ABSTRACT
STUDIES ON THE DISTRIBUTION OF MUCOPOLYSACCHARIDES

IN ADULT RANA PIPIENS MALE RUDIMENTARY
OVIDUCTS AFTER HORMONAL STIMULATION

By .

Carmen Celia Umpierre

Of a variety of sex hormones tested on adult Rana
pipiens males, estradiol and testosterone were effective in
indﬁcing hypertrophy of the rudimentary oviducts.

Increases in the size, weight and degree of convolution
of these oviducts, due to an accumulation of jelly secre-
tion, were observed.

Histochemical techniques were used to detect the Kkinds
of mucopolysaccharides present in the oviducal secretions,
both before and after hormonal stimulation. In order to
study the distribution of mucopolysaccharides along the
length of the oviducts, these were divided into approxi-
mately three equal regions: upper, middle and lower.

Oviducts from non-ovulated, mature Rana pipiens females

served as controls.

Neutral mucopolysaccharides predominated in the three
oviducal regions of untreated male rudimentary oviducts.
Very little acid mucopolysaccharide was present. No sul-

fomucins nor sialomucins were detected histochemically in

these oviducts.
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Upon hormonal stimulation, a preponderance of acid
mucopolysaccharides, mainly sulfomucins and sialomucins,

was detected in the upper regions of estradiol-treated

oviducts. The secretions in the middle and lower regions
of estradiol-treated oviducts remained identical to those
found in untreated male oviducts, consisting mainly of
neutral mucopolysaccharides with very little acid muco-
polysaccharide.

The presence of acid mucopolysaccharide (sulfomucins)

was detected in the lower region of testosterone-treated

male oviducts, thus making this region rich in both neutral
and acid mucopolysaccharides. The jelly secretions present
in the upper and middle regions of these testosterone-
treated oviducts remained also identical to those present
in untreated male oviducts, namely, a preponderance of
neptral mucopolysaccharides over acidic ones.

On hormonal stimulation, at least using estradiol, the
male oviduct has the same kinds of mucopolysaccharides as
non-ovulated, mature female oviducts. Also approximately
the same mucopolysaccharides are present in corresponding
oviducal regions of female oviducts and hormone-treated male
oviducts.

Untreated male rudimentary oviducts showed at least eight
different antigens as indicated by the number of immuno-
precipitation lines obtained in double-diffusion tests.

Six of these antigene are common to both untreated male
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rudimentary oviducts and non-ovulated, mature female ones.
The other two antigens are unique to the untreated male
oviduct.

One new antigen appeared in male rudimentary oviducts
after either estradiol or testosterone stimulation. This
new antigen appears to be identical to one of the antigens
found in non-ovulated, mature female oviducts. It is sug-
gested that the "new antigen" Iine identified by the double
diffusion tests in male rudimentary oviducts after hormonal-
stimulation may be either the sulfomucins or sialomucins
detected histochemically in these oviducts.

A total of seven lines of identity was observed be-
tween testosterone- and estradiol-treated rudimentary ovi-

ducts and non-ovulated, mature female oviducts.
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INTRODUCTION

The present investigation was undertaken with the pur-
pose of elucidating the effects of sex hormones on the

rudimentary oviducts of adult male Rana pipiens, especially

with regard to the kinds of mucopolysaccharides produced
under hormonal stimulation. As the oocytes descend through
the female oviduct, they become coated with several layers
of jelly. Since the histochemistry of the female oviduct
and egg-jelly coats is relatively well-known at present, it
seemed of interest to find if identical or similar mucopply-
saccharides are also present in the male rudimentary oviduct
of R. pipiens.

For this purpose, a series of experiments was performed
in which a variety of sex hormones was tested on adult males
for effectiveness in inducing hypertrophy of the oviduct,
i.e., increase in size, weight, convolution, and accompanying
jelly secretion. Once it was determined which hormones were
more effective, both histochemical and immunological tech-
nigues were used to detect the presence, kinds of mucopoly-

saccharides and their distribution in the male rudimentary

oviduct after hormonal stimulation. Descriptions of the




morphology and histochemistry of the normal, i.e., untreated,
male rudimentary oviduct as well as of the normal, untreated,

mature female oviducts, are also given for purposes of

comparison.




LITERATURE REVIEW

Morphology and Development of Oviducts
in the Frog

Morphology of adult female and male oviducts

The oviducts of mature female R. pipiens (see Text
Figure I), which lie lateral to the kidneys can be divided
into three parts (Christensen, 1930): 1. a straight, upper

portion beginning at the ostium, called the pars recta,

2. a relatively long and convoluted middle portion, which
secretes most of the egg jelly, and is called the pars

convoluta, 3. a dilated Iower portion, the pars uterus

which empties into the cloaca.

Histologically, the oviducts of mature female R. pipiens
consist of an inner epithelial lining and tubular jelly-
secreting glands surrounded by a connective tissue tunic
(Christensen, 1930; Lee, 1969; Kelly et al., 1970; Pereda,
1970a) . Two kinds of epithelial cells are present in the
single-layered epithelial lining of the oviduct: the more

abundant ciliated columnar cells and scattered mucous-

secreting cells. The lining epithelium is thrown into

longitudinally oblique folds, which of ten branch, thus

forming longitudinal ridges (see Text Figure I).



Text Figure I

Diagrammatic representation of a cross-section
of a mature Rana pipiens female oviduct. A single-
layered epithelial lining, thrown into folds, sur-
rounds the oviducal lumen (lu), while tubular glands
(t.g.) make up the rest of the oviduct. An outer
tunica of connective tissue (c.t.) is also present.
The tubular jelly-secreting glands consist of tall columnar
epithelial cells having basal nuclei (nu.)--(see inset
1) . The epithelial lining is made up of 2 kinds of
cells (see inset 2): <ciliated columnar cells (c.c.)
and dark-staining mucous-secreting cells (m.c.).




Toext Figure |
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Tubular glands are evident in the pars recta. At a

short distance beyond the ostium, these appear as short,
simple tubular glands extending from the bases of the
folds of the surface epithelium down into the outer con-
nective tissue layer. Such glands are also evident in the

pars convoluta, where they become larger and increase in

number. These glands are the ones responsible for the
synthesis of egg jelly. Individual glands are composed of
columnar cells arranged radially around the lumen of the
cylindrical tubule. Such columnar cells contain jelly-
secretory granules, which exhibit,a seasonal variation in
the female correlated with the reproductive cycle (Lee,
1967b), increasing in size during the summer months due to
the synthesis of secretory granules, and decreasing in size
just after ovulation.

In various amphibian species the Miillerian ducts of
the male persist as rudimentary oviducts. The oviducts of
adult R. pipiens males (see Text Figure II) are much smaller
than those of the adult females and possess a relatively

undeveloped pars recta (superior region) and pars uterus.

Its middle region (pars convoluta) resembles that of the

female except that the thickening and coiling are limited
to the posterior two-thirds. 1In this more differentiated
portion of the pars convoluta, tubular glands are found.

Some of these contain, a few secretory granules, while

others contain none (Lee, 1967b). The appeérance of the



uUayel} 9I9M SUOT3IDI8 TeodnpraAO (g) I9amOoT
pue ‘(z) a1ppTw ’‘(T) I3ddn yoTYm wox3y sTaa°T a3rewrxoxdde ajedTPUT § pue
‘? 'T sxaqumN “AIRAO--°"AO0 ‘umMT3}80--°S0 (AUPTY--°¥ {ST3ISa3--°3 ‘{4Apoq 3ey--°q-J

!snxo3n sxed---'n*d !ejnjoaucd sied--°o-d ?!e3do9x Sxed---x°d :sToquAs Fo uotjeueTdxdy

‘3donpTAO 3Y3 3JO

yabuaT oaToym 9ay3z HuoTe UOTINTOAUOD JO 231H9p pPaseaIdUT pue I3J2WeTP 3IONPTAO JFO
jususbaeTus 930N °-ITew Sus1did euey (3dUOIL8}S03S3] ‘ToTpealsa ‘-H°3) pojeaxs
-auowIoy JO S3ONPTAO Axejuswrtpnx 3yl jJo aouexeadde ssoxb Hurjzexasny[r weiberq

*sbba Jo TIn¥ LAxeao Aq paIa2a0d ST 3IONPTAO IYHTY

*edeoTd 9ay3y ojur Hurhidus (sniezn saed) uorjzxzod afqelzelIp ‘I9MOT ® (f)

pue (ejntoauod sxed) uorjxod pajnyoauocd ATybry ‘OoTpprw ® (2)

(so) umTt3iso ay3y e Arxorasjue Hurtuado (e3zoax sxed) uorjzod xaddn jybrexls e (1)
:suoTbax ¢ JO S3ISTSUOD 3T “-dTewSF SuaTdrd euey aInjeuw

pe@31eTnao-uou ® JO 3ID2NPTAO 3BT 9yl 3Jo adueaeadde ssoab Hurjexysnyltr wexberq

*edeoTd ay3z ojur Hurtdjdu® (snxe3n szyed) uoriazod afqeleTIp ‘ISMOT ® (¢€)

pue ! (ejnyoauod sxed) uorjxod peajntoauod AT3ybrrs ‘STppTW ® (7)

‘KtputTq dn spue yotym ’‘(e3dax sxed) uorixod xaddn jybreazs e (1)

:suoTbax ¢ JO S3ISTSUOD 3T -IdTew Suatdid euey 3IINpPe pe3leaIjuUNn ue Jo (s3onp
UeTISTINW) S3ONPTAO0 Ajejusawrpna ayjl jJo aduexeadde ssoxb Hurjzexasny(r wexberq

4

ITI @2aInbtg IxXag



»b poipeij-euomioy *) Q poinjarQ-nep g A‘O peinosjaf 'y

11 o1aBy§ ixo)



male glands resembles that of the female oviduct at an early
stage of the oviducal growth cycle, i.e., few secretory
granules. The tubular glands of the male oviduct do not
exhibit any seasonal variation as those of the female ones
(Lee, 1965). Mucous and ciliated cells are also present in

the male rudimentary oviduct.

Development of the amphibian oviduct

Morphological changes

The earliest evidence of the oviduct of R. pipiens is
a thickening of the peritoneum lateral to the mesonephros
in both male and female tadpoles 7.5 to 7.0 cm long
(Christensen, 1930). Growth and differentiation then pro-
ceed anteriorly and posteriorly. At metamorphosis the ovi-
duct has a folded epithelial lining surrounding the lumen.
At this time the oviducts do not differ noticeably in the
two sexes, except for the smaller size in the male. The
epithelial lining, with its ciliated and mucous cells, and
the development of tubular glands occur similarly in both
sexes, but the connective tissue tunic is much thicker in
the female. Subsequent to metamorphosis, other differences
between male and female oviducts become apparent. The
female oviduct becomes convoluted throughout most of its
length, while that of the male becomes convoluted only from
the level of the mesonephros backward. At the approach of
the first breeding season, the glandular part of the oviduct

in the female increases enormously in size, and large amounts
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of secretion are formed. The funnel openings (tubae ostia)
then become well-differentiated and the ovisac portions

broaden in size in the female oviduct. These three changes
do not occur in the male oviduct. The anterior end of the

pars recta of the male remains blind.

Hormonal influence on oviducal development

On the basis of the developmental studies described
above as well as his castration studies on male and female
R. pipiens, Christensen (1931), has recognized two stages
in the development of R. pipiens oviducts. First, there is
a period of self-differentiation up to metamorphosis, in
which differentiation occurs autonomously, without hormonal
stimulation. This period of differentiation, common to
both males and females, is not influenced by exogenous
female hormones. Second, in the phase of growth subsequent
to metamorphosis, when an increase in the glandular portion
of the aviduct due to synthesis of secretory material occurs
under the influence of female hormones. This second stage
of development occurs only in the female oviduct. The ovi-
duct of the male retains the state of development reached in
the self-differentiating period. Androgens, e.g., testo-
sterone, are probably not involved in the initial differen-
tiation of the male oviduct, nor in the maintenance of the
tubular glands of the male oviduct. Burns (1939) found that

oviducal development could be prevented or caused to regress

by treatment of frogs with testosterone, but male oviducts
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do not regress after castration of adult males (Wolf, 1928;
Christensen, 1931). Androgens, in fact, as will be dis-
cussed, do have a stimulatory effect on the growth phase

of the oviducts of both male and female adults.

Hormonal Control of the Amphibian Oviduct

Adult females

The seasonal cyclic variation in size of the female
oviduct is correlated with the accumulation, growth and
secretion of secretory granules in the tubular gland cells
(Lee, 1965). Regression of the oviduct after ovulation
(DeAllende, 1939a; Gitlin, 1939), observed to be due to
marked atrophy of the tubular glands (Houssay, 1947), is the
result of expulsion of their secretory product (Lee, 1965).
Growth and restoration of full size of the oviduct during
the summer feeding season (DeAllende, 1939a) is primarily
due to accumulated secretory product. Mucous and ciliated
cells do not undergo cyclic changes in size as the glandular
cells grow.

This cyclic variation in oviducal size due to the syn-
thesis, accumulation and secretion of jelly material by the
tubular gland cells is under control of both the pituitary

and ovarian hormones.

Influence of the pituitary

Stimulation of the oviduct to synthesize and secrete

jelly may be directly or indirectly mediated by hormones of
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the pituitary (Houssay, 1950). It has been suggested that

a prolactin-like hormone secreted by the anterior pituitary
acts directly on the oviduct. Working with the toad Bufo
arenarum, DeAllende (1938) and Houssay (1947) have found
that hypophysectomy produces atrophy of the oviduct.
Implants of mammalian and toad anterior pituitaries can
induce secretion by the oviducal glands of ovariectomized

B. arenarum (DeAllende, 1938; Pomerat, 1940). Injeétions of
mammalian prolactin into females of B. arenarum with ovi-
ducts at different stages of jelly synthesis, showed in some
cases an increase in the amount of jelly present in them
(DeAllende, 1939Db).

Indirect stimulation of the oviduct by the pituitary
appears to be exerted through the ovary. Gonadotropic
hormones from the pituitary induce the secretion of ovarian
hormones, i.e., progesterone and estrogen, which in turn act
on the oviducal glands (Houssay, 1947; Galli-Mainini, 1962;

Thornton and Evennett, 1969).

Influence of the ovary

Evidence for the influence of the ovary on the function
of the female amphibian oviduct, i.e., synthesis and secre-
tion of jelly, is as follows: a.) Ovariectomy leads to
atrophy of the oviduct, i.e., reduction in size of the ovi-
duct due to a diminution in the amount of secretory material
in the tubular gland cells of R. pipiens (Christensen, 1929,

1931; Lee, 1965); Xenopus laevis (Gitlin, 1939); B. arenarum
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(Houssay, 1947; Galli-Mainini, 1950b; Penhos, 1951).

b.) Administration of exogenous ovarian hormones, e.g.,
estradiol, to ovariectomized toads (B. arenarum) prevents
this atrophy (Galli-Mainini, 1950a). c¢.) Administration

of estrogen causes hypertrophy of the oviduct of normal
adult females of R. pipiens (Christensen, 1931; Lee, 1965),
and B. arenarum (DeAllende, 1939a; Galli-Mainini, 1950a).
Histological examination reveals that increase in number

and size of granules in the jelly-secreting glands is the
principal feature in oviducal hypertrophy (Lee, 1965, 1967Db).
Similar results have been reported by Galli-Mainini (1950Db)
for B. arenarum and by Adams (I1950) for Triturus viridscens.
d.) Administration of progesterone to adult females stimu-
lates secretion of jelly by the oviducal glands of frogs

and toads, e.g., R. pipiens (Lee, 1965); Rana temporaria
(Lodge and Smith, 1960); Bufo bufo (Lodge and Smith, 1960;
Thornton and Evennett, 1969); and B. arenarum (Houssay,

195Q; Galli-Mainini, 1962). This action of progesterone

was enhanced by administration of estradiol and testosterone,
but not by corticosteroids (Penhos and Nallar, 1956).

In summary, the effect of ovarian hormones, i.e., pro-
gesterone and estrogen, on the tubular gland cells of the
mature female oviduct may be at two levels: the synthesis
of jelly and the control of jelly release. Estrogen seems
to be needed for the development and maintenance of jelly
synthesis (Galli-Mainini, 1950a; Lee, 1965). Progesterone

secreted during ovulation seems to be involved in the release
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of jelly by the oviducal glands (Lodge and Smith, 1960;

Thornton and Evennett, 1969; Galli-Mainini, 1962).

Effect of exogenous androgens

Puckett (1939) found that administration of testosterone
propionate stimulated growth of oviducts in both adult

males and females of R. pipiens and Bufo americanus.

A similar hypertrophic effect was obtained when adult females

of T. viridescens (Adams, et al., 1941) were injected with

testosterone.

Adult males

Persistence of rudimentary oviducts (Millerian ducts)
in mature males of many species of amphibians, e.g., frogs,
toads, and newts, has been observed by several investigators.
As previously stated, this oviduct retains the state of
development reached in the self-differentiating period, i.e.,
has tubular glands with few secretory granules. It has been
suggested that the lack of ovarian influence rather than an
inhibitory effect of the testicular secretion may be the
cause of the persistent rudimentary condition of the ovi-
ducts of the male. Castration of males had no effect on the
structure of the rudimentary oviducal glands (Christensen,
1929, 1931; Lee, 1965). No increase in size was noted in
these structures following castration and the appearance of

the rudimentary oviduct remained the same (Wolf, 1928).
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However, the rudimentary oviduct of adult males seems
to be responsive to the administration of both female

and male exogenous hormones.

Effect of exogenous female hormones

Estrone of mammalian origin injected into male toads,
B. bufo and B. americanus, and into frogs, R. pipiens,
induced a marked hypertrophy of the Millerian ducts (van
Oordt and Klomp, 1946; Puckett, 1939). A distinct thicken-
ing and convolution of the oviduct walls (see Text Figure I)
and secretion of mucous substance by the tubular glands
were obtained. Histological observations indicated that
estrogens stimulated the growth of the secretory granules
in the oviducal glands of normal and castrated males of
R. pipiens (Wolf, 1940; Lee, 1965). Administration of di-
ethylstilbesterol to normal and castrated males of the newt,
T. viridescens, also induced hypertrophy of the rudimentary

oviducts (Adams, 1946).

Effect of exogenous male hormones

Administration of testosterone propionate into normatl
and castrated male R. pipiens, brought about a great enlarge-
ment of the rudimentary Miillerian ducts (Wolf, 1939, 1940;
Puckett, 1939). Similar hypertrophic effects were obtained
in male B. americanus, following injections of testo-

sterone (Puckett, 1939).
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Chemical Nature of Amphibian Egg Jelly

Biochemical analyses

Numerous investigators have revealed the presence of
carbohydrates and protein compounds and/or complexes in
the egg-jellies or oviducal secretions of various amphibian
species, after suitable hydrolysis. For recent reviews see
Lee (1967a) and Freeman (1968). Among the substances
identified are the following: hexoses (glucose, galactose,
mannose, fucose); hexosamines (galactosamine, glucosamine);
protein (about 40% dry weight R. pipiens egg-jelly):; sialic
acid (Pereda, 1970b; Steinke and Benson, 1970) and sulfate

(Pereda, 1970a; Humphries, 1970).

Histochemical analyses

In all of the above mentioned biochemical studies, the
jelly layers surrounding the egg were analyzed toggther,
i.e., egg-jelly coats were treated as a homogenous material.
No attention was given to the possible differences among
layers of jelly and along the length of the oviduct. Since
the possibility that several secretory products of different
chemical constitution may exist and that these may express
themselves as distinct jelly envelopes, a new approach to
the study of egg jellies was introduced. This consisted in
using a variety of histochemical techniques on eggs sur-
rounded by all or some of their jelly layers. These histo-
chemical studies performed on several anuran and urodele

species have shown differences in the chemical nature of the
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egg-jelly layers as well as in the different levels of the
oviduct which secrete them.

Kambara (1956) has shown that epithelial cells of the
upper two regions of the oviduct of the newt, Triturus
pyrrhogaster, are positive for the PAS reaction and the
Bauer-Feulgen method. No glycogen could be detected at any
level, i.e., staining reactions of the sections remained
unaltered upon saliva treatment. Variable metachromasia in
the cells of the first two regions was obtained when sections
were stained with toluidine blue or thionin (Kambara, 1959).
Strong metachromasia was obtained in the first (infundibular)
region while the second secretory region exhibited only a
weak reaction. On the basis of the above data, Kambara
conjectured that the cytoplasm of the epithelial cells of
the first and second regions of the oviduct of this newt
contains acid mucopolysaccharide and that of the séCdnd
region, which is strongly PAS positive but shows only weak
metachromasia, must contain heutral mucopolysaccharide or
mucoprotein. When oviducal sections were subjected to
hyaluronidase digestion before staining with toluidine blue
or thionin, their metachromatic stainability was not per-
ceptibly modified. Therefore, he suggested that perhaps no
hyaluronic acid is present in the oviduct of this newt.

Humphries and Hughes (1959), working with adult females
of T. viridescens, reported that epithelial cells lining

the oviduct of this species are all PAS-positive, with no
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glycogen indicated. Three of the five secreting regions
described in the oviduct of this species (regions A, B and D)
showed metachromasia with toluidine blue and a positive
alcian blue reaction. Regions C and E gave very weak or
negative results with these two techniques. Neither hyalu-
ronidase nor ribonuclease abolished staining with toluidine
blue or alcian blue. The authors suggested that the differ-
ential staining could be due to the presence of acid poly-
saccharide in regions A, B and D only; the positive PAS
reaction of regions C and E was due perhaps to neutral poly-
saccharides.

In a comparative study of the jelly envelopes of
several species of amphibians, Ghiara (1960) observed three
jelly coats in X. laevis eggs. He noted metachromasia in
the 2 inner layers after staining living eggs with toluidine
blue.

In a more comprehensive study of X. laevis eggs, Freeman
(1968) corroborated histochemically the presence of three
jelly coats in the eggs of this species. Working with ovi-
ducts containing eggs and with uterine eggs, she distinguished,
on the basis of differential staining, two secreting regions
in Xenopus oviducts: the anterior half of the oviducts,
which secretes the first jelly coat (J1) and the second half
of the oviducts, which secretes the second and third jelly
coats (J2 and J3). Both secreting regions and all three
jelly layers were distinctly PAS-positive and diastase—f

resistant. The second secreting region and J2 and J3 reacted
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more intensely than did the first secretory region and Jl.
The inner layer of jelly (J1) and the glands of the first
oviducal region showed alcohol-resistant metachromasia
with toluidine blue, intense staining with alcian blue (pH
2.6), and a bright orange-red fluorescence with coriphosphine
O. These_facts strongly suggest the presence of acid muco-
polysaécha;ide (AMP) with acid groups of the sulfate typs,
A very‘weaklreaction with Ninhydrin-Schiff reagents was also
obtainéd ﬂéré. The staining reactions for layers J2 and J3
and the second secreting region were similar. They gave nega-
tive results for AMP and a positive reaction for protein.
Thus, the author concluded that the 2 outer layers may contain
neutral mucopolysaccharide and protein, while the inner layer
appears to contain neutral and acidic mucopolysaccharides and
possibly some protein.

The five layers of jelly (J1 to J5), which are deposited

about the T. viridescens egg as it traverses the oviduct

(regions A to E, respectively), differ in their response

to various cytochemical tests (Humphries, 1966). All five
layers, with the possible exception of layer J5, contain
polysaccharide, which is PAS-positive and diastase-resistant.
Only layers Jl, J2 and J4 seem to contain acid mucopoly-
saccharide, i.e., showed alcianophilia, metachromasia with
toluidine blue and a bright orange-red fluorescence with
coriphosphine O. The coincidence of Pas-positivity and meta-

chromasia in these three layers suggested the possibility

of the presence of neutral mucopolysaccharides as well as of
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acidic ones. Sulfation of the mucopolysaccharides of layer
J1 was indicated by the alcohol-resistant metachromasia.
Layer J3 probably contains neutral mucopolysaccharide, i.e.,
it was PAS-positive but lacked metachromatic staining.
Layer J5 seems to be composed mainly of protein. It gave
strong positive reaction with a variety of protein tests
(Millon's, Ninhydrin-Schiff, etc.). Some protein was also
detected in J2. This was interpreted as suggesting that
layers J2 and J5 may contain mucoproteins. The possibility
that the other layers, although giving negative results,
contain some protein was not discarded. Histochemical
evidence of sialic acid was given only by layers J2 and J5.
No hyaluronic acid was detected. The results presented by
Humphries (1966) agree well with the findings on the histo-

chemistry of the oviduct of T. viridescens discussed earlier

(Humphries and Hughes, 1959).

In a histochemical analysis of sections of female
R. pipiens oviducts, Lee (1965, 1967b) compared the staining
properties of the secretory material present in the glandular
cells of the oviduct at various stages of growth. An intense
positive reaction was obtained in the glandular cells of
the mature oviduct for proteins, using the mercury bromphenol
blue and Ninhydrin-Schiff feactions, and for mucopolysac-
charides (i.e., PAS-positive, diastase-resistant). Histo-
chemical demonstration of the presence of sialic acid was also
obtained in these glands. Less intense staining reactions

were obtained with post-ovulatory oviducts (those with little
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secretory material). Tests performed to detect the presence
of acid mucopolysaccharide, e.g., methylene blue extinction,
binding of toluidine blue, colloidal iron and alcian blue,
gave negative results in both kinds of oviducts, i.e., pre-
and post-ovulatory ones. The author thus concluded that the
jelly glands of the mature oviduct of female R. pipiens con-
tain neutral carbohydrate, a protein moiety and sialic acid.

Steinke and Benson (1970) have reported the presence
of five jelly layers in the jelly capsule of R. pipiens eggs
that differed clearly in their response to cytochemical
tests. These layers were classified as Ml through M5 from
the inner to the outermost layer. A sixth layer occasionally
could be observed between M3 and M4. All five layers coﬁtain
neutral mucopolysaccharide or mucoprotein, as indicated by
their PAS-positivity which was not altered by either trypsin,
chloroform-methanol, or diastase treatments, and acid muco-
polysaccharide, as indicated by their affinity for alcian
blue at pH 2.0 and manifestation of beta-metachromasia.
In addition, layers Ml and M3 contain sulphated mucopoly-
saccharide as indicated by alcohol-resistant metachromasia
and affinity for alcian blue at pH 0.5. Layers M2 and M4
contain non-sulphated acid mucopolysaccharide and layer M5
contains both sulphated and non-sulphated acid mucopoly-
saccharide. Neither hyaluronic acid nor sialic acid were
detected by the histochemical methods employed.

In a study of mature female R. pipieng, Shivers and

James (1970) demonstrated that the oviduct of this species



can be divided into six regions designated Rl (anteriorly)
to R6 (posteriorly), based on the differential staining

of the jelly glands. Furthermore, they found that in
general a correspondence exists between the histochemical
properties of the jelly glands present in these regions and
the six histochemically distinct layers of jelly (désignated
J1l nearest the egg through J6 farthest from the egg), which
are deposited around the egg as it passes down the oviduct.
All regions and layers, except R5 and J5, contained a large
amount of acid mucopolysaccharide, i.e., stained strongly
with alcian blue at pH 2.5. The mucopolysaccharides in
regions Rl, R3 and R4 and in jelly layers J1l, J3 and J4 are
sulfated as indicated by binding of alcian blue at pH 0.6
and bright orange-red fluorescence with coriphosphine-O.

In the other layers and corresponding oviducal regions (R2,
R5 and R6, J2, J5 and J6) acid mucopolysaccharide seems to
be non-sulfated. Neutral mucopolysaccharide may be present
in R2, J2, R5 and J5, since strong PAS-positivity was seen
together with weak protein staining, with the Ninhydrin-
Schiff reagent. Although protein seems to be present ‘in all
layers and oviducal regions, i.e., give a positive Ninhydrin-
Schiff reaction, it is present in higher concentration in
Rl, J1, 3 and 6 and in lowest concentration in R and J2.
These same three layers and corresponding oviducal regions
gave also strong PAS staining, thus suggesting that protein

here could be in the form of mucoprotein or glycoprotein.
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Small amounts of mucoprotein or glycoprotein are present in
regions 2, 4, 5 and jelly layers 2, 4, 5.

Histochemical studies have suggested the presence of
sulfated polysaccharides in oviducal secretions and egg
jelly layers of several species of amphibians (Kambara, 1956,
1959; Humphries and Hughes, 1959; Ghiara, 1960; Humphries,
1966; Freeman, 1968; Kelly et al., 1970; Pereda, 1970a).

In general, these showed alcohol-resistant metachromasia
with toluidine blue, alcian blue staining at low pH's,
bright orange-red fluorescene with coriphosphine-0O and
astrablau staining at pH 0.2.

Pereda (1970b) reports some histochemical studies on
the distribution of sialomucins and proteins in the differ-
ent regions of the oviduct, i.e., proximal, median and
distal zones, as well as In the 3 jelly coats surrounding-
the oocyte of R. pipiens, i.e., inner, middle and outer
layers. Representative sections were digested with
neuraminidase followed by conventional staining for acid
mucopolysaccharide with alcian blue pH 2.6 and meta-
chromatic staining with toluidine blue. The median zone of
the oviduct and the middIe jelly layer contain a large amount
of sialomucins in contrast to the proximal and distal] zones
and the respective inner and outer jelly layers, which -
revealed only a small amount of the sialomucins. The distal
zone and the third layer of the jelly coat rewealed a pre-
ponderance of neutral mucopolysaccharide, i.e., a preponder-

ance of PAS staining over alcian blue staining at pH 2.5.
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Protein is present in all three layers and corresponding
oviducal regions, although definite positive reactions are
evident only in the median oviducal region and in the
middle jelly layer, while diffuse reactions are obtained
in the other two oviducal regions and their respective

jelly layers.



MATERIALS AND METHODS

Animals Used

Adult male and female R. pipiens were obtained from
a commercial dealer (Lake Champlain Frog Farms, Alburg,
Vermont). Frogs were kept in hibernation (4-6°C) until
ready for use. Body weights were recorded at the beginning

and end of the experiments.

Hormonal Treatments

A variety of sex hormones (see Table I) (Nutritional
Biochemicals) in different dosages was tested for effective-
ness in inducing hypertrophy of the male rudimentary oviduct.
The dosages used were those reported by other investigators,
which are known to induce jelly secretion in male frogs or
to induce ovulation in female frogs and toads. Steroid
hormones were dissolved in sesame oil and injected into the
dorsal lymph sacs of the animals. Non-steroid hormones were
dissolved in ten percent full strength Holtfreter's solu-
tion and injected intraperitoneally. Three types of controls
were used in these experiments: males injected with sesame
oil, injected with Holtfreter's solution, and males left

untreated.

25
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Since in the first couple of experiments prolactin
and chorionic gonadotropin gave a high mortality rate and
showed no hypertrophic effect on the male oviduct, these
two hormones were not used in subsequent experiments.
Progesterone also did not show a hypertrophic effect with
the initial dosage tested. However, it was tried at other
dosages in subsequent experiments. Each experiment was
initiated with 8-10 animals per treatment. However, since
some frogs died in each group, the same experiments were
repeated several times (see experiments 1 to 5 in Appendix
Tables II-VI) in order to obtain an adequate sample of each
experimental group. Furthermore, since no significant
variation was observed between the results obtained from the
individual experiments, they were added and a mean determined
for each individual treatment. (See Appendix Table I.) For
each frog in each treatment, body weights (initial and final)
and oviducal weights are given, as well as the ratia of
oviduct weight to final body weight.

At the beginning of each experiment, frogs were brought
out of the cold room and allowed to come to room temperature
and weighed before the injection of the hormone or control
solution was given (see Table I for dosages). Thereafter,
frogs were left untreated and without féeding for a period
of two weeks, at room temperature (20°C) in glass jars con-
taining approximately 1 inch of water. Water was changed

daily.
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Dissection of Oviducts

At the end of two weeks the animals were sacrificed by
pithing (demedullation), weighed (final body weight) and
their oviducts dissected. The wet weight of oviducts was
recorded. The oviducts were then rinsed in ten percent full
strength Holtfreter's solution. Photographs of some dis-
sected oviducts were taken while in Holtfreter's solution.
The right oviduct of each frog was used for histochemical
tests, and the other for the preparation of antigens when
running double-diffusion tests.

The oviduct to be used for histochemical tests was
stretched out on a glass plate and cut into approximately
three equal segments: an upper region (up), which includes

the pars recta, a middle region (mid), which includes the

upper part of the pars convoluta, and a lower region (low),

which includes the lower part of the pars convoluta. The

pars uterus or ovisac was discarded. A sample of approxi-

mately 3 millimeters was cut from the center part of each
third (see Text Figure II) and fixed by freeze-substitution.
Oviducts from untreated, non-ovulated, mature females were

also sampled for histological and histochemical comparison.

Fixation and Embedding Procedures

Fixation by the freeze-substitution method was employed
since it is known to give good cytological preservation.

Soluble acid mucopolysaccharides are also very well preserved
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by this method (Neder and Sidman, 1958). For freeze-
substitution, the pieces of oviduct were frozen (quenched)
in freon chilled with liquid nitrogen (-170 to -175°C),
transferred to 1% alcoholic picric acid cooled in dry ice
(—70°C) and kept there for 7 days. The tissues were then
transferred into several changes of 100% ethanol at’Ooc,
cleared in xylene, and embedded in Paraplast. Sections of

4 . thickness were cut and mounted on albumin-coated slides.

Histochemical Tests

Representative sections from the upper, middle and
lower regions of male hormone-treated oviducts (estradiol
and testosterone-treated), as well as from untreated male
oviducts were employed in the histochemical tests. Sections
from the upper, middle and lower regions of untreated, non-
ovulated mature female oviducts were utilized for comparison.
The following tests were performed to detect carbohydrates

and protein.

Carbohydrates

The periodic acid-Schiff (PAS) procedure for neutral
mucopolysaccharides, rich in adjacent hydroxyl or equivaltent
groups (Mowry, 1963) was used both with and without preceding
treatments to determine the nature of the PAS-reactive com-
pounds with greater accuracy (Barka and Anderson, 1963).

The Schiff's reagent was prepared according to the method



30

of de Tomasi (Pearse, 1970). PAS-positive protein was
removed by incubating sections at 37°C for 1 hour with
trypsin (a 0.1% solution in 0.I M sodium phosphate buffer,
PH 7.4). The buffer without the enzyme was used as a con-
trol (Barka and Anderson, 1963). Treatment of sections
with a 1:1 mixture of chloroform and absolute methanol for
4 hours at 60°C prior to the PAS procedure was used to
eliminate PAS-reactive lipids (Barka and Anderson, 1963).
The specificity of the PAS reaction was tested by subjecting
the sections to the Schiff's reagent without prior oxidation
by periodic acid, and by acetylation for two hours at 60°c
with a 2:3 mixture of acetic anhydride and pyridine.
Acetylation blocks both hydroxyl (O-acetylation) and amino
(N-acetylation) groups, thus preventing their reactions with
periodic acid (Barka and Anderson, 1963). For the removal
of glycogen, a 0.1% malt diastase solution in 0.02 M sodium
phosphate buffer, pH 6.0, containing 0.65% NaCl was used
(Barka and Anderson, 1963). Sections were placed for 1 hour
at 37°C in staining jars containing preheated malt diastase
solution. Frog liver sections, treated with diastase as
well as oviducal sections treated with buffer alone served
as controls.

Alcian blue staining (pH 2.6) was employed for the
detection of complex carbohydrates with free acidic groups
(acid mucopolysaccharides) (Mowry, 1963). A 1% solution of

the dye (alcian blue 8GX, Allied Chemicals), in 3% acetic
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acid was used alone or followed by a 5 minute treatment
with a 0.1% Nuclear Fast Red (Kernechtrot) solution for
contrast (Luna, 1968). Mowry's (1968) procedure for the
detection of sulfated mucopolysaccharides was also used.
This utilized a 0.25% alcian blue solution in 0.5 N HC1l

(pH 0.5). Counterstaining with Nuclear Fast Red was done
in some cases. The specificity of the alcian blue reaction
was checked by methylating the acid groups with absolute
methanol in 0.1 N HCl for 4 hours at 60°C prior to staining
(Thompson, 1966) .

The alcian blue (pH 2.6)-periodic acid-Schiff (AB-PAS)
sequential procedure for the combined coloration of free
acidic and adjacent hydroxyl groups was used for a survey
of the distribution of both acidic and neutral mucopoly-

saccharides in the oviducal sections (Mowry, 1963).

Enzymatic treatments

Bovine testicular hyaluronidase (Nutritional Bio-
chemicals-600 units/mg) was used in a 0.1 M sodium phosphate
buffer at pH 6.0, in a concentration of 0.5 mg/ml (or 300
units/ml). Sections were treated for 6 hours at 37°C with
3 drops of solutions containing either the enzyme, boiled
enzyme (20 minutes at 100°C),'or buffer. The last two treat-
ments served as controls. Frog xiphoid cartilage and
Achilles' tendon served also as controls. After enzymatic
digestion, sections were stained for acid mucopolysaccharide

with alcian blue pH 2.6 or with toluidine blue 0.1% (Barka
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and Anderson, 1963). Sections stained with toluidine blue
were mounted in water, sealed with nail polish, and examined
immediately under the microscope for metachromasia both
before and after dehydration with alcohol.

For the detection of sialic acids, sections were incu-

bated with sialidase (neuraminidase, Clostridium perfringens,

Nutritional Biochemicals, 125 units/mg) in a concentration
of 0.1% (1 mg/ml) in a 0.1 M sodium phosphate butter, pH 6.0,
for 24 hours at 37°C (Spicer and Warren, 1960). About 0.1
ml (2 drops) of the enzyme solution was used on each slide.
Controls were covered with a similar volume of boiled enzyme
(20 minutes at 100°C), or with buffer alone. Slides were
stained with the AB-PAS sequential procedure. Other sections
were deacetylated prior to digestion with sialidase by treat-
ment with an alcohol-ammonia mixture (Lillie, 1954) for 24
hours at 37°C in a closed container. A considerable number
of sialomucins contain sialic acid in the N-acetyl-O-
diacetyl form, a configuration which imparts a great resist-
ance to the action of neuraminidase (sialidase) (Ravetto,
1968) . Deacetylation works by exposing free sialic acid
residues on which the enzyme can act.

Slides containing sections exposed to either enzyme
were suspended on stirring rods placed in large Petri dishes
containing a few mls of buffer solution, which were incu-

bated in an oven at appropriate temperatures.
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Proteins

The ninhydrin-Schiff procedure of Yasuma and Itchikawa
(1953) was used for the general detection of protein, i.e.,
aNH2 groups. Three types of controls were used to test for
the specificity of the reaction: 1. Slides in which the
ninhydrin oxidation step was omitted, thus not producing
the imino groups needed for making the complex with Schiff's
reagent, which is responsible for the visible color reaction.
2. Slides subjected to either deamination, i.e., freshly
prepared solutions of nitrous acid at 0°c for 45 minutes,
or acetylation, i.e., solution of 1% acetic acid in acetic
anhydride at 60°C for one hour. These procedures were em-
ployed prior to testing with the ninhydrin-Schiff procedure.
Both types of reactions block aNH; groups, thus making them
unavailable for reaction (i.e., oxidation) with the nin-
hydrin reagent.

Color photographs of stained sections at 100 X and
430 X magnification were made for permanent record. Kodak
Ektachrome High Speed Film (ASA 125) was used with a Canon

35 mm camera.

Immunological Procedures

Production of anti-oviducal jelly sera

Preparation of antigens

Two types of oviducts were utilized as sources of anti-

gens for the production of antisera against oviducal jellies.
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These are: 1) untreated, mature, non-ovulated female whole
oviducts, and 2) untreated, male whole rudimentary ovi-
ducts. Whole oviducts (having no eggs in the case of

female oviducts) were dissected from R. pipiens male and
female adul£s, and were cut into small pieces and homogénized
in cohicél glass homogenizers in 10% full strength Holt-
freter's solution. For each gm (or mg) of oviducts, 20 ml
(or 0.02 ml) of 10 percent full strength Holtfreter's solu-
tion was used for homogenization. This is the standard

antigen solution.

Injection protocol

The oviducal antigen preparations consisted of 1 ml of
the standard antigen solution emulsified in an equal volume
of Freund's complete adjuvant. This emulsion was injgcted,
half on each side, into subscapular region of rabbits. One
ml of antigen and one ml of incomplete Freund's adjuvant
were injected one week later. In 3-4 weeks, if antibodies
could be detected on agar-diffusion plates, bleedings from
the ear vein were continued every other week. Antigen
injections were repeated every six weeks or two months.

The antisera thus obtained, were employed in the Ouchterlony
plates. Blood, collected from the rabbits prior to the
first antigen injections, was used as the source of control

serum. Unfractionated antisera were used in all cases.
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Ouchterlony double-diffusion tests

The presence of the antigenic components of the various
jellies was detected by means of a modification of the f
Ouchterlony double-diffusion technique (Shaver, 1961).

A total of 0.3 mls of antigen preparation or antiserum was
used per well. Plates were prepared employing 1% agar
(Ionogar) and were developed at room temperature (20—22°C3
for 4 days. Photographs or drawings were made.

Preparation of antigens for double-
diffusion tests

Whole male rudimentary oviducts were cut into small
pieces and homogenized in 0.5 ml of 10% full-strength Holt-
freter's solution for the untreated animals, or 1.0 mt for
the hormone-treated animals (testosterone and estradiol).
In the case of non-ovulated, mature females, the standarad
antigen solution (1 gm of oviduct per 20 ml of 10% full'
strength Holtfreter's solution) used for the production of
anti-oviducal jelly sera was utilized. Antigen prepara-
tions from different animals were tested individually on

Ouchterlony plates.



RESULTS

Morphological Effects of Hormonal Stimulation
on Male Oviducts

The enlargement of the hormone-treated male rudimen-
tary oviducts is due to increases (both in cellular size
and) in the functional activation of the tubular glands.
The rudimentary oviducts of untreated male frogs appear as
two thread-like tubes paralleling the lateral aspects of
the kidneys. They have an average diameter of 1 mm, a

small degree of convolution in the pars convoluta, and an

average length, when stretched, of approximately 6 cm.

Upon hormonal stimulation, there was an overall enlarge-
ment in the average diameter of the oviducts to ~ 2-3 mm
and a large increase in the degree of convolution all along
the length of the oviducts. Furthermore, after treatment
with individual hormones or with combinations of hormones,
the male oviducts grew forward to a level comparable with
that of the ostium of the female oviduct, which normally
they do not do, but the ostium did not open. However,
neither in diameter nor Iength did the male hormone-treated
oviduct ever equal the female, untreated, non-ovulated
mature oviduct, with the hormone concentrations used. The

diameter of the female oviduct is approximately twice that
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of the hormone-treated male oviducts. The lengths of the
two types of oviducts also vary (females--33 cm; hormone-
treated males--7 cm).

Hormones which induced hypertrophy of the male rudi-
mentary oviduct of R. pipiens are shown in Table II and
Text Figure III.

A significant increase in the mean ratio of oviduct
weight/body weight over that for untreated, male rudimentary
oviduct was observed for estradiol at a concentration of
5 mg/0.25 ml of sesame o0oil (see Table II and Text Figure III).

The effect of testosterone was tested using two dosages
of the hormone (5 mg/0.25 ml = Test<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>