure
treated control

Pre - Continuous

Cleavage 20 10 Aged water hatehing
to

32 Cell

Stage 10 Thyroxine, 100:1,000,000 3 minutes

The embryos were exposed by submersion in the solution, after 3 minutes
they were changed to aged water and allowed to develop until hatehing. Embryos

were fixed in Bouin's,

Em@imt ND. v. (T.Sl 109)

Age of Total no, No, of No, of Chemical and Length
embryos of embryos embryos emhryos concentration exposure
treated control
8l 11 Aged water Continuous
Pr _ to hatching
cl:;v . 10 Aged water 12 hours
s T 11 Thyroxine, 1:10,000,000 12 hours
32 Cell 10 Thyroxine, 1:10,000,000 12 hours
Stare 11 Thyroxine, 1:1,000,000 12 hours
€ 10 Thyroxine, 1:1,000,000 12 hours
» & S Thyroxine, 1:100,000,000 12 hours
10 Thyroxine, 100:1,000,000 12 hours

The embryos were exposed for 12 hours to solution, after which time 10 of
each group were fixed in Bouin's, and 11 were allowed to develop in aged water

to hatehing and then fixed,



Experiment No, VI, (T.S, 110)
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Age of Total no. No. of No, of Chemical and Length

embryos of emhryos embryos embryos concentration of
treated control exposure

Pre- 184 L6 Aged water 125 hours

Cleavage 46 Thyroxine, 1310,000,000 125 hours
to 46 Thyroxine, 121,000,000 125 hours

g?ﬁacall L6 Thyroxine, 100:1,000,000 125 hours

ge

The embryos of this experiment were allowed to remain in thyroxine solution
for a period of time after hatchings, then fixed in Bouin's,

Experiment No, VII. (T.S, 111)

4dge of Totel no. No,. of No, of Chemical and Length
embryos of embryos embryos embryos concentration of

treated control exposure
Pre- - Contimuous
Cleavage 48 20 - Aged water to hatching

to

16 Cell 28 Thyroxine,100:1,000,000 3 mimtes
Stage

The treated embryos of this group were submerged in solution, changed to
aged water and allowed to develop to hatching.



Experiment No, VIIT, (T.5. 112)
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Age of Totzl no. o. of ¥o, of Chomical and Length
enbryos of embryos embryos  ecmbryos concentration of
treated control exposure
240 30 dged vater Continuous
4o hatching
30 Aged water 3 hours
30 Thyroxine, 1:1C,000,000 3 hours
4 hours 30 Thyroxine, 1:1(,000,00C 3 hours
30 Thyroxine, 1:1,000,000 3 hours
30 Thyroxine, 1:1,000,000 3 hours
30 Thyroxine,
100 21,000,000 3 hours
30 Thyroxine,
100 21,000,000 3 hours

One-hz1f of the embryos of each group were fixed &t 3 hours, the remaining
half were allowed to develop in aged water to hatching, then fixed,

Experiment No, IX, (T.S. 113)

dpe of Totel neo, No, of No. of Chenical and Length
embyryos of embryos ewbryos enmbryos concentration cf
treated conirol gEpPOsSUra
140 20 bged water To hatching
20 Thyroxine, 1:1,000,000 To hatching
Two e Thyroxine,
to 16:1,000,000 To hatching
Bight 20 Thyroxine,
Cell 25:1,000,000 To hatching
Stage 20 Thyroxine,
50:1,000,000 Te hatching
20 Thyroxine,
100:1,000,000 To hatching
20 Thyroxine,
500:1,000,000 To hatching

Enbryos of this experiment were submerged continuously throughout
developmont %o hatching in the various concentrations of thyroxine, and fixed
at the time of hatching.
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Experiment No, X, (T.S. 114)

Age of Total no. No, of No, of Chemical and Length
embryos of embryos embryos embryos concentration of
treated control exposure
130 20 Aged water Continuous
Two to hatehing
$a 20 Thyroxine, 12,000,000 10 min,
Edght 20 Thyroxine, 10:1,000,000 10 min,
o 20 Thyroxine, 25:1,000,000 10 min,
Stace 20 Thyroxine, 50:1,000,000 10 min,
g 20 Thyroxine, 10021 ,000,000 10 min.

Embryos of this group were submerged in the various concentrations for
10 minutes, washed and changed to aged water and allowed %o develop to hatching,.
Embryos were fixed at hateching,

Experiment No, XI. (T.S. 115)

Age of Total no. No, of No. of Chemical and Length
embryos of embryos embryos embryos concentration of
treated control exposure

120 20 Aged water To hatching
Two 20 Thyroxine, 131,000,000 To hatching
to 20 Thyroxine, 10:1,000,000 To hatching
Eight 20 Thyroxine, 25:1,000,000 To hatching
Cell 20 Thyroxine, 50:1,000,000 To hatching
Stage 20 Thyroxine, 100:1,000,000 To hatching

Embryos of this group were exposed contimuously until hatching in the
various concentrations of thyroxine,



Experiment No, XII, (T.S. 116)

Age of Total no, No, of No, of Chemical and Length
embryos of embryos embryos embryos concentration of
treated control exposure
34 5 Aged water To
. hatching
5 Thyroxine, 131,000,000 To
Two hatching
to 5 Thyroxine, 10:1,000,000 To
Sixteen hatching
Cell 5 ! Thyrome 9 2 5 3 ,000 ’000 To
Stage hatching
5 Thyroxine, 50:1,000,000 To
hatching
9 Thyroxine, 100:1,000,000 To
hatching

Embryos of this group had a constant exposure to the hormone until hatching.

Experiment No, XIII, (T.S. 117, Thio. 150)

Age of Total no. No, of No, of Chemical and Length
embryos of embryos embryos embryos concentration of
treated control @Xposure
26 . 10 Aged water To
24 hatching
hours 10 Thyroxine, 131,000,000 To
hatching
6 Thiowracil, 50:1,000,000 To
hatching

The embryos of this group were submerged in the concentrations
contimwously until hatching,



Experiment Mo, XIV, (T.8, 118, Thio. 151)
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Age of Total no, Ho, of Ho, of Chomical and Length
erhryos of embrycs eubryes  embryos concentration of
troated  comtrol gxposure
fre- &8 28 Aged water To
Cleavage katching
to 20 Thyroxine, 131,000,000 To
64 Cell hatching
Stage 20 Thyrozine, 1:10,000,000 Yo
(most 4 ~ hatehing
%o & call 20 Thiouraecil, 50:1,000,0C0 To
stage) " hatehing

Embryos of this group were continucusly
of thyroxine and thiouracil until hatching.

exposed to the various solubions

Experinent lo, XV, (908~-909)

Age of Total no, Ho, of Ho. of Chemicsl snd Longth

euhryos of embryos embryos  embryos concentration of
treated control eXPOSUrS

8 to 90 30 Aged waler To

10 hatebing

hours 30 Thyroid pouder, To

25:1,000,000 hatching

30 Thyroid powder, To

5031,000,000

hetehing

The eubryos of Experiment No, XV were allowed to develop in the thyroid
powder solution uatil hatehing, aftor which time they were fixed,
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The embryos used in the preceding experiments demonstrated a
uniformity of pigment retardation due to the concentrations of
thyroxine as low as one part per ten million to two hundred parts
per million, Development of pigmentation seemed to be inversely
proportional to the concentration of the thyroxine solution
(Plate No, IV, V, VI, VII, VIII), The length of time in which
the embryos were exposed to the thyroxine sclution seemed to produce
little or no variation in effects. Neither the length of exposure
nor the concentration seemed to cause a varistion in the time of
appearance of the melanophores., In both treated and control specimens
the melanophores appeared at approximately the seme time, Melanophores
become viaible in tl.c danio at 35 to A0 hours of age at 27 degrees
Centigrade.

The embryos submerged in the solution for as little as three
minutes, showed at the time of hatching approximstely the same amount
of reterdation as did those submerged for 72 hours in the same
concentration, The morphological pattern of the melanophores was
not visably altered, except that there was a lack of pigment con-
centration deposited and/or synthesized. Melanophore counts on
embryos (Tsble II) upheld the writer's visuel and photographic
ohservations, The melanophore counts were made at the time of
hatching .

Counts of melanophores on untreated control specimens was

difficult becauss of apparent contimiity and density of melanin or
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Mumber of Melsnophorss per 0.652 ma,

-~
4

Humber of

Experiment enbryos Average Low High
Mo, VI, control 11 209 18 23
Ro. VI treated 5 11.6 1C 13
Yo, I control 9 22 .56 1 26
lio, I treated 6 10.3 8 1z
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Plate 1V

Control Specimen
Incubated in Aged Water

Plate V

Hormone Treated Specimen
Incubated in Thyroxine Solution 1:1,000,000
Exposure Time 10 minutes



Plate VI

Hormone Treated Specimen
Incubated in Thyroxine Solution 10:1,000,000
Exposure Time 10 minutes

Plate VII
Hormone Treated Specimen
Incuvhated in Thyroxine Solution 50:1,000,000



Plate VIII
Hormone Treated Specimen
Incubated in Thyroxine Solution 10031 ,000,000
Exposure Time 10 minutes



melanophores. In such & case where no distinet melanophores were
discernsble, the regicns of increased pyknosis were counted. This
vould possibly result in the melsnophores counted being fewer than
actually present as it leaves much melanin tnaccounted, However,
the difference belween treated and untreated specimens was still
quite evident in melanophore nunber., In the treated specimens
whose melanophores were small and sparse, no such difficuliy inm
counting was encounbered, The uniformity in numbers of melanophores
of the 31 embryos (20 control, 11 treasted) counted was uotable,
HMorphogenesis, either retardstion or acceleration, has heen
one of the more complex problems in this study. In cbserving the
embryos, the lack of measurable morphological criteria has been a
congbant difficulty. The writer has observed, almost deily, a
general retardation of growth. This rebardastion seems to be non-
specific (except for pigmenﬁaﬁion), i.e. the embryos were apparently
morphologically normal except for sn immeagvrshle dimminution in
size s compared %o the controls, There were, however, several

structures, positions, snd proporilons which deserved consideration,

&

The most striking evidence for morpholdgicsl retzrdstion was the
position assumed by the treated ag compared to the control
specimens, At the time cf hatehing the centrol specimens assumed
a position of rest with the venlral surface against the botionm,

whereas the treatsd specimens would net rest with the ventrsl

aspect down, bul rested upon their sides (Plate IX).



Plate IX

Hormone Treated Specimen and Control
Incubated in Thyroid Powder Solution 50:1,000,000
Exposure, Continmuously to Hatching

Plate X

Hormone Treated Specimens
Incubated in Thyroid Powder Solution 25:1,000,000
Exposure, Continuously to Hatching
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The area snterior to the eyes seemed significant., Here
thero appeasred to be a lack of dovelopment in the treated specimens
comparable to thet of the comirols, (Plete IX, X, XI, XII). The
brain appesred to be lacking in advancement. There were well
formed mouth structures in the control, vhereas in the treasted
specimens, while the mouth structures appegred normal, apperently
they were not so far advanced in development,

In the eyes, there was, in the controls, a distinciness of
structures (Plate JX, X, XI, XII) vhich was not found in the
treated specimens., Upon closer chservations of the eyes it was
noted that the eye mmscles of the conbrols at halehing were forued
and functioning. In the trested specimens there was a notiecable
lack of movement as compared with the controls,

Other structurss to be noted weré differences in distinctness
of hoart structuras, and alse tho auditory capsule,., The operculer
covering snd gills were not so far advanced in the treated as in
the non-treated. The air bladder was seemingly more distinet in
the non-trested than in the treated specimens,

Second only 4o pigmentation was the effect of thyroxine upon
the embryonic heart rate., While the hegrt hests becsme visible
at approximately the same time in both trested snd controels, the

differsnces in heart rates becams increasingly apparent,

f=
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Plate XI

Control Specimen
Incubated in Aged Water

Plate XII

Hormone Treated Specimen
Incubated in Thyroid Powder Solution 50:1,000,000
Exposure, Continuously to Hatching
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Figurs II reprcgents a total of 255 heart rate counts
involving 88 embryos (28 control, 20 thyremine trested with
1:1,000,000, 20 thyroxine treated with l.l‘ ,000 OGO, znd 20
crbryos trested with thiouraeil 50:1,000,000). These arhryos
were immersed in the solution for the dursticn of the experiment,

Approximately six counts were taken from egch group & t three-

hour intervels from 31 hours to 61 hours of age, Selection of
aibryos from each group at every interval was taken at random,
The hesrt rates wers teken by first counting the beats for & few
seconds to obtain the rhythm, then without hesitation, the %timer
wag sterted and 50 hests were counted. The time required for 50
beats was comverted %o heart rate per minute,

At the gge of 119 hours a count was again tsken on the sams
groups and the rate wes found to be gtill risging. A% this time the
rates of each group were ss follows:

CONITOL = = = = o e om o o = = = = = 200/ min,
Thyroxine, 1:1,000,000 = = = = = = = = = = 214/min,
Thyroxine, 1: 10 F”O 4000~ = = = = = = = = = 208/min,
Thiouracil, 50:1,000 ooo- - === = = = = = 172/min,

Thyroxine in the concentrations used in this study spperently
ceused no veriztion in the time of hai chlng of the euwbryos, since
both treated and control specimens hate hed at approximstely the
seme tine,

The percentave of kill in both trested znd non-trested specimens

was approximstely 25 nercent, It is concluded thet the concentrations
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of thyroxine used did not produce an shnormally high kill since
death was as prévalent in the controls gs in the trested specimens,
Death of many of the embryos may be attributed to fungus,

Linited experimentation with ﬁhiogracil was undertsken for
the purpose of comparison with thyroxine trested embryos. Lzposure
of embryos to this chemical in a 50:1,000,000 concentration
apparently produced in some aspects oppesite effects as did
thyroxine,

Jones and Nickolls (perscnal commmicetion) in a study of
131 thiocursgeil trested embryos observed an uniformly higher con-
centration of pigment in these speciﬁens than in the controls,
Using concentrations from 10:1,000,000 to 2000:1,000,000 they found
1ittle difference in the effects from 100:1,000,000 to 22,0003
1,000,000 but less effect in 16:1,000,000, Hewever, & concentration
as low as 10:1,000,000 produced a greater concentretion of pigment
and g more advanced embryo than sppeared in the controls, The
age of thelr emhryos at the beginning of exposurs was four hours,
Concerning a 2,000:1,000,00C concentration, Jones stated: "Within
24 hours the brain and eye strucltures sppeared to be more advanced,
and at 72 hours there was recognizably more pigmentztion and
seemingly more advanced embryos then in the control gpecimens",

"The percentage of kill in all thiouwracil~itreated individuals
ran almost as high as 30 percent. This high percentage was
probably due to fungus and high bemperature (30 to 33 degrees
Centigrade)., The kill wes as prevalent in the conbrels ss in the
treated, hence apparently deaths were not due to the drug", (Jones,

wnpublished data.)
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DISCUSSIOH

There is voluminous literature concerning the thyroid gland
and the effect of its hormone on many different types of animals,
The number of types is exceeded only by the methods snd cir-
cumstances under which they are investigated. A&dult fishes hhve
received s considersble amount of atbention in this respect, but
investigations on embryonic fishes have heen relatively lacking.

The results hereln reported may be correlated with previous
work hy other investigztors., Wyman (1924) reported s contrsction
of melanophores in a dechorionzted Fundulus embryo; however,

thyroid powder was ineffective vhen the embr,o wes gtill in the

=}

egg membranes, Lengrebe (1941) reported a loss of pigﬁentaﬁion 8

a result of feeding immature'trout thyroid powder. Fleischmoun
(1951) on rabbit end crows, Turner (1950) on hirds, end Miller (1935)
on the English sparrow reported a similar lack of pigmentation dus
to excess thyroid hormone, On the other hsnd, Lillie znd Juhn

(1932) on regenerating feathers of the Brown Leghorn, Turner (1950)
on birds, and Miller (1935) on the grey feathers of the abdominel
region of the male English Sperrov found an incresse in pigmentation
due bo excess thyroid hormone. The specific effect of thyroxine

on different animals is obviously wsrisble, It is uwnknoun vhether

or not thyroxine inhibits mwelancblast production in ihe fish, s2lters

a

the memhrane peri’esbllity of potential melanophores, inhibits



50

synthesis of tyrosine, inhibits the action of tyrosinase,. or other
intermediate metobolic steps in melenin formation, It would be.
interesting to know if perhaps thyroxine acts in a similer manner
as the dyes (phenol indophenol, and orthocresol indophenol) used
by Figge (1948). TFigge produced a Hecturus deveid of pigmentation
and concluded that these dyes inhibited the gction of ftyrosinase.,
"Heart rates", wrote Prosser (1950) Mare directly relsted to
rates of melebolism, and any alteration in metebolism is reflected
in an alterstion in heart rata, Gas-exchange is not the only
index of sctivity or energy production of an orgenism, but its
correlation in a quantitative way with rate of meteholism and hest
production has made it the generally accepted gtandsrd of th
over-gll measure of metabolic processes.” If Prosser's conclusions
are scceptable, we sre led to conclude then that thyroxine trested
enbryes, with faster heart rates, have undergone an increase in
oxygen consumption and hence an increase in metazbolism, This
seens %o be in agreement with Lerman, Clark, and Mesns (1933 1934) 3
Gibson and Harris (1039); and Thompson (1926) on memuels, vho
observed thet excesses of thyroxine ralses the metabolic ratae.
Conversely, Btkin, Root and Hofghin (1940) on fishj; Mattheus and
Smith (1947) on fishj; Root and Etkin (1937) on toadfish; Smith and

Everett (1943) on suppies reported no chenge in oxygen consumpbion
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d

dus to thyroxzine sdminigbration. Since none of the converse
observations concerned embryonic development, velid meterial for
comparison is wanting.

Hormal heart rates during developuent have hoen studied by
relatively few investigators. Patonron Prigtewrus melanostomss
Preyer and Eollicker on trout and lizard; Babsk and Hepner on
trout; Anderson on the lizerd; Romsnov and Vizbasrs on the chick
(Woedham 1931), and Prosser (1950) on fish have observed the rate
~of heart to incresse fairly regulerly until hotehing,

The writer is unable to explain the break at 46 hours to
52 hours of age in the danic heart rate. 4%t this age there wag
ne vigible evidence %o substanﬁiaﬁe such a change., Diapause in
embryonic development suggested by Hamlett (1935) on marmals;
Dendy (1898) on the tuatsra lizard; and Boulenger (1898) on the
pond tortoise may bhe one of the many possible explenstions.

Finelly, rebardation in danio morphogenesis due to excess
thyroxine seems to be in sgreement with Richardsont's (1933, 1940,
1945) and Henner's (unpublished) observations on regencration. On

the other hand, Gundernatch stated that thyroid feeding acceleraies

differentiation in the amphibhian,
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SUMMARY AWD CONCLUSIONS

The study of 1216 embryos of the zehra fish, Brachydsnio rerio,

3

raveals that these embryos are sensitive to ithyroxine concentrations
as low as 1:1,000,000, gnd that concentrations as high as
100:1,000,000 gre not lmwedistely lethal. Exposure for three
minubes in the esrly cleavage gtages appeared to be sufficient to
produce typicsl effects in later development., Apparently the length
of time in exposure produced 1ittle or no variations in effecis.

Development of piguwentatlon seemed to be inversely proportional

o

o the concentration of solutiom, i.e., the higher the concentration
the less the plgment produced in the embryo. Retardation of
morphogenesis appearad to bs general throughout the snimsl and

not differentizl in zny particulsr aress or orgsns, Hetaboliem
appeared to bs accelersted in embryos by thyroxines as low as
1:10,000,000,

Thiouracil in concentrations of 10:1,0C0,000 o 2,000:1,000,000
produced, in some aspects, the opposite effects of thyroxine, i.a.
sceeleration of pigment formation and morphogencsis.

The data presented leads the writer to conclude the followings
1. Thyroxine im solutions from 1:1,000,000 %o 100:1,000,000

rebards the production of melaznophores and pigmentation
in Brachydanio raerio. .

2+ Thyroxine stimulatesg the heart rate in the eerly embryonic
stages of this fish,
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Thyroxine produces apparent retardation in some phases
of danio embryonic development.

Thiouracil apperently produces some changes comversa to
that of thyroxine, i.e, acceleration of pigment formation
and morphogensesis in the early stages of development of
the embryo.
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