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ABSTRACT
The inhibition of ovarian maturation by a hormone produced
in the eyestalk has been repeatedly demonstrated in many species of
crustaceans. However, the discovery of an ovary stimulating factor in
the thoracic ganglion has been recent and confined to two species of

fresh water crabs, Potamon dehasni and Paratelphusa hydrodromous. The

current investigation has disclosed the presence of a similar hormonal

factor in the thoracic ganglion of a littoral crab, Thalamita crenata

Latreille.

Studies of these two factors and their effects on the matu-
ration process were conducted by using the organ culture method in con-
Junction with in vivo experimentations. In the in vitro studies ovar-
ian explants were cultivated in a medium composed of Pantin's crab sa-
line and Medium 199 without serum (Baltimore Biological Laboratories).
This medium was effective in promoting growth in the germinative zone
and of the interstitial cells of these explants. Growth was indicated
by the presence of cells undergoing cell division and by the increased
number of interstitial cells. The proliferation of these cells, espe-
cially those in the germinative zone, indicated that this aspect of 00—
cyte development in vitro was independent of any hormonal factors.

Maintenance of young oocytes was demonstrated in cultivation
of explants with the culture medium. However, the addition of brain ex—
tracts to the medium showed that the brain may be involved in promoting
growth in these oocytes.

Older oocytes undergoing cytoplasmic changes such as vesicle

formation and yolk deposition were not maintained in the culture medium.
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When the medium was supplemented with an extract of the thoracic gan-
glion, maintenance of these oocytes, notably those undergoing yolk depo-
sition, was demonstrated. However, further growth was not induced. Ex-
tracts of the brain did not affect the oocytes in this stage of develop-—~
ment.

Parallel in vivo studies in which extracts of the thoracic
ganglia were injected into normal females revealed the presence of a
stimulating factor. This factor not only maintained vitellogenesis, but
also initiated it.

Eyestalk replacement studies verified the presence of an
inhibitory factor in the eyestalks. This inhibitor, directly or indi-
rectly, suppressed vitellogenesis.

It is concluded that an ovarian stimulating factor is found
in the thoracic ganglion. This substance initiates and maintains vitel-
logenesis. Eariier stages in the development of the oocytes are not

affected by this thoracic ganglionic factor,



INTRODUCTION

The earliest indication that ovarian maturation in crus-
taceans is under neurosecretory control was established by Panouse

(1943, 1944, 1946) in the shrimp Leander serratus. He demonstrated that

bilateral ablations of eyestalks or sinus gland extirpations of females
in reproductive quiescence induced precocious ovarian development. Con-
firming results showing increases in ovarian weights after the removal
of eyestalks were reported by Brown and Jones (1948) in immature, female

fiddler crabs, Uca pugilator; by Carlisle (1959) in the female phase of

the protandric hermaphrodite, Pandalus borealis, and by Otsu (1963) in

the fresh water crab, Potamon dehaani.

Inhibition of qvarian development in eyestalkless females
was demonstrated by fhe aforementioned investigators after implantations
of eyestalks or sinus glands. Furthermore, Takewski and Yamamoto (1950)
observed reduction in egg diameters after implanting sinus gland tissues

into eyestalkless adult female shrimps, Paratya compressa. Otsu (1963)

found that the‘eyestalks of immature females released a factor which in-
hibited ovarian develoément in eyestalkless adult females. These results
strongly support the hypothesis that the sinus gland contains an ovary- |
inhibiting hormone which is produced in the X-organ (Bliss and Welsh,
1952; Carlisle, 1953).

Otsu and Hanaoka (1951), working with female Potamon dehaani

weighing less than 2.3 gm, reported that bilateral ablations of eye-
stalks did not elicit any changes in the ovary. On the other hand, the

same treatment applied on females larger than 2.3 gm induced precocious
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development of this organ. Based on these observations, they concluded
that without a stimulative agent, the ovaries of the females larger than
2.3 gm should remain sexwally inactive, even after removal of the eye-—
stalks.

Otsu (1963) reported the presence of a étimulative agent in
the thoracic ganglion of P. dehaani. He found that this ganglionic fac—
tor, called the ovary-stimulating hormone, causéd an increase in the
size of the ova and in the amount of yolk deposition. This was demon-
strated when the ganglion was either implanted into or fed to immature
females. In his investigations, Otsu found that ganglia derived from
either sex produced the same effects. Supporting evidence was presented
by Gomez and Nayar (1965) who were able to obtain similar results with
the implantation of either male or female thoracic ganglion into adult

females of the fresh water crab Paratelphusa hydrodromous during the

nonbreeding season. They also showed that brain implants were as ef-
fective as the thoracic ganglion implants.

Bagsed on the present knowledge of the neurocendocrine as-
pects of ovarian maturation, two factors working antagonistically to
each other have been found. One factor produced by the X-organ and
released via the sinus gland of the eyestalk suppresses ovarian matura—
tion, while the other produced and secreted by the thoracic ganglion,
and possibly by the brain, stimulates this process.

The manner of interaction between these two antagonistic
factors is not readily understood. However, Stephens (1952) suggested

that the inhibiting factor may be controlled by photoperiodism. Otsu
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(1963) postulated that the activity of the inhibiting factor fluctuates
in reverse to ovarian development and suppresses the action of the sitim~-
ulating hormone during reproductive quiescence.
Charniaux-Cotton (1957, 1961) suggested that an ovary-stim-
ulating hormone was not essential in explaining ovarian development in
eyestalkless animals. $She was able to demonstrate that the inhibitory

factor of the eyestalk in Orchestia gamarella and Iysmata seticaudata

inhibited the initiation of vitellogenesis or yolk deposition. Thus,
she advocated the theory that ovarian maturation was under the control
of a single hormone.

In her studies, Charniaux~Cotton (1964) also postulated
that the ovary-inhibiting hormone had no effect on oogenesis or the
growth of oocytes. However, Arvy, Echalier and Gabe (1956) showed that
extirpation of the Y—-organs from immature female crabs, Carcinides
maenas, had an effect on this process. They observed a reduction in
the number of meiotic figures as well as the number of ococytes produced.
They also noticed the absence of follicular cells. Yemales in a more
advanced stage of oogenesis were not affected after similar treatments.

The present state on the subjeét of ovarian maturation, as
reviewed, calls for a clarification of the status of the ovary—stimu—
lating hormone. The presence of this hormone has been established in
two fresh water crabs, but, unlike the ovary-inhibiting hormone, has
not been found in other species of crustaceans. Therefore, this investi-
gation proposes to determine whether or not such a stimulating hormonal

factor exists in a littoral crab, Thalamita crenata Latreille.

An organ culture method was developed for the culture of
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crustacean ovaries in a chemically defined medium. The neuroendocrine
control of ovarian maturation in vitro was compared with in vivo exper—
iments so that an interpretation relative to the effects on the entire

animal could be made.



MATERIALS AND METHODS

Collection and Maintenance of Animals.

Portunid crabs of the species Thalamita crenata Latreille

are widely distributed in brackish localities and where the substrate
consists of either silt or mixtures of sand and mud. Dead coral plat—
forms with deposits of %he latter type of sediment are the principle
habitats for these crabs. The animals are readily captured in such
areas at low tide.

Two areas served as the sources for the crabs in this in-
vestigation. One area which fronts Kuliouou Beach Park, Oahu, was a
source for immature females. The animals in this region were either
found under loose, dead oprals or burrowed in the sediment. The other
collecting site was the sand flats situated in Keehi Lagoon, Oahu. Col-
lecting on this reef‘was done at night during low tides when it was an
easy task to capture these animals with a dip net as they wandered
from their burrows. This method proved to be very fruitful as a large
number of animals of both sexes and of various sizes could be caught.

The chelae of all captured crabs were removed. This oper-
ation was essential because of the pugnacity of the animals and their
cannibalistic tendencies in captivity. The removal of the chelae was
easily accomplished by inducing the animals to autotomize them by means
of an elecirical shock. The source of the electrical charge was a six
volt battery equipped with two insulated wires. One wire was attached

to a large pair of forceps which was used to grasp the chela, while the



end of the other wire was placed at the base of the appendage. Vith
the closing of the circuit, the resulting electrical shock caused auto-
tomy of the chela. 11l effects were not noticed in the crabs after
this treatment. Crabs were then maintained in a large trough with run-

ning sea water until further use.

In Vitro Ovarian Explants.

The success of any in vitro study of tissue and/or organs
demands clean, sterile glassware. The handling of glassware, there-
fore, deserves comment. All glassware and other instruments employed
in the actual cultivation of ovarian tissues were soaked in a detergent
solution, washed and then boiled for 1.5 hours in about 8 liters of
-distilled water containing 7.0 gms of sodium carbonate as a buffer.
After boiling, the glassware and other instrumenis were rinsed four times
in running tap water and six times with distilled water. These were
then dried in a dry-heat oven.

Petri dishes and other small items were then prepared for
sterilization. The small items were packaged.and sealed, while the
Petri dishes were prepared in the following manner: Four sheets of 9
cm Whatman number 1 or 2 filter paper rings were layered in the dishes.
~ In each dish a watch glass was placed in the cut out portion of the
paper. The covers were replaced and the dishes and packaged items
were sterilized for 20 minutes at 121° ¢ in an autoclave set at 15 psi.

Pipettes were soaked in distilled water after use and
washed in a solution composed of 120 gm KOH, 120 ml distilled water,

and 900 ml of 95% ethyl alcohol. After rinsing first in running tap
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water for at least eight hours and then in distilled water for about
2 hours, the pipettes were dried, the mouth-part plugged with cotton,
placed in cannisters, and sterilized for 4 hours in the dry-heat oven
set at 100° C.

The organ culture method employed in these studies was the
floating lens paper technique introduced by Chen (1954) for liquid me-
dia. This technique involved the use of sterile Petri dishes and asep-
tic methods. Working in a "sterile" hood where air movement was kept
at a minimum, 10 ml of double glass—distilled sterile water was pipet-
ted on the filter paper in the botitom of the dish. Care was taken not
to wet the watch glass. With the same care, 1 ml of the culture medium
was added to the watch glass. A piece of silicone-~treated lens paper
was then floated on the surface of the medium. Finally, little depres-
sions for the tissue explants were formed on the floating lens paper.
The fine, curved tip of a sterile forcep was carefully inserted through
an opening created by slightly lifting the cover of the Petri dish.
With the fine tip of the forcep, thé lens paper waé teased apart so
that the resultant depression was filled with medium. The cultivation
chamber';;ed is depicted in Figure 1.

Silicone~treated lens paper was prepared in the following
manner: Four layers of lens paper cut into pieces about 1.5 cm sq were
placed intb Petri dishes and then washed three times, 30 minutes each
in ether; three times, 30 minutes each in 95% ethyl alcohol; four times
15 minutes each in distilled water; and finally in glass distilled
water for 15 minutes.

The cleaned pieces of lens paper were treated for 5 minutes



with a silicone solution made into a dilution of one part Siliclad
(Clay—Adams, Inc.) and 1000 parts distilled water. After 5 minutes
immersion, the pieces of lens paper were rinsed four times witﬂ distil-
led water, each rinse for 15 minutes and one time with glass distilled
water for 15 minutes+

The pieces of lens paper were dried in the dry-heat oven
for two hours in open Petri dishes. After the pieces of lens paper
were separated, the Petri dishes were covered and their contents steri-
lized for 4-8 hours in the dry-heat oven set at 100° C.

The stock culture medium employed in these investigations
was chemically defined and consisted of a diluent or basic salt solu-
tion and a nutrient. The nuirient was the commercially produced Medium
199 without serum (Baltimore Biological Laboratories) purchased in a
sterile, lyophilized form. The Medium 199 was obtained in bottles hav-~
ing a 100 ml capacity of fluid culture medium.

Three different crab salines and a formula for artificial
sea vater were tested to determine the most suitable diluent. The
three crab salines were those formulated by Hagiwara and Bullock for
Palinurus (1957); by Davenport for Cancer (1941); and by Pantin for
Carcinus (1934), while the formula for the artificial sea water was
that of Lyman and Flemming (1940). To each liter of the salt solutions
0.2 gm of phenol red was added as an indicator of the pH.

Prior to use with Medium 199, each salt solution was steri-
lized for 20 minutes in the autoclave set at 15 psi and 121° ¢. In
cases where sodium bicarbonate was required, the addition of this com=-

pound was made after sterilization by filtering a solution of it



through a bacteriological Millipore filter (0.45 m pore size).

The stock culture medium was prepared by adding.100 ml of
the saline to the lyophilized nutrient. The method of transfer was
pictorially described in the directions supplied by the manufacturer
of Medium 199. |

Ovarian explants were obtained from females in various
stages of development. The following procedures were employed in ob-
taining and preparing the explants for cultivation. Th; waiking legs
of the females were either removed or bound with rubber bands to restrict
their movement during the removal of the ovaries., After the carapace
was swabbed with 95% ethyl alcohol, the carapace was removed. The tip
of a pointed pair of scissors was inserted at the base of the last walk-
ing leg and a cut was made along the line where the carapace met the
first abdominal segment. Both sides of the carapace were cut along the
posterolateral and anterolateral borders until reaching the orbits of
the eyes.

Further operations were conducted in the "sterile" hood
using sterile instruments. The carapace was separated from the hypo-
dermis by inserting a fine pair of sterile forceps between them and
lifting the carapace anteriorly away from the operating area. The
hypodermis which closely adhered to the ovaries was carefully dis—
sected away under the dissecting mioroscope. The other supporting mem-
branes were removed, and the anterolateral portions of the ovaries

3 and washed in the

(Fig. 2) were cut into small pieces of about 1-2 mm
stock oculture medium. Fbur pieces of these explants were then indi-

vidually and aseptically placed in wells made for them on the lens



Figure 1. Top view of the cultfure chamber with all components in place.
Watch glass not visible.

Figure 2. Carapace removed from mature female. The left and right an-
terolateral segments of the ovaries (ov.) are swollen with mature oo-
cytes.



M.
paper (fig. 1). At the same time other pieces of the ovaries were
immediately fixed in Bouin's fluid and labeled as the normal tissue.

The neuroendocrine effects of the brain and thoracic
ganglion on ovarian maturation were studied by adding extracts of
these tissues to the culture medium. The source of these nervous

tissues were mature male and female Thalamita crenata which were de-

stalked for three days. Eyestalks were ablated with the intention that
the thoracic ganglion and possibly the brain would be activated to pro-
duce the ovary-stimulating factor with the removal of the eyestalk in~
hibitor.

On the third day the animals were sacrificed by literally
tearing them into two halveé. Animals were grasped in the mouth region
with the thumbs and pulled apart so that the carapace was completely
separated from the ventral portion. The thoracic ganglion contained in
the latter is situated below the heart. After removing this organ and
the remnants of the viscera, the thoracic ganglion was dissected out by
severing all the nerves leading to the appendages close to the ring-
shaped ganglion. The brain situated dorsal to the mouth was reached
by cutting the exoskeleton forming the dorsal half of the mouth. Two
cuts directed to the bases of both antennae loosened this piece of the
axoskeleton and the brain which is attached to it. After clearing away
the membranes, the brain was removed by severing all nerve tracts close
to this ganglion.

These ganglis were immediately rinsed in Pantin's crab
saline and blotted with Kimwipes. They were then frozen on dry ice

and either stored frozen or lyophilized and stored in a vacuum
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desiccator at room temperature.

Extracts of these nervous tissues were made by homogeniz-—
ing one thoracic or cerebral ganglion placed in 0.075 ml of Pantin's
crab saline with an ultrasonic céll disintegrator, the probe of which
was cooled with ice before use. After disintegration, the agueous ho-
mogenate was heated at 700 C for 15 minutes so that the large proteinf
aceous enzymes were inactivated. The coagulated agueous mass was cooled
and centrifuged at 10,000 rpm for 10 minutes. The supernatant was with-—
drawn and first filtered through a Swinney adapter fitted with a piece
of Whatman No. 1 filter paper and subsequently through a Millipore bac-
teriological filter (pore 0.45 m).

The culture medium was prepared to contain the equivalent
of either two thoracic ganglia or 2-3 brains per milliliter. These
concentrations were prepared by varying this basic formula of adding
0.075 ml of the agueous extract to 0.925 ml of stock culture medium to
produce one milliliter of medium containing one equivalent of either
ganglion. Therefore, a milliiitef of medium containing 2 equivalents
of either ganglion would contain 0.150 ml of the extract and 0.850 of
the étock culture medium.

Cultures were incubated for seven days in a temperature
controlled chamber equipped with a day-night light regulator set for
12 hour photoperiods. The temperature was maintained at 25 to 26° ¢.
On the third and fifth days during this incubation period, the old
culfuie medium was removed with a sterile hypodermic syringe and needle
and supplanted by 1 ml of freshly prepared medium. The pH of the me-

dium was 6.6 when first introduced in the culture, but ohanged to
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T+4=7.6 within 15 minutes. On the seventh day the explants were re-

moved from the culture and immediately fixed in Bouin's fluid.

In Vivo Ovarian Maturation.

In vivo studies on ovarian maturation were conducted on
sexually mature and immature females. Maturity, in this study was de-
termined by the shape and size of the abdominal segments. Ryah (1965)
found these parameters useful to determine maturity in another portunid,

Portunus sanguinolentus. Immature females of T. crenata were character-

ized by having a narrow, almost V-shaped abdomen, while the mature fe-
male possessed a very broad, U-shaped one. In addition, the immature
females usually had a thin exoskeleton which was pigmented ivory white
ventrally and greenish-brown dorsally.

The effects of neurosecretions on ovarian maturation in im-
mature females were not difficult to measure; however, when sexually
mature fem;les were employed, the reproductive cycle of the females
created a problem. Females collected and dissected at any time of the
year were found to have ovaries in various stages of maturation, thus
indicating that they may not have specific non-—breeding and breeding
seasons during the year. The problem was resolved by surgical removal
of pdrt of the ovaries from the crab prior to the experiment. The por—
tion of ovary was then used for comparison with the same ovary after thé
experiment to nole any changes during the interval of the experiment.

| Removal of a small portion of ovary was accomplished by
making é small window in the carapace. The animal was anesthetized by

placement in sea water cooled to 40 C. This treatment left the
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animal cuiescent for about five minutes. The entire carapace was swab—
bed with 95% ethyl alcohol and the appendages of the animal were wrapped
in cheesecloth. A rectangular window was cut in the left protogastric
and hepatic areas of the carapace (Fig. 3) with a fine rotor blade at-
tached to a stationary Dremel Moto~Tool. The size of the window in all
cases was proportional to the size of the carapace. The small piece cut
was worked free with a pair of fine scissors and forceps under a dis-—
secting miocroscope. The hypodermis was carefully dissected away with a
pair of fine scissors to expose the anterolateral segment of the ovary.
The fragile hypodermis was generally torn during its removal. A piece
of ovary corresponding to the size of the window was then removed and
immediately fixed in Bouin's fluid.

To reseal the wound, the remnants of the hypodermis were
spread over the opening and the piece of carapace placed over it. Then
either vaseline or melted paraffin was put on the cut surface and held
in place with a piece of Johnson and Johnson air vent plaster. Each
operated animal received an injection of about 12,500 units of Penicillin
G to reduce infection. Animals were then returned to the running sea
water in plastic containers for further experimental treatments which
will be mentioned under the appropriate experiments. As could be ex—
pected, the mortality was high, ranging from 60 to 75%.

Eyestalk ablations were made by lifting the eyestalk from
the orbit and tying a thread at the base below where the chitinous
sheath covering the eye terminated. The eyestalk was removed by cut-

ting between the thread and the border of this sheath. The eyestalks were



Figure 3. Window cut through the carapace of a mature
female crab to expose a portion of the anterolateral
segment of the ovary.

15.
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either kept frozen in toto until used in an experiment or were dis-
carded. |

Prior to use in experiments the soft tissues were removed
from the chitinous sheath. The tissue mass was drawn on Kimwipes to
remove most of the eye pigments, rinsed in crab saline and then again
blotted on Kimwipes, after which this mass was immediately frozen on
dry ice and kept frozen for fﬁ%ufe use.

The source, method of removal, and storage of the thoracic
ganglion employed in this investigation were similar as for those nerv-
ous tissues used in the in vitro studies. Therefore, reference should
be made to that section for any techniques involving these manipulations.

Ixtracts were prepared by homogenizing either two eyestalks
or one thoracic ganglion with 0.05 ml of Pantin's crab saline with the
ultrasonic cell disintegrator which was set at an intensity of 60 for
the eyestalk and 25 to 35 for the ganglion. After disintegration the
aqueous homogenates were heated at 700 C for 15 minutes in a watler
bath. Previous in vivo experiments showed that injections with un-
heated eyestalk or thoracic ganglionic extracts caused a high mortality
in the experimental animals. Following centrifugation at 10,000 rpm
for 8;}0nminutes, the supernatants were removed and administered as
injections.

Injections were given in dosages of either two eyestalk
equivalents (0.05 ml) or one thoracic ganglion equivalent (0.05 ml)
on alternate days for iwo weeks. These dosages were administered in

an alternating sequence on both sides of the animal through the membrane
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Joining the last walking leg to the body proper.

Histological Preparation.

All tissues were fixed in Bouin's fluid for an indefinité
period and washed in 70% ethyl alcohol. A series of butanol was used
for dehydration followed by conventional paraffin embedding. Sections
were cut at 10 microns and mounted on microscope slides with Mayer's
albumen fixative. These sections were stained with either Heidenhain's

iron haematoxylin and eosin or Harris haematoxylin and eosin.

Measurements.

For comparative. purposes oocyte and yolk diameters were
measured using a calibrated ocular micrometer. In each case the 10
largest oocytes and yolk globules were randomly sampled from the ovary
and measured. For each oocyte two measurements perpendicular to one
another were made. Some semblance of conformity was established by
sampling only those oocytes in which the nucleus was visible. For the
yolk globules, two measurements were also taken if the globules were
larger than five microns. In either case, the two readings were aver-
aged 10 determine the diameter of that particular oocyte or yolk glob-
ule. The diameters of these 10 oocytes and yolk globules were then
averaged and tabulated. The average diameters of the oocytes were con-
sidered as being representative of the growth stage of the oocytes

found in that particular ovary.



RESULTS

A. Oocyte Maturation.

Oocyte maturation is an orderly sequence of events in which
growth can be distinguished by the changes that occur in the cytoplasm
of the oocyte. These changes are generally manifested as an initial in-
crease in the cytoplasmic mass which leads to vesicle formation and
eventually to yolk deposition. This pattern of oocyte growth is clearly
observed in situ in the ovary (Fig. 4). Beginning in the germinative
zone which is located medially in the ovary, oocytes progressively ma-
ture as they approach the ovarian wall, so that in any given ovary
" undergoing maturation the most immature oocytes are found medially and
the most mature ones proximate to the ovarian wall.

The formation of oogonia occurs in the germinative zone
(Fig. 5). This zone constantly undergoes cell division, but is most
prominent and active in immature ovaries or in those mature ones that
are undergoing a second reproductive cycle. In later stages of the re-
pro&uctive cycle when the oocytes become larger and undergo vitello-
genesis, this zone is reduced in size (Fig. 10).

The firs% indication of oogonial cells in the ovary is the
presence of the adherent oogonia which are found closely associated
with the germinative zone (Fig. 5). These oogonial cells are charac-
terized by having a large nucleus or germinal vesicle which is sur—
rounded by a thin layer of cytoplasm and by their adhesion to each other
(Fig. 5). These cells measure from 14 to 24 microns in diameter.

Further development of these oogonia is characterized by
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Figure 4. The progressive development of oocytes from the germinative
zone (g.z.) outward towards the ovarian wall (o.w.).
Iron haematoxylin and eosin. 350X%.

Figure 5. Germinative zone undergoing cell division in a normal ovary.
Adjacent to this zone are the adherent oogonia (a.o0.)
Iron haematoxylin and eosin. 875X.
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an increase in the amount of cytoplasm (Fig. 4). During this develop-
ment the oogonia are called vocytes. The oocytes which measure approx-—
imately 30 to 45 microns have a very basophilic cytoplasm. When these
oocytes attain a diameter ranging from 52 to 65 microns, a yolk nucleus
is found in the cytoplasm (Fig. 6).

Further development of oocytes is generally found in those
that are proximate to the ovarian wall. These oocytes commence under-—
going cytoplasmic changes when they are about 70 to 80 microns in di-
ameter. The cytoplasm at this stage is uniformly granular and eosino-
philic (Fig. 7). Slightly larger oocytes about 76 to 88 microns in di-
ameter then begin to manifest the initial formation of vesicles in the
periphery of their cytoplasm (Fig. 8). This process continues, and in
oocytes larger than 88 microns the vesicles increase in number and oc-
cupy almost the entire cytoplasm. During the elaboration of the vesi-
cles, yolk deposition occurs at the periphe?y of the cytoplasm. Ovar-
ian maturation continues with increases in the oocyte size and yolk
deposition. At the completion of vitellogenesis the oocytes measure
more than 200 microns and their cytoplasm is completely occupied by
yolk globules stained intensely black with the iron haematoxylin (Fig.
9).

Ovaries containing oocytes of this maturity (200 microns
or more in diameter) become enlarged and distorted because of their
thin walls. A histological examination of the ovaries show that the
yolk laden oocytes occupy most of the spaces, and thus, confines the

germinative zone and few developing oocytes to a small area (Iig. 10).
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Migure 6. Oocytes containing a yolk nucleus (y.n.) in their cytoplasm.

Often more than one may be present. n., nucleus; nu., nucleolus; n.m.,
nuclear membrane. '

Iron haematoxylin and eosin. 875X.

Pigure T. Oocytes possessing a uniformly granular, eosinophilic cyto-
plasm. n.m., nuclear membrane.
Iron haematoxylin and eosin. 875X.
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Figure 8. Oocytes undergoing vesicle (ve) formation in their cytoplasm.
n., nucleus
Iron haematoxylin and eosin. 875X.

Pigure 9. An oocyte whose cytoplasm is filled with yolk globules
(y.g.). n., nucleus.
Iron haematoxylin and eosin. 875%.



Figure 10, A section of a mature ovary from a female crab,
T, crenata. Note the large oocytes whose cytoplasm is fil-
led with yolk deposits. g.z., germinative zone.

Iron haematoxylin and eosin. 350%.

23-
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During ovarian maturation changes occur in the nucleus of
oocytes which suggest a nuclear involvement in vitellogenesis (see
Raven, 1961). 1In the adherent oogonia and developing oocytes, the hu;
cleus is a clear, spherical structure which is defined from the cyto-
plasm by a distinct nuclear membrane (Figs. 6 & 7). Within the nucleus,
a nucleolus and chromatin material are very prominent. However, at the
completion of vitellogenesis, the yolk laden oocytes which measure
about 200 microns in diameter contain a nucleus which stains intensely
black with iron haematoxylin (¥Fig. 9). The nuclear membrane disappears;
however, the nucleolus and chromatin material are indistinguishable

because of the intensive staining of the nucleus.



B. Culture Hedium.

The four diluents added to separate bottles of Medium 199
were tested in the cultivation of ovaries for a period’of seven days.
After this time interval, comparisons of normal and ovaries in culture
were made from histological preparations.

Ovaries cultivated in a medium containing crab saline for-
mulated by Hagiwara and Bullock did not survive. The extent of deteri-
oration made it impossible to save any of the explants for further his-
tological examination. Hence, this crab saline was discarded.

kxplants in culture with artificial sea water added to Me-
dium 199 showed that the ovary had become compact (Fig. 11). This com-
pactness was either the result of the proliferation of the interstitial
cells and apparent growth of the oocytes. 1In contrast, the normal ovary
is omly loosely packed with oocytes (Fig. 12). In both the explants
and the normal tissue, the cells of the germinative zone were showing
cell division. The adherent oogonia and the younger oocytes found in
the normal ovary were maintained in the culture. Proximate to the
ovarian wall in the normal ovary, both degenerating oocytes and matur-
ing oocytes in the early stages of forming cytoplasmic vesicles were
observed. These maturing oocytes were not viable in culture. \

Ovarian explants employing either Pantin's or Davenport's
crab salines with the Medium 199 were obtained from one large female
and, thus, the normal ovary was the same for both cultures. This
ovary (Fig. 13) contained few viable oocytes as most of them were de-

generated -or resorbed. However, the germinative zone contained cells
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Figure 11. Ovarian explant cultivated in medium containing artificial
sea water diluent. i.c., interstitial cells; g.z., germinative zone.
Harris haematoxylin and eosin. 350X,

Figure 12, Ovary prior 1o cultivation in medium containing artificial
sea water as diluent. s., space left by degenerate oocyte; a.o., ad-

hering oogonia; d.o., degenerate oocyte.

Harris haematoxylin and eosin. 350X.



FPigure 13. Normal ovary prior to cultivation in medium
containing either Pantin's or Davenport's crab salines as
the diluents. d.o., degenerate oocytes; g.z., germina-
tive zone; a.o., adhering oogonia.

Harris haematoxylin and eosin. 350%.

27,
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actively undergoing cell division and the immediate region around it
contained many adherent oogonia. The morphological condition of the
ovary indicated that it was beginning a new reproductive cycle.

The explants from both culture media (Figs. 14 & 15) showed
an increase in the number of young oocytes and the disappearance of the
remnants of the degenerate oocytes found in the normal ovary. These
young oocytes seemed to have moved towards the ovarian wall and occu-
pied the regions left by the degenerate oocytes. In addition, the ger—
minative zone contained cells undergoing cell division. In the ovary
proper, an increase in the number of interstitial cells was noted, and
because of this a thick layer of cells lined the innerside of the ovar-
ian wall.

Cultivation of ovaries in a later stage of maturation (Fig.
16) in a medium made with diluent of Pantin's crab saline (Fig. 17)
gave almost identical results. The young oocytes were maintained and
the interstitial cells and germinative zone were proliferating, however,
the oocytes undergoing cytoplasmic changes such as vesicle formation
were not viable and degenerated.

The use of either artificial sea water or the crab salines
of Pantin and Davenport in conjunction with Medium 199 gave similar and
favorable results. Histological studies of ovarian explants showed
that young, developing oocytes could be maintained and that the germin-
ative zone with its numerous cell divisions was not affected (Fig. f8).
Furthermoxe, thése culture media were able to promote the proliferation
of the interstitial cells of the ovary. However, it was found that the

media made with artificial sea water or Pantin's crab saline did noi



29.

Figure 14. Ovarian explant cultivated in medium containing Pantin's
crab saline as the diluent. g.z., germinative zone; i.c., inter-
gtitial cells; s., spaces left by degenerate oocyte; o.w., ovarian wall,
Harris haematoxylin and eosin. 350%.

Figure 15. Ovarian explant cultivated in medium containing Davenport's

crab saline as diluent. a.o., adhering oogonia; g.z., germinative zone;
i.c., interstitial cells.

Harris haematoxylin and eosin. 350X.
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Figure 16. Normal ovary containing more matured oocytes prior to culti-—
vation in medium with Pantin's crab saline as diluent.
oocyte; g.z., germinative zone.
Harris haematoxylin and eosin.

m.o., maturing

350X.

Figure 17. Maturing ovary in cultivation in a medium containing Pantin's
crab saline as diluent. i.c., interstitial cells; a.o., adhering oogo-
nia; g.z., germinative zone.
Harris haematoxylin and eosin.

350%.



Figure 18. Germinative zone undergoing cell division

during cultivation in medium containing Pantin's crab
saline as diluent.

Iron haematoxylin and eosin. , 875X.

31.
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maintain oocyte maturation after the oocytes attained a certain stage
of development.

This latter observation obviously suggested that other
factors could be involved in ovarian maturation. Therefore, extracts
of either the thoracic or cerebral ganglion were added to the culture
medium to test the existing hypothesis that both ganglia contain a
neurosecretory factor which affects this process.

Because the salines of Pantin and Davenport were composed
of fewer salts than artificial sea water, the final diluent to be used
was chosen from these two salines. Both of them could be used inter-
changeably as they were chemically similar and differed only in the
quantity of each chemical in the formulation. Pantin's saline was ar-

bitrarily used with the nutrient, Medium 199, to form the stock culture

medium.



C. Neuroendocrine Influences on Ovarian Maturation.

OVARIAN MATURATION STUDIED IN VITRO.

In the followihg series of in vitro experiments the ovaries
of each female were divided to provide normal, control, and experimen-
tal tissues. Omall pieces of normal ovary were taken from the left and
right sides of the anterolateral segments of this organ prior to culti-
vation and fixed in Bouin's fluid. Control tissues were obtained from
the lef{ anterolateral segment of the ovary and cultivated in stock
culture medium, while the right anterolateral segment was designated as
the experimental tissues and was cultivated in stock medium supplemen-

ted with either thoracic ganglion or brain extracts.

Effects of Brain Extracts:

The ovaries used in this series of experiments, and referred
to as the normal tissues, contained oocytes measuring from 59.44 to
86.62 microns in mean diameter (Table I). The oocytes measuring about
59.44 microns were in the process of cytoplasmic growth and contained,
in some, a yolk nucleus (Fig. 19). On the other hand, oocytes with
mean diameters of 73.69 to 86.62 microns showed indications of under—
going oytoplasmic changes which were in the form of granulations that
eventually led to the formation of cytoplasmic vesicles (Fig. 20). In
few of these oocytes measuring about 86 microns, the presence of black
staining deposits in the vicinity of the vesicles indicated the initie~
tion of yolk deposition.

Table I summarizes the results of ooocyte development after
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Figure 19. A section of an ovary containing young, developing oocytes

prior to cultivation. g.z., germinative zone; d.o., degenerate oocytes.
Animal Dj; Table I.

Iron hematoxylin and eosin. 350X.

Figure 20. Normal ovary prior to cultivation. Oocytes are undergoing
cytoplasmic changes.
Animal B; Table 1.

Iron haematoxylin and eosin. 350X%.
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the ovarian explants were cultivated in the stock culture medium (C)
and in medium supplemented with brain extracts (E). It can be readily
seen that oocyte diameters of control explants (54.57 to 73.31 microns)
were noticeably less than those oocyte diameters from the normal ovary.
This diminution in size was a direct réflection of the viability of the
oocytes in cultivation as shown in Iigure 21. Degeneration was com-
monly found to be occurring in the mature oocytes proximate to the
ovarian wall. The younger oocytes and the germinative zone did not

exhibit similar effects (Fig. 21).
TABLE I, EFFECTS OF CULTIVATION ON OVARIAN DEVELOPMENT.

Qocyte Diameter in Microns

Animal Normal (N) Control (C) Experimental (E)
A 73.69 £ 3.74 67.88 L 6.23 74.25 L 6.91
B 86.25 * 5,25 73.31 L 6.09 82.13 L 5,64
c 86.62 £ 5,14 67.12 £ 9.34 71.62 ¥ 4.49
D 59.44 £ 4.69 54.57 % 4.46 67.12 £ 6.24

The mean diameter of oocytes obtained from ovaries of individual females
of T. crenata was compared before culture (N), after seven days of cul-
ture (05, and after seven days of culture in medium containing brain
extract (). Each mean with its standard deviation was based on ten
oocyte measurements.

In contrast, as shown in Table I (E), the addition of the
brain extract to the medium resulted in oocyte diameters (67.12-82.13
microns) greater than those in the comtrols (C). This is interpreted
as being a more favorable medium for maintenance, viability and pos—

8ible growth of the oocytes. The histological response was also gen-—

erally improved as can be seen by comparing Figures 21, 22 and 23.



.

Migure 21. Ovarian explant cultivated in the culture medium. MHany of

the more mature oocytes have degenerated as indicated by the spaces (s)
left by them.

Animal B; Table I.

Iron haematoxylin and eosin. 350X%.

Figure 22. Ovarian explant cultivated in culture medium supplemented

with brain extract. Maintenance of the mature oocytes are shown.
Animal B; Table I.

Iron haematoxylin and eosin. 350X.
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Figure 23. Immature ovary in cultivation with brain extract.
Animal D; Table T.
Iron haematoxylin and eosin. 350X.

Pigure 24. A normal ovary undergoing vitellogenesis before cultivation.
Animal W; Table II.
Iron haematoxylin and eosin. 350X.



Effects of Thoracic Ganglionic Extracts:

Normal ovarian tissues contained oocytes measuring from
86.25 to 101.25 microns in diameter (Table II). With the exception of
the oocytes found in animal Y, all other ovaries contained oocytes that
were in various stages of forming cytoplasmic vesicles (Fig. 24). 1In
these oocytes the initiation of yolk deposition was observed (Fig. 24).
The oocytes in the ovaries of animal Y, had a uniformly granular, eosin-
ophilic cytoplasm which showed signs of early formation of these vesi-
cles.

Ovarian explants cultivated in the stock medium (C) again
displayed a marked diminution in the diameters of the oocytes (Table
I1). Mean measurements ranging from 56.25 to 76.12 microns in diameter
were tabulated for these oocytes. As observed in the control group for
the brain extract studies, the viability of the mature oocytes was re-
duced. It is demonstrated in Figure 25 that, although the normal, ma-
turing oooytes (Fig. 24) were observed to have cytoplasmic vesicles and
some yolk deposition, they had completely degenerated in these explants.
The majority of viable oocytes were still in the process of increasing
their cytoplasm and were used for measurement.

With the addition of thoracic ganglion exiract to the cul-
ture medium, the most mature. oocytes similar to those found in the nor-
mal ovary survived and displayed the presence of yolk deposits (Fig.
26). The mean diameters of these oocytes which ranged from 83.25 to
89.25 microns were greater thah those measured for the control group

but were less than those tabulated for the normal group (Table II).



Normal (N)

TABLE II.

Mean Diameters in Microns

Mean Oocyte Diameter

Control (C)

_Experimental (E)

EFFECTS OF CULTIVATION ON OVARIAN DEVELOPMENT.

Mean Yolk Diameter

Normal (N)

Experimental (E)

101.25 X 6.55
86.25 £ 9.73
86.81 £ 7.29
96.19 ¥ 7.84

61.87 £ 8.19

60.37 * 6.48

16.12 £ 9.24

56.25‘i 5.00

89.25 X 7.82
83.44 ¥ 12.03
79.69 £ 7.86
83.25 ¥ 13.95

4.59 ¥ 0.71
5.43 £ 0.89
No Yolk
3.93 £ 0.68

3.59 ¥ 0.88
4.93 £ 0.82
1.70 £ 0.33
3.76 ¥ 0.81

1+

The mean diameter of oocytes obtained from ovaries of individual females of T. crenata was compared before

culture (N), after seven days of culture (C), and after seven days of culture in medium containing thoracic
ganglionic extract (E).

found in the experimental.

The mean diameter of the yolk globules in the normal ovary was compared with that
The mean with its standard deviation was based on ten cocyte measurements.

*6€
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Figure 25. . Maturing ovary cultivated in the culture medium.

oocytes proximate to the ovarian wall have degenerated.
Animal W; Table II.

Iron haematoxylin and eosin.

The mature

350X.

Figure 26. Maturing ovary cultivated in medium supplemented with

thoracic ganglion extract. Maintenance of maturing oocytes were observed.
Animal W; Table 1I.

Iron haematoxylin and eosin. 350X.
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A comparison of the average yolk diameters in the normal and experimen~
tal showed that yolk sizes in the latter were not greatly affected dur—
ing cultivation (Table II).

| The controls of both extract studies have shown that oo-
cytes not undergoing any cytoplasmic changes were maintained in culture.
A possibility that the addition of two or three brain equivalents to
the medium might also influence the growth of these oocytes was sugges-—
tive as oooyte diameters either approached or surpassed those deter—
mined for the normal group. Experimentation with thoracic ganglionic
extracts showed that this ganglion was, at least, involved in the main-

tenance of oocyteé undergoing yolk deposition.

OVARIAN MATURATION STUDIED IN VIVO.

Effects of Eyestalk Ablation:

Two experimental trials were conducted in which eyestalks
were removed from immature females. The normal or control groups were
not subjected to any treatment. Both trials were of the same design
except that one was run for 14 days and the other for 27 days. Animals
of both groups were kept individually in perforated plastic containers
and maintained in running sea water. They were fed on alternate days
for the duration of the experiment on fish flesh. At the termination of
the experiments each animai Qas sacrificed and was dissected for the
removal of iis ovary. .

Immature females destalked and kept for 14 days did not

undergo any ovarian development as shown by the similarity of the mean
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oocyte diameters in the control and experimental groups (Table III).
Both groups contained oocytes whose mean diameteré overlapped within
the range of 36.28 to 79.88 microns; therefore, destalking had no af-
fect on the ovaries. However, when the increase in carapace width re-
sulting from ecdysis was observed, it was found that the experimental
group increased by 8 to 10 mm per molt, while the control animals that
molted increased by 2.5 to 4.5 mm per molt. This increase in width was
about 2.5 times greater in the experimental group than in the control.

TABLE III. EFFECTS OF EYESTALK ABLATIONS ON OVARIAN DEVELOPMENT
IN IMMATURE FEMALES, T. CRENATA, AFTER FOURTEEN DAYS.

Control : Experimental
Animal Oocyte Diameter {(u) Animal Oocyte Diameter (m)
A 35.74 + 3.61 T 49.87 ¥ 6.14
B 77.81 % 5.53 u 74.44 T 8.75
c 66.94 X 4.76 v 76.50 ¥ 5.78
D 79.88  6.44 W 57.56 ¥ 3.76
E 58.31 ¥ 3.47 X 79.31 £ 5.79
F 36.28 £ 3.28 Y 60.94 % 4.61
z 55.50 ¥ 6.14
Mean¥** 59,16 . Mean** 64.87

*% Determined from actual oocyte diameters obtained for each animal in
the group. .

The mean diameters of oocytes from ovaries of normal females (control)
were compared with those of eyestalkless females (experimental). Mean
diameters with their standard deviations were based on ten oocyte
measurements.

Table IV summarizes the results for the 27-day experiment.

With the exception of animals E and F, the control animals possessed
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very immature oocytes which measured within the range of 39.58 to 50.14
microns in mean diameter. These oocytes contained a prominent nucleus
which was surrounded by a thin layer of cytoplasm (Fig. 27). On the
other hand, bilateral eyestalk ablation of the animals resulted in an
increase in the mean diameters of the oocytes (77.25-84.75 microns).

It was noted that the growth of the oocytes was due to an increase in
the cytoplasmic mass. The cytoplasm of these oocytes was eosinophilic
and was in the initial stages of forming cytoplasmic vesicles; however,
no yolk deposits were observed (rig. 28).

TABLE IV. EFFECTS OF EYESTALK ABLATIONS ON OVARIAN DEVELOPMENT
IN IMMATURE FEMALES, T. CRENATA, AFTER TWNETY-SEVEN DAYS.

Control Experimental
Animal Qocyte Diameter (i) Animal Qocyte Diameter (u)
A 39.58 ¥ 6.02 W 79.69 T 7.25
41.21 X 4.97 X 84.75 £ 7.54
43.00 ¥ 3.98 Y 17.25 ¥ 6.24
50.14 L 6.54 z 83.44  6.20

87.19 £ 7.91
180.75 ¥30.55

H e O o

Mean** 43 ,48%%% Mean** 81.28

**% Determined from actual oocyte diameters obtained for each animal in
the group.
*¥%¥0Only animals A-D considered.

Effects of Eyestalk Replacement After Eyestalk Removal:

Twenty-five females, 15 mature and 10 immature, had their

eyestalks removed. Prior to ablation a portion of the ovaries of the
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15 mature females were removed. All animals were kept individually in
perforated plastic containers and were maintained in running sea water
in a room equipped with a light regulator set for 12 hours of daylight.
Animals were fed on fish flesh during the experiment.

Twelve animals were used in the control group and 13 in the
experimental group. The control group was injected with 0.05 ml of
Pantin's crab saline, while the experimental group received 0.05 ml of
the eyestalk extract (equivalent of two eyestalks). These injections
were‘commenced one day after destalking and were sequentially adminis-
tered on alternate days for 14 days. At the end of this period, the
animals were sacrificed, their ovaries removed, and prepared for histo-
logical study.

The results on ovarian maturation in eyestalk replaced con-
trols are summarized in Table V. A comparison of oocyte diameters be-
tween the normal and saline injected mature animals (A and B) revealed
an increase in oocyte size in the saline injected of 4, but not of B.
However, in both saline injected animals, an obvious increase in yolk
diameters was noted. In animals C and D, prominent yolk deposition was
observed (Fig. 29). The mean yolk diameters of 24.55 and 22.67 microns
were the largest to be recorded in both control or experimental anima}s.

Animals E and F of the control group and animals V and Z
of the experimental group (Table V) were found to be approximately in
the same stage of maturati&n as indicated by their oocyte diameters and
by the state of the oocyte cytoplasm. In these four animals, the most

mature oocytes were observed to be forming cytoplasmic vesicles

#



TABLE V. EFFECTS OF EYESTALK EXTRACTS ON OVARIAN DEVELOPMENT IN EYESTALKLESS FEMALES, T. CRENATA.
Control
Mean Yolk Diameter (i) Mean Oocyte Diameter () (Yp)/(0oD)
(YD) (op)
Animal Normal Saline Injected Normal Saline Injected Saline Injected
A% 7.26 ¥ 1.11 12.02 ¥ 1.05 147.56 ¥ 12.53 283.69 + 28.81 0.042
B No Yolk 5.84 * 0.68 100.88 £ 6.54 104.63 £ 7.39 0.056
c 24.55 ¥ 5.99 161.81 £ 18.28 0.152
D 22.67 ¥ 3.04 153.00 ¥ 18.89 0.150
E 97.12 ¥ 8.44
F 102.00 £ 10.04 —
Experimental
Mean Yolk Diameter (m) Mean Oocyte Diameter () (Yp)/(0D)
(1D) (oD)
Animal Normal Eyestalk Injected Normal Byestalk Injected Eyestalk Injected

v —— 84.37 £ 10.49 93.75 £ 10.00
W 16.45 £ 1.87 6.18 X 1.25 202.69 ¥ 25,16 107.06  12.19 0.058
y 4 10.31 £ 1.50 127.87 £ 16.02 0.081
Y 4.68 X 0.58 121.13 £ 7.51 0.039
Z 100.50 £ 9.14

* Represents mature females. Other animals are immature females.

The mean diameters of oocytes and yolk globules were obtained: from eyestalkless females injected with eye—

stalk extract.

EBach mean with its standard deviation was based on ten measurements.

S
W
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Figure 27. Ovary of an immature female with eyestalks.
tive zone.

Animal D; Table IV.
Iron haematoxylin and eosin.

g+%., germina-—

350X.

Figure 28. Ovary of an immature female after eyestalk ablation for

twenty-seven days. g.z., germinative zone; c.v., cytoplasmic vesicle.
Animal Zj; Table IV.

Iron haematoxylin and eosin. 350X%.
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Figure 29. Ovary of an immature female showing oocytes
filled with yolk (y.). EKyestalk replacement study. Saline
injected group.

Animal C; Table V.

Iron haematoxylin and eosin. 350X.
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(Figs. 30 and 31).

A comparison of normal and eyestalk injected mature animals
(Table V) showed that the increase in cytoplasm in one animal (V) was
slight, while in another (W) there was a decrease in the mean diameter
of the oocytes. In the latter case, the animal apparently ovulated
during the experiment and was able to undergo ovarian maturation as in-
dicated by the size of the oocytes and the presence of yolk deposits at
the termination of the experiment. The resulis of the other experimen-
tal animals X and Y and possibly animal W, indicated that eyestalk re-
placement had an apparent effect on regulating oocyte and yolk growth
(Fig. 32) when compared to the control (Fig. 29). Also, when the ratios
between the mean diameters of the yolk and oocytes (YD/OD) were taken
for the experimental group, a range from 0.039 to 0.081 was calculated

(Table V). A comparison of this range of ratios with the ratios ob-

—_—

tained in the control group found two ratios within this range and two
beyond it. These latter ratios (0.152 and 0.150) were approximately
two times greater than the largest ratio found in the experimental.
There was an indication that bilateral removal of eye-~
stalks removed the inhibiting endocrine factor so that ovarian matur-
ation, or more specifically, yolk deposition could occur. The ratios
of 0.152 and 0.150 suggested that yolk deposition proceed at a faster
rate than growth of the c¢ytoplasm in the oocyte. Replacement of the

eyestalks as extracts indicated that this rate can he subdued.

Effects of Thoracic Ganglionic Extract Injection Into Normal Females:

A total of 34 females, 16 immature and 18 mature, were
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Pigure 30. Ovary of an immature female showing oocytes undergoing cyto-
plasmic vesicle formation (c.v.). Saline injected group.
Animal ¥; Table V.

Iron haematoxylin and eosin. 350X.

Figure 31. Ovary of an immature female in same stage of development as

control (see above). c.v., cytoplasmic vesicle. Injected with eyestalk
extract.

Animal Z; Table V.

Iron haematoxylin and eosin. 350X,



Figure 32. Ovary of an immature female showing oocytes
undergoing early vitellogenesis. Yolk deposits (y.d.) at
periphery of the oocyte's cytoplasm. Injected with eye-
stalk extract.

Animal X; Table V.

Iron haematoxylin and eosin. 350X.

50.
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employed in this experiment. The mature females were subjected to an
operation during which a part of their ovary was removed and fixed in
Bouin's fluid (normal). After the operation all animals were kept
individually in perforated plastic containers and maintained in run-
ning sea water. During the experiment animals were fed on alternate
days on fish flesh.

On the third day after the operation, the 34 normal animals
were divided into two groups, each consisting of nine mature and eight
immature females. Also, on this day the injections of thoracic gan-—
glionic extracts were initiated. The control group received injections
of 0.05 ml of Pantin's crab saline, while the experimental animals re-
ceived 0.05 ml of the thoracic ganglionic extract (one thoracic ganglion
equivalent) on alternate days. The experiment on the mature females
were terminated on the 12th day, while the immature females were sacri-
ficed on the 14" day.

The effects of thoracic ganglionic extract injections on
ovarian maturation are tabulated in Table Vi. Data on the control
group are also summarized in Table VI. In the experimental group, oo-
cyte and yolk diameters generally increased as shown by the mean diam-
eters of the normal and thoracic ganglion injected mature females
(X and Z). For the sole surviving mature female in the conirol group
(Animal A), oocyte growth and yolk deposition weré slight. This slight
decrease in the mean yolk diameters could be attributed to sampling

error.

In the control group two other animals (E and G) besides



TABLE VI. EFFECTS OF THORACIC GANGLIONIC EXTRACTS ON OVARIAN DEVELOPMENT IN FEMALES, T. CRENATA.

Control
Mean Yolk Diameter (m) Mean Oocyte Diameter (jm) (Yp)/(oD)
(YD) (oD)

Animal Normal Saline Injected Normal Saline Injected Saline Injected
A% 3.17 X 0.35 2.84 ¥ 0.44 106.50 £ 5,22 114.56 £ 9.46 0.025
B 57.75 £ 6.78 S
c 69.38 T 5.15 —
D 71.25 £ 6.79 _—
E 6.72 £ 1.19 —_— 102.96 ¥ 10.58 0.065
P —_— 54.19 ¥ 3.58
G — 4.18 £ 0.88 ——— 80.81 ¥ 11.50 0.052

* Represents mature females. Other animals are immature females.

The mean diameters of oocytes and yolk globules were obtained from normal females injected with saline. Each
mean with its standard deviation was based on ten measurements.

*24



TABLE VI. CONTINUED

Experimental
Mean Yolk Diameter (m) Mean Oocyte Diameter (j1) (YD)/(0D)
(D) (oD)
Animal Normal Ganglion Injected Normal Ganglion Injected (Ganglion Injected

Q 53.06 £ 6.49
R 66.94 = 4.43 —
S 54.94 & 3.86 S
T _ 72.00 T 8.71
U 9.35 £ 0.97 | 117.19 % 16.30 0.080
v 18.16 % 2.34 ° 271.12 ¥ 31.77 0.067
W 77.81 £ 9.56 71.25 £ 7.55
X* 8.14 £ 1.64 17.91 £ 1.58 123.00 ¥ 20.91 264.75 ¥ 29.15 0.068
> 15.28 £ 1.73 16.24 £ 1.63 179.62 % 14.65 198.75 % 19.32 No change
7% 7.52 X 1.24 20.75 < 3.04 126.75 * 17.23 206.06 ¥ 14.51 0.101

€4
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animal A contained yolk deposits in their oocytes (Fig. 33). On the
other hand, the experimental group had two immature animals (U and V)
which had undergone yolk deposition (Fig. 34) and two mature females

(X and Z) which had shown increases in deposition. A comparison of the
normal ovary (Fig. 35) and the ovary after thoracic ganglionic injection
(Fig. 36) demonstrated the extent of this increase.

When a ratio of yolk diameter to oocyte diameter (YD/OD)
was calculated for each of the animals, the control group was found to
have ratios ranging from 0.025 to 0.065, while the experimental group
from 0,067 to 0.101. With the exception of animal Y, the other experi-
mental animals had ratios greater than the upper level established for
the control. This could hbe interpreted to mean that yolk deposition in-
éreased at a greater rate than oocyte growth in the experimental group.
In the case of animal Y, the rate of increase was not determined be-
cause the oocyte and yolk diameters of the normal and injected were
insignificant.

The effects of thoracic ganglionic extracts on ovarian mat-
uration in immature females were not evident. After fourteen days of
this treatment, oocyte diameters ranging from 53.06 to 72.00 microns
(Table VI) were recorded. This range was about the same as that of the
oocyte diameter range of the control group which extended from 54.19 to
71.25 microns (Table V1). Changes in the cytoplasm were not evident in
either group (Figs. 37 and 38). Also, in this category was animal G
which contained oocytes measuring 77.81 microns in diameter before the
experiment and did not undergo further development during the experi-

mental period. Histological examination of the normal ovary (Fig. 39)
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Figure 33. 'Ovary of an immature female showing oocytes undergoing early

stages of yolk deposition (y.d.) after saline injection. Thoracic gan-
glion study.

Animal E; Table VI.

Iron haematoxylin and eosin. 350X.

Figure 34. Ovary of an immature female showing oocytes with more yolk
deposits (y.d.) after thoracic ganglionic treatment.
Animal U; Table VI.

Iron haematoxylin and eosin.

350X.
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Figure 35. Ovary of a mature female prior to thoracic ganglionic treat-
ment. Cytoplasmic vesicles (c.v.) well-defined and yolk deposition
(y.d.) just beginning.

Animal X; Table VI.

Iron haematoxylin and eosin. 350X.

Figure 36. Experimental ovary of a mature female after thoracic gan-
glion treatment. Compare with normal ovary above.
Animal X; Table VI.

Iron haematoxylin and eosin. 350%.



57.

Figure 37. Ovary of an immature female after
deposits visible.

Animal D; Table VI.
Iron haematoxylin and eosin.

saline injection. No yolk

350X.

Figure 38. Ovary of an immature female after thoracic ganglion treat-
ment. Same stage of development as control above.
Animal T; Table VI.

Iron haematoxylin and eosin.

350X.
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and the ovary after thoracic ganglion injections (Fig. 40) demonstrated
no discernible differences in the oocytes. Thus, the decrease in the
mean oocyte diameter after treatment was attributed to the sampling of

the oocytes.
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Figure 39. Ovary of a mature female before thoracic ganglionic treat-—
ment .

Animal W; Table VI.
Iron haematoxylin and eosin. 350X.

Figure 40. Ovary of mature female after thoracic ganglionic treatment.
Animal W; Table VI.

Iron haematoxylin and eosin. 350X.



DISCUSSION

Repeated injections of thoracic ganglion extracts into fe-

males of Thalamita crenata evoked responses which were dependent on the

reproductive stage of the animal. In mature females already undergoing
vitellogenesis, introduction of the extracts tended to increase the
sizes of the oocytes and yolk globules. Ratios calculated from the

- mean diameters of these two entities showed that the yolk globules were
growing at a slightly faster rate than the oocytes (Table VI). Gomez
(1965) found similar increases in the growth rate of the yolk in im-

mature females of Paratelphusa hydrodromous after thoracic ganglion

implantations. Also, Otsu (1963) using Potamon dehaani, and Gomez

and Nayar (1965) working with P. hydrodromous, observed enlargements of

the oocytes in mature females during the non-breeding seasons after
thoracic ganglion implantations.

On the other hand, thoracic ganglionic extract injections
administered to immature females produced both positive and negative
reactions. In those animals that reacted positively, the increases in
sizes of the oocytes and yolk globules were comparable to those ob-
served for the mature females. The animals that responded negatively
showed no changes in the sizes of the oocytes (compared to control) and
no yolk globules. In contrast to these observations, Otsu (1960)
and Gomez (1965) noted increases in the sizes of the oocytes and yolk
globules after implants were made in immature females.

The results of the present investigatioﬁ suggested that a

stimulating factor was produced by the thoracic ganglion and that the
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size of the oocytes was directly involved in the initiation of vitello-
genesis. There was an apparent relationship between the size of the
oocytes and their receptivity to the stimulating hormone as shown by the
negative response observed in immature females. Charniaux-Cotton (1964)
implied that the size of the oocytes was a factor in inhibiting vitel-
logenesis in the oocytes of eyestalkless immature females.

In vitro studies of ovarian explants cultivated with crude
extracts of the thoracic ganglion added to the medium demonstrated
maintenance of ¢  _ tes undergoing yolk deposition. Further development
was not noted. OSimilar investigations conducted on ovarian explants
containing oocytes about to undergo yolk deposition resulted in the
maintenance of these oocytes without yolk deposition. These results
demonstrated that other factors, either exogenous or metabolic in ori-
gin, ladkihg in the culture medium and working in conjunction with the
stimulating principle, are required in the initiation of yolk deposition.

Gomez (1965) and Gomez and Nayar (1965) have postulated
that the implantation of the brain into immature or mature nonbreeding
females caused maturation of the ovaries. The results reported hereiﬁ
supported these findings. In ovarian explants cultivated with brain
extracts, it was noted that the young developing oocytes were maintained
and, in some cases, increased in size. The effect of the brain extracts
in vitellogenesis, however, appeared to be slight.

Eyestalk replacement in the form of injections of eyestalk
extract into destalked females was not found fo be completely effective.

Some growth in the oocytes was noted in this group. Brown and Jones
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(1948), Takewaki and Yamemoto (1950) and Otsu (1963) obtained the same
effect by implanting sinus glands into destalked females. However, as
in the present study, differences between the control and experimental
groups suggested the inhibition in oocyte maturation. In this investi-
gation on T. crenata, the most siriking difference was noted in the
sigzes of the yolk deposits rather than the sizes of the oocytes
(Table V).

The results of this study verified the presence of the
inhibitor principle in the eyestalks of T. crenata. Also, they sup-—
ported the claim of the presence of a thoracic ganglionic factor which
influenced vitellogenesis.

Investigations by Arvy, Echalier and Gabe (1956) and by
Démeusy (1962) demonstrated that the initiation of oogonial production

in immature females of Carcinus maenas is regulated by the Y-organs.

Their work also showed that after oogenesis is initiated, further oo-
gonial development is independent of the hormonal factor secreted by
these organs and of any other hormones.

Ovarian explants cultivafed in stock culture medium con-—
. tained germinative zones undergoing cell division. This observation
can be interpreted to mean either one of the following: First, these
cells undergoing cell division lost their characteristics of oogonial
cells and formed interstitial cells which proliferated in cultivation.
Cell division was not observed in the interstitial cells under micro-
scopical examination; secondly, the dividing cells kept their identity

and formed adherent oogonia which were also commonly found; and thirdly,
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the germinative zone produced these two types of cells without making
any distinction between them. fThe review by Raven (1961) on the var—
ious forms of egg formation in inveriebrates has shown that the germinal
epithelium normally produces different cell types.

The Y-organs were not involved in the production of any
cells by the germinative zone in culture. Demeusy (1962) inferred that
since these organs are>associated with growth, the multiplication of
oogonia would be interrupted with their removal. However, if only the
general phenomenon of growth is involved, the cultivation of the ex—
plants have shown that cell production, possibly oogonia, could proceed
without the presence of an exira-gonadal factor.

Charniaux~Cotton (1964) postulated that the primary growth
phase of oocytes was not under the influence of hormones. This phase
has been extended to include oocyte development just prior to vitello-
genesis. A review of the literature has shown that the study of this
phase of oocyte development has been almost entirely neglected. With
respect to this phase of growth, some data obtained from the present

study concerning destalking of immature female crabs, Thalamita crenata,

(Table IV) did suggest that this phase was under some chemical and per-
haps nervous regulation. It was found that eyestalk ablation caused an
increase in the size of the oocytes without resulting in any occurrence
of yolk deposition. Brain extracts also had a stimulating effect on
oocyte growth as demonstrated by the culture studies.

The absence of yolk deposition was of significance in view

of the temporal length of the experiment which was 27 days and, more
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important, with respect to the insensitivity of the ovary to the ovary-
stimulaiing hormone. In comparison to other species of crustaceans,
Gomez (1965) has shown that two weeks after destalking of immature fe-

males of Paratelphusa hydrodromous, oocyte diameters increased and a

prominent amount of yolk was deposited in the cytoplasm. Brovn and
Jones (1948) found a significant increase in ovarian weight as well as
a striking color change in the ovary, signifying changes in the cyto-

plasm of the oocytes, after immature females of Uca pugilator were de-

stalked for 18 days.

Several investigators have postulated on the insensitivity
of immature females to the stimulating hormone. Brown and Jones (1948)
have hypothesized that the change in titer of the ovary-inhibiting and
ovary-stimulating hormones in the blood was responsible. Vitellogen~

esis in immature females of Uca pugilator after destalking was demon-—

strated. In the present study vitellogenesis did not occur in immature
females of T. crenata after destalking.

Otsu (1963) attributed this negative response by immature
females of P. dehaani to destalking by stating that the stimulating
principle was not yet released in the animal. In an earlier study
(Otsu, 1960), he found that implantation of thoracic ganglion obtained
from mature females caused a precocious development of the ovary in
immature females. When a similar experiment was conducted with immature
females of T. drenata, no development of the ovary was noted. Also,
destalking of these females did not evoke vitellogenesis; however, the

size of the oocytes increased.
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A modified version of Charniaux-Cotton's hypothesis (1964)
that the size of the oocyte in conjunction with the ovary-inhibiting
hormone regulates vitellogenesis would be appropriate in explaining
the absence of vitellogenesis in 2; crenata. The modification is the
presence of the ovary-stimulating hormone which has been postulated to
reside in the thoracic ganglion.

In this version immature females containing oocytes in
early development would be insensitive to these two hormonal principles,
thus making destalking or thoracic ganglion extract injections ineffec—
tive., However, in the primary phase of development a chemical or ner-
vous agent other than the thoracic ganglionic factor, perhaps a brain
factor, would regulate this growth up to the initiation of vitello-
genesis. Prior to the onset of vitellogenesis the titer of the inhib-
itor in the blood would decrease and would release the stimulating
principle from the thoracic ganglion which then would control yolk
deposition.

In another destalking experiment involving immature females
of T. crenata, no changes were observed in the oocyte diameters after
14 days (Table III). However, a distinct increase in carapace width
resulting from ecdysis was recorded. WEitzman (1966) provided an ap-
propriate statement which might account for this observation:

“Ovarian response to removal of eyestalks is season~
dependent, their absence resulting simply in an acceleration
of whatever events would be occurring normally in an unoper-
ated crab at the time."

Cheung (1967), working with destalked adult stone crabs, Menippe

mercenaria (Say), extended this view by finding that the molting stage
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as well as the reproductive season must be considered to determine
whether molting or ovarian maturation will occur.

The extracts of nervous tissues employed in the series
of experiments all demonstrated that heating at 700 C did not destroy
their activity. In his studies with the thoracic ganglion, Otsu (1963)
was able to feed this nervous tissue to his animals and still evoke a
positive effect on ovarian maturation. In either case, heating or feed-
ing, it seems very possible that the stimulating as well as the inhibit-
ing factor may not be a protein or, if it is, it is a simple one.
Further investigations into the chemical nature of either of these

hormonal principles are obviously required.
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