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Summary. The interaction of components of the seminal plasma with
the uterine luminal fluid of pro-oestrous rats was studied in vivo and
in vitro. It was observed that 1 to 2 hr after mating with an intact male
the uterine contents were transformed into a viscous gel, whose protein
matrix was largely derived from the secretion of the coagulating glands.
The bulk of this gel consisted of a high-molecular-weight (17S) protein,
which was precipitated at 50 to 70% ammonium sulphate saturation.
The gelation process required the presence, in small amount (< 1/10 by
weight), of another protein fraction, precipitable at 30 to 50% am-

monium sulphate concentrations from the coagulating gland fluid, as
well as bicarbonate ions in concentrations normally found in the uterine
luminal fluid of pro-oestrous rats. Both protein fractions contain coval-
ently bound carbohydrate. The coagulable protein in the coagulating
glands secretion differed in size, amino acid composition, carbohydrate
content and in its behaviour towards ion exchangers from the previously
described coagulinogen secreted by the seminal vesicles, whose clotting
is initiated by the coagulating-gland-derived enzyme `vesiculase'.

INTRODUCTION

The functions attributed to the coagulating gland in rodents are twofold:
firstly, to participate in the formation of the 'bouchon vaginal' or cervical plug
(Camus & Gley, 1896), by a complex interaction of an activating enzyme
('vesiculase') found in its secretion with a pro-enzyme and a coagulable protein,
both derived from the seminal vesicles (Speyer, 1959; Notides & Williams-
Ashman, 1967) ; and secondly, to provide glycolysable substrate, particularly
fructose, to the spermatozoa (Mann, 1964).

At the time ofmating, the uterus ofthe rat is distended by a watery fluid. The
exact rôle of this fluid in the events leading to impregnation is not clearly
understood. It is believed to assist rapid migration of spermatozoa in the female
genital tract (Warren, 1938).

This paper reports that, post coitum, the uterine contents form a viscous gel,
* Present address: Department of Anatomy, Downstate Medical Center, Brooklyn, New York

11203, U.S.A.

27
Downloaded from Bioscientifica.com at 05/23/2023 07:55:08PM

via free access



28 M. S. Joshi et al.

consisting of protein contributed largely by the male accessory glands. This
gelation could be attributed to an interaction between two glycoprotein com¬

ponents derived from the coagulating glands, and bicarbonate ions present in
the uterine luminal fluid.

MATERIALS AND METHODS
Animals and surgery

Wistar-derived 100-day-old rats of the colony of the Biodynamics Department
were used for the study. Vasectomy and removal of coagulating glands or

seminal vesicles were carried out under ether anaesthesia. Coagulating gland
fluid was obtained by squeezing the excised gland gently into a container kept
on ice.

At pro-oestrus, some females were caged with males and examined shortly
after mounting had occurred. The presence of spermatozoa or of a vaginal plug
was taken as evidence of successful mating. For histochemical demonstration of
carbohydrate, the uterus was then removed along with the cervix and Fallopian
tubes, trimmed and mounted on stiff paper and fixed in Bouin's solution.
Sections of5-µ  thickness were stained with periodic acid-Schiff reagent (PAS).

Assay in vitro of gelation of coagulating glandfluid
Coagulating gland fluid (0-1 ml) was diluted 1:10 with 0-1 M-sodium

phosphate buffer (pH 7-3) and centrifuged at approximately 1500 g for 10 min
to remove cellular débris. The supernatant (0-1 ml) was mixed with 0-1 ml
bicarbonate solution (93 min) or with various fractions of uterine fluid in
1x10 cm glass vials and incubated at 38° C in a water bath. At predetermined
times, the tubes were taken out of the bath and inverted. The criterion for gel
formation was that the contents did not run out of the inverted tube even after
vigorous shaking, but adhered to the bottom portion of the tube.

Fractionation of coagulating glandfluid
Coagulating gland fluid diluted with water (1 : 5) to a protein concentration

of approximately 40 mg/ml and freed of cellular débris (see above) was sub¬
jected to stepwise ammonium sulphate saturation at 0° C by adding successive
volumes of a saturated ammonium sulphate solution : the precipitate formed
on standing for 2 hr at 50% saturation was designated Fr-1; the precipitate
formed on raising the ammonium sulphate concentration from 50 to 75%,
Fr-2 ; and the material that remained soluble at 75 % saturation, Fr-3.

The fractions obtained by ammonium sulphate saturation of coagulating
gland fluid were further characterized by analytical ultracentrifugation at
56,100 rev/min using a Beckman Model E centrifuge at 21° C, and Schlieren
optics. Photographs were taken at 8-min time intervals.

Carboxymethyl (CM)-cellulose, Na form (Whatman), was prepared by
washing and equilibrating according to the method described by Peterson &
Sober (1962). The column (1  30 cm) was packed using low air pressure
(2 lbf/in.2 sa 13-8 kN/m2) and equilibrated with 0-1 M-NaCl. The columns were

Downloaded from Bioscientifica.com at 05/23/2023 07:55:08PM
via free access



Gelation of uterine contents of rat after coitus 29
eluted with a linear gradient of 0-1 M-NaCl (50 g) to 0-5 m (50 g) at 1 ml/min.
Fractions of 2-8 ml were collected. Some of the protein fractions eluted from the
CM-cellulose chromatography column were analysed further by cellulose
acetate membrane electrophoresis in 0-02 M-sodium phosphate buffer of pH
7-0, using a Beckman Microzone Cell model R 101. The proteins were stained
with 0-005% nigrosin in 2% acetic acid (Kohn, 1958).

Protein estimation
This was carried out according to the method described by Lowry, Rosebrough,

Farr & Randall (1951), using bovine serum albumin as the standard. The
coagulating gland gel was first dissolved in 0-2 ml of 1 N-NaOH; the standard
protein was similarly treated.

Amino acid analysis
For amino acid analysis, samples were hydrolysed in 6 N-HC1 at 110° C for

22 hr in evacuated sealed tubes and examined in an automatic amino acid
analyser (Spackmann, Stein & Moore, 1958).

Non-glucosamine polysaccharides
These were detected by subjecting samples dissolved in 1 ml distilled water

to the tryptophane-sulphuric acid reaction according to the method described
by Shetlar, Foster & Everett (1948).

Total C02 was determined in samples ofuterine luminal fluid collected under
oil from rats on the day ofpro-oestrus by the method described by Patchornik &
Shalitin (1961).

RESULTS

Coagulation of uterine contents post coitum
The uteri of twenty-seven female rats were examined at various time intervals

after mating with intact males. The luminal contents were found to have
acquired a viscous, gel-like consistency in seven out of twelve animals at 1 hr
and in thirteen out of fifteen animals 2 to 5 hr after mating. The uterine contents
remained watery in females mated with vasectomized males, with males whose
coagulating glands had been surgically removed (CGX) or with males in
which both coagulating glands and the seminal vesicles had been ablated.
Longitudinal sections of the uteri of females mated with intact, vasectomized
and CGX males were treated with PAS. The uterine lumen of females mated
with intact males was found to be filled with PAS-positive material (PI. 1, Fig. 1)
suggestive of the presence of glycoprotein (McManus, 1948), while sections of
uteri of females mated with vasectomized or CGX males did not show any
PAS-positive matrix in the lumen.

The introduction of 10 µ coagulating gland fluid into the uterine horns of
pro-oestrous females in vivo, following laparotomy under ether anaesthesia,
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brought about the gelation of the uterine contents within \ to 1 hr. The intro¬
duction of 0-1 ml seminal vesicle fluid or 10 µ of Cowper's gland fluid in vivo
into the uterine lumen did not induce gelation.
Gelation in vitro of the coagulating glandfluid

Coagulating gland fluid (10 µ ) was mixed with 0-2 ml uterine luminal
fluid from pro-oestrous rats in a vial (1  10 cm) and incubated in a water-bath
at 38° C for 30 min. The contents were transformed into a gel, while the same

amount of coagulating gland fluid when incubated with 0-2 ml saline or water
did not show any change in consistency. The crude gel formed by the interaction
in vitro between coagulating gland fluid and uterine fluid contained 1-8 mg
protein as assessed by the method of Lowry et al. (1951) and 130 mg nitrogen/g
dry matter. This nitrogen was accounted for as amino acid nitrogen by amino
acid analysis, confirming that the gel is protein in nature (cf. below). The
uterine fluid contained only 1 mg protein/ml, indicating that the bulk of the
gel-protein was derived from the coagulating gland secretion.

The previous experiments in vivo and in vitro indicated that the uterine
environment provides the conditions required for the transformation of a soluble
protein of the coagulating gland fluid into a coagulum. To determine which
component of the uterine fluid induced the gelling of the coagulating gland
secretion, uterine fluid was dialysed against water, and both the diffusate and
the retentate were tested. The diffusate was freeze-dried and reconstituted with
water to the original volume of the uterine fluid sample from which it had been
prepared. Coagulating gland fluid (0-1 ml of a solution diluted 1 : 10 with
0-1 M-sodium phosphate buffer of pH 7-3) was mixed with 0-1 ml of the re¬
constituted diffusate or 0-1 ml of retentate derived from 0-1 ml uterine fluid and
incubated at 38° C for 30 min; a control tube contained water instead ofuterine
fluid constituents. It was observed that the diffusate, but not the retentate,
brought about the gelation of the coagulating gland fluid.

In a further experiment, 0-1 ml of diluted coagulating gland fluid (1 : 10 in
0·1 M-phosphate buffer, pH 7*3) was mixed with0-l mlofa0T-M solution of the
following salts : CaCl2, Na2S04, Na2C03, NaHC03, Na-acetate, FeCl3, KC1,
KHCO3, MgCl2. The mixtures were incubated at 38° C for 30 min. Among the
compounds tested for the induction of gelation, only Na- and K-bicarbonate
induced gelation of the coagulating gland fluid: HC03~ at final concentrations
from 5 mM to 50 nu was effective in inducing the gelation.

The total C02 content of the diffusate was 24 µ   1/10 mg dry weight,
equivalent to about 26 mM concentration in the uterine fluid as determined by
the method of Patchornik & Shalitin (1961), modified for submicro quantities
by Ehrlich-Rogozinsky, Enoch, Avron & Patchornik (1970). The total C02
concentration in uterine fluid collected on the day of pro-oestrus, determined
directly, was 45 mM (mean of two determinations).

In order to determine whether the gelation was a pH effect, or specifically
required HC03 ~, 0T ml of 0-05 M-tris buffer solutions ranging in pH from 7-3 to
9-0, or of 0-025 M-veronal buffers (pH 7-8 to 9-0), or of 0-025 M-borate buffers
(pH 7-8 to 9-0) were added to the diluted coagulating gland fluid (0-1 ml)
instead of bicarbonate buffer (pH 7 to 8), but none of these buffers brought
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Gelation of uterine contents of rat after coitus 31
about the gelation of the coagulating gland fluid. Subsequent addition of the
uterine fluid diffusate fraction or of HC03 " to each of these mixtures resulted in
gel formation.

Gel formation in vitro was inhibited by EDTA at 4 mM and was not inhibited
by 0-05 M-citrate or by 0-2% heparin.

Further experiments were designed to establish the necessary conditions for
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Text-fig. 1. Time required for gelation of thè coagulating gland fluid, in relation to its
protein concentration.

Table 1
effect of temperature on gelation of

coagulating gland fluid

Temperature
(°C)

Time requiredfor gelation (min)
[ : 5 dilution of CGfluid 1:10 dilution

(20 mgjml protein) (10 mgjml protein)
2

10
20
25
30
35
40

No gel
15
5

No gel
240

71
63
26
26

CG = Coagulating gland.

gel formation in relation to the protein concentration in the coagulating gland
fluid, the temperature and duration of incubation (Text-fig. 1). The minimum
concentration of protein necessary for rapid gelation (<30 min) in the presence
of 5 to 50 mM-HC03~ or 10 to 12 mg of the reconstituted uterine diffusate
fraction/ml was about 10 mg/ml. The time required for gelation decreased
with temperature over the range of 10 to 35° C and did not change on raising
the temperature to 40° C (Table 1).
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Purification of the gel-protein secreted by the coagulating gland
Ammonium sulphate fractionation. The coagulating gland fluid was subjected to

step-wise precipitation with ammonium sulphate (see Methods). The three
fractions obtained were dissolved in and dialysed against normal saline. Their
protein content was 16 mg (Fr-1), 160 mg (Fr-2) and 3 mg (Fr-3)/ml of
undiluted coagulating gland fluid, determined according to the method
described by Lowry et al. (1951). Fraction 3 contained mainly carbohydrate
(see below). Fraction 2 accounted for about 80 to 90% of the total protein of the
coagulating gland secretion, but did not gel on its own in the presence of
bicarbonate at suitable protein concentrations, nor did addition of Fr-3 cause

gelation. Fraction 2 did gel, however, after addition of a small amount (1/10
to 1/20 by weight) of Fr-1 (Table 2). Protein analysis (Lowry et al., 1951) of
this gel, after washing, indicated that the bulk of the gel is derived from
Fr-2 (Table 2).

Table 2
COAGULATION in Vitro OF AMMONIUM SULPHATE FRACTIONS
OF THE COAGULATING GLAND FLUID IN THE PRESENCE OF

46 mM-BICARBONATE

CG = Coagulating gland.

Analytical ultracentrifugation. By this method, Fr-1 and Fr-2 showed three
distinct peaks, with sedimentation coefficients of 4-7 S, 17S and 22S, re¬

spectively (PL 1, Fig. 2). Fraction 2 showed predominantly the 17S com¬

ponent, and this must be the main constituent of the gel. Fraction 1 was

relatively rich in the 4-7S, and, particularly, in the 22S component. It was not
possible to establish which of these components was involved in the gelling
mechanism.

Ion exchange chromatography. The native gel-protein was further purified by
applying Fr-2 (20 mg) to a CM-cellulose column and eluting with a 0-1 to
0-5 M-NaCl gradient. The major protein component (about 60% of total
applied) was eluted at 0-25 µ (Text-fig. 2). Subfractions 13' to 17' were ex¬
amined by electrophoresis on cellulose acetate membrane. Subfractions 14' and
15' migrated as a single band towards the anode at pH 7. Subfractions 13' and
17' contained, in addition to this band, a minor component remaining at the
origin.

The proteins contained in Fr-2 were not retained by a DEAE cellulose
column.
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PLATE 1

Fig. 1. Longitudinal section of uterus of rat mated with intact male (stained by PAS) :

(a)  80; (b)  300.

Fig. 2 Fig. 3

Fig. 2. Sedimentation analysis of ammonium sulphate fractions of coagulating gland
fluid. Schlieren pattern obtained after 24 min at 56,100 rev/min at 21 ° C, using a 12-mm
2° single sector analytical cell. Protein concentration was 0-45% in 0-9% (w/v) saline.
Fig. 3. Smear of ejaculated rat spermatozoa obtained from the uterus. (Fixed in methanol
and stained with haematoxylin and eosin.)  80.

(Facing  . 32)
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Text-fig. 2. Chromatogram of ammonium sulphate Fr-2 of coagulating gland fluid on

CM-cellulose. Numbers on curve designate subfractions.

Table 3
comparison of amino acid and 'amino sugar' com¬
position of washed gel and protein component

fr-2, 14' from coagulating gland fluid

Residue
Relative content (Alanine = 1-00)

Lysine
Histidine
Arginine
Amino sugar
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Half cystine
Valine
Methionine
Isoleucine
Leucine
Tyros ine
Phenylalanine

0-71
0-49
0-62
0-35
1-62
0-98
1-22
1-74
1-33
1-77
1-00
0-93
1-21
0-22
0-55
1-45
0-57
0-85

* The gel was formed by incubating coagulating gland fluid in the
presence of 30 mM-bicarbonate.
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Amino acid composition of protein component Fr-2, 14'. The amino acid com¬

position of the protein component 14' separated from Fr2, by ion-exchange
chromatography on CM-cellulose (Fr-2, 14') is shown in Table 3. It was
similar in all respects to that of the washed crude gel obtained by incubating
coagulating gland fluid in the presence of bicarbonate (30 mM), except for a

higher content of tyrosine (1-05 versus 0-57 residues per alanine residue).

Table 4

the distribution of 'sugar' and protein in the ammonium
sulphate fractions of coagulating gland fluid

Fraction

Coagulating gland whole fluid
Fraction 1

Fraction 2

Fraction 3

Dialysed against saline
Dialysed against 7-5 M-urea

Dialysed against saline
Dialysed against 7-5 M-urea

Dialysed against saline
Dialysed against 7-5 M-urea

Protein (mg/ml)
175-0

16-0
17-0

160-0
157-0

2-8
2-8

* Expressed as the concentration of glucose giving equivalent optical density at
490   µ with the phenol-sulphuric acid reagent of Dubois et al. (1956).

Covalently bound carbohydrate in the protein fractions of the coagulating gland secretion.
The coagulating gland is one of the main sources of free fructose in the secretion
of the accessory glands of the male rat (Mann, 1964). We wished to examine
whether the coagulating gland protein that participates in the gelation process
contained any covalently bound sugar. The phenol-sulphuric acid method of
Dubois, Gilles, Hamilton, Rebers & Smith (1956) was used to determine bound
sugar since this reagent is not affected by the presence of protein. The method
was applied to Fr-1 to 3 obtained from the coagulating gland fluid by
ammonium sulphate fractionation after subjecting these fractions to dialysis
against saline or 7-5 M-urea. Fractions 1 and 2 contained considerable amounts
of reducing sugar that could not be removed by exhaustive dialysis against
saline or urea solution (Table 4), suggesting that these fractions contained
glycoprotein. Fraction 3 consisted mainly of polysaccharides, possibly with
covalently bound peptide or protein.

The coagulating glands were also tested for sialic acid content, by the method
of Warren (1959). None was detected in 2-5 µ of the coagulating gland fluid.
In a further attempt to clarify the nature of the sugar moiety in the glycoprotein
of the coagulating gland fluid, the tryptophane sulphuric acid reaction (Shetlar
et al., 1948) was applied to the ammonium sulphate fractions. This reaction has
been used to estimate non-glucosamine polysaccharide in serum in the presence
of protein. Fraction 2 gave an absorption peak at 500 nm when treated with
this reagent, compatible with the presence of fructose, galactose or mannose

units.
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DISCUSSION
The uterine contents of the rat 1 to 2 hr after mating were found to be in the
form of a gel, whose protein matrix was found to be largely derived from the
secretion of the coagulating glands. No such intrauterine gel was present after
mating with CGX males. Surprisingly, a gel also failed to form in the uteri of
females mated with vasectomized males. This might suggest that the spermatozoa
carry with them a sufficient quantity of coagulating gland protein to cause

gelation of the uterine content. Weil & Rodenburg (1962) observed extensive
coating of human and rabbit spermatozoa with protein derived from the
seminal vesicles. Smears of spermatozoa recovered from the uterus after
mating did indeed show a fluffy deposit adhering to their entire length, visible
after staining with haematoxylin and eosin (PL 1, Fig. 3), while epididymal
spermatozoa introduced into the uterine lumen lacked such a coating.

The formation of a clear, non-synergizing gel was shown to be temperature-
dependent, with an optimum at 38° C, and was promoted by bicarbonate ions.
Bicarbonate is normally present in the uterine secretion at pro-oestrus in the
concentration required for this gelation to occur.

The bulk of the gel is made up of a high-molecular-weight protein (17S)
which is precipitated at 50 to 75 % ammonium sulphate concentration. How¬
ever, the gelation process requires, in addition, the presence of another protein
derived from the coagulating gland, precipitable at 30 to 50% ammonium
sulphate saturation, as well as bicarbonate ions. Both protein fractions appear
to contain covalently bound carbohydrate. Leblond (1950) demonstrated
histochemically the presence of PAS-positive material, in high concentration,
in the coagulating glands and this material was reduced in amount after gon-
adectomy (Harkin, 1957). Both epididymal secretion and spermatozoa are rich
in various glycosidases (Conchie & Findlay, 1959), which might release mono-
saccharide units from such glycoproteins and thus provide additional glycolys-
able substrate for the uterine spermatozoa.

In certain rodents (e.g. rat and guinea-pig), a vaginal 'copulation plug' is
formed following copulation. This has been attributed to the action of an

enzyme termed 'vesiculase', derived from the coagulating glands, which
activates a 'procoagulase' in the seminal vesicle secretion, enabling it, in turn, to

catalyse the denaturation of a basic protein, coagulinogen, derived from the
seminal vesicles (for review, see Mann, 1964). Vesiculase is present in the fraction
precipitated at 30 to 50 % ammonium sulphate saturation from the coagulating
gland (Gotterer & Williams-Ashman, 1957), corresponding to our fraction
Fr-1. The coagulinogen secreted by the seminal vesicles of the guinea-pig has
been isolated and characterized by Notides & Williams-Ashman (1967). Itdiffers
from the coagulable protein derived from the secretion of the coagulating gland,
described in the present study, in being of smaller molecular weight, in being
retained by anion exchanger (DEAE-cellulose) and in being devoid of tyrosine,
proline and cyst(e)ine residues. Furthermore, the 'basic' coagulable protein of
the seminal vesicles contains less than 0 5 % ofanthrone-reactive carbohydrate,
whereas the coagulable protein from the coagulating gland appears to be rich in
bound carbohydrate. Thus, a subsidiary coagulating mechanism seems to
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exist in rat semen, in addition to that depending on an interaction of the
coagulating glands with the seminal vesicle secretion, and slower than it in
action.

The physiological significance of the clotting of the uterine contents postcoitum
in the rat is not clear. While a viscous medium may be assumed to impede
sperm motility, myometrial activity is likely to be more important than sperm
movements in transport of spermatozoa towards the ampullae (Hartman &
Ball, 1930). Furthermore, it has been suggested that human cervical mucus

may form a structured gel actually conducive to sperm transport (Odeblad,
1968; Schumacher, 1969). Prolonged preservation of viable spermatozoa in the
uterus, and the maintenance of a constant stream of spermatozoa towards the
site of fertilization, may be of greater significance than the rapidity of sperm
transport, since mating usually precedes ovulation by several hours in the rat.
The effects of the consistency of the uterine luminal contents on these para¬
meters are not known. Intrauterine gelation of the ejaculate may also help to
prevent escape of spermatozoa through the cervix, but this function would
seem to be adequately taken care of by the vaginal plug.
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