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INTRODUCTION

The purpose of this study was to determine the effects of equil-

enin on the embryonic development of the Zebra Fish? Brachydanip rerio

(Hamilton)s The investigations in this paper were concerned with the
cytological, and gross effects of the chemical,

Equilenin is a natﬁrally occuring female hormone as reported Ey-j.
Beall and Grant (1954). It, ‘along with 5tﬁe1? natural steroids, was
'tested for its effects on cell diyisiqp and embryonic development in
scr‘eening tests (qones and Huffman, 1957). Tﬂe chemical produces its
dwn-chafacte;iétic effects on tﬁe fish ¢an11:\1'y5:ﬁs‘a which include swollen
pericardium, circulatory disorders, swellen intestinal area, and growth
abnormalities of the tail and other body parts. The effecﬁévof equil=
enin and a ﬁossible explanation of thelr sause are herein described.

Acknowledgement is extended to Dr. Roy W. Jones, Head of The
Department of Zoology, who directed the work and for his advice and
criticism in themproductionuof“this paper., The author is gratefﬁl t§
Dr, L. H. Bruneau and Dr, Co Ra Crane for their careful evaluation and
eritical examination of the manuseript, The assistance of Branley A,
Bransor, Howard A. Kivettgvand”John Atkins is appreciated for the
collection of eggs, feeding and care of the fish., Appreciation is alse

expressed to Dr, Max N, Huffman and the lLasdon Foundation for furnish-



ing the chemicals and financial assistance.



LITERATURE REVIEW

Equilenin is an estrogenic steroid_which can be extracted from the
urine of a pregnant mare (Beall and Grant, 1954}, A United States
patent was obtained in 1948 forvthis compound. The compound was synth-
esized from dmdesoxyquilenin whigh was obtained frqm the neutral
frgcﬁion of the urine of a pregnant mare by Bachmann and ﬁrieding _
(1950), Djerassi, Hosemkranz, Home, Pataski, and Kaufmann (1951) and

Mondon_(l952) reported new methods for the synthesis of equilenin.
Courvier; Horeau, and Jacques (1951) synthesized the compound with no
ring, and Horeau (1952) deseribed a recent synthesis of new estrogens
which included equilenin.

Preparationuor synthesis of'a new compound may involve the synthe
esis of severgl new intermediate o:‘relatad qompounds. Bachmann and
Qreiding‘(1950) synthesized d-iscequilenin and its methyl ether by use
of palladium, Bachmann -and Holmes (1951) reported the synthesis of
1&»15—dehydroequi1enin methyl éthero_ Johnson, Gutsche, Hirschman,
and Stromberg (1951) p;epa:ed By_strobbeneqndensation many valuable
intermediate compo.unaso Grént and- Glen (1952) ai;.so obtained a United
States Patent for other equilenin derivatives. Habgood (1952) while
making studies of the A‘ring of gquilenin synthesized a valuable inter-
mediate compound hecarbomethgxyequilenino_ Bglinten, Nevénzels Newman,
and Scott (1953) and Jphnédng Peterson, and Gutsche (1950) reported
intermediates occuring.during the synthegis of equilenine Djerassi,
Rosenkranz, Keufmann, Pataski, and Romo (1954) obtained a United

3



States Patent for the synthesis of l=methy1—AﬁLdehydroestrogen.

One of the valuable intermediate compounds obtained with 2-g¢yano-
l-keto~-7-methoxy-2-methyl-1,2,3,k4,~tetrahydrophenanthréne is 1),15~
dehydroequilenin. The compound is readily converted to the final pro-
duct equileniﬁ. 1-Methyl isoequilenin was prepared gy dehy@rogeﬂatién
of l—méthylestroﬁe thus providing the proof of the structure of 1-

methylestrone (Dreiding and Pommer, 1953).

The configuration énd functional groups of the s#eroids have been
discussed by various authors. Stork and Singh (1950) discuséed the
resemblance of the c/d ring of equilenin andvother steroids that are
very similiar tp equilenin in structure. Jones, Humphries, Herling,
and Dobriner (1951) réqognized thg principle funetional groups in
steroids by infrared spectrometry.

Estrogenic steroids‘occur in”mixtures and seyeral reports have
been ma@e onrmethods of separation of such Qlosely related epimeric
estradiols as equilénin‘and équilin, _By microanalysis, phenolic estro»
gens were separated from other phenols, as reported by Boscott (19&9).
Infrared speetrophotometry«eanwbe~utilized for the identification of
the compounds a8 reported by Banes {1950). Hoftmann (1951) and Graus-
berg (1952)5 by use of paper chromatographyguremﬁved equilenin and
equilin.from‘an estradipl mixture, Separation of ketosterpids by ben-
gilic acid hydrazide was accomplished by Velluz, Petii, Racine, Amiard,
and Joly (1953).

Derivatives of equilenin may be important Eecause they may lead
to the synthesis eof other important estrogenic steroids. Bachmann,
Dreiding, and Stevenson (1951) recorded that the products of hydro-

genation of dl-equilenin yieldeds 192,3,h,mtetrahydroequilening When



equilenin was reacted with nitrosedisulfonate other intermediate com=
pounds were obtained by Teuber (1953)e MeNiven (1954) reported pro-
ducts obtained from the oxidation of equilenin.

Some authors have reported»resu}ts of_the aetion of estrogens on
various tissues and cellsgl Chang and Witschi (l953) reported on tests
involving the action of equilenin and equilin on frog larva. Thqy
produced extensive hyperplasia and modified sexual diffgren@ationo The
optimum conditions for the intravaginal admipistration of estrogens
were obtainad by Biggers and Claringbold (l95h) and}they cqncluded that

ce;tain estrogens reduced growth while othersAincreaséé growthn‘ Hugg-

the growth of the uterus and concluded that uterine growth is related
te the quage until 2 maximum is reached.

Through personal commumication, the Biological Sereening Office of

i
!

'~ The Upjohn Gbmpany reported that whgn eéuilenin was administered sube
cutaneously to maleﬂand fema;em;atsg tthtypiggl effects of an estrogen;
adreﬁal hypertrophy, thymelysis, and loss of.ﬁody weight were evidenx.
They also reported that female rats treated with equilenin and estrone
gaﬁe eviden@e that equilenin hag about one-tenth the estrogenic potency
ef estroﬁeo

As stated by the Council on Pharmacy and Chemistry of the American
Medigal Assp@iationg the estrogens are the most potent regulaters‘of
growth and cellular division of the female genital tract, They produce
hypertrophy of the muscle layers and endometriumo An increased water
content of organs follows administration. ,Tﬁe effecté on the vagina

seem to be keratization of the superficial cells of the vaginal mIeosa .



They also cause extensive growth of the mammary glands.
Several authors have reported the effects of various chemicals on

the developmental pattern of Brachydanio rerio. Some of the most rec-

ent work has been done by Jones and Huffman (1957, 1958). They discuss
the various uses of the embryos in the rapid detection of chemicals
which affectvcell division and differentation (1957). Jones, Huffman,
and Katzberg (1957) noted that some steroids have a much higher cyte-
static action than others. The various steroids they investigated were
a;; d%@fgrggtwip thgir effects on cell diviéion depending on the steroid
and thesconcenﬁpation. Jones and Huffman (1958) reported some new
cytostatic steroids possibly useful in the treatment of human cancer of
the breast.

Jones (1949) alsc observed that the toxic effect of antuitrin
{growth hormone) was proportional to the concentration of the hormone.
Podophyllotoxin was referred to as a mitotic ppison because it complete~
ly stopped cell division (Jones, 1951).

Ethyl carbamate was tested in six different developmental stages

of Brachydanio rerio by Battle and Hisaoka (1953) who found that the

chemical elicited a retardation of growth and embryomic structure.
Jones, Gibson, and Nichols {1951) noted that the degree of retardation
was propertional te the thyroxine ¢oncentration and that morphogenesis
and pigment formation wefé greatly retarded while metabolism waé agccel-
erated. Gibson (1954) concluded that exposure of the embryos to thy-
roxine produced marked growth retardation.

Observations have been made on the effects of various physical

factors on the development of Brachydanio rerio. Goff (1940) stated




that increased atmospheric pressure caused retardation for a peried of
time but the embryos were able to regulate themselves. Anderson and
Jones (1950) reported on exposurs of the embryos to ultra-sonic vibrae-
tiong. They found that the ability eof the embryos to survive exposure
to ultﬁa=sonic vibrétions inereased as morphogenesis oceurred. The
effects of variations of light and dark background on c¢hromatophore
development were observed by'Whittington‘(l952) and he also observed
the migration pattern follewed by the chromatophores,

Battle (1940), Budd (1940), Harringbon (1947), and Moore (19k4l)
'reported observations om fish embryclogy and larval development in
connéction with life history studies, Some of these papers give the
chronological time of organ development,.

Ingersol (1949), Price {193L, 1935), Solberg (1938) observed that
embryonic differentation in fish could be deseribed chronologically
when the oxygen supply and the temperature were kept constant, Hubbs
(1943) designated precise terminology for the stages of the early
development of fishess

Oppenheimer (1937) and Balinsky (19&8) used a stage-naming system
innwhich development was expressed in terms of the degree of organ and
tissue differentation instead of a chronological age. They coneluded

that the e¢hronological age is not a satisfactory method of expressing

the stage of‘embryoni@ development because the rate of growth varies
with oxygen and envirenmental temperatures. Balinsky (1948) describes
the hg developmental stages of Cyprinid fishes and exactly which morph-
ological data are associated with a certain stage.

Wilson {1889) reported the complete gross and histological descr-

iptions of the derivatives and the fates of the primary germ layers.



He also summarized the previous work done in fish embryology and compar-
ed teleost development with that of higher vertebrates., Wilson's paper
is considered a classic in the field of £ish embryology .

Various authors have discussed the development of the Zebra Fish,

Brachydanio reric. Roosen-Runge (1938) described the cytological

and protoplasmic events occuring in the living egg. He also observed
differentation of the egg without cleavage and described cell division
and mitotic rate during development.

Creaser (193l) described a technique for collecting and handling

eggs of Brachydanio rerio for laboratory use. Goff (1940), Battle and

Hisaoka (1951), and Jones {1957) have described their methods for the
collection of the embryocse

Jones (1939) and Self (1937) used the "mitotic index" to determine
the relationship between cell division and differentation of Fundulus
and Gambusia respectively., Oppenheimer (1947) gave an account of the
ganeral organiéation of the teleost blastoderm.

Goodrich and Nichols (1931) working with the regeneration of the
portions of the fin of the adult Zebra Fish studied the action of the
chromatophores in newly formed appendages. They found that the chrom-
atophores inecreased in a region of future dark stripes while the c¢hrom-
atophores decreased in the region of fubure light stripes.

Ingersol and Jones {1949) compared Brachydanio rerio with other

exotie fish suitable for classroom work, and discussed the usefulness
of various forms of exotic fish in the laboratory. Orton (195l)
discussed the use of developmental stages of fish ag a rich source of

material that is useful in embryological research.



METHODS AND MATERIALS

Many workers have recognized that the Zebra Fish 1s a useful mat-
erial for experimental study. Several different cultural teehniques
have been suggested, e. g., Battle and Hisaoka (1951), Creaser (193k),
Goff (1940), Jones (1957); and Roosen-Runge (1938, 1939).

The Zebra Fish, a cyprinid originally imported from India, is
easily kept under laboratory conditions and is very popular ih tropna
ical fish aquaria. It is small (maximum length, 2.5 inches, éverage;
1.5 inches), highly colored, active and hardy. It feeds readily on
both dry and live food., It becomes sexually mature when about six
months of age. Longevity is approximately two years. Spawning is ndt
seasonal and ocecurs in healthy females about every three or four weeks,

In‘these studies, the adult fish were kept in a battery of nine,
five=gallon, aerated aquaria, each centaining some 30 fish in the ratio
of two males to one female, The bottom of each tank was covered withl

glass marbles which protected the freshly laid eggs from the ecarnivor-
ous adults, Each tank had a filter, which served as an aerator, énd a
thermostatically controlled heater. The 1éb0ratory was air-conditioned
ana maintained at a year around temperature of fO—BOO F., The tanks
were maintained at 26X 2° C (796F). The water depth level was main-
tained at six inchgs. Freéh tap-water was added daily to replace that
lost by evaporatioh and siphoning for eggse.

The adult fish were fed two types of commercial fish food, plank=
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tén, Daphnia major, dwarf white worms of the family Enchytraeidae,

brine shrimp of the genus Artemia, and a baby food mixture. The mixture
was prepared by mixing; one can of strained liver, one can of cooked egg
yolk, and two cans of strained spinach with Pablum; thicking teo a paste
and cocking fdr one hour, Creaser (i93h) reported that Drosophila
(vesﬁigial wing) ana plankton, consisting namely of Cyclops served well
for food.

The aguaria were arranged in a eovered cabinet so that the light
could be controlled easily, because a strong light after a period eof
complete darkness seems to stimulate ovulation {Jones, 1957)s. This
enabled us to control somewhat the time of ovulation and te secure emb-
ryos in relatively uniform étages of development.

Breeding activity was usually observed socn after the lights were
turned on in the morning and the eéggs were then siphoned from the tanks
using rubber tubing and a tea strainer. The eggs were separated from
the debris by washing and decantation., The debris was usually much
lighter than the eggs and was poured off during the decanting process.
The eggs were removed with a pipette and were sorted and counted out
inte culture dishes. During each test, a certain developmental stage
was used., In the process of sorting, the eggs were all sorted accord-

ing to the stage desired. They were usually secured around gtages
3=5 (Balinsky, 1948). ;

Zebra Fish eggs are about O;S mm. in diameter, transparent, and
can be seen with the unaided eye. The first cleavage usually occurs
35-40 minutes after fertilization and subsequent cleavages occur app~

roximately every 18-20 minutes at 26°C (Roosen-Runge, 1938)e The



11

embryos undergo rapid cleavage and morphogenesis. The animal is com-
pletely transparent during ﬁhe formation of the major organs. The
embryos develop into recognizable baby fish in the first 2L hours and
usually hatch during the third day, which would be in the later part
of the prolarval stage (Hubbs, 1943). The embryos were usually in the
2-6l cell stages at the time of exposure to the chemical. Thisz corr-
esponds to stages 3-8 as reported by Balinsky (1948). The embryos were
usually cellected within two hours after the time of fertilization.

The number of embryos in the culture dishes varied from 10 to 25
and thése were inecubated in 50-100 ml. of aerated tap water at 80°F,
Into each of these culture dishes were placed certain materials. In
one dish, only aerated tap water was present. In another dish propy=-
lene glycol was added, while in the other culture dishes certain amoun-
ts of equilenin dissolved in propylene glycol were added. 'Thé con=
centration of the stock solution provided by Dr. Huffman, was one mge
of equilenin dissolved in one ml. of propylene glycol.

In the dilutions used in these tests, the propylene glycol pro-
duced no increase in the number of deaths., The propylene glycol was
used as a control along with aerated tép water because the eguilenin
was dissolved in the propylene glycol. Cultures wers rated on the
number of parts per million of the test chemical in the culture selut-
ions. Test concentrations of 0,18, 0.32, 0,56, 1.0, 2.0, 3.0, 5.0,
10.0, 20.0 ppm were used,

Observations énd notes of the effects of the chemical on the
embryos were made at 6, 12, and 24 hours after exposure and then every

2L hours. The test usually was closed after the lth day (96 hours)e



By the eighth hour of development at 80°F, the embryo is usually
approaching the closure of the blastopore (Blumenkrantz, 1956)¢ This
corresponds to stage 15 (Balinsky, 1948). If there is any interfer=
ence with mitosis and cell movements by a chemical, this can be obser-

;ed readily at this time. Approximately 12-1l, hours after fertiliz=
ation, the main body axis is organized and the process of organogenesis
is starting. The purpose of recording observations at this time is to
observe any abmnormalities in organ formation. The organs have been
formed by 24=-26 hours after fertilization and if there are any abnormal
or retarded structures they can readily be seen at this time. The
effects of the equilenin on development of the embryos can be seen
very well 2L hours after they were exposed to the chemical.

A wide field binocular Stereomicroscope with eye pieces of 10 or
15X and lens objectives of 1,0 to 7.5X was used for observations of
gross anatomical features., This gave a three~dimensional aspect te
the cobservations: The Bteresomicroscope was utilized during the tests
also for the taking of photographs, and for the removal of chorions
from some specimens.

" Photographs were made of the embryos with a 35 mm. Leica camera
attached to a standard Spencer microscope fitted with a Miero-Ipso.
This is an attachment for viewing sﬁecimens while photographing them,
Kohler illumination with a ribbon-filament lamp was used throughout.,
Also some pictures were taken with the phase microscope when a partic-
ular area was to be studied in detail,

In this study, pictures were made every 2L hours during the first

i or 5 days of embryonic development, At various times, embryos were



removed and fixed in Bouin's Fluid, Some pictures were made with the
chorion present while others were made after the chorion had been
removeds The chorion was punctured with microdissecting needles and
then torn open, releasing the embryo. The most important reasén for
removing the chorion is that it becomes adhesive and picks up dust
particles which obsiruct the view., The chorion of the Zebra Fish is
freely permeable to equilenin as evidenced by the fact that there
was no significant difference in susceptablility when the chorion was
or was not punctured. Therefore, it was not considered necessary to
remove the chorion of the embryo during the testss

cher_pictures were taken of another series of tests which were
designed té‘test the rate of recovery of the embryo. The embryos were
put into the culture dishes containing the chemical for 2k hours and
then the equilenin was removed and replaced with freshly aerated tap
water, Pigtures were made every 2l hours. The pictures were taken of
the control specimens; of the embryos from culture dishes in which the
chemieal was still present, and of the embryos undergoing recovery.
Some of the pictures taken during this study are shown in the plates
at the end of this paper. They are arranged according to photographic
density rather than according to stages or sequence. The purpose of
this arrangement is for better photographiec reproduction.

Some of the embryos were preserved feor future study at various
stages of development._ They were fixed in Bouln's fluid, and stored
in‘6©~70 percent isopfopyl alcohol. All chorions were removed after
fixation and the embryos were transferred to pieces of glass tubing

which were plugged at both ends with absorbent cotton. A small piece
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of paper recording the date of fixation, and the age of the embryos
were inserted in the tubes. The tubes were immersed in wvials wifhin
a larger jar containing 60m70‘percent isopropyl alcohol and stored.
This made fixed material of all stages available for unse of~referenee
at any desired time. t

The fixed material was ubtilized in two different ways. Some of
the material was put on a clean slide with a drop.of'aceto=cafmine
stain and a smear of the embryo was made and covered with a cover slip.
This method is excellent for studying cell gtructure and size under
the microscopg. |

Using these prepared slides it was observed, that the nuelear
diameters of the cells of the treated specimens appeared to be df:é
larger size than those of the control specimens. This led us tb make
measurements to determine if there were significant‘differenéésa In
the preliminary testsgvmeasnrements were made using an ogular nicro-
meter to measure the diameter of selected nuclei of the treated and of
the control embryos. It was observed that there were statistically
significant differences between the nuclei of norﬁal’and of ﬁreated
specimens. With the results obtained and with the aid of the Statist-
ical Laboratory a test design was developede

The fish were collected and divided in three classes. dne class
was cultured in a two ppm, solution of equilenin, The second class
wag cultured in a two ppm. solution of propylene glycol as a ceontrel.
The third"class was a group of untreated embryos placed in aerated
tap water. All of the embryésAWere approximately 81x hours old at the
time of'exposure, or in the early cap\stageo They were allowed'te

develop for 2l hours before the test counts were started, All of these
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embryos were somewhat retarded in expected development probably due te
the fact that they were kept at a lower temperature (74°F) during the
six hours prior to exposure,

The three cultures or classes were 1ébled I, II, and III. The
equilenin treated culture was III; The propylene glycol treated culture
was II. Culture I consisted of embryos in aerated tap water. A scheme
was set up to draw by lot the embryos from the dishes. The individ-
ual eggs were removed in a sequence that was not patternized and which
assisted in keeping the time element or degree of development constant
in the three classeg. Bach individual embryo was taken from the culture
and treated as follows. The chorion was removed; and the pesterior
end (tail area) of the embryo was severed and placed on a slide. A
cover slip was gently applied so as not te disturb the relative posite
ions of the cells and a squash was made of the tail. The cellular
structure and nuelear diameters were studied in vivo under an oill-
immersion objective(bright contrast medium) or the Spencer phase micro-
SCOpe.

Certain areas of cells were selected and these areas were designed
loei A, B, C, and D, see diagram below. Locus A consisted of cells
anterior and dorsal., Leocus B consisted of cells anterior and ventral,
Locus € was made up of cells posterior and dersal. Loecus D consisted

of cells ventral and posterior.

A Netochord

G o B D

. nus :
In each locus, ten nuclei were measured carefully using the ocular
micrometer, Diameters of the nuclei were estimated to 3 of an ocular

unit, The loel were measured in a sequence determined by lot so as to
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avoid bias ag to location in the embryoc. The nﬁclear measurements were
made at three different times. The first was approximately 2l hours
after exposure to the chemical. The second was approximately 29-30
hours after exposure. The third was 3} hours after exposure to the
chemieal,

The ocular counts of the nuclei were then treated statistically
to see if there was a significant difference between the diamsters of
the cell nuclei in the three classes; the four regions or loci, and
in the measurements taken at different stages of development.

Some of the fixed material was also dehydrated in isopropyl alcoh-
Ol;: The embryos were then cleared in xylene. The embryos were embedde
ed in soft paraffim (52-54°C), mounted in paraffin blocks. A rotary
microtome was used to cut serial sections of the embryos. The sections
were mounted on a slide and stained in Harris' hematoxylin followed
by an eosine counterstain., Some were stained in Heidenhain's irone
hematoxylin. Poor adhesion of the sections occurred so that compara-
tive histological studies were not feasible. Some studies of the
gytg}og%qalmstygqurg»wqre made using these slides and those prepared
by the squash technique,

A speecial experiment sheet was used for each separate test and
contained such needed information ass date of the experiment, devel-
opmental stages of the eggs at the time of exposure to the chemical,
number of hours exposure to the chemiéal, parts per million of the
chemical in each culture dish, and the mumber of eggs in each culture
dishe Readings or observations were made after certain time periods

and the information that was recorded with each observation period



consisted of: the number dead, the numbef dying, the number abnormal,
the number retarded, the amount of pigmentation at the time of the
reading, and any other unusual observatioen which might indicate the
effects of the treatment on the normal embryonic differentation. Each
culture was replicated twice in each test, A sample data sheet is

ineluded in the appendix.
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EXPERIMENTAL DATA AND OBSERVATIONS

General observations 2£ effects

The embryos used in the experiments demeonstrated retardation in
direct proportion to the concentrations of the chemical used and they
showed the effects in solutions as low as 0.32 ppms A concentration
of 1.8 ppm caused death in approximately 72 hours after fertilization,
(stage 30-Balinsky, 1948). The embryos that were exposed to the
chemical were unable to hatch execept in theblowest concentration{ 0,18
ppm)s All of the embryos used in these tests demonstrated certain
abnormal and retarded structures after exposure to equilenin., These
abnormalities will now be discussed in more detail,

{A) Pigmentation

In all concentrations, there was a tendancy toward abnormal
distribution of melanophores of both the eyes and the body. At the
higher concentrations the pigment was'absent or very sparse (PlateuT,
Figuresv2 and 3).

In general, the development of pigmenﬁation in the Zebra Fish
follows that described by Balinsky for cyprinid fishes (1948). The
first sign of pigmentation appears in the eye in the antero-cranial
portion of the optic cup around 25 hours. The area becomes darker and
wider, covering more and more of the optic cup (27-28 hours). The
 melanophores are distributed on the body and tail of the embryo in

four longitudinal lines. The dorsal line, consisting of ome or more
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rows of cells, is located along the dorsal edges of the myotomes, The
lateral pigment line, consisting of one row of cells, runs along the
middle of each side. The ventro-visceral line consists of several rows
of cells in the trunk region lining the upper part of the body cavity.
In the tail region this line is continued along the ventral edge of
the myotomes. In addition to these paired lines;, there is alsc a
fourth unpaired line; the midventral iina, running along the ventral
border of the gut in the trunk region.

Pigment cells are also located in the interior of the body and
they can be separated into three areas:z (1) The melanophores located
in the walls of the pericardium and yolk sac. The heart itself is
entirely free of pigmentation. (2) The melanophores of the horizontal
myoseptum, This is the comnective tissue membrane that separates the
dorsal from the ventral longitudinal muscles of the body. (3) The
melanophores of the nasal region. They adhere to the wall of the nasal
pit,

The pigmentation of the eye did not appear in the treated specimens
until approximately 28-30 hours after fertilization. There was a large
reduction of pigmentation in the treated specimens compared to the
normal embryos,

After 48 hours of development the melanophores were in great ab- -
undance in the normal embryos (Plate VII; Figure 1). In the treated
specimens; “here were few melanophores present on the yolk sac and
lfound the area of the pericardium (Plate VII, Figure 2)., There was
sparse pigmentation in the optic cup of the eye. The three main paired
lines along the body had some mplanophoros present but they were very

much reduced in size and number,
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In general, the reduction in pigmehﬁation was in direct proportion
to the concentration of equilenin used. However, some of the reductiomn
may be due to propylene glycol rather than the equilenin. A propylene
glycol solutieon of 2.0 ppm inhibits pigmentation on the bedy but does
not seem to affect the eye pigment. However, in a 1.0 ppm solution of
propylene glycol there are mot any visible effects of reduction of pig=
ment. In a 1.0 ppm. solution of equilenin the pigment development is
greatly retarded,

(B) Bye

The eye was also affected by the 1.8 ppm conecentration of equil-
enin, It was not deformed or abnormal in any way buit appeared to be
retarded in growth by the presence of the chemical. In the normal
embryo, the optic vesicles appear as outpocketings from the posterior
part of the prosencabhalon around 9 hours. An inpocketing at tﬁe cene
ter of each vesicle is seen to be formed as a longitudinal slit which
deepens in the spherical surface of the oval vessicles. The ectoderm
thickens above the cup and separates from the rest of the ectoderm to
become the primitive crystalline lens. The optic stalk formation-
takes place by constriction of the basal portion of the optic cup. The
iris of the eye is formed around 24 hours on the outer border of the
optic cups The ey2 contains both gold and black %igmentg The gold
pigment was only visible (48 hours)ﬂwhen the black pigment failed to
develop., The equilenin did not appear po keep any of the structures
of the eye from developing, but it did slow down or retard the develop-
ﬁent of these structures. In some cases, in'the stronger concentrations,
the optic cup had just developed 48 hours after fertilization.

(C) Pericardium, heart area, and circulation
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The pericardium, heart'apd the circulation seemsd to be especially
sensitive to equilemin., The pericardial sac appears as a thin flat sac
upon the yolk. It extends in a perpendicular plane frem bensath the
eyes to the ventral side of the yolk sace The heart appears as a simple
tubs within the pericardium, A constriction of the tubular heart
separates the atrium from the ventricles Circulation begins about 30
mimites after the heart starts to beat. This is approximately 28-30
hours after fertilization. The weaker concentrations of equilenin did
not appear to affect the development of the heart and circulation, but
it caused the pericardial sac to swell to approximately 2=3 times its
normal size.

The stronger congentrations of the chemieal caused a large swell-
ing of the peficardium'( Plate 1, Figure 8 and Plate IV, Figure 9).

The heart appeared to be developed normally but the beat was very erre
atices At first there would be a series of strong rapid beats followed
by éwseries of very weak beats, The circulation appeared to be con-
jeéied-in areas of the yolk sac and in some of the tail areas while
other areas of eirculation appeared normal.

(D) Tailvand gut

The dévelopment of the tail begins anterior to the point of
blastoporal clesure (dorsal tip), Here there is formed an undifferent-
iated mass of cells, which comprises the future tail bud. The first
major change is the -comstriction of the tail away from the yolk (18-19
hours). As this separation from the yolk continues, the yolk sac which
was ovoid in shape, begins to cqnstriét in the region ventral and ante
erior to the tail bud, This constriction forms the hindgut which is

located ventral to the anterior portion of the tails The tail is formed



concurrently with the hiﬁd gut by the posterior elengation, The hind
gut continues to lengthen by the continual constriction from the yolk
mass, and elongation, The tail continues to lengthen and eventually
becomes free from the yolk, The anus appears as an invagination of
the ectoderm which connects the hind gut teo the exterior.

In all the tests that were run in the laboratory, the gut and
tail area were by far the most sensitive to equilenin. The whole
area of the gut is retarded in structure to about one-half the normal
size, The very short area that is visible from the yolk sac posterior
to the anus is swollen from 1 to L times its usual size depending om
the concentration used. In the 3.0 ppm concentration the gut will be
twice as thick as the tail area dorsal teo the gut (Plate L, Figure 9).
In the normal embryo, the gut should be about one-fourth the thickness
of the taile The tail deoes not appear especially abnermal in structure
but appears more to be retarded in growth, The tail of the normal
embryos should be longer than the rest of the body area anterior to
the yolk sac (Plate 1, Figure 1) In the 1.8 ppm concentration, the
tail is reduced to approximately one-fifth the normal size and has
become more thickened (Plate L, Figure 9).

(E) Pectoral appendages

The pectoral appendages appear as bud-like growbths on sach side
of the median body axis near the myelencephalon around 30 hours. A4s
development continues, the fin bud becomes larger and ‘extends farther
‘frém the body axise. The distal end becomés gerrated and will develop
inte a functional fin before hatching, .Equilenin definitély stops the

develbpment of these fins. The pectoral appendages did not appear in
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any of the embryos that were exposed to 0,32 ppm of equilenin or higher.
In the normal 72 hour embryos the fins were evident and well developed
(Plate V, Figure 2),.

The above were some of the typical equilenin effecfs that occurred,
They were never produced until after the embryos had developed for 20~
2l hours, This tends to indicate thaﬁ the smbryos must reach a certain
stage of differehtiation before the equilenin can produce its effects.

The only effect produced during the early hours of exposure was
a normal fish kill, In Table L, it can be seen that at the 6th and 12
th hour readings there were no visiﬁle effects except that the death
rate in the treated specimens was greater, The normal death rate during
the first 2L hours of life in the Zebra FiSh is about 10 percent. This
usuélly occurs during the first 12 houréa In Table ki, the 24 hour
reading corresponds to approximately 26=27 hours after fertilization.

Since all of the body organs are usually formed in the first 2l
hours, observations or readings were made daily thereéfter; ie @ay
at L8, 72, and 96 hours. Egquilenin affecﬁs the embryos much more the
second day than it does the first., In the 0.32 ppm concentration, all
of the embryos were either dead or abmormal after 48 hours exposure.

At the higher concentrations, the effects were much more severe with
approximately half of the embryos dead in 48 hours. A% the 72 hour
observations period, it was noted that the @6ntrol embryos were hatch-
ing while the other treated embryos were nbﬁ approaching thé hatching
stage, Ap-increase in fish kill because 6£ the long exposure to.the
chemical was observed at the end of the 96th hour of exposuré {Table

- Lb)s The 0,32 ppm congcentration embryos were greatly retarded and

abnormal while development of the embryos in the stronger concentrat-
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ions was completely arrested. The embﬁyos in the propylene glycol
égltﬁre and the”0.18'ppm equilenin eulturevwere hatched and appeared
normal except for the partial absence of pigmentation in the specimens
in propylene glycol.

Exposure during early cleavage

From February 8; 1957 to January 3, 1958 several series of tests
were run and data compiled (Table L), The embryos used during these
tests were in early cleavage corresponding to stages 3-h (Balinsky,
1948). They were exposed to equilenin in coﬁCentrations Qf_O.lB, 0.32,
O.Sé, 1.0, and 1.8 ppms Again the typical equilenin effects were not
observed until after 2l hours of exposure. After 48 hours exposure,
the.effects were_very evident in the 0432 ppm culture but there were
no apparently abnormal embryos in the 0.18 ppm culture, In the‘lGS
ppm, development was completely arrested.

The 72 hour observations were approximately the same as the 48
hour except the long exposure to the chqmical was becoming evident at
this perioed., A 1arger number of embryos werg dead in the solutions of
higher (1,0 and 1.8 ppm) concentrations. At the time of the 96 houy\
cbservations, a still greater number of embryos were dead, At the
higher concentrations of 1.0 and 1.8 ppm scme of the embryos were so
arrested that it was difficult to tell the posterior bedy areas from
the anteribr. At this time, the embryos of the 0.18 ppm sulture and
the controls were hatched, | | |

In Table L, the percentage of the number dead, normalaiand abnor-
mel and retarded is readily seen. Therefore, at any given‘concentration

and at any given time, the observational data on the effects are shown.
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Exposure during late cleavage

In the same period from February 8; 1957 to January 3, 1958,
several other series of tests were run and the data are compiled in
Table 5. This table shows in graphic form the percentages of normsl,
abnormal and retarded, and dead embryos. The embryos used during these
tests were expos¢d to equilenin in the various concentrations during
late cleavage, étages 5-8 (Balinsky, 19&8), During these tests, the
same results were obtained as when the embryos were_expoéed while in
early cleavage. There seemed to be a greater fish kill when the |
embryos were exposed during early cleavage, At the time of the 96 hour
observation period, all of the embryos in the 0,32, 0.56, 1.0, and 1.8
ppm eoncentration cultures were affected, The control embryos and the
0,18 ppm culture dish embryos were hatched and normal.

Recovery ability of the embryos

From September 25, 1957 to March 25, 1958 another series of tests
was run and.the data compiled (Table 6)s Results of these tests are
presented in Plates 2, 3, 5, and 6; These tests were designed to test
the rate of recovery of the embryo after the equilenin was remévedw
In these experim@ntss the tests were set up as shown in Table I. One
half of the embryos were exposed to the eqﬁilenin and allowed to stay
in this chemical for 95 hours. In the other half of the test, the
- embryos were exposed te the chemical for 24 hours. The enmbryos were
then removed from the chemical and washed in fresh water and put back
in cuiture dishes containing only fresh aerated tap water, The 2}
hour observation period showed there was a-fish kill of'approximately

40% in the 1,0 and 1.8 ppm cultures. The other 60% of the embryos of



these sultures was abnormal and retarded with some of the embryos
completely arrested.

At the time of the L8 hour observations, or 24 hours after the
removal of the chemical, some of the 0,32 ppm culture embryos were
abnormal but others had begun to recover, At the higher concentrations
(1,0 and 1.8 ppm), the embryos were still very abmormal, However, 24
hours later at the 72 hour observations, all of the 0,32 ppm culture
was fully recovered and appeared normal., Approximately 30% of the 1.0
ppm and 1.8 ppm cultures appeared to have recovered while 30% were
gtill abnormal ampd retarded, When the recovery test was terminated
72 hours after removal from the chemical, there were only 104 of the
embryoé in the concentrations of 1.0 and 1.8 ppm that did not appear to
have completely recovered.

Table é shows in graphi@’form the data on the recovery test, Part
(a) is set up to show percentage recovery of the embryos. It was found
that as the observation time increased or the time in which the embryos
Werevremoyed from‘the chemical, the percentage of fully-recovered
embryos increased. Part (b) consists of the half of the test where
the chemical was not removed, The results of thig part of the test
show that at the higher conecentrations, 100% of the embryos wers dead 
or abnormal and retarded.

It wasg ob§erved during the recovery tests ﬁhat pigment cells
appeared to be very quick to recover from the effects of the hormone,
The eye, heart, and circulation also appeared to be able to completely
recover in a short time, The pericardium and the tail aresa took a

mich longer time to show the signs of recovery, The gut regained



normal size and shape much more quickly than the tail. In some cases
the tail never did completely recover from the effects of the equil-
enin. In some cases, the tail demonstrated a very typieal curving
(Plate V, Figure 6 and Plate VI, Figure 6).

Severity of the effests on the embryonic development

Tables 7 and 8 show the severity of the effects with the differ-
ent concentrations and lengths of exposure. In the 1.8 ppm culture,
after 24 hours of eprsure the embryos were completely arrested, and
development had been stoppeds In the 0,56 and 1.0 ppm cultures the
enbryos were very abnormal but development was still progressing.

The 0,18 and 0,32 ppm cultures produced no detectable effects infthe
first 2k hours. At the )8 hour cbservation period, it was noted that
in the 1.8 ppm culiure the growth had stopped and now the lower gon-
centration of 0.32 ppm also‘showed the typical effects, When the 96
hour observations were made, the embryos in tﬁe lower concentrations
were abnormal while in the higher concentrations the embryos had com-
pletely stopped development.

Table 9 shows the severity of the effects for another group. of
testss In this group of tests, the embryos were allowed to develop
for 2l hours and then were exposed to the hormone. It was noted that
gix hours after exposure to the squilenin, the effects were‘very
apparent and all the embryos were abnormale. Again in thess ﬁestsg as
exposure time p:ogressed the severity of the effects became more in-
tense, Al the 96 hour -observation time, the embryos in the lower
concentrations were abnormal while in the higher concentrations

embryonic development was completely arrested,



In Table 10, the severity of the effects for the recovery test
| was.notgdo ObServations were made é and 12 hours after the remgval
of the chemical, In thg 1.8 ppm culture the development of the
embryos was arrested, In the 0.56 and 1.0 ppm cultures the embryos
were atarting to develop. Recovery ssemed to be progressing very
well in thq cultures from the concentrations(lower) 72 hours after
removal, However, in the 1.0 and 1,8 ppm cultures, the embryos
still showed retardation. At the time of the 96 hour observatioms
(four days after removal of the hormone), all of the embryos wers
recovered except in the 1.8 ppm culture, Almost all of these were
recovered except for a few that appeared still slightly retarded
in the region of the tails

Important steroids and estrogenic steroids

Plate VIII in the appendix shows the structufal formulae of some
important.étgrcids_and some of the estrogenic steroids that ﬁave been
tested in this laboratorys It was found that although some of these
compounds differ only im the presence or absence of a methyl group,
hydrexyl group, or the loecation of a double bond, they differ véry

much in their effects on the development of the fish embryec.

Cther test observations

| Variations of the coneentrations of the chemical and of length of
exposure ﬁime were made in another series of tests° One group of
tests consisted of increasing the concemtrations to 3.0, 5.0, 10.0,
and ?0.0~ppm, Similiar resulis were obtained in these tests, How-
ever, the effegts were much mere intense than in the previous high
concentration of l.8sppm. Another group of tests was run to test the

time for a total fish kille In these tests it was found that none of
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the fish in the 0.56, 1.0, and 1.8 ppm concentrations were able to
live more than seven days in tﬁe presenge of the chemical while app-
roximately 95% were dead within six days after administration of the
hormone, | |

Cytological observations

The study of the gells in the sectioned embryos and in the
squashed embryos stained with acete-carmine gave the fellowing ine
formation. In those areas where the effects of the equilenin seemed
to be most severe, it was noted that some of the intracellular
elements were absent., The nuclei of the cells in the embryos treated
with equilenin seemed to_be larger ﬁhan they were in those gultured
in propylene glycol and water, In the hormone-treated cells, the
chromosomes appeared to be larger and thicker than in the controls,
The chromatin threads and network seemed to be denser and more heav-
ily stained in the ceils frem egquilenin-treated embryos.

The results from the statistiecal study of the diameter of the
nuclei of treated and untreated cells confirmed at least one of the
above impressions. The size of the ecells, based on the nuclear
diameters, of the embryos cultured in 2,0 ppm of equilenin were sign=
ificantly larger than were the cells of the contrels.

The raw data and measurements of the diameter of the randomly
selected cells are given in Table 12 in the appendix. The statistical

data based on these measurements are presented in the following tables:
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TABLE 1 :
ANALYSIS OF THE VARIATIONS IN THE DIAMETER OF CELL NUCLEIL
Source . & - mg £
Total 1079 L,200,028
Replications 8 8.610 1.076
Treatments 2 : - ,
(I & II) vs. IIT (1) 3,672,535  3,672.535  13,335.00 £.001
. I vs, IT (l) 0,735 0.735 24,67 PL.05
Error (a) 16 L .100 0,275
Location 3 0.378 0,126 € 1.00
. Location X o '
Treatment 6 12,632 2.105 6.05 P01
Error (b) 72 25,023 0.348
Between cells , _
within loeation - 972 L75.715 0.489
df- degrees of freedom ' ms~- mean of squares
sg~- sum of squares f- ratio

p= probability

TABLE 2
LOCATIONS X TREATMENTS

% A B c D Totals
I 7

483,00 173,50 473,50 483.00 1913,00

II L87.75  L87.00 L7975 481,50  1936.00

11T 831,25 838,25 836.75 826,50 3332.75

Total  1802,00 1798475 1790400 1791400 7181.75
Treatment SS: 3573,27 | GFs L77564975

chation 881 0,378

Location X Treatments 12.632



TABIE 3
REPLICATIONS X TREATMENTS SS

219.50 219,50 383.75 822,75
209,25 221,75 376,50 807.50
213.75 212,00 369,00 794475
213,75 212.25 364,00 790.00
211,50 213,75 368,50 793,75
213,00 21l .50 368,50 796 400
213.75 213,75 369,00 796 .50
210,25 219,00 368.50 797,75
208,25 209,50 365,00 782,75

Treatment SSs 3673.27

Rep, 883

Rep. X Treatment SS: li.L



DISCUSSION

Equilenin has been shown to affect the embryonic development of
the Zebra PFish in concentrations as low as 0.32 ppms These effects
have been shown to be characteristic of the hormone and to be direct-
ly proportional to the concentration of the chemical used. That the
effects are primarily due to retardation in the process of organo-~
genesis seems evident by the fact that recovery occurred when the
chemical was removed, This would perhaps indicate that the hormone
interfers with the metabolism of the cell and the process of morpho-
genesis, .

The cytological and histological studies were not complete
enough to justify any conclusions concerning the selective effects of
equilenin upon a particular tissue. There was some morphological
evidence that certain tissues were affected more than others but the
recovery data would seem to contradict this,

It was found that the equilenin caused certain abnormalities,
for example, a vast reduction of pigment. This lack of pigment form=
ation could be the result of several factors. Equilenin could prevent
the formation of melanin, or it could prévent the formation of melano-
phores., However, it seems more likely that the equilenin actually
retards the process of mitosis and morphogenﬁsis so much that the
célls that'produce pigment are not developed. Propylene glycol ih a

2.0 ppm concentration may actually stop the production of melanin in

32



the body area while no visible effect is detectable in the eyes, The
eyes are also sensitive to equilenin. They did not appear abnormal
in structure, but the equilenin seemed to have retarded developmeﬁt.

The gut and periecardium show a very typical abnormal shape after
exposure to the hormene. This may also be the result of the vast
retardation of body processes. These areas show signs'of swelling
while other affected afeas have not done this. The Couneil on Pharm-
acy and Chemistry of the American Medical Asscciation reveals that
estrogens produce an increase in water content of the tissues after
adﬁihistréfiono This could be an explanation for the large swollen
areas. The gut, while very much swollen, is also very much retarded
in length., The tail area is not particularly abnormal in shape but
it is very mueh retarded in development by the chemical, possibly
because the chemical affects the cells in such a way that they can
not undergo mitosis at the usual rate.

It was found that when the embryos were exposed to the hormone

the pectoral appendages di@ not develop, while in the recovery spege

imens they were formed. This was due probably to the fact that the
gells that organize and produce these fins have been so retarded that
théy are not fully produced or developed while in the presence of the

chemical.
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"It was found that when the embryos were exposed in early cleavage,

late cleavage, or 2l hours of age the same results were obtained.
Thus, the chemical probably becomes affective in its action at a cer-
tain peried of development. The effect is probably not a disruption

and disorganization of the tissues but merely a stoppage of develop-
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ment.,

Through the observations of the cytological detail of the embryes,
it was found that the cell size and nuclear diameters had increased
in the treated specimens. The increase in cellvsize could cause part

of the swelling of the different areas,
| "The size of the nucleus is wariable, but in general it bears
some relation to that of the cytoplasm, This may be expressed numeri-
cally in the so-called nucleoplasmic index (NP) (R, Hertwig).
Vn
NP 2 ~eomcewa
Ve-Vn
Vn being the nuclear volume and Ve the volume of the cell.®

"This NP index states that a relationship exists between the vol-
ume of the cyteplasm and that of the nucleus; of such a nature that
when the former ingreases, the second also should increase, The lack
of maintenance of the NP ratio would seem to act as a stimulus to cell
division. In general, younger cells have larger nuclei, but this
rule is not constant." (DeRobertis, Nowinski, and Saez, 1954).

The increase in the nuclear diameter of the csell could result
from two major factors. First a polyploid condition, which is a dup=
lication ef chromosomes without cell division. This dees not seem
as likely as the second factor, but one point that could be very
significant is the incréased thickness and density of the chromosomes
of the treated specimens. The second possibility might be that mit-
osls has been retarded or stopped and the tissues are therefore not
formed and differentiated. This would explain the vast retardation of
the different affected areas,

It is not known just how the chemical would affect mitosis but
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the most probable explanation is that it interfers with the actual
metabolism of the cells. It could interupt certain enzyme chains
that break down certain food and release energy that would normally
be ubtilized so that mitosis and differentation couid gccur in the
usual fashione. The undividing eells might, however, increase in
size instead of dividing and differentiating. Sinece equilenin dees
geem to have some affect on the process of mitosis, it is very
possible that this drug ecould be used in the future in treatment of
certain types of cancers.

It would appear very desirable for further studies in this area
to see if the nuclear diameters decrease more and more with age,
Also another study could be made to test the nuclear diameters of the
cells of the recovered embryos to see if they return to normal size.
Studies of the relative numbers of eells in the various stages of
mitosis in treated and untreated material might be indicative (mit-
otic index)., No abnormal or amitotic cells were observed,

By analysis of the results of the statistical data, some very
interesting factors were observed. As the age of the embryos in all
classes increased, the diameters of the nueclei decreased slightly.
These results are shown in Replication X Treatment (Table 3). There
did not‘appear to be a gignificant difference between the nuslear
diameters of the cells in different loci as can be seen in Locations
X Treatment (Table 2), The large mean square, 0.489; between the
eelis within the loci when compared with error {a) indicates that
different types of cells might have been measured. The location x

treatment mean square might be false due to the excessive size of the
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treatment square., The mean square for replications might arise from
three sources: namely, fatigue in making measurements, maturity of

the embryos; or just random effects, Further study on this is advised.



SUMMARY

A study of 1,460 embryos of the Zebra Fish, Brachydanio rerio,

reveals that these embryos are sensitive to equileninvconcentrations
as low as 0,32:1,000,000 (ppm) and that stronger concentrations of
3,0t1,000,000 (ppm) are not immediately leﬁhala Three developmental
stages of the teleost were used during these tests, Early cleavage,
late cleavagé, and day-old embryos were expoéed to various ébncentfaa
tions and exposure periods varying from 96 hours to seven days.

It was found that the‘sevérf%y of the effects produced was dire
ectly propoftional to the eoncentratibns of the solution and the len-
gth of exposure, The results of the'%ests indicated that the chemical
wes specifie in its action because ali of the embryos reacting to
to the chemical showed typical equilenin affects (PléteIV; Figure 9).

Several hundred embryos were givén a recovery test and only
about 10 percent of thése embrjés werL unable to recover, It was
found that the recovery rate was in d&rect proportion to the concent-
ration of equilenin and the length of recovery time.

Theseutypigal equilenin effects consist of the followingé

1. Equilenin in cﬁncentratioﬁs ax low as 0.32 ppm retards the

production of melanophores and pigmentation.

2, Heart and extréaembryonic eirculation seemed to be very
sensitive to eduilenin.

3o The gut and pericardium were extensively swollen,'

L. The eyes are urideveloped at some of the higher equllenln
concentratlonso
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The body and tail area were greatly retarded and develop-
ment was stopped in the stronger solutions.

‘The nuclear diameters of the cells were increased in the

presence of the chemigal,

Certain intracellular elements were absent in the areas
of extreme effect, and much of the tissue had a granular
appearance,
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Normal Brachydanio rerio embryo, 26 hours after fert-
iliza¥ion, :

Normal Brachydanio rerio embryo, 50 hours after fert= -
ilization. ,

Brachiydanio rerio embryo, 50 hours after fertilization

“and L8 hours after exposure to 1.8 ppm of propylene glycol.

Brachydanio rerio embryo, 26 hours after fertilization
and 2 hours after exposure to 0,18 ppm of equilenin.
Brachydanio rerio embryo, 26.hours after fertilization
and 2l hours after exposure to 0.32 ppm of equilenin.
Brachydanio rerio embryo, 26 hours after fertilization
and 24 hours after exposure to 0.56 ppm of equilenin,
Brachydanio rerio embryo, 26 hours after fertilization
and 24 hours after exposure to 1.0 ppm of equilenin.
Brachydanio rerio embryo, Th hours after fertilization
and 72 hours after exposure to 1.0 ppm of equilenin.
Brachydanio rerio embryo, 26 hours after fertilization
and 24 hours after exposure to 1.8 ppm of equilenin.
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Plate I

Figure 1. Figure 2. Figure 3.

Figure L.
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Figure 1.
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Bracghwdanio rerio embryo, 2L hours after rsmoval from
1.8 ppm of squilenin, Was exposed for 2l hours.
Tobtal age of embryo-50 hours,

Brachydanio rerio embryve, 48 howrs after removal fro
0,18 ppm of equilenin, Was exposed for 24 hours
Total age of embryo-Tl hours.

Brachydanic rerio embryc, 48 hours after removal from
0.18 ppm of equilenin. Was exposed for 24 hours.
Total age of embryo-7h hours.

Brachydanio reric embryo, 48 hours after removal from
0.32 ppm of eqailenin. Was exposed for 2l hours.
Total age of embryoc=Th hours.

wag@lgamlm rerio embryoc, 2l; hours after removal from
0.32 ppm of equilenin. Was exposed for 24 hours.
Total age of enbryc=50 hours,

Braghydanio rerip embryo, 24 hours after removal from
1.0 ppm of equilenin. Was exposed for 2l hours.
Total age of embryo-50 hours.

Brachydanio reric embryo, 2L hours after removal from
1.8 ppm of equilenin. Was exposed for 2l hours.
Total age of embryo-50 hours.

Brachydanio rerio embryo, 24 hours after removal from
1.8 ppm of equilenin. Was exposed for 24 hours,
Total age of embryo-50 hours.

Brachydanio reric embryc, L8 hours after remcval from
1.8 ppm of equilenin. Was exposed for 24 hours,
Total age of embryo=Th hours.

L8
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Plate II

Figure 1. Figure 2 Figure 3.

Figure 5. Figure 6

Fieure 7. Figure 8. Figure 9.
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Figure 1.
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Brachydarie reric sembryo, 72 hours after
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removal freom

0.32 ppm of equilsnin. Was sxposed for 24 hours.

Total age of embryo-98 hours,

Brachydanic rerio embryo, I8 hours after
1.0 ppm of equilenin., Was exposed for
Total age of embryos=Tl hours,

Brachydanio rerio embryo, L8 hours after
1.0 ppm of eguilenin, Was exposed for
Total age of embryo=Th hours.

Brachydanio reric embryo, LB hours after
1.8 ppm of squilenin. Was exposed for
Total age of embryo-=Th hours.

Brachydanio rerio embryo, 72 hours after
1.3 ppm of equilenin. Was exposed for
Total age of embryo-98 hours,

Brachydanio reric embryc, L8 hours after

1.5 ppm of equilenin. Was exposed for
Total age of embryo-Th hours,

50

removal from
2ly hours.

removal from
2l hours,

removal from
2l hours.

removal from
2ly hours.

removal Trom
21.[ hours.,
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Plate III

Figure 3

Figure | Figure 5. Figure 6
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Figure L, Brachydanio reric smbryo, 98 hours after fertilization
and 96 hours after exposure to 1.8 ppm of equilenin.
Normal Brachydanio rerio embryc, 26 hours after fert=

26
;.
s
5.

ilization,

Brachydanio rerio embwyo, 26 hours after

and 24 hours after exposure to
Brachydanic rerio embryo, 26 hours after

and 24 hours after exposura to 1.0 ppm
Brachydanioc rerio embryc, 26 hours after
and 24 hours after exposure to 1.0 ppm
Brachydanioc reric embryc, 26 hours after
and 24 hours after exposure to 1.8 ppm
Brachydanic rerio embryo, 26 hours after
“Tand 2L hours after expogure to 1 -8 ppm
Brachydanio reric embryo, 5C hours after
“Tand 48 hours after exposure to 1.8 ppm
Brachydanio reric embryo, 50 hours after
and LB hours atter expogure o 3.0 ppm
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fertilizaticon

fertilization
of equilenin.
fertilization
of equilenin,
fertilization
of equilenin.
fertilization
of equilenin.
fertilization
of equilenin.
fertilization
of equilenin.
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0,18 ppm of equilenin.
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Plate IV

Figure 1. Figure 2. Figure 3.

Figure 7. Figure 8. ' Pigure 9.
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Figure 1. Brachydanie rerioc embryo, 72 hours after removal from
' 1.0 ppm of equilenin. Was exposed for 24 hours,
Total age of embryo-98 hours,
2, Normal Brachydanioc rerio embryo, Th hours after fert-
ilization, .
3. Normal Brachydanio rerio embryo, 98 hours after fert-
ilizhtigno, .
s Brachydanio rerie embryo, 96 hours after removal from
0,18 ppm of equilenin. Was exposed for 24 hours.
Total age of embryo=120 hours,
5. Brachydanic rerio embryo, 72 hours after removal from
0.32 ppm of equilenin, Was exposed for 24 hours.
Total age of embrys-98 hours,
6. Brachydanio rerig embryc, 96 hours after removal from
1.8 pom of equilenin, Was exposed for 24 hours.
v Total age of embryo-120 hours.

5k
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Plate V

Figure 3.
Figure 1. Figure 2,

Figure 6.
5.
Figure |, Figure
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Figure 1, Normal Brachydanio rerioc embryc, 7h hours after ferte
ilization.
2, Normal Brachydanio rerio embryo, T4 hours after fert-
‘ ilizétion and fixed in Bouin's Fluid,
3. Brachvdanio reric ewbrye, 96 hours after removal from
0d56ppm of equilenin. Was exposed for 2k hours.
_ Total age of embry@=l?© hours,
o Bra@hydanlo rario embwyas 96 hours after removal from
1.0 ppm of equilenin, Was exposed for 2l hours.
Total age of embryo=120 hours .,
5. Brachydanie —erio embryo, 96 hours after removal from
1.8 ppm of squilenin. Was exposed for 2l; hotirs,
Total age of embryo-120 hours. '
6. Brachydanio reric embrye, 96 hours after removal from
1.8 ppm of equilenin. Was exposed for 2l hours,
Total age of embryo-120 hours,
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Plate VI
Figure 2, Figure 3.

F:izura L. Figure 5. Figure 6.
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Figure 1. Normal Brachg@@gigtgg;ig embryo, 50 hours after fert-
“ ilizatien and fixed in Bouin's Fluid,
2. Braghydapio reric embryo, 50 hours after fertilization
and 48 hours after exposure to 1.0 ppm of equilenin.
Fixed in Bouin's Fluid,
3. Brachydanip zeric embryo, 50 hours after fertilization
and 48 hours after exposure to 1.8 ppm of equilenin.
Fixed i# Bouin's Fluid.
"4, Cells and puclei of mormal Braghydanio rerio emoryo. 26
hours old. Fixed in Bouin's Fluid and stained in
: acebo-carmineg.,
5. Cells and muclel of Brachydanio reriec embryo exposed to
2.0 ppm of equilenin for 24 hours. Fixed in Bouin's
Fluid and stained in aceto-carmine.
6. Cells and nuclei of Brachydanio rerio embryo exposed to
2.0 ppm of equilenin for 24 hours. Fixed in Bouin's
Fluid and stained in ageto-carmine. '
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Plate VII

Figura L mm 3.

Figure l. Figure 5. Figure 6.



Plate VIII -
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TABLIE L
EXPOSURE DURING EARLY CLEAVAGE

100 12 Hours

P=rcent

Control .18 .32 .56 1.0 1.8
100

100

2l Hours

Percent

100
& Jus
8 L8 7 F
b Hours Hours [
o )
= [
0 . 0

Control .18 .32 .56 1.0 1.8

100 96 Hours

Percent

0
Control .18 32 .56 1.0 1.8

- Control .18 .32 .56 1.0 1.8

Normal

Abnormal &
Retarded

Dead

Ten tests consisting of 10 embryos in each culture
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TABIE 5
EXPOSURE DURING LATE CLEAVAGE

100 __JX HReurs . g 100 2 Hours

Percent

‘Percent

0
Controel .1
100 100
k8 i's
8 Hours Hours ¥
o a
0 o
f S
0 0
Control .18 .32 , . Control . 32 .55 1.0 L.
100 96 Hours 4
Normal
%
Abnermal &
& Retarded
(4]
-
o
) 4
Dead

Unntrol .18 032 .% 1.0 1.3

Ten tests consisting of 10 embryos in each oculture
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TABIE 6
RECOVERY TEST

A) Chemical removed. (B) Chemiocal not removed.
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TABIE 6

RECOVERY TEST (eeontinued)

100

72 Hours

Percent

Comtrol

100 A B A

Parcent

P, G, .18
Centrol

032 1.0 1.8

€ Normal

¢ Abnormal &

Retarded

% Dead
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Exposure Time In Hours
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Hours After Removal of the Chemical
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TABLE 11
TYPICAL IABORATORY EXPERIMENT

Date started 2/8/58 Time @93@ 930 Date closed 2/12/58 Time 093@

Exp\riment Noo_602__ g ~
gg . .. % oe s ot % §
Developmental suag@ I .- gl & g 8] 8} g g -~
of eggs ai time of Glel B : S
exposure hméh cell ol el o of o o « o o of &
| I B I B B e e e B B I
: Y = = S B RPN | tJ ol = - O
No. of eggs 1010 10 10 1o 10 10 10 10 10 10 10
w . NooDead & dying L L © 3 3 3 2 3 3 I § I
g a No., abnormal c o o0 ¢ ¢ © © © ©® o 0 O
T o gNo° retarded 6 .6 o6 o0 6 © & o0 o0 © 0 0
4 et o8tage of Devel. 9 9 10 7 "7 7 8 7 7 6 5 9
- C-stage Ok Ok Ok'_ (_)kak Ok Ok‘ 'Ok Qk Gk ‘Ok Ok_
2 o i Comments
No abnnrmal effects sxcept for a few dead individuals
< No. dead & dying 06 3 3 3 2 3 3 L b 1
g gNoo abnormal 0 0 0 7 72 7 0 0 7 6 © 0
& o :No._retarded 6 0 0 0 -0 . 0
o &Comments Pigmﬁntatlon {8 not deveicped in Oob6, Lo @D and Lo.8ppite
Sgx Hericardium Swoll@ns @ongeated eirculation, tail pot developed,
gut swollen, eyes appear abnormal in structure, Heart (erratic).
Noo dead & dying L 4 2 3 3 3 2 3 3°§%°7%
. Nos abnormal o ¢ " 0 O
E ) &»Noq retarded 0 0 S 1.1 1 0 715 5 0
® « 5 ComMments Ellects Apparsnt in all concentrations exeept the 0,10
G.E ¢ ppm. Development in the 1.0 and 1.8 is arrested., Pericardium
n o & and gut are swollen, conjested cireulation, tail retarded, heart
@< ™ has an irregular beat., Eyes are retarded in growth.
o No. dead & dying 1 1 2 3 5 4L 2 3 3 §5 §5 1
o mNo. abnormal S < B % . £ @ 0.
& o guo, retarded . 0 0O 8.7 7.6 0 T 7.5 5 0
. & OCommenbts Same eifects present as in 40 hour reading, axe@pt
T~ B the elfects are more severs at this period° Some of the embryos
¥ ™~H® of the controls are hatehing. y ’
Noodead & dying 1 L 2 6 6 7 2 b 6 L o8 1
. No. abnormal o O 0 . 0
© @Noo'retarded 6 o 8 % b 3 45 5 4 5 2 g
& o 5 Commerits 1he O.J2 emoryos are very abmormal, The 056, LleU,
.8 ¢ 1.8 are completely arrested and will scon die. They have the
o ¢>é? same typiecal equilenin effscts. Some of the embryos in 1,0 and
La WY

1.8 ppm it is hard to tell the tail area from the head area.

Additional potes or observations

Examples Date of fixation of material
: Date of pistures ' o
Age of the embryos used in pictures

69



0L

® =D gD
s
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6075
4,00
6,00
4,50
7.50
6,50
4,00
5475
500
Beill

She %0

6408
4075
5050
500
§a75
600
5,00
6,00
£450
4,80
53,00

6,00
S50
5,00
49?’5
5600
6000
5.00
6,50
6,00

2259
55025

B

5,00
5450
4,00
6,50
40@0
4450
6400
3050
GOGG
508
52400

6475
5050
4.00
3030
6,00
4,50
4,75
5050
5e50
5815
53075

5.00
55350
£.95
4,50
5.00
4,75
6450
5400
6,00

5200
51.25

RAW DATA FROM MEASUREMENTS OF NUCLEAR

¢ ) A
5400 4,75

4,75 6050

6,50 6400

5,00 5050

5.00 6,90

5450 5,56

5050 4,58

£,80 6,00

475 £.56

£.80 6,73

vd o B0 58400

40?3 435@ 40?5
%950 6490 5450
5006 4,50 4050
5400 5400 6,00
§050 5650 450
4,75 5,00 5¢50
6400 4,50 6450
4.50 6050 630
5¢50 4,50 5,58
5200 5400 5,50
50050 52000 54475
6,50 500 6,00
5,00 650 5000
5450 4,75 500
6,50 5600 5,50
4,50 5,00 4,50
4,25 4o? 6,50
6,50 5050 5075
5,00 5,00 5.50
5,50 6250 6,00
4.7 0 £,50
54,50 53400 54025

TABLE 12

i

¢

5000
4,75
500
4,50
5600 -
575
6050
30¢5
5475
Bafil
59,40

5000
5,00
5050
775
.00
8575
6.59
€00
550
8250,
55650

6690
4450
5400
550
6050
4.50
5050
6400
5050
2200
54,00

DIAMETERS

5050
6,00
5400
5e50
4,58
60@0
4550
5000
4,50

52400

€50
4075
6,50
£,50
7400
£.73
5650
4073
4,75
5680
53650

6400
5060
5.00

5e50
4,50
5000
4,590
5456
5.60

52,50

8050
10050
8. 56
11,00
8060
18,56

10,30
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TABLE 12

{eontinued)
Class i il i
Locus A B ¢ D A . 8 - 6 D A B Y D
1. 4,75 5080 5600 5650 4,50 5080 5000 4,50 8,60 9,00 8,00 9,00
[ 26 5.00 Be50 4450 4,50 5600 5,00 4050 5600 9,00 8,50 950 8650
e 30 505@ 5000 4.50 5:00 4075 6:50 500 6000 995@ S.SQ 10,00 9,00
i 4, 6,00 Be 50 4,50 5¢ 50 550 4,506 Se00 4475 9,58 8,00 3,00 8000
1 50 4,75 6,00 6480 6450 5.50 4,50 6,50 €400 8,00 9,50 9050 10,00
8 6o 6,00 5050 5.00 4,50 5650 5.80 550 5,00 8,50 9,00 9,00 950
7o 5000 6,00 50 50 6050 4,75 6490 5050 5600 9,50 9,00 8,00 1050
-8e 6450 4,50 550 5:00 5050 6400 4,50 5000 8,00 650 9050 10,00
9o 8060 TBe50 . . 6,00 475 5.00 5000 5600 5080 10,006 9,00 1000 77 8,00
10, 5e50 5250 5256 6290 5400 5,50 5,50 6,00 - 9250 800 350 18,00
Totals 54,00 54400 58,00 93.75 52,00 54,00 59400 53.75 99,50 89,50 92600 92050
1. 49?5 6.00 5000 49?5 3056 49?5 50@0 505@ gogo 9690 8@50 BoOO
s 6,00 5400 5e 50 5o 50 6,00 6,50 5000 4,75 10,00 950 9,00 9,50
3. 5.00 4,75 6,00 5000 500 580 5050 6050 9,56 10,080 8,00 980
&, 600 5.50 4,50 6050 5.00 5050 1,75 5650 10,50 8650 10,00 10,00
5e 6060 5,00 5056 5650 4,75 5050 6.00 4,50 8,00 9056 8000 9,80
60 5000 5600 5,00 50@0 6050 59 50 5050 6090 1@0 5@ 905{) 10990 Bo S@
7o 5400 4075 6,00 6,00 5,00 4,50 4475 5600 9,00 10,00 9050 8.00
8o o 5050 4,50 6650 6,00 5600 50 50 €,00 10,00 8600 10,60 10,50
% 4,50 5000 5650 4,75 5050 5000 5,00 5050 9,50 10,90 8450 5600
10. 4,25 500 3200 2030 475 S50 6400 4075 Beil 18,50 2050 B.00
Totals 52050 51650 52450 55600 54,00 52675 53.90 54,00 93.5¢ 94.56 91,00 89050
1. 5600 500 5o 50 4,50 5600 550 5.00 5000 8450 9,00 8,00 9,00
2. 550 4.75 5.00 5«50 6,00 4,50 5650 4.75 10,00 Je.50 - 950 8050
3o 6000 5650 5690 6090 _ 5450 5650 5.00 6500 900 8,00 10,00 9,50
4 5.00 5050 4,50 475 4,50 5,00 5050 £,50 106.50 8050 900 8,00
Se 6,00 4,75 6650 5050 6,50 5,50 4,75 6,50 8,00 10,00 10,00 8450
6o 5650 6400 5000 5.00 5.00 6,00 5¢75 5:00 8050 9,50 8,00 10,00
Te 475 5650 4.75 €000 5650 4,75 6o 50 4,50 9, 50 10,50 9. 50 8,50
8 5400 500 6000 5,00 5,00 575 5450 6,00 9,00 8450 10,50 10,50
9e 6450 6550 5000 6050 5.00 6,00 6.50 5600 10,00 16450 10,00 9400

10e 4,50 422 2200 3200, 4215 2el3 425 2250, B0 —Je20 8000 2230
Totals 5375 53675 52:25 53.75 52.75 5425 54,75 52.75 91650 93.50 92450 91,00
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Class
Locus A
1 5050
2 5000
30 4650
4, 5000
So 60 SO
6o 4,75
7o 5050
-8e 6400
9 4,50
10, 6080
Totals 53025
X, 6400
2o 550
3. 4,50
éﬁo 58 @0
Sa 5050
6, 4,75
?o 6,50
8 5050
% 5050
104 4,75
Totals 53650
1, 4,75
24 5050
3. 6,00
'4e 5-00
S 4,50
6 5050
I 500
8. 6,50
% 5¢50
10. 4,00

Totals 52425

Units of an oeccular micrometer were used for measuremznis,

B

5.00
4075
6000
5050
5450
4050
6450
5000
5050

2200
53+25

4:50
5. 50
5,00
5.00
4,15
5¢ 50
5,00
£,50
6600

2290
50475

6,00
5.00
4.75
5450
5,00
6450
5050
4.75
5400
£,00
54,00

[

5,00
6500
5050
4,50
5.90
5050
4475
5e 50
6450
6,00
59425

5400
4,50
5250
6000
5050
4,75
5650
550
5000
600
53425

5,060
4,75
5¢ 50
5:00
Be 50
4,50
5650
5,00
5450
4,00
50.25

5.00
4075
5000
4,75
550
€450
500
5050
g
£3.00

6500
5080
5050
5400
4,75
5450
5000
6400
5050
4230
52475

€.90
5050
4,00
5200
4,00
5.50
5.00
6000
8:15
51.75

A

6,00
4050
6,50
5080
6490
4.75
5450
5,60
6,00

3080,

54,25

4,50
5000
5050
6400
5650
5o00
6050
5550
4,75

3230,
53.73

4,75
5050
5400
6550
6400
5,00
4,00
5.00
6,00

5450

53075

TABLE 12

continuved)
1

B ¢
6400 5.00
5000 ‘o 5@
4,50 6,00
5.00 $600
5050 450
6050 5,60
5,00 £.50
4075 6400
5450 550
5280 4,25

52475 52,7
6450 5000
6400 50 50
4.75 4,50
550 6650
Se50 5050
6650 6,50
4475 4275
5050 5650
€,00 5400
5200 2008,
56900 530?5
6600 4,50
5e 50 5e 50
50,00 5000
4.75 4450
5,00 6,00
6,00 50,00
5,00 4650
8,00 5.00
5400 5,00
4,50 2280,
51,75 50,00

D

6000
5000
4,75
5000
5050
6000
475
5050
€450
2200,
54000

4,75
550
6,50
4,75
5000
5050
5050
5650
6250
55000

Se30
4.75
6450
5000
5.00
6. 50
5400
4.75
6600
5:00
54660

A

10400

8400
950
9400
8,60
9. 50
1050
9450
8.60
Z-"
81,50

8,00
9050
%00
18,00
10900
9,90
9.00
Bo 56
9,00
8500
90,00

8,50
9400
9450
10,00
8050
9400
9000
10,00
9.00
3200
90 ¢ 50

B

90 50
1050
2,50
8,00
99 50
10400
9050
9,60

16,50
94000

9.50
1000
9,00
8,50
250
9450
10,50
8,00
9,00

10,50

94,80

900
10,50
8,00
9.00
10,00
9.00
9050
8400
19.50

200,
92,50

8200,
9150

Nuelear diameters were estimated o 4 an occular unit.

3,00
10,50
9,00
8,00
9,060
10,50
S50
8000
9,50

10,00
93400

8,50
10,00
9050
9,60
8,00
9550
10,50
2,00
950

~Ba00
91,50

10.00
9.00
9,00
9.50
8,50
9,00
930
9.00

10,00

8@5@
10650
9,50
8000
3,60
8,00
950
10,60
9050

90650

%00
10.50
8050

9. 50

10050
8600

9,00

10.50
[0}

9300

9,00
8,50
9.80
10,00
8,00
1050
96 50
9,00
8,00

200,
90050
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