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SUMMARY

A major protein component of uterine fluid has been

described for the rabbit in early pregnancy and pseduo-

-pregnancy (Beier etgf, l-97J- and Daniel, 197I). Its
function may be related to uptake of. steroids and,/or

nutrj.ents by the unimplanted embryo (Fowler et al, I97G) .

This component has not been described for rats, although

secretory activity by uterine epithelial- and glandular

ce11s early in pregnancy has been claimed (Nitsson, I972)

but tirrs has been challengerl (Enders and Ne1son, 1-973

and Parr and Parr, L974) .

Using SDS-geI electrophoresis, originally deve.loped

by Maizel (1966) and modified by Schnaitman (I974),

uterine flushings were obtained at either pro-oestrus,

oestrus, dioestrus or day 5 pseudopregnancy and analysed

after the protein level had been measured by Lowry assay

(Lowry et al, 1951). Electrophoretic profiles of the

gels were subsequently recorded both visually and with an

optical densitometer

At pro-oestrus (n=4) , 7-16 bands occurred of which

large peaks had Rf values of 0.5, 0.6, 0.9 (Post-albumin)

and 1.0 (aÌbumin). At oestrus (n=5), 11-14 bands occurred,

Rf val-ues of large peaks being the same as pro-oestrus.

At dioestrus (n=5) and on day 5 pseduopregnancy (n=5)

uterine flushings had lorver total protein so these were

pooled and concentrated. Althouqh 11-17 and I2-I4 bands

occurred. respectively, there were only two large peaks

with Rf values of 0.9 and 1.0.
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Preliminary study involving ovariectomized animals given

replacement therapy of t.OUg of oestradiol 17!/ðay for 10 days

either with (n=3) or without (n=l) I mg of progesterone/day for

the last 5 days resulted in I1-I5 and 10-12 protein bands 
t

respectively. In three out of six samples, large peaks had

Rf values of 0.5, 0.6, 0.9 and 1.0. Thus these profiles are

si-milar to those of pro-oestrus and oestrus. However, wheri

5 mg of progesterone/day was given for the last 5 days, the

prominent protei.n peaks 5 and 6 were not apparent, whereas

ovariectofny alone only resulted in albumin being visible.

Finally, this project was exl-cnded to include the study

of the effect of IUCD on the protein composition of the

uterus on day 5 pseudopreqnancy (n=4). Protein leveIs in

uterine flushings demonstrate that the IUCD significantly

increased the protein levels (P<0.05) confirming previous

reports (Kar etal, l-964 and Breed et al, 1972) . However,

the electrophoretic profiles of uterine flushings obtained

from contro.l. and IUCD horns demonst-rated 7-L5 and I1-14 barrds

respectively with large peaks only having Rf vafues of 0.9

and 1.0 in both horns. Thus no qualitative differences in

protein components between two horns were apparent even

though quantitative differences were found.

In conclusion, therefore, when al1 protein peaks are

consideredo comparing uterine proteins with plasma, Rf values

of 0.f, 0.2, 0.3, 0.4, 0.5, 0.9, 1.0, I.2, and 3.0 wer:e found

in both plasma and ut.erine flusings irrespective of the

endocrine states, but peaks v'¡ith Rf values of 0.6, 0-7, 0.8

and 1. 4 were present only in uteri.ne f lushings.
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When different endocrine states-are compared, -

uterine flushings obtained at pro-oestrus and oestrus

had two components (Rf values 0.5 and 0.6) in greater

amounts than in flushings taken at dioestrus and day 5

pseudopregnancy. By comparison with protein standards

the molecul-ar weights of these components are about

103,000 and 94,000 respectively. No extra protein bands

were found in day 5 pseudopregnancy flushings. Thus it
may be that oestrogen induces the increase of two proteins

in uterine fluid, whereas it appears that progesterone

does not induce any extra protein components on day 5

pseudopregnancy.



I. TNTRODUCTION

I.1 GENERAL

V'7i11iam Harvey was the first person to describe the

presence of a uterine secretion in mamrnalian uterus in 1.665

(cited by Heap and Lammirg, 1961). At that time he comrnented

that ûit might be transported by the uterine arteries and

distilled into the lumen". The comparative lack of information
on the chenrical composition of uterine fluid is presumably

attributable to the small quantity of rnaterial availabte
and subsequent recovery and analytical problems " Recent_

revival- of interest in this suÌ:ject is based on the work

done by Ringler (1956, l-96l); Junge and Blandau (1953);

Albers and. Neverse Castro (1961); Kunitake et al (1965);

Breed et al (1972) , and Peplow et el (1973) . These

investigators have worked on protein composition of rat
uterine f1uid obtained at pro-oestrus and oestrus when a

measurable amount of uterine fluid is obtainable and the

various workers have used a wide range of analytical and

electrophoretic techniques. Electrolyte composition of the

uterus has been studied in various species including thê rat by

Heap and Lamming (1961).

Besides the different analytical procedures used in
the study of uterine secretion, a wide range of methods have

been used in the col-l-ection of the fl-uid. These methods

include direct aspiration, flushirrg the uterus, ligation of

the cervix or doubl-e Iigation at'distant points followed by

aspiration of accumulated fluid and collectiorr by cannulation

of the uterus. As a result, a comparative study of the

results presented by various- workers is difficult due to

possible alteration induced in the composition of uterine
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fluid by the methods used in its collection.

In spite of differences in technique, some understanding

of the various processes involved in the formation of the '

uterine fluid has been achieved as a result of its analysis '

Indeed, the formation of uterine fluid is not a simple process

as described by William Harvey in 1665 as proteins not present

in blood are found in uterine fluid. The composition of the

uterine fluid, hence the intrauterine environment, is determined

by complex interaction of factors some of whích are under

hor:monal influence. Factors which could determine the

composition of the uterine fluid in various hormonal- states

are (i) leakage fron uterine capillaries; (ii) specific and

non-specific reabsorption by the uterine epithelium;

(iii) glandular secretions by the uterine glands and epithelial

cells; (iv) inflow of oviductal fluÍd and (v) in the case

of earI1' pregnancy, the presence and secretion by developing bhe

btastocyst (Hamner, J-97:..) .

various functional roles have been attributed to the

uterine fluid: (i) the fluid may act as a source of nutrients

for the spermatozoa and the developing embryo in the case of

early pregnancyr (ii) endometrial secretory proteins and

uterine enzymes may be involved in the metabolic activities

of the spermatozoa and the developing embryo (Heap and Lamrrring,

1961); (iii) the uterine fluid may have anti-bacterial activity,

thus preVenting uterine infection (Broome and Lammitg, 1959) '

The present study involves three experiments in an

attempt to gain insight into the protein composition of the

rat uterine fluid. Fi;stIy, protein profiles of uterine fluid

obtained at different physiological states of the rat oestrous

cycle and on day 5 pseudopregnancy have been performed'
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The second experiment was to d.etermine rvhether the protein

profiles of the uteri.ne flushings studied \{ere obtained from

ovariectomized. fernale rats to which oestrogen and/or progesterone

replacement therapy had been given. Finally, the effect of an

intrauterine foreign body on the protein electrophoretic 
t

profiles of the uterus was studied. SDS-polyacrylamide ge1

electrophoresis was use<l in a11 the above investigations.

I.2 THE PROTEIN COMPOSITTON OF THE UTERUS IN THE VARIOUS

HORMONAL STATES Of' THE OESTROUS CYCI,E AND ON DAY 5

PSEUDOPREGNANCY

In sexually mature females, ovarian and pituitary hormones

regulate the reproductive cycle. Despite the fact that the

same hormones are involved, it appears that the hormonal

patterns d.iffer from one species to another resulting j-n the

occurrence of different reproductive cycles. Thus it is not

possíb1e to describe a cycle which represents a typical female

mammal as some have short cycles, some long and some have no

cycles at all.

For instance, the labbit is an induced ovulator wj-thout

a reproductive cycle. By contrast, most other species are

spontaneous ovulators with a characterístic reproductive

cycle which may be either an oestrous or a menstrual cycle'

Further, the reproductive cycl.e can be classified into two

catagories on the basis of its length. In the first case'

(e.g. sheep and woman) the life of the functional corpus

luteum regulates the reproductive cycle, by determining the

tength of the luteal phase. By contrast, the second type

of reproductive cycler ê.9. rat, is characterizecl by havi-ng

a short oestrous cycle of four days, reflecting the absence
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of a functional corpus luteum. The timing of events in a

rat oestrous cycle is regulated photoperiodically.

Since this project involves the study of protein

composition during the rat oestrous cycÌe, it is of

rel-evance to consider the peripheral plasma pituitary and I

ovarian hormonal levels during the cycle. Oestradiol levels

reach a maximum concentration of 40-50 pg/ml of plasma in

the morning of pro-oestrus from a constant basal leve1 of

7 pg/riL. The pituitary hormonal levels, namely LH, FSH and

Prolactin, remaín 1ow during the cycle except for a characteristic

pro-oestrous surge in the afternoon of pro-oestrus. Finally,

the progesterone leve1 is characterized by the occurrence of

two peaks during the cycle. The first and smaller one occurs

j-n the morning of dioestrus-2 whil-e the second and more

pronouncedpeak reaches a maximum concentration of 45-50 ng/ml

and occurs in the afternoon of pro-oestrus, coinciding with that
of the LH surge (Smith et aI, L975.)

Some information is available on the total protein

concentration of the uterus during the reproductive cycIe.

At pro-oestrus uterine protein concentration is about 0.5

mg per mI or about 4Z of that found in rat serum (Junge and

Blandau, 1958; Breed et aI, L972) , whereas at clioestrus it is

reduced but this coul-d be largely due to a less absolute amount

of uterine fluid at this time. During pro-oestrus and early

oestrus cervical constriction occurs under the influence of

oestrogen resulting in the retention of uterine fluid. Th-is

in turn causes the distention of the uterus. However, during

late oestrus, the cervix relaxes resultj-ng in drainage of most

of the uLerine fluid from the uterus.
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On considering the different protei:rs present, Junge

and Blandau (1958) using paper electrophoresis, demonstrated

the presence of only four major components in rat oestrous I

fluid and they failed to show a component similar to serllm

albumin. Al-bers and Neves e Castro (1961) using immuno-

-electrophoresis and Ouchter-lony gel-diffusion techniques

found five proteins in pro-oestrous and oestrous fluid.

One of the protein components was considered to be uterine

specific with ntigration similar to that of ß-gl-obulin

while the rest of the proteins were common to both rat

sel:lum and uterine f 1uid.

Ringler (1961) al-so demonstrated the presence of. five

proteins j-n pro-oestrous uterine fluid by moving boundary

electrophoresis, four of which were also found in Serum

and had mobilities similar to ìf , ß, o, and crl- globulin and

albumin. Kunitake et al (f965) using Ouchterlony ge1 diffusion

analysis with rabbit anti-rat serum showed that at least four

proteins in rat uterine f luid were also f ound in the s€tLtITl r

while five of the nine protein components were uterine

specific. However, it is worth noting that these authors

carried out a surgical ligation of the uterine tubes at the

distal and proximal ends. Further, 25Vg of 17ß-oestradiol

was administered sub-cutaneously for three days to intact

animals before obtaining the uterine fluidr ând cycle state

v¡as not given.

Breed et al (I972) demonstrated by <1isc electro-

-phoresis the presence of four to nine protein bands in

pro-oestrous and oestrous uterj-ne fluid. However, they

stated that unfortunately durj-ng the process of disc-
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electrophoresis, losses and chemical alterations of the

protein samples may have occurred. These problems may

however be overcome by a quantitative imnrunoelectrophoretic

technique. Accordingly, Peplow et aI (L974) by using this t,

technique demonstrated seven to nine precipitate bands

using anti-(rat plasma) serum. This implì-es that seven to

nine uterj-ne proteins are of plasma origin.

When analysis for specific enzymes was performed

Al-bers e'b a1 (1961) reported higher uterine peptidase

activity in rat during pro-oestrous and oestrous stages

of the cycle. Joshi et aI (1970), isolated a proteolytic

enzyme from uterine fluid obtained from pro-oestrous rat

uterus. Further, the protein fract.ion containing this

enzyme \^/as associated with endopeptidase and sperm

decapacitating activities. Joshi and Murry (L97 4 ) by

immunofluorescent protein tracing demonstrated the presence

of a rat uterine endopeptidase in the luminal epithelium

and the epithelium of the endometrial glands of the uteri

obtained from pro-oestrous and oestrous rats. I'urther, they

also showed that. it was uterine specific and oestrogen

dependent. Finally, lysozyme activity in the rat uteri was

measured by Parr et al- (I967) ¡ other enzymatic activities

(Ie68).

Interuterine environment plays an ì.mportant rol-e in

the development and the implantation of blastocyst during

early pregnancy. In the rabbit the presence of a uterine

specific protein during early pregnancy and pseucl.opregnancy

has been well- documented, (Beier and Beier-Hellwig, L973) ¡
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Beier et al, L97I and Daniel, 1971). This uterine specific

protein in the rabbit is caIled the ute:ioglobulin or

blastokj-nin and it may be a source of nutrition or act

as a subst-rate for the metabolic processes that take place

during the growth of the blastocyst.

Beier (1968) showed that uteroglobulin ís

the predominanL fraction in the rabbit endometrial secretion

from day 3 to day B of pregnancy or pseudopregna-ncy.

Further investigations by Danie1 (I969, I97I and I972) ,

IJrzua et al ().970) and Beier (197I) have conf irmed the

above findings. Krishnan and DanieI (1967 and 1968)

independenbly isolated a glycoprot.eirr from the uterus

of the rabbit at early pregnar-ìcy and also demot:st-ra-ted

that this fraction might control blastulation of rabbit

morula and stimulates blastocyst development in vitro.

This finding was also confirmed by El-Banna and Daniel (L972a).

Hence this glycoprotein fraction was named blactokinin

and is apparently similar to uteroglobulin. The molecular

weight of blastokinin was estirnated to be approximately

27,000 daltons by amino acid analysis and by pol.yacrylamide

ge1 electrophoresis (I(rishnan and Daniel, 1968). Murray

et al- (1972) showed that blastokinin is composed of two

sub-units. Various est-imat j-ons of the molecular weight

of the sub-unit ranging from t0-I5,000 daltons have been

reported, (McGaughey and Mu::ray, I972; Bullock and Connell,

le73) .

ft has been dernonstral-ed that blastokinin is progesterone

dependent (Arthur et al, L972; Arthur and Daniel, 1972 and

El-Banna and Daniel, 1972b) ., Further, the fact that the earliest
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detection of blastokinin occurs on day 3 of preg'nancy or

pseudopregnancy which coincides with the begínning of

progesterone secretion by Lhe ovary, confirms the progesterone

regulation of blastokinin synthesis (Hilliard eq aL, 196B).

Hence, the secretion of blastokinin by the rabbit endometrium

in early pregnancy may be considered as one of several ways

through which the nraternal or uterine environment regulates

the early embryonic development. Ho!üever, the occurrence

of blastokinin appears not to be widespread and has so far

orrly been reporb.ed in rabbit and northern f ur seal (laniel,

L972) , b-.rc not in rat, man, baboon or mouse.

Another endometrj-al protein during early pregnancy was

reported by Mintz (I97I) in mice. She demonstrated the

occurrence of a uterine lytic factor (IIF) in uterine fluid

on day 3 of pregnancy. She suggests that its dependence

on oestrogen may explain the appearance of this factor on

day 3 of pregnancy, at a time when one might expect increasing

oestrogen secretion. In this regard it differs from

blastokinin in rabbit which is progesterone dependent. It

is postulated that IIF may be involved. in the triggering of

implantation possibly by affecting molecules on the surfaces

of blastocyst cells.

Finally, in the rat, Nilsson (i972) , presented ultra-

-structural evidence in support of secretory activity in the

uterine epithelium at pre-implantation stage. The morphological

evidence was based on tl-re nurnber of vesicles present,

enlargement of golgi apparatus and rough endoplasrnic

reticulum and the presence of both microvilli and cell.u1a::

protr:usions on the uterine epithel.ial surface. He suggested



9

that the protrusions secrete protein(s) which may be in'¿olved

in the transmission of information to the blastocyst-

Investigations by Enders and Nelson (197.3) confirmed the

above morphological findings. They demonstrated the

occurrence of abundant large ectoplasmic projections

i.nto the uterine lumen prior to both implantation and during

delayed implantation. But using tracer materials demonstrated

pinocytosis or endocytosis rather than secretion of these

projections. Parr and Parr (I914) came to similar conclusions

to Enders and Nelson in their study since reabsorption of

ferritin from the uterine lumen on day 5 of pregnancy occurs.

Since there is controversy about whether there is secretion

of pr:oteins in the rat, one of the aims of this study lvas to

ascertain whether changes in uterine protein profiles occur

during the various hormonal stages of the rat oestrous' cycle.

Such information is not available as previous investigaf:or:s

Ìrave restricted their study to biochemical compositj-on of

the uterine fluid obtained at pro-oestrus or oestrus '

However, changes in the protein profiles during various

stages of menstrual cycle have been reported in women by

Shirai, Iizuka and Notake (L972) and Wolf and Mastroianni

(1975) and in baboon by Peplow et al (1973).

1.3 EFFECT OF UNTLATERAL IUCD ON UTERINE PROTEIN COÙ'IPOSITiON

DURING THE OESTROUS CYCLE AND ON DAY 5 PSEUDOPREGNA}JCY

IN RATS.

Previor:s workers

presence of the IUCD

causes changes in the

uterine fluid in rat

in this fietd have shown that the

(intrauterine contraceptive device)

protein and enzymic compcsition of

(Parr et aI, \967; Breed et aI, \972),
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in baboons (Peplow et al, 1973) and in women (xar et â1, 1968

and Joshi and Sujan-Tejuja, 1969). This in turn may make t-he

uterine envi-ronment hostile to fertilized ovum and so result

in the prevention of implantation

It appears that increase in total prot.ein tevel in

uterine fluid on the IUCD side in different species is an

established fact. Kar et aI (1968) reported that the occurrence

of the elevation of uterine protein level by the IUCD is

ihdependent of the stage of the cyc1e. By contrast, although

IUCD increased protein level in uterine fluid, it occurred in a

cyclic fashion and independent of the stage of the menstru*i

cyc1e. Thus the above findings imply thaL IUCD may alter the

response of endometrium to endogenous ovarian hormones

(Joshi and Sujan-Tejuja, L969; and Peplow et aI, I973).

ft is possible that the above contradiction may be attributed

to different techniques used in the measurement of protein leveIs.

The former authors measured protein leve1s by measuring

nitrogen concentration while the lat';er authors usecl Lowry

assay to measure protein levels.

The following factors may be responsible individually or

collectively for the increase in protein levels in uterine

fluid in the presence of IUCD. Firstly, it has been ol¡served

that in the raL, the volume of uterine fluid is reduced and

its consistencl¡ altered in the presence of an IUCD. It is

postulated that the redlrction of uterine flui-d '-'olume rnay be

due to dehydration effect resulting in the concentration of

uterine protein (xar et aI, 1964).
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Secondly, the presence of IUCD induces a mild

inflammatory response in the end.ometrium, resulting in

the alteration ín vascular permeabil.ity of the endometrium

(Greenwald, 1965). Such vascular changes may be responsible

for the 'Ieakage' of plasma proteins into the uterine cavity.

This in turn may cause an increase i-n protein l-eve1s -in the

uterus. Another consequence of inflamlnatory response is

th.e leucocytic j-nfiltration of the endometrium and the

Iuminal fluid which occurs in the presence of an IUCD

(Greenwa}d, 1965; Parr et al , 1967 ¡ Havranek, Dykova and

Tichy, 1,967; Sahwi and Moyer, I97I; and Breed et al , L972).

Thus the increase in tot.a! protein leve1 ín the presence

of an IUCD could be due to the release and disintegration

of cells such as polymorphonuclear leucocytes.

Finally, increase in totat protein level in the presence

of IUCD may be due to the device promoting intracellular

anabolic or protein synthetíc activíty in the endometrium

(Joshi and sujan-Tejuja, 1969). The increased protei-n

synthetic activity in the IUCD endometrium is attribul-ed

to a hypersensitivity of the endometrium to oestrogen or

to the mil.d, transient loca1 inf 'l ammation (Kleinman, 1968) .

Further, it has al-so been shown that the inhibitory influence

of progesterone in the oestrogen induced stimulation of the

synthetic activity in rat uterus is abolished in the presence

of an IUCD (Joshi, L96l).

It has been postulated that the hosti-le uterine

environment ancl the prevention of inplantation in the presence

of an IUCD may involve the synthesis of factor (s) which

exert (s) toxic influence orr ova and embryos or prevenLs



L2

j-mplantation by suppressing decidual cell response. The

factor (s) may or may not be of protein origin. The fact

that IUCD generally causes an increase in protein level

strongÈysuggests that the anti-fertility factor(s) may

be protein. Accordingly, some attempts have been made to

study the qualitative differences in the uterine fluid in

the absence or presence of IUCD

Breed et_al (I972) analysing pro-oestrous and oestrous

rat uterine fluid failed to demonstrate any qualitative

differences in the absence or presence of IUCD by disc-

electrophoresis. However, possibty an extra protein band

v/as detected in baboon uterine flushings fitted wit-h IUCD

by disc-electr:ophoresis (Peplow et a! I973). By contrast,

immuno-chemical analysis with anti-serum raised against r:at

plasma, demonstrated A larger number of immuno-precipit-ate

bands in pro-oestrous flushings obtained from IUCD horns

than in the non-IUCD horn flushings (Peplow eib al , 197 4) .

This implies that a 'leakage' of plasma proteins into the

uterine lumen or breakdown of polymorphs has taken place

in the presence of an IUCD. Analysis of rabbit uterine

fluid obtained during early pregnancy and pseudopregnancy

by electrophoresj-s suggests that the presence of IUCD

elevated the albumin and globulin proteins but slightly

reduced the level of blastokinin (iohnson, I972) .

Since it has been shown quite clearly that IUCD

increases the total protein levels in the uterus, one of

the aims of Lhis study was to determine whether correspond-

-ing qualitative changes in the protein composition of the

uterus occur in the presence of an IUCD.
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2. MATERTALS AND METHODS

2.I EXPERIMENTAL ANIIIìLS

SexualIy mature, virgin female albino barrier strain

rats, weighing between 200-250 grams were oÌ¡tained from the

central animal house at the Waite Agriculture Research

Institut-e. They were then kept at the medical school

animal house until use. The anj-mals were housed in groups

of three or four per cage and given food pellets (Charlick

Feeds) and water ad lib. The animal house was maintained

at a temperature of 24 + 5oC and the

L4 hours Iight, 10 hours dark. The

for at least a week in the medical

2.2 VAGTNAL SMEARS

lighting regì-me \,ùas

animals vvere conditioned

school before use.

Vaginal smears, using a PasLeur pipette'were taken in

the morning of the day of investigation. The pipet'be was

introduced. into the animal's vagina and the lumen was

flushed v¡ith the saline. The sal-ine, now containiug

suspended cel1s, was recovered by suctron back into the

pipette and a few drops \^/ere then placed in a microscope

slide which was air-dried. The smear vras stained with a

I% aqueous solution of methylene blue, and viewed under the

microscope v,rith a i0xobjective for assessment of abundance

of different cell types.

Three types of cells occurred in varying numbers.

'J'hey were (-i) cornif ied epithelial cells with irregular

outlines and no nucleus and whose cytoplasm stained. only

s1ight.ly; (ii) nucleated ep-ithelial. celIs which were

oval shaped lvith a round nucleus and stained more deeply

and (iii) leukocytes which were small-, round, densely-

staining cells with lobulated nucleus
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The cel-l types were scored quantitatively on a zeyo

to four r+r scale as il-lustrated below.

0 none

, * very few

++ some

+++ many

++t-+ abundant

The following celI characteristics occurred for the

various stages of the cycle (i) dioestrus smears had many

leukocytes and few nucleated or cornified cells; (ii)

pro-oestrous smears had maj-nIy nucleated epithel.ial ceÌls

and (iii) oestrous smears had mainly cornified epithelial

cells with few nucleated cells and no leukocytes.

2.3 SURGTCAL PROCEDURES

The surgical procedures carried. out in this project

were ovariectomy and insertion of the intrauterine contraceptive

device (IUCD).

These procedures were carried out under'semi-sLerile

conditj.ons. Surgi-ca1 instruments used were sterilized in

boiling water for twenty minutes. Then needles, surgical

silk threads, michell clips, and the sterilized instruments

were immersed in aqueous solution of zephiron (1:50) for at

least twenty minutes before use. Surgical gloves were also

used during surgical procedures.

The animals were anaesthetised with dilu*-ed Avertin

(tribromoethanol, Bayer, Surrey). 0.5 mls of concentrated

Avertj-n was diluted in 20 ml-s of sterile physiological

saline (1.40 parts) . The dose administered was l- ml

per 100 gram body weight. The Avertin solution was first
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\,íarmed in a boiling water bath to dissolve the Avertin

before being injected int::a-peritoneally.

After the animal. had been anaesthetised, the fur

around the mid-ventral area of the abdornen was shaved

and the exposed skin swabbed with diluted solution (I.10)

of Hibitane (lcl Australia).
(i) Ovariectomy

A s b.erile drape was placed. over the animal and an

incj.sionf approximately 3-4 cm long, was made along the rnid-

ventral region of the abdonten. The ovary vvas located and

the ovarian arteryand vein were then ligated.

Both the ovary and the oviduct \^¡ere removed. Simitarly, the

other ovary and oviduct were also removed. The incís-i-on of

the peritoneal wall was subsequently closed with a 2.0

grade surgical thread and then the skin with michell c1ips.

(ii¡ IUCD insert-ion

The IUCD was inserted into one of the uterine horns as

folloi^¡s. .êfter the incision was made at the lower mid-

ventral portion of the abdomen, the uterine horns hrere

located. The IIJCD, a 3.0 grade surgical silk suture

approximately 2-3 cm in Ìength' was gently threaded through

the uterine Iumen" This \^¡as achieved by gently holding the

uterine horn with a pair of forceps while the mesometrial- wall-

of the horn was pierced by the needle. The needl-e was

removed and both ends of the silk suture were knotted closely

to the uterine wall to ensure that the IUCD remained J-n pl-ace.

The other uterine horn was subjected to a sham operation which

served as a control

Post-operatively, the animals were kept warm for at least
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the first 24 hours and then rested for about thirty days

before being used for experirnents.

2.4 OESTROGBN-PROGESTERONB REPLACEMENT THERAPY

After a period of thirty days' hormone replacement

therapy was commenced by which time endogenous ova::ian

steroids would probably have been depleted in the

bilaterally ovariectomized animals. Hormones used were

Oestradiol (17ß) Benzoate, (Evans Medical, nngland) and

progesterone (Sigma). They were dissolved in absolute

alcohol before adding peanut oil. The solutj-on was then

heated on a mechanical stirrer-hot plate until horrnones

were completely dissolved in peanut oil and alcohol had

evaporated. Hormones \^/ere injected sub- cutanecusly

in the back of the neck of the rats. Dosages and

schedules of hormone replacement therapy employed in

this study are given in Table 2.I.

2.5 INDUCTION OF PSEUDOPREGNANCY

This procedure vüas based on the method developed by

De Feo (1966). Pseudopregnancy was inouced by stimulation

of the cervix of those anj-mals in either pro-oestrus

or oestrus. This was accomplished using a modified eiectric

tooth brush. The day of stimul-ation was designated as day I

of pseudopregnancy, and vaginal smears were taken daily until

day 5 of pseudopregnancy. Those animals demonstrating a

constant dioestrous smear during days 2-5 of pseudopregnancy

were killed and uterine flushings obtained.
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2.6 FLUSHING TECFIN] QUE

Anima-ls \^rere kiiled by an overdose of chloroform and

an incision was made in the mid-ventral region of the

abdomen so that the uterine horns were exposed. A 1.0 mI 
j

syringe and a 21 gauge needle were used in the flushing

procedure. 0.5 ml of sterile physioJ-ogical salj-ne was introduced

into t-he uierine lumen at the end nearest the ovary and the

syringe was held in position with a haemostat. Am empty l-.0 ml

syringe, with a similar 2I gauge neeclle was introduced into the

uterine lumen at the cervieal end and was similarly held in

position. As Çhe saline was beino jently flushed from the

ovarian end, the contents of the l-umen lrere drawn up into the

syringe at- the cervícal end. Uterine flushings so obtained were

centrifuged at 4oC for 10 minutes at 2tsOO rpm. The supernatant

was frozen and kept ready for analysis.

2.7 THE CONCENI'RATION PROCEDURE

During the early stages of this study, it became apparent

that uterine flushings collected at dioestrus and on day 5 of

pseudopregnancy did not have sufficient total protein content

for electrophoretic analysis. Therefore pool-ing of uterine

flushings from 6 to I animals in the same hormonal- state was

performed and these vJere then run through a concentration

procedure. The concentrated sample was then ready for analysj-s.

2.8 EFFECT OF CONCENTRATÏON ON PROTEIN PROFTLE

Since there was enough protein for electrophoresis j.n

pro-oestrous and oestrous flushings without concentration, it was

necessary to determine whether concentrating of flushings of

<lj.oestrus and d.ay 5 pseudopregnancy affected the electro-

pl-ro::etic profiles. Uterine flushings were obtained from
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animals in oestrus. Ftush-ings were pooled to make a sample

of total volume of 6 mls. The sample was then divided into

two portions of 1 ml and 5 mls respectively. The latter was

concentr:ated fivefold in the Amnion B-I5 concentrating ceII.,

Total protein content of both unconcentrated and concentrated

portions was determined by the modified Lowry assay. A sample

of 50irg of SDS protein m-ixture was then loaded on to the gel

for the electrophoretic analysis.

Optical densitorneter tracings of the unconcentrateC and

the concentrated samples äre illustrated in Fig. 2.I and in

Table 2.2. The results obtained ::,.l-i-cate that the concentration

procedure has no significant influence on the electrophoretic

profiles although slight differences in Rf values and in

pea)< heights were observed. However, the levels of the total

protein measured by the modified Lowry assay indicate thaL the

accuracy of the concentration procedure utilized in this stucly

was questionable" Since the protein level of the unconcentratecl

portion was 0.9 mg/m] and after concentrating fivefold, the

protein levef was 2.6 mg/ml instead of the expected 4.0 mg/ml.

Therefore in aIl. subsequent procedures where concentrated

<lioestrus or day 5 pseudopregnant satnples were used' some

material was lost.

2.9 ANALYTTCAL PROCEDURES

Analytical_ techniques carried out in this study \4¡ere

(i) quantitative measurement of total protein in ute::j-ne

flushings by modified Lcwry assay and qualitative measurement

of protein in uterine flushings by sodium dodecyl sulphate

(SDS) -polyacrylamide ge1 electrophoresis -
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(i) Modified Lowry Assay

The following steps were involved in the assay. 2 mls

of Lowry Reagent C (see appendix) was added to O.2 ml of

protein sample. The mixture was then shal<en well and

allowed to stand for I0 minutes at room temperature. 0.2 m1

of I:1 diluted Folin and Ciocalteus Reagent E was added ancl

mixed within a second or two. The fir¡al mixture was allowed

to stand for 30 minutes or longer for colóur to devel.op.

The absorbance values of the sampl.es ivere read in a Col-eman

Junior 11 model- 6/20 spectrophotometer at wavelength 750 ñu.

The total volume in this system was 2.4 mls. Normally the

protein samples were diluted five or ten fold before analysis

so that the protein levels of the samples would l-ie withj-n

the middle of the range of the standard curve. Dilution of

the samples before analysis enabled one to economize on

the uterine flushings, particularly when only minute amounts

\4rere available for analysis. The s,rmpl-es were analysed in

duplicate.

Bovine serum albumin (BSA, Sigma) was used as a

standard over: a range of 0 to 100 Vg/0r2 mI when each

series of samples was analysed. A standard curve was

plotted with the absorbance reading at 750 mU along t.he

Y-axis and the BSA concentrations ranging from 0 to 100 vg/

0. 2 ml was plotted along the X-axis. The toLa.l protein

level-s of the samples were calcul-ated from thj.s standard

curve. The mean standard curve for BSA is illustrated in

Table 2.3 and graph 2.1 respectiveÌy.
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(ii) SDS-Polyacrylamide Gel- Electrophoresis

This technique was originally deveJ.oped by MaizeI (1966)

and modified b)' Schnaitman (I973, and I974).

Firstly, the SDS-protein complex was formed by

reacting one volume of protein sample *iti. two volumes of

solubilizing solution 'Ar (see appendix). The reaction

mixture was thoroughly mixed and sealec1. I'L was then

incubated at 37oc for two hours and was then ready for

use. It could be frozen and stored if necessary.

7.52 maize gels \^/ere used in the electrophoretic

analysís. Su-ch a gel preparation has a molecular weight

range of 14,000 to 120,000 daltons. The gel preparation

contained the following components: 7.52 acrylam-ide

(Sigma), 3.0å Urea (May and Baker, Dagenham Bngland) and

0.22 N, N-methylene bisacrylamide (Eastman Kodak, N.Y.).

They v/ere dissolved in 100 mls of gel buffer solution C

(see appendix) at room temperature. The preparation was

stored in an amber glass container which protects the ge.L

solution from direct light

Pyrex glass tubes with internal diameter of 5 mm

and tengths of 12 cm were used for electrophoresis. They

vlere placed in the electrophoretic anparatus with one

end of the tube being sealed gently with a piece of clear

plastic cling wrap, which was held in place by a rubber

band.

Normally, 0.09 m1 of one-tenth diluted. TEtr{ED or

N-N-N-N Tetramethyl I-2 Diamj-noethane (BDH Chemicals,

Poo1e, England) and 0.12 mI of 50 mgiml of ammonium per

sutphate (Ajax analytical reagent) were added to a volume

of 18 mls of the get preparation. The mixture rvas then
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transferred to the glass tubes to a height of 10 cm and

then overlaid with a few drops of butan-1-01 (BDH Chemicals,

Pool-e, England) . The tubes' \dere then lef t to stand at

room temperatrre for about an hour to allow polymerization to

occur. The amount of persulphate was adjusted to give

polymerization in not less than 30 minutes and not more than

60 minutes, at ambient room temperature. After polymeriza-

-tion, the pieces of clearwrap were removed, and the tops

of the tubes h/ere rinsed a few times with buffer C.

The gels were either used immediately or within a

day or two of polymer,ization. For electrophoresis, ge1

tubes were placed in the electrophoretic apparatus aucl

both chambers of the apparatus were fil-led with buffer C.

The SDS-protein samples vüere mixed with O.2Z bromophetrol

blue indicator in 50% sucrose, and were then injected on

top of the gels with ¿r Hamilton syringe, the dye serving

as an indicator of the front of the moving zone-

îhe 50% sucrose provided the density for the protein sample

which enabled it to form a uniform zone above the analytical

ge1. Wherever possible, 50ug of sDS-protein samples were

Ioadecl on to the geIs. The gels were then run at 5 mAr/ge]

for about 6-7 hours or until the bromophenol blue dye had

travelled to the end of the tube. The whole electrophoretic

apparatus during the run was maintained at constant temperature

of 2go-30oc by immersing it in a water h¡ath.

once the bromophenol blue indicator had reached the

end of the tubes, the electrophoresis was stopped- The

gels vÍere then removed from ttte glass tubes by spraying a

jet of water between the inner walls of thl tubes and the

ge1s. The gels were stained overnight with 0.25% Coomassie

blue (orFco, surrey uK) dissolvecl in water containing
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452 rnethanol and 10? glacial acetic acid which also

performed the function of fixing the SDS-protein banrls. The

following morning the gels were destained for 24 hours by

using several changes of water containing 2SZ methanol

and 7.52 glacial acetic acid (destaining solution). The

gels were then stored in wat,er containing 7.52 acetic
acid. Electrophoretj-c prof i-les of the qels v'¡ere record.ed

diagramatically under a viewer: and an opticar densitometer

tracing of the gels made at war¡elength 525my using a

Quickscan (Ilelena Lab. Corp. Beaumont Texas) . Those

SDS-protein peal<s observed in the densitometer tracing
corresponding to the bands observed under the vier^¡er were

considereo as authentic ones and marked accordingly on the

tracing, wlrile the rest of the peal<s were classilied as

artefact (see Fig. 2.2).
During development of this method, the following

preliminary investigations were carried out. Firstly, the

effect of loading varying concentrations of protein samples

on the el-ec'L.rophoretic profiles was studied. The sample

used in this study was a pro-oestrous uterine f.lushing

wil-h a protein concentration of L.2 mg:,/m1-. The concentration

of {-he protej-n samples loaded on the gel ranged from 25Ug

to 160U9 per gel and the diagram of Lhe electrophoretic
prof iles ill-ustrat-ed in Fig. 2.3.

The results in Fig. 2.3 suggested that the minimum

concentr:aLion of protein sampJ-e requi-i:ed was 50Ug" Àbove

this concentration, the electrophoretic profiles were

sj-mil-ar, but with the increase of proLein concentration,

the widths of the existi.ng bancls increasecl proportionally.
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[Iowever, this may also be due to the increase in volume of

sample loaded per gel. But the most like1y effect of

increasing volume loaded was to make the zone front more

diffuse resulting in poorer resolution. Below 5Oug of SDS-

protein sample, the number of bands of the electrophoretic

profiles were markedly reduced. Thus taking into account the

average protein concentrations in various uterine flushings

and the effect of protein concentration on the electrcphoretic

profiles, it was decided that 50Ug of protein sample would be

loaded each time.

A comparatj-ve study of the staining propertíes of

Coomasie Blue and Amido Black (Me::ek, West Germany) was

undertaken. Two samples, namely, unconcentrated and fivefofd

concentrated uterine flushing obtained at oestrus were use<1.

The results obtained are illustrated in Fig. 2.4 and 2.5

respectively. In the case of unconcentrated samples, twc>

very small extra peaks were detected when Coomasic Blue

stain was used. But in the case of concentrated sample,

no differences between the two stains were detected"

2.10 EXPERTMENTAL DESIGN

(i) Study (a) Uterine protein composj tion in the various

stages of the oestrous cycle anl on day 5 pseudo-

pregnancy.

On the basis of the vaginal smears, the aninrals were

divided into three groups comprising animals at pro-

-oestrus, oestrus and dioestrus respectively, while the fourtir

group comprised of anj.mal-s at day 5 pseudopregnancy. \

The animals hlere killed and the uterine flushings obtained

as previously described. -Since the protein levels in
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(i i) study (b)

24

day 5 pseudopregnanl: uterine flushings were

for electrophoretic analysis, such samples

concentrated five or ten fold.

The effect of oestrogen and./or progest.erone

replacement therapy on uterine protein composition

of over:iectomized rats.

The details of doses and the schedule of the hormone

have been described previously,replacement therapy

(iii) Study (c) The effect of IUCD on the rotein

composition of the uterine fluid in the various

endocrine states of oestrous cvcle and on day 5

pseudopregnancy .

Rats fitted with unilateral IUCD were divided into

three groups " Groups 1 and 11 were made up of animal-s on

oestrus and on dioestrus. Group lll consisted of animal-s

on day 5 pseudopregnancy.

1'otaI protein level-s of all the samples were calculated

by modified Lowry assay. A constant amounL of 50Ug of

protein sample was loaded per gel. However, in solne cases

Iess than 50Ug of protein were loaded per ge1 because of

insufficient protein levels. Such samples are indicated in

the result section.

Rat plasma and a mixture of five standard'proteins

were included as references with each series of samples

analysed electrophoretically. The five standard proteins

used were transferrin, BSA, carbonic anhydrase, ovalbumin

and haemoglobin. Table 2.4 illustrates .Lhe mean Rf values

of the re,spective protein standards. By plotti-ng a graph

with ¡nolecular weight, oD log scale, against, mean Rf values of

the protein, the molecul_ar weight of the Rf values of.the
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electrophoretic profiles of

could be ascertained. Such

illustrated in graph 2.2 and

tracing in Fig. 2.6.

uterine flushings and plasma

a representative graph is

a typical electrophoretj-c
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Table 2.L Dosages and schedule of oestroqren and

GROUP III

proqesterone replacement therapy.

DAYS GROUP I
(Control)

0.lml peanut
oil

GROUP II

1us 17ß
oestradiol/
2Ahr

lUg t7ß
oestradiol/
2Ahr

GROUP IV

19 L7
oestradío1/
2Ahr

tUg 17ß-oesÈrad.iol +
5mg progesterone,/
2Ahr

t
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il
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terone/241v

I

Animal.s killed and the uterine flushings obtail
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Table 2.2 Unconcentra'i:ed. Vs 5x concentrated uterine
flushings.

PEAK NO.

I
3

4

51

52

6

7L

72

B

9

10

11

Rf VALUE
unconcentrated

o.t2

0.33

0. 4r

o.49

0.53

o.65

o.73

o.B2

o.92

1.00

L.22

concentrated

0. 13

0.28

0.37

o.47

o.52

0.63

0.73

0.78

0.88

I.00

I.22

HEIGHT OF PEAK
rN MM

unconcentrated

-5

23

I5

concentrated

I I

3

I

13

I

L6

L4 I

9

I

4

8

t

4

22

5

9

2



Fig.2-1 The Effect of Concentrotion Procedure on Electrophoretic
Prof ile of Uterine Ftushings.
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Tab1e 2.3 Mean BSA standard curve for Lowry Assay

(BSA) /0.2ml- lvlean absorption
readíng at 75Omu

0.L2

0.4r

0.49 + 0

20ug

4oug

6oug

Soug

10 0ug

37 +o

37

37

37

37

+O0.22

0 .32 +O

+o

Number of Samples

I

l

l

L

I



Graçrh 2-l Stsffitard Curve for BSA

0
a

:1.
Ëo¿
(5
rf)
N

tt
C()

a

03

çL
oúß 02
d

0.1

a

0 20 40 60 S0 100

ts s AJ ys /-2 ml



29

Table 2.4 Electrophoretic profile of standard protein

mi-xture.

Protein Standard Mol. Weight

Transferrin 86,000

BSA 68,000

Ova lbumin 43,000

Carbonic
anhydrase

29,OOO

Haemoglobin 15,5oo

Number of Runs Rf value

0.75+ 0.00

I.00+ 0.00

1.35+ 0.02

1.91+ 0.02

2.74+ O.O5

10

10

10

10

10
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Ftg. 2-l E[ectrophoretic prof ites of protein somfles of concentrotion
ronging from 25pS to 161 ¡rg.
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Fig. 2-5 A Comporotíve Study of Stoining properties
of Amido Btock qnd Coomossic Blue Dyes using
Concentroted Uterine Ftushings.
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Fig. 2-6 A Representotive Etectrophoretic Prof ite of o

mixture of f ive StondordProteins.
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3. RESUI,TS

3.1 AN ARBITARY CLASSTFTCATION OF GEL ELECTROPHOREI]ÏC

PROFII,ES.

An arbitary classification system of the Rf values

was deveÌoped to describe the proteirr peaks which constitute

the polyacrylamide gel profiles. This sytem is illrrstrated

in Key 3"1-

An extensive study of the profiles of the samples

analysed demonstrated the invariable presence of a peak which

had an electrophoretic mobil.ity the same as that of BSA

standard. Hence this peak was assumed to be al-bumin. Vii¡h

Lhe exception of the profiles of three oestrous samples, the

albumin peak was the dominant peak of uterine flushings and

blood plasma. The albumin peak was assigned an Rf value of

1.0 and the rest of the protein peaks were assj-gned Rf values

in relation to this.

With this arbitary cJ-assification systenr, the length

of the gels were divided ínto fifteen zones. Each zone

vüas represented by Rf value with standard error of + 0.05.

These zones v¡ere assigned Rf values in an ascending order

from the origjn of the gel. There were some instances

where more than one band was present in a particular zone.

Thus in theory it implies that more than one protein pea.k

may have the same Rf value
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3.2 THE PROTETI{ COMPOSTTTON O}- THE UTERUS IN TI]E VARIOUS

HORMONAL STATES OÞ- THE OESTROUS CYCLE AND ON DAY 5

PSEUDOPRBGNANCY

Table 3.1 shows the protein concentrations and the

numl¡er of SDS-protein components present. in the plasrna and

uterine flushings obtained at different elrdocrine states.

Representative optical d.ens-itometer tracing of

uterine flushings are il-lustrated in Figs 3"f, 3.2, 3.3

and 3.4 respectively. Rf values, corresponding peak heights

and frequency of occurrence are illustrated in Tables 3.2.-

3.3, 3.4, and 3.5. In the analysis of the electrophoretic
prof i1es, the peak he.ight of the protein component may be

used to indicate the percentage composition of that protein

fraction to the total as determined by the Lowry assay.

The following characteristics emerge from the electro-

-phoretic profiles:
(i) In zones I,21 3 and 4 a variable number of small

peaks occurred, except in one case invoJ-ving an oestrous

sample.

(ii) rrr zones 5 and 6 peaks were usually significantly

elevated at pro-oestrus and oestrus with one exception.

Usually the gr:atest peaks occurred at oestrus, whereas only

trace amounts at dicestrus and on day 5 pseudopregnancy occurred.

(iii) In zones 7 or B (or both) a peak corrîespond-ing to

that of transferrin standard (Rf=O.75) lvas detected in two

out of the four pro-oestrous samples (Rf=O.70 and 0.78) and

three out of 't-he f ive oestrous samples (Rf=O.74, 0.75 and 0.76) "

By contrast in only one out of the five d-ioestrous sampJ-es

(Rf=O..75) and in two out of the five days pseudopregnant

samples (Rf:O.70 and 0.71) were detected.
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(iv) Component 9 was elevated in three out of the

five oestrous flushj-ngs compared to other endocríne states.

Further, in the above oestrous samples,. peak 9 was the

dominant peak, while the albumin peak had the dominant

peak in plasma and the rest of t.he uterine flushings

regard-Iess of the endocrine states.
(v) In zone 11 two very small peaks were usually

present.

('¡) In zone 12 another small component occurred with

the exception of two oestrous samples.

(vii¡ In zone 1.5 a protein component was detected in

some uterine f lushi-ngs regardl-ess of hormonaf states. The

Rf value of this peak corresponds approximately to that of

haemoglobin standard.

3.3 PROTEIN COMPOSTTION OF THE UTERUS OF O\ARIECTOMTZED

RATS WITH AND WITFIOUT OESTROGEN AND PROGESTERONE

REPLACEMENT THERAPY

Table 3.6 shows the protein levels and range of protein

components in uterj-ne flushings obta-i-ned from ovariectomizecl

control and hormone treated groups. S.epresentative optical

densitometer tracings of the uterine flushings are illustrated

in Figs. 3.5, 3.6, 3.7 and 3.8 and a detailed analysis is

presented in Tables 3. 6, 3.7 , 3. 8 and 3. 9 .

In the

atrophy of

related to

ovariectomized

the uterus was

group with

observed "

no replacement therapy,

This may be

the very low protein levels in the uterine
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flushings (0.031- 0.01 mg/ml). Unfortunately, due to the

very J-ow protein level-s, less than the normal 50Ug

SDS-protein mixture were loaded on to the ge1 for anatysís,

thus comparJ-sons of valid protein profj-Ies are dif ficult

to make. Howevern the presence of a faintly staining

peak corresponcling to that of albumin was seen.

In the group given only Ì7ß-oestradiol., significantly

higher prot.ein levels (0.75 + C.20 mg/mI) occurred in the

uterine f l.ushings than the ovariectom-ì-zed group (p.0"05) .

Similarly, significant-Iy higher protein levels (0.33 +0"04

mg/mt-) were measured in uterine flushings obtained from

both the cornl¡ined L7g-oestr:adiol and progesterone treated

groups than the ovariectomized group (p.0.01). However,

no statistically significairt differences in protein leve1s

were observed anÌong the treated groups although progesLerone

tended to have a depressing effect.

Apart from protein with Rf value of 1.0 (presumed

albumin) peaks \^rere nob very high. In female rats given

only 17B-oestradiol or 17ß-oestradiol and lntg of progesterone/

the smal1 peaks in zones I 'to 4 usually occurred. Li-lcewise

in zones 5, 6 , I and 9 , peaks \^Iere usualJ-y visible when

L7B-oestradiol alone or L7g-oestradiol and I mg of

progesterone were given. However, 5 mg of p::ogesterone

ap¡æared to reduce or eliminate most of the peaks.

3.4 EFFECT OF UNILATERAT, TUCD ON PROTEIN CO¡{POSITION

DI.]R]NG THE OESTROUS CYCLE AND ON DAY 5 PSEUDOPREGNANCY

Table 3.ILshows the protein levels and the range of

the prote.in bands present in the uterine flushings obtained

from the control and experimental IUCD horns on day 5

pseudopregnancy. Representative optical densitometer
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tracings of the uterine flushings are illustrated in Figs.

3.9 and 3.10 and detaited analysis is presented in Tables

3.I2 and 3. i3

The following characteristics were observed-

(i) The presence of an IUCD significantly elevated

the protein leve1s in uteri¡re f lushings (p<0.C5) .

(ii) Generall1z, no obvious di.fferences in the

profiles can be d.etectecl between the cont-rol and experimental-

IUCD horn uterine flushings.
(iii) Protein peak 14 v¡as detected in 4' out oll L2

uterine fi-ushings obtained from IUCD horns. By contrast'

this peak was not detected in any of the uterine flushings

obta-ined rrom the control horns of the same animal.

3.5 ELECTROPHORETIC PROFILE OF RÀT PLASMÀ

Representative optical densitometer tracings of plasnta

is illustrated in Fig. 3.11 and detailed arralysis is

represented in Table 3.14"

The number of protein bands ranged 
,f 

rom I0 - 12 bands.

The first two peaks located in zones I and 2 were fa-intly

stained. These two faint peaks were foliowed by two

prominent peaks located in zones 2 ancl 3. This was f ol-lorvecl

by the presence of three faintly staining bands located in

zones 4 and 5. No bands were observed in zones 6,7 apd 8.

Protein bands were present in zones 9 and I0. The latter

\^/as the most dominant peak with Rf value corresponding

to that of BSA standard. As observed in the uterine

flushings, two bands with the Same Rf values were usually

detected in zoîe tt. fn 2 out of the B plasma profiles,

a faintly staining bancl was detected in Zone 13, while a faint
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band in zone 14 was detected in aII theplasmaprofiles.

Finally, in three plasma profiles, a protein component

corresponding to that of haemoglobin standard was detected

in Zone 15.

3.6 COMPARISON OF' THE ELECTROPHORETTC PROFTLES OF THAT

OF R.A,T PLASMA AND UTERINE FLUSHTNGS

(i) Prote.in components I, 2, 3, 4, 5, 9, 10, 11, and 15

appear to be common on both rat plasma and uterine flushings

irrespective of the physiologj-cal state. However, protein

components 2 and 3 were elevated in plasma prof.iles compared

to uterine flushings.
(ii) Proteins in zones 6,7, B, and 12 were only observed

in the uterine flushings but not in the plasnta indicating these

proteins are of uterine origin"
(iij-) Conversely, proteins in zones 13 and L4 were observed

only in the plasma but not in the uterine flushings. l-urther

the prote-in in zone 13 was only detected in two out of the

eight plasma samples.
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Key 3.1 Arbita classification of Rf values of Èhe

electrophoreti.c profiles.

Peak Number Range of Rf Values

I

2

3

4

5

6

7

I

9

10

11

L2

I3

L4

15

0.10+

0.20+

0.30+

0.40+

0.50+

0.60+

0.70+

0. 80+

0.90+_

1. 00+

1.20r

1. 40+

1. 60+

2. 00+

3.00+

0.05

0.05

0.05

0.05

0.05

0.0s

0.05

0.05

0.05

0.00

0.05

0.05

0.05

0.05

0.05
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Table 3. t The protein levels and the ranqe of Protein

bands in uteríne flushings obtained at

different endocrine states.

Physiological
State

(Rat plasma )

Pro -oestrus

Oestn;s

Dioestrus

D5Pseudo-
pregnancy

Ierotein]
in flushes
mg/mI

Number of,
bands

Comments

I

4

L.75

0.65+ 0. 18 7-L6

LO-12 40 dilution

One sample PooleC
from 2 animal-s

One sample pooled
from 6 animals and
concentrated 5 fold. ln a
further 2 sarnples,
the oestrous fluid
aspirated from lur¡'etl .

All samples Pooled
and concentrated -10 fol-d.

All samples pooled;
I sample concentrated,
5 fold and 3 samPles
concentrated 10 folcl.

0.86+ 0.17 tr-14

*o.24
0.60+ 0.07

1I-I7

*0. 38
0.93+ 0.07

12_L4

* Unconcentrated. uterine f J-ushings.

5

5

5

No. of
samples
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Table 3.2 Electropho retíc profiles of pro-oestrous

uterine flushínqs (n=4) 
"

0.15

o.23

o.26

0. 35

o.42

0. 51

0.63

0.81

0. 90

r. 00

r. 16

L.26

r.45

.45

.58

.61

.74

.83

.88

.00

.23

.32

.52

.18

37

ta

)t

.17

.I0

4I

3

2

2

tr

1

B

38

I

4

4

6

6

I

2

3

6

3

I6

20

2/4

2/4

3/4

3/4

3/4

2/4

4/4

4/4

3/4

3/4

r/4

3/4

4/4

3/4

3/4

4/4

2/43. 00

r.47

L.29

0.84

0.69

0. 6t

0.41

0. 35

o.29

o -24

0 .r4

I.00

o.49

1.38

r. 15

1.00

0. 85

0.70

o.64

0.53

32I 2

I

4

3

4

3

10

L9

L2

10

IO

t1

45

t7

I

2

4

4

3

Frequency of
occurrence

4
No
Peak Range of Rf Values

10

1I I

11
2

T2

15

Height of Peak in mm

and 4 refer to the electrophoretic runs

individual samples

4

t

2

22

3

4L

42

5

6

7

81

82

I

t

I

3

2

l0

I

6

9

9

30

2

2

I

Where

of
I, 2, 3,

the four
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Frequency of
occurrence

Table 3.3 Electrophoretic profiles of oestrous uterine flushings (n = 5).

Peak
No.

Range of Rf Values
2.34

0.13 0.12 0. 10

a.22

HI of peak in mm.

34

1

2

3

4L

42

1

6

4

16

1

2L

13

6

3

10

r11

52II

47

5

0.28

0.36

0.43

0 .49

0.54

0. 18

0. 33

0.39

0.23

0.31

0.38

0 .49

0.54

0.64

0.46

0.54

0.63

0.730 .66

0.74

0.75

0.80 0=.82 0.81

0.92 0.92

1. 00

3/5

3/5

s/.s

s/s

2/5

4/5

3/5

4/5

3/5

v5
2/s

4/5

3/5

5/5

3/s

4

16

2

I

5

3

5

2

1

3

2

I

3

I

20 .32

0.38

0.43

0 .49

0.27

0.39

37

58 4L

10

3

24 19

25 26

18

23

3

2 7

(¡)
r.o

51

_2
5

7L

72

81

82

0.56 0.57

o .67

0.76

0. 84

1. 00

0. 88

1.00

1.18

9

27

9

9 53

2644 45

1. 14 1. 11

r.00 1. 00

2 4

16 53



Table 3.3 (cont. )

Peak
No.

I12

Ht.
2

of Peak in mm.
34

t. 16 L.20

5

4I

I

2

L2

15

1. 30

L. 49

2.84

I.27

L.49

L.25

L. 48

3.04

5/5

3/5

2/s

6

10

2

I
3

4

16

È
O

Range of Rf Values
234I 5

'Frequency of
occurrence
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Table 3.4 - Electrophoretic profiles of dioestrous uterine flushings (n = 5).

Peak
No.

11

22

2L

22

3t

6

0.43

0.56

0.25

0. 30

0.33

0.37

0.41

0.44

0.48

0.56

0.60

0 .67

0.37

0 .42

0. s1

0. s8

0.61

0.68

0. 4s

0.58

0.38

0. 43

1.46

a .52

0.57

0.63

0.68

5I5I

0.11

Range of Rf Values
234

0. 13 0. 10

0. 17 0. 15 0. 18

0.24

Frequency of
occurrence

4/5

r/s
3/5

2/5

L/5

4/s

v5
4/5

3/5

L/s

3/5

2/5

s/s

4/5

4/5

Ht. of peak in mm.
234

0. i3

0. 14

0.23

0.32 0. 30

0.38

I

3

T

1

I

2

2

I
2

2

1

I
1

2

3

1

1

9

1

1

1

3

1

I

1

4

5

I

I

1

2

¿

I
1

È
H

0. 3332

33

4L

42

43

s1

52

61

4

1

2

2

I
2

1

2

3

2

7

0 .62

0 .67



Table 3.4 (cont. )

Peak
No.

8

9

t0

111

TT2

L2

15

l_

0. 75

0. 85

r. 00

1. 18

1. 31

1.48

3.05

0. 86

1.00

r.27

L.25

1. 48

) qd

0.85

1.00

f.i5

L.24

r.42

l. 85

t.00

L. L7

L.25

r.45

0. 86

1. 00

i.07

L.25

L. 16

2.93

I5432

Frequency of
occurrence

r/5

s/5

5/5

5/s

5/s

5/s

3/s

Height of peak in mm.

2345

3

4

49

1

I

3

8

24

75

I
i0

7

15

13 13

48

2

2

3

11

3654

3

4

4

I

2

5

4

È
N)
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Table 3.5 Electrophoretic profiles of day 5 pseudopreqnant uterine flushings (n = 5).

Peak
No.

I

2
1

5t
Ht.

2

of Peak in mm.
34'

I
1

4

È(,

22

3I

32

0. 20

0.26

0.31

0. 37

0.44

0.61

0.70

0. 87

1. 00

0.19

0.26

0.35

0.4r

0. s5

0.59

0 .67

0.84

0.13

0"17

0.2r

0.27

0. 46

0 .52

0. s6

0. 19

0.31

0.38

0.46

0.54

0.58

0. 10

0. 15

0.23

0 .42

0.50

2/5

4/5

3/5

5/ 3

2/5

4/s

3/5

2/s

4/s

3/5

3/5

5/5

2/s

3/5

s/s

6

2

I

2

1

2

5

1

4

1

I

2

I

I

2

4

I

2

1

I

I

1

3

4

5

I

3

2

I

4

4

0.354T

1

3

2

3

42

51

0 .5252

61

62

7

I
9

0.63

c.65 0 .67 0. 71

0. 83

0.85 0. 8B

1. 00

L2 16

L4 I4 14

52

Range of Rf Values
234I 5-

Frequency of
occurrence

10 1.00 l_.00 1.C0 53 54 53 62



Tab1e 3.5 (cont. )

No
Peak

r11

L:'2

T2

141

L42

I5

L.22

1. 39

3. 01

I.20

I.28

1. 45

2. 00

2.r0

1. 19

I.29

1.48

L.T2

1. 19

1. 38

L.2L

t.44

4/s

4/s

s/5

v5
L/5

3/s

.Ht. of peak in mm.

234

L4

5

4

5

9

6

4

7

4

4

5

5

3

3

2

T

6

4

5

ÈÈ

2 .87 3.03

Range of Rf values
234-1 5

Frequency of
occurrence



E

_Ë
út '=

-Ert-J o,

-fLo.eE
O-€o.c

.9
o)
I

Fig. la An Opticot Densitometer Trocing of o Representotive
Electrophoretic Profile of uterine flushing on D5 Pseudopregnqncy.

Direction of Run

Rf Volue
tve

OR



45;

Table 3.6 The protein levels and the range of protein

bands in uterine flushings obtained from

ovariectomized rats with and without hormone

replacement therapy.

Physiological
State

Ovariectomy
control

Ovar.iectomy *
IpS 17
oestradiol-

Ovariectomy *
Ipv t7
oestradiol *
I mg progest-
-erone

Ovar:iectomy *
IUg 17
oestradiol *
5 mg progest-
-erone

No. of
samples

(Protein)
in flushes
mg/mL

Range of
hands

Comments

Samples obtained
from individual-
animals.

3 9.6340.o1 I

0. 75+ 0.20 11-15

0.33+ O.04 10-12

0.33 + O.04 8-10

il3

3

3

il

lt
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Table 3.7 Electro retic rofiles of uterine flus

from ovariectomized rats with no hormone

replacement therapy (n = 3).

5

Peak
No.

Range of
Values

l* 2*

Frequency of
occurrence

3/3

Ht. of Peaks
in mm.
1233*

10 1.00 1. 00 1. 00 436

* Samples loaded on gel were less than the normal amount

of 50Ug protein sample.
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Table 3.8 Electrophoretic profiles of uterin e

flushíngs from ovariectomized rats ,

treated with IUS 1ß-oestradiol.

Frequency
occurrence

f Ht. of Peak
in mm.

123

Pea
No-

1 0. 14 0. 13

2I

22

31

32

4I

5

61

62

7

8

91

g2

10

1I

L2

0 .20

0 .27

0. 3B

0.43

0. 50

0.63

0. 84

1.00

L.23

0. 15

0.22

0. 36

0.4r

0.51

0. 61

0.69

0.81

0. 86

1. 00

r.29

r. 49

2/3

r/3
3/3

2/3

t/3
3/3

2/3

3/3

r/3
t/t
2/3

3/3

2/3

r/3
3/3

3/3

2/3

3

5

I

5

2

L2

)

I

I

1I

13

7

66

5

I

0.2L

0 .27

0. 34

0. 39

0.48

0.55

0.61

0.68

0. B0

0. 86

0.91

1.00

I.27

1.48

1

1

3

2

I

4

1

5

3

I

2

3

4

I

42

4

9

1T

48

4

50

8

I

Range of Rf
Values

12 3
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Table 3.9 Electropho retic profiles of uterine flushinqs from

ovariectomized rats treated with luq 1-7g-oestradiol

and 1 mg progesterone (n = 3).

Peak
No'-

2

0 .32

0.35

0. 40

0.44

0.52

0.59

0.63

0.70

0. 87

1.00

I.25

r.48

o .26

0. 30

0. 36

0.42

0. 50

0.62

0. 82

1. 00

r.29

1.48

0. 17

0 .25

0 .28

0. 36

0 .42

0.49

0.64

0. 81

0.92

1. 00

L/3

2/3

3/3

3/3

7/3

3/3

3/3

L/3

3/3

r/3

2/3

2/3

3/3

2/3

2/3

6

I

3

I

2

I

2

I

IO

57

5

4

22

19

2

I
3

2

l
I

2

5

L7

6

6

7

5

31

32

4T

42

43

5

61

62

7

I

9

10

II

L2

10

28

29

2

I

Range of Rf
Values

123

Frequency of
occurrence

Ht. of Peaks
in mm.

r23
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Table 3.10 Electrophoretic profiles of uterine flushings

from ovariectomized rats treated with lUg I7g-

oestradiol and 5 mg progesterone (n = 3).

Peak
No.

2I

22

31

.00

0. 16

0.24

0 .29

0. 39

0.43

0. 51

0 .67

1.00

0 ¿27

0. 33

0. 38

0.4s

0 .49

0. 65

0.73

0. 8s

1.00

r.29

r. 47

L/3

L/3

2/3

L/3

2/3

r/3
r/3

2/3

2/3

r/3
L/3

3/3

r/3
r/3

7

2

I
1

I

3

2

I

2

I

6

2

1

2

I
2

1

2

3

4

4

5

5

7

7

9

10

11

t2

30

3

3

3

2

7

25

2

2

Frequency of
occurrence an nm.

32I

Ht. of peaksRange of Rf
VaIues

123



E
E

.à .s
Ul
CJ(¡,C,od
Þ-.(, o
O-vc)t

.9
c,r

ORIGIN

Fig. 3-8

3

-ve

An 0pticot Densitometer trocing of o Representot¡ve
Electrophoretic Prof ite of uterine Ftushing obtqined from
Ovorþctomized Rot treoted w¡th r/¡g oestrodiol ond
5 mg Progesterone.

Dírection of Run--+
Rf Volue

*ve

7



50

Table 3.11 The protein levels and the ranqe of protein
bands in uterine flushings obtained from
control horns and experimental horns of
rats fitted with unilateral IUCD on day 5

pseduopregnancy.

Physiological
State

Control horn

Experimental
horn

Number of
Samples

(Protein)
in flushings
(mglm1)

0.95+0.19

o.7eL0 .20

Ra:rge of
Protein
Bands

7-15

11-14

4

4



51

Tabte 3.12 Electrophoretic profiles of day 5 pse.rdopregnant

uterine flushinqs obtained from control horns

in rats with unil-ateral- IUCD (n=4) .

Peak
No.

3I

32

33

4I

42

51

-25

6

7I

72

9

10

lII

I2

0. 18

0 .29

0.31

0. 34

0. 39

0. 43

0.48

0.56

0. 66

0.71

0.87

1.00

L.2T

r. 44

0.17

0.22

0.29

0.33

0.38

0 .44

0.5r

0 .62

0.70

0.86

1.00

1. t6

I.22

1. 41

0.16

0.19

0 .26

0.3r

0. 37

0.43

0.46

0. 50

0 .62

0.69

0. 85

1.00

1. 16

I.25

r.44

0.23

0 .26

0 .32

0.45

0.55

0. 85

1.00

3/4

3/4

4/4

4/4

r/4

3/4

3/4

3/4

2/4

4/ 4,

2/4

2/4

4/4

4/4

2/4

3/4

3/4

41

Ht. of Peaks
in mm.

23

2L

22

3

I

2

3

t

2

1

I

1

2

6

1

1

I
1

3

3

3

I

2

1

I
7

1

2

t
I
2

2

3

TO

47

2

3

2

l-

I

3

2

2

IO

2.92L

I4

68

IL2 2

I

2

2

2

Frequency of
occurrence

Range of Rf
valuesìkl 2 3 4

* Samp1e loaded on gel less than 50Ug
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Table 3. 13 - Electro phoretic profile of day 5 pseudopregnant

uterine flushings obtained from uterine horn

with I U C D (n = 4).

Peak
No.

L2

I4

o .29

0.33

.17

0.23

0.29

0. 38

0.43

0.51

0.64

0. 10

0.ls
o .2L

0. 31

0.36

0. 39

0.58

0 .67

,,0.85

1. 00

r. 15

L.22

I. 42

0.2r

0.28

0.36

0.43

0.48

0.53

0 .62

0. 69

0.86

1. 00

r.22

r. 41

2.12

2 .87

r/4

2/4

3/4

3/4

2/4

3/4

4/4

2/4

3/4

3/4

3/4

2/4

L/4

3/4

4/4

r/4

4/4

4/4

L/4

r/4

Ht. of peak
in mm.

I23

11

I3

45

4

I

2I

22

31

1

2

2

I

I

2

3

1

I

I

5

t

3

I

I

I

I
3

2

2

1

2

2

2

2

2

I
1

I
2

t

t2

57

4

3

2

IO

I2

32

4L

42

51

52

6

7I

72

I

9

0.43

0.48

0.54

5246IO

1r1

LL2

0 .67

0. 71

0.87

1. 00

r.24

1.43

0. 70

0. 84

1.00

I.23

L. 42

I

4

4

2

I
2

¿

Frequency of
occurrence

Range of Rf
Values

123 4

15
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Table 3.14 Electrophoretic profiles of rat plasna (n 8) .

1
No

I

T2

Peak

I

I

2T

18 L7

66 77 7T

7 5

Height of Protein
peaks in mm.
4567

L7 T4 18

a)¿J ('

1

I

1

I

ur(,
17

I4IO132T

111020o.26

5I 58

I9

40

t-7

68

20

68

67

5

5

4

6

4

0.08 o -I2 0.08

0. 14 0.11

0.08

0. l-3

4/8

3/8

3/8

7/8

8/8

8/8

7/8

B/B

2/e

8/8

e/8

7/8

6/8

I

I

I

I

I

I

t

I

2 0. 15 0. 16

42

52

22

I
5

I1I

0.50

1. r¿

o -47

1. II

o.47

1. L3

o .46

I. I3

0.45

o.2lo.20 o.20 o.24 o.22 o.2L o.22

o.26 0. 33 0. 3I 0. 30 0.31 0.30 o.26

36 0. 36 0.39 o.37 0. 38 0. 39 0. 38 0.36

42 o.42 0.44 o.42 o.42 0.43 0.44

o.4a 0.48 0 .48

0. 5l_ 0.51

9 0.85 0.85 0. 85 0.84 0.85 0.85 0.84 0 .85

10 1.00 r.00 l. 00 t.00 1. 00 1. 00 1.00 1. 0c

1.15 t.l6 l. 15

3

4
I

2L

t1 9

2

5

5

2

2

3

9

2

I

1

9

3

3

4

8

2

2

0

0 2

I

I

2

I

I

2

2

I

Range of Rf Values

345I 2 6 7 I
Frequency of
occurrence

I12 I.2I 1. 18 1. 19 1.19 1. 17 L.2L 4 10



Tabte 3.14 (cont.)

Peak
No.

13

L4 1.98 t.97 2.OL

Range of Rf Values

345 67821

2/8

8/8

3/e

6 3

Heigh
peaks

4

L23
É.of protein '

an mm.
56 I74

I1.60 1.63

2.06 2.20 1.90 2.03 2 -45 5

9

2

9

2

33

4

3

15 3.O2 2.72 2.70

ulÞ

occurrence
Frequency of
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4 DISCUSSION

In this project sodium dodecyl sulphate (SDS)

polyacrylamide gel electrophores-ts has been used in the {

study of protein composj-tion of uterine flushings under

different physiological conditions. This technique was

ori-gj-nally devetope<1 by Maizel (1966) and later modif ied

by Schnaitman (1973 and I974).

A review on the applicat.ions of polyacrylarnide gel

electrophoresis is given by MaizeI (197I). The principle

of this method is as fol.lows. There is a dissocj-ating

system which brings about the disruption of hydrogen'

hydrophobic and -ionic bonds. The anionic d.etergent SDS

j-s the most commonly used dissociating agent. Accordlng

to this technique, samples are prepared by -incubating one

volume of sample with two volumes of sol-ubil.izing soluLion

contairríng SDS at 37oC for two hours. This produces SDS-

protein complexes with an overall negative charge. The

basis of mobility of these SDS-protein complexes is on the

molecular weight of proteins and the direction is from

the cationic to the anionic chamber of the el-ectrophoretic

apparatus.

Initially, an experiment was conducted to determine

the effect of loading from 25 to 160p9 of SDS-protein

mixture on the electrophoretic profiles. Results indicated

that when 5OUg or more of SDS-protein mixtures were loaded

on to the EeIs, the profiles were simiiar. Hov¡ever, with ',

increasing amounts of SDS-protein mixture, the width of certaj.n

bands was increased and al-so stained more intensely.
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Below 50p9, a significant reduction in the numl-¡er of

protein bands coul-d be observed. Thus, it may be corcluded

that below 5OUg of SDS-protein mixture, there was not

enough protein in individual- bands for them to be detected,

but increasing SDS-protein mixture above 50Ug did not-

appear to increase the number of resolvable protein components

by this method. Thus taking this result together with the

average protein concentration in various uterine flushings,

it was decided to load 50pg of SDS-protein mixture in all

cases regardless of whether or not pooling and concentrating

of f.lushings had to be initially performed.

Total protein in uterine flushings \,ùas detern'r.ined by

a rnodified Lowry method (Lowry, et a1, 1951) whj.ch involved

the replacement of Lowry reagent B, 0.5% cupric sulphate

in I3 sodium c-itrate solution (Gibbs, personal conmunication).

The former solut.ion proved to be unstable resulting in cup::ic

sulphate precipitating out of the solution v¿hiIe the latter

solution was more stable and could be stored for a few

months at roonì temperature. Alterrr¿rtively, the problem

of insLability of the original reagent B could be overcome

by naking up two separate solutions of IZ cupric sulphate

solution and 2? potassium sodium tartate solution and then

mixing them in the ratio of 1:1 just before use (Drew,

personal communication). In this study, the former

modif ication to reag;cnt B was used.

Measurement of total protein content of t.he uterine

flushings demonstrated considerable variation between

samples at different physiological states and also within

the Same physiological state. However, since lower protein
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level.s were invariably present in uterine flushings

obtained in dioestrus and on day 5 pseudopregnancy

compared to pro-oestrus and oestrus, it was necessary

to pool and concentrate them. This was achieved by using

Amicon B-15 ctinical sample concentr¿rtors. No concentrating

of pro-oestrous and oestrous fJ-ushings was necessary. Since

some uterine flushings were concentrated while others wel:e

not,' it was necessary to investigate the possj-ble effect

of concentration on the electrophoreL.j-c prof iles. The

results demonstral-ed that the concentration procedure h.ld

no effect on the electrophoretic profiles. Hov¿ever, some

loss of protein occurred possibly due to st.ì-cking to the

wall cf the chamber during 'Lhe concentrating process.

Although the pattern of the optical densitomet.er

t-.racíngs of clifferent samples at the same physiologj.cal

state was simil-ar, some variatiorr in the total- number of

bands vj-sible in dj,f ferent samples s¡as apparentr ê.9.

7-16, tl--14, IO-17 and I2-I4 numbers of bands occurred in

uterine f lushings ol:tained at pro-oestrus, oestlrus ' dioestrus

and on day 5 pseudopregnancy respectively; lthis was

mainly due to presence or absence of Some barely detecta.ble

weak protein componetrts in the hi-ghe:: mol-ecular weight region,

e.g. zones I and 2 cl-ose to the or:ig-in. Such variation may

be a reflection of either individual- variation of the p::otein

components of the samples or variation of the resolving

power of the SDS-ge1 elecLrophoresis. The latter possibility

is influ.enced by such factors as the variaiion in the

volume of sample loaded on .to the gels and, also by the

stainj-ng and destain.ing procedures.
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The presence of variation in the total number of

bands may be related to the fact that in 26 out of 47

samples, a d.ouble peak or band in zone 11 occurred.Further,

in 2A out of 47 samples, a band was detected in zone 15

of the electrophoretr-c profile v¿here the haemoglobin sub-

unit standard was detected. This may imply that either

some samples are slightly contaminated with haemolysed

blood although there was no visibl-e evidence of this or that

a protein sometimes occurs with simila:: molecular weight to

haemoglobin.

As well as variation in the number of bands, some

minor variation occur:red in the mobility of individual

bands which made identification and comparative study

difficult. This factor proved to be a disadvantage of

the disc electrophoretic system and may be attributed

to the following factors. Dif fel:ences may be pr:esent

among the individual gels used which may result in an

uneven starting zone or origin. Further, the unevenness

may not be restricted to ge1 surfaces only but may also

-incl-ude the whole gel itself . Such unevenness may be

due to gel polymerization occurring either t.oo f ast or

too slowly. In this study, the polyrnmizing agents TEMED

and ammonium sulphate v/ere adjusted to obtaj.n polymerization

in not less than thirty minutes and not more than sixty

rninutes at ambient room temperature.

Further, a range of 20 to 100 Ìrl- 'v'o1ume of sample .:

was loaded on to the gels in order to maintain the constant

amount of 50ìig of SDS-prote.in mixture. By,loading a wide

range of volume, there is a risk of overloading the gel
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whj.ch produces electrical and heating effects which in

turn are detrimental to resolution" Ilence, the consequence

of excessive sample loading is to br.oaden protein l:ands

and also to increase the migration rates of protein
(l[aizel, I97L) . , This in turn may also affect neighbouring

bands. Further, excessive loading of protein samples can

result in the protein precipitat.ing at the ori.gin.
Howe-verr âs far as is known, this phenomenon did not occur

in the present study. This wes prob;rbly because the

volume of the sample loaded was always smal-l, i " e.

generally l-ess that 100 y1.

The probl-em of var j ation in the mobiliLy of the

bands coul-d be partially resol.red by expressing the

mobility of the protein components as a. fraction of the

distance travell-ed by an inter:naI reference protein or

a dye" In this project, two or three drops of 0.22 bromo-

phenol blue dye in 50% sucrose was added to the samples"

The dye served as an indicator of the front of the moving

zone as the sam¡:Ie descended down the gel. Unfortunat.ely,

by the time the gels have been subjected to the staini.ng

and destaining procedures, the brorno-phenol blue dye trad

been effecLively removed. Thus the use of the dye is
l-imited to following the elect-rophoretic run onIy.

However, a peak wi'b.h a mobility simil-ar to that of bovine

serum albumin was always observed. Sr-¡ this assumed albunin

peak was assiged the Rf value of I.0 arrd the rest of the .

protein compounds related to it and fj.fteen arbitary zones

in descending order from the origin of the gel were assigned.
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Finally, variation in the height of the pea)<s or

staining intensity of the bands of the electrophoretic
profiles was also ol:served. This j-s likely to be due

to quantitative differences of the indirridual proteins

within the dif ferent samples obtained at- the sarìre'

physiol.ogical state.

During the analysis of resr:lts, coilìparîis<¡n was

mad.e between the optical densitometer scan of the

gels and the prote-i-n bands present -in the gels as

observed under a viewer. Sínce the ge1"s were stai¡red with

Coomassie blue dye, the peaks present j-n the opt-ical. dens-

-j,Lometer tracing shculd cor:respond to the bands observed

under the 'viewer. Such dou]:l-e checking eliminated any

artef acts occur:ring as a result of the scarrning procedure.

The present study dernonstrates that changes occur

in the electrophoret-ì-c profiles of uterine flushings

obtained at different hormonal. states of the oestrous

cycle and on day 5 pseudopregnancy. lrio direct comparì.son

can Ì.¡e madc with the results obtained by previous wor:kers

because of 'bhe different techniques em¡rloyed ancl a wide

rangie of utr:rine prot-"ein concentrations used in the analysis

of uterine fl-ushings, except that of Surani (1975) who

studied ovariectomized rats given oestrogen and progesterone

and then flushed the uterus at different. ti-mes after the

l.ast oestrogen irrjection. Further, the earlier workers

also rest::icted their study only to uterine fluids or

f lushings ob'tained at either Jlro-oestrus or oestrus.

The protein concentrat.icrn of the uterine flushing

at pro-r>estrus and oestrus \,¿as approximately 0.5 mg/m1.
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This is in agreement ',,¡ith the rzalues obtained by previous

workers (Junge and Blandau, 1958, and Breed et alo L972).

Neat uterine fluid aspirated at oestrus had twice the t

amount of total protein t e.g. about 1.0 mg/ml. This

value differs frc¡m that obtained by Junge and Blandau

(1958) who found the average protej.n concentration t-¡f

uterine f Iuíd to be about 0.5 rng,/ml or about 4Z of that

found in rat serutn" This discrepancy may be attributed

partly to the different techniques used in measuring

protein concentration. The protein concentration of

dioestrous uterine flushingsrvas approximately 0.25 mg/mI.

Despite the variabi.lity j-n the electrophoretic

profiles of uterine flushings, more bands \^iere detected

by SDS-ge1 elecl-rophoresis than by previous worl<ers using

disc electrophoresj-s, i.nrnunoelectrophoresis or ouchterlony

ge1 diffusion anallzsis" Flence, thi,s may suggest tha'b the

SDS-geI electrophoresj s is more sensitive than the other

techniques. Further, the overall electrophoretic profile

of uterine flush-ings in this study j-ndicates that a nu.rnber

of the protein corrçonents have molecular weight greater

than 70,000.

The resu,lts of this study indicate greater: protein

peaks 5 and 6 of uterine flushings obtained at pro-oestrus

and oestr:us than at dioestrus and day 5 pseudopregnancy.

These two proteins ha.ve mobilities slower than that of

Transferrin staniiard i,¡hich has a molecular weight of

86 r 000, so 'these molecular rveigtrts are approximately 103,000

and 94,000 respectivery" Surani (f 975) demotrstrated that j.f

progesterone af one was ¿rdm'i nistered to ovariectomized rats,
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therewas a lack of high molecular weight proteins.

I{owever, when oestrad.iol was also given al.ong with

p::ogesterone, a protein with molecular weight of

70,000 was detected within t hour; 13 to 20 hours after

oestrogen administration, there was a shift towards the

occurrence of higher molecular rveight proteins which

he considers coinci-des with Lhe protein profiles of day 5

pseudopregnancy. Thus the higher molecular weight

proteins mentioned by Surani aS occurring 13-20 hours after

giving oestrogen could be the Same as those described i,' the

present study as increasing at pro-oestrus anC oestrus.

Uterine flushings from pro-oestrus and oestrus animals were

usually taken early in the afternoon and since the oestroqen

surge occurs early in the mornj-ng of pro-oestrus (Yoshinaga,

et af , 1969) , the tirne scale between oest-rogen inducing h-igh

molecular weight proteins rnentioned by Surani and fl-ushings

obtained during the cycle in the present study may Frot be too

different.

A small peak with Rf value of 0.75 corresponding to that

of transferrin standard was detected in trvo out of the

pro-oestrous samples (Rf=O.70 and 0.78) and three out of the

five oestrous samples (Rf=0.74, 0.75 and 0.76). By contrast

ii- was detected in only one out of the five dioestrous samples

(Rf=O.75) and in two out of t-he f ive day 5 pseudopregnant

samples (Rf=Q.70 and 0.71) . In the rabbit, hDwever, Tr:ansf er:'r j.n

i s one of the domi nant peaJ<s in the pre-'ovulatory or

oestrous u'Lerine flushings (Beier et â1, L97L; Beier and Beier

llellwig (1973). Thus indicating species differences with

regaÈd to this protein. Further protei.n component 9 showed'

an increase in concentration in 3 out of the 5 oest-rous
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uterine fJ-ushl-ngs compared to the other uterine flushings

and that of pJ-asma

Uterine flushings obtained on day 5 pseduopregnancy

had proteiu concentrations of about O.3 mg/mI which is '

similar to that of dioestrus. In common with other uterine

flushing profil.es, a'number of protein components had

moJ-ecular we.ights greater than 70,000 daltons. These

results are j-n agreement with Surani's f ind'ings on day 5

pseudopregnancy (i975) " i{owetzcr, they differ from those in

the rabbit where the majority of uterine proteins are

relatively smal-l macromolecules with molecular weights j-n

the range of 25,000-70r000, in thj-s species a specific

protein cal-led uteroglobin j-s particularly prominent

(Beier et ä1., 197l). The increase in concentration of

proteins 5 and 6 observed at pro-oestrus and oestrus dicL

not occur in clay 5 pser;<lopregnant samples ' The overall-

electrophoretic profiJ-es of day 5 pseuclopregnanL samples

appear therefore to resemble closely those of dioestrus.

The results of this study also appear not to support

the occurrence of uteroglobin or blastokinin in rat uterine

flushings obtained on day 5 pseudcpregnancy as extensively

reported in rabbit. However, there appears to be a discrepanclt

in the estimation of the molecul-ar weight of blastokinin sub-

unit ranging from 1O-t5,0OO (tr[urray, et_ al , I972¡ McGaughey

and Murray, Ig72; and Bullock and Connel, 1973) . Thus if

the higher estirnation of the molecular weight of the sub-

unít is true and if sttch a substànce did occur in the rat

uterine flushings at early pregna.ncy or pseudopregnancy,

then ít would be located in zone 15 of the SDS-gel electro-

-phoretic profile. A faint peak was detecL.ed j.n this zole

in some uter-ine flr:shings regardless of the physiologica-L
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states from which they were obtalned and in plasma.

Howet¡er. the haemoglobin sub-unit standa::d has a

molecular weÍght of 15 r 500 daltons and its peak is also '

located i.n zone 15 of the SDS-gel electrophoretic profile .

so it is likely that'this peak is haernogJ-obin.

Fina1ly, rat plasma samples \dere analysed witlr

uterine flushi-ngs. The results suggest that nine proteins

namely bands 1, 2, 3, 4,5, 91 10, Il, and 15 were common

to both plasma and uterine flushings, irrespective of

endocri-rre state but proteì-n bands 6, 7 , B, and L2 were

present only in uterine flushings while protein band 14

was only present in plasma. Thus, uterine fluid proteins

appear to contai.n a mixture of those passing into the

uterine lumen from blood plasma a.nd those s]¡nthesized

de Novo in the uterine endometrium and released into the

lumen.

As a result of changes in protein profiles -in íntact

femaJ-e rats at different endocrine states, it was decided

to ascertain whether the changes obser:ved could l¡e induceC

in ovariectomized rats given replace-:ntent hormonal ther:apy

and especially whether exogenous oestrogen is able to induce

the t.wo promínent protei.n bands observed al- pro-oestrus and

oestrus. Thus ovariectomy and repJ-¿rcement t.herapy was

perfor'med wj-th oestrogen and/or progesterone. The schedul e

and dosage of the hormone replacement therapy employed in

thj.s study has been presented j-n lt{aterial-s and Methods.

The leveIs of protein measured in uterine flushings

from ovariectomj"zed animals withont hormone therapy was

sigr-rificantly less than when oestrogen was given alone or
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in combination rvith progesterotle (P< 0 . 0 5 and P< 0 . 0l

respectively) " Thus it seems th-at. oestrogen induces secret-.-'t-on

of protein into the uterine lumen in Some h/ay or another. Tn

the case of ovar:iectomized animals withont hormone replaJement

therapy, atrophy of the uterus v/as observed which m-ay be.

related to the very low protei¡ levels in the uterine

flushings. Bl.ectrophoretic profil.es ín aIl tlre three samples

analysed demonstrated the presence of one faintly stai-ning

band corresponding in position to tirat of BSA standa-r:d.

In the oestradiol treated group, elevation of p::ot-eì-ns;

5 and 6 were observecl in two out of three samples. In this

respect, the pattern was similar to the protein profile of

pro-oesl-rous uterine fluj-d. In the case of combj-ned oestr¿ìCiol

and I mg progesterone treated grùup, the protein pr:ofile was

also character-ized by the elevation of proteins 5t 6 aud 9 in

orre out of three samples white protein 5 rvas elevated in tv¡o out

of three samples. This again vras similar to 'the pr:otein

profiles of both pro-oestrous and oest-rotts uterine flushincJs

with regard to proteins 5 and 6. The eLevation c¡f two pr:oteit'r

components 5 anci. 6 at pro-oestru-s atlcl oestrus may be d.ue to

ovaries secreting oestradiol--17i3 in the morning and

progesterone in the afternoon of pro-oestrus (Shailch and

Shaikh, L975¡ and Smith et al, L975)-

The induction of intracellular QS-lSoYg. protein

syntiresis by oestrogen involving the incorporation of

Iabelled amino acids into protei,ns under in vivo and in vi Lro

conditíons have been reported' b1' nurilerous workers (t'{ot--ides

and Gorski, Lg66; Barnea and Gorski., I97O, Katzenellenbogen

and Gorski, ITTO; Mayol and Thalzs¡, L970, and

Iacobelli et al, 1973). The fact that oestrogen induced
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protein synthesis after in vivo and. in vitro hormone

administration, clearly indicates that- oestrogen can

stimulate the utems without the requirements of intact

vascular or nervous systems. Such proteins are knov¡n to

be taken int-o the nucleus but extra-cel-lular secretion

as indicated by this study also appears to occur.

Fina1ly, in the protein profiles of uterine

flushings obtained from oestradiol and 5 mg progesterone

treated ovariectonrzied animals, 'bhe prominent protein

peaks 5 and 6 were not apparent. Thus the protein profile

is similar to that obtained at dioestrus and on day 5

pseudopregnancy. IIence these resul-ts suggest t.hat higher

progesterone levels may inhibit secrel-ion of bands 5 and 6.

The protein profile of this treated group does hower¡er

appear to differ from that of day 5 pseudopregnancy in

that the::e appears to be a reductiou in the numl¡er of bauds

occurring at- the higher molecular weight- range (particularly

in zones I, 2, and 3) resulting in a reduction in the number

of overall p::otein bands observed.

This project was extended to include the study of the

effect of I.U.C.D.on the protein composition of the uterus

on day 5 pseudopregnancy. The measu.renent of protein ler¡eIs

in uterine flushings demonstrates that the presence of an

I.U.C.D. signi.ficantly increases the protein level-s (P<0.05) .

Thus the findings ccnfirm results obtaj.ned previously

(Kar gt=al , 1964 and Breed et al , 1972) . Although the SDS-

protein profiJ-es suggest a sl-ight reduct--i-on in the higher

molecul-ar weight proteins, Lhe profile appears not to be

consistently altered by the presence of an I.U.C.D.



67

Hence these results are in agreement with the results

obtained by Breed e! el (1972) , and Peplow et--a]= (1973)

who reported that the disc electrophoretic protein patter:nb

of uterine fluid were not consistently altered by the

presence of an I. U. C. D.

- The inhibition of both clecidual response and implantati.on

in rat and mice in the presence of I. u. c. D. or I. u. F. B. are

well documented (Margolis and Doyle, 1964¡ Bartke, L96Í3¡

Batta and chandhury, 1968; DLzzia and Bo, 1969; Kar et_ aI,

Lg64 and Krueger and Bo, 1972) . Hence the failure of

decidual cell response to occur in the rat during pseudo-

-pregnancy in the presence of f .U.C.D" rnay be associated' rçitl:

the absence of protein(s) some way involved in the mechani-sm

of DCR and subsequent .implantation-
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5. APPE]\:IDTCES

IIODTFTED LOWRY ASSAY FOR PROTEIN MEASUREMENT

Reagents

1. Reagent A = 2Z NaZ COg in 0.10N Na OH.

2. Reagent B = 0.5å Cu50 4 5Hr0) i-tt 18 sodium citrate.
3. Reagent C = is an alkaline copper solution which is

__ 
made up fresh about 30 minutes before use by mixing

50 mI of Reagent A with 1 mI of Reagent B.

Reagent E = is 1:1 diluted Folin and Ciocalteu's4

5

phenol Reagent 2 normal (Sigma Lot 64c-5033) is

diluted on the day of use and then discarded.

A stock solution of BSA (Bovine serum Albumj-n)

1 mg/ml. is made up and stored in the freezer in 2 mI

aliquots.

Standard Curve for 0.2 mI System

Dilutions

BSA Stock Solution Dilution
of /mL

6

or 000
with H^0

-¿-
0.9mI

0. 8m1

0. 7mI

0. 6m1

0.5m1

100ug/mI

2001t9/mI

30 0 Ug,/m1

4 0 0 Ug,/ml

500pg/ml

0.1 ml

0.2 ml

0.3 ml

0.4 mI

0.5 ml

+

+

+

+

+

1.0

1.0

1.0

1.0

r.0

(BSA) /0.2 ml. Standard Curve

20Vg -- 0.2 mI of 100 g/ml BSA solution
40 g = 0.2 ml of 200 g/mI BSA solution
60pg = 0.2 ml of 300 g/m1 BSA soluti-on
80pg = 0.2 ml of 400 g/ml BSA solution
100U9 0.2 m1 of 500 g/mI BSA solution

BSA
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SCHNAÏTMAN SDS-POLYACìì.YLAMIDE GEL ELECTROPHORESTS

PROCEDURES.

Solution A (Solublizíng solution)

Stock solution of 100 m1s of 0. I M sodium phosphate buffer

containing 3Z or 3 grams of SDS, anrf 7 .5 mm EDTA disodium

sal_t (ethylen-ediamine tetra acetic acid Sigirna Lot 5Ic-
91001) .

M.wt of EDTA = 372.24

1000 nM (1M) = 372.24 gm/I000m1s

10 rn¡4 = 2.7224 gm/IOOOmls

7.5 nM = 3.72 x 7.5 = 2.799m/]-000m1s
Io--

Since the stock solution = 1000 mIs, the amount of EDTA

added was 0 .27 9 gnr/100 m1s.

Before the solution A was added to reacting samples, to

form SDS-protein complex, 0.154. 2-mercaptoethanol Type I
(Sig-ma Lot 34c-1810) was added to solution A.

Calculation of the amount of gel preparation required for

10 tube.

The areaof tube : TIr

Internal diameter of

2.5 mm or 0.25 mm.

2

tube 5 mm .'. radius

l. amount of ge1 prepr/tube

Coomassie: BIue Stain

0.196 x 10 cm : I.96m1s

0.252 Coomassie blue dye was dissolved in water containing

452 methanol and I03 acetic acid. The dye sohrtion was

filtered before use. Destaining solutíon consists of water

containing 259- methanol and 7.52 acetic acid.



l-iom thb groph the omor.¡nt n åtn dilrred TEþlEo ond persurfute required for
the polyrærizotion of Acrvlomide solution con be determined.

0

OB

50

o
o
=a
eoù

o{)

ct
UJ

IJ
F.
.E,
(!)

)
ú

3

Stæk soln. 50 mg/mt

Ith
-t<J

o
r o4
Ë
2o

dituted
IEMEO

0r0 2030405060m
Volume ol Acrylomide Solution in mls.

80 90 r00
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Calculation of the amount of protein loaded in gel.

Generally a sample with 1mg;ml of protein, 50UI volume

$ras loaded on to the gel. This volume was equivalent

to 50pgs of SDS-protein mixture.

Protein with xmg/ml or xVg/1000U1, the vol. equivalent

to 50Ug of SDS-protein mixture = 1000 x 50u1
x
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PEAK HETGHT OF MAIN BANDS UNDER DIFFERENT ENDOCRINE STATES

Bndocrine
States

* Pro-oestrus Vs Dioestrus
** Pro-oestrus Vs Day 5 Pseudopregnancy

p < 0.05

p < 0.01

** 38 t
t
t
t

3

6

I

37

52

**55

62 !a

*r3. 0 't ¡. e

18. 4 t s.9

*L.4 ! o.2

r.o t 0.4

0

*g.5 ! z.l

Lo.2 ! 4.s

*o.6 ! o.2

o.s t 0.4

1.9
fL o-4

4

5

5

5

I

Pro-oestrus

Oestrus

Dioestrus

Day 5 Pseudopregnancy

(Plasma)

1065

No. of
samples

Peak Height (mean 3 se)
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