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Abstract

Introduction: The etiects of different doses of cestrogen on the endometrium of women
with premature ovarian failure have been examined in this study.

Materials and Methods: Four groups of women of reproduciive age were studied:
1 normal fertile controls 2. patienls given a standard, variable hormone replacement therapy
(HRT) 3. a group given a fixed daily dose of 1 mg of oestrogen and 4. a group given a fixed
daily dose of 4 mg of cestrogen. Endrometrial diposises were taken at about 3-6 days after
ovulation and fissue was prepared for light and electron microscopy. Morphometry was used to
evaluate quantitatively various features of endometrial luminal epithelial cells, The volume
fraction (V'v) of nucleus to cell in the standard group was significantly larger than the 4 mg
group.

Results: The Vv of enchromatin to nucleus was larger in the contrals and 4 mg group than
the 1 myg subjects. The Vv of mitochondria to cell was largest in the control group. The ratio of
desmosomes to surface membrane was increased (P< (.05} in the 1 my subjects,
Conclusion: These results suggest that, while standard HRT is generally a good mimic of
controls, the [ mg fixed dose delayed some membrane features and the fixed 4 mg group
showed advancement in some organelle growth.
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Introduction

The luminal epithelium of the endometrium is the
first point of contact between the mother and the
embryo. ts normal development is dependent on
adequate amounts of ovarian hormanes. In many
cases wormen with POF (prematura ovarian failure) can
be treated by exogencus stercid hormaones, which
closely  mirmic  those seen to produce a normal

endnmetrium. Indead, this hormone  replacemant
therapy (HRT) can be so successful that endometrium
fram these women could receive a fertilized donor egg
and deliver a healthy child {1-7). However, the detailed
ultrastructure and histology of luminal epithetium from
women treated with HET has not been reported
pravioushy

Li et al. (8) investigated the endometrial response of
stroma and gland to oestrogen at the light microscapic
level using morphametric techniques. They compared
a standard variable dose regime 2 with three different
daily fixed 1, 2, and 4 mg oestrogen regimas. They
reported that normal endomeatrium could be achieved
using & variable dosage and that a daily dose of 1 mg
oestrogen was suboptimal. There was no noticeable
effect using higher doses,

The present study was designed to examine the
effects of three different programmes of HRT, a
standard variable dosa, a daily fixed 1 mg and, a fixed
4 myg dose of cestragen on a group of women with
pramature ovarian failure at the ultrastructural level in
order 10 extend the previous study of Li et al. (8) and
o examing luminal epithelium in particular. In addition it
was intended to compare the data obtained from the
HAT groups with a group of well-charactensed normal
fartile women (9 in order to determine the various
effects of cestrogen on luminal epithelium around the

time of implantation.

Materials and Methods

= Subjects

Infertile Subjects
Infertile  women

with  premature  owvarian  failure

attended the oupatient clinic  of the  university

department of Obstetrics and  Gynaecology at the
Jessop hospital for Women, Sheffisld, UK. There were

............Yak‘htehm

Rarani & ..

-___f"

.

18 women with premature ovarian failure (POF),
defined as womean with at least 6 months amenorrhoea,
at the same time as having low plasma oestradiol
(=100 pmoll) and elevated plasma follicle stimulating
harmone (FSH)= 20 U I inwemen under 40 years of

age ({10}

Fertife Subjects

Five normal ferile women {age 18-40yrs) were
recruited; these are the same confrols, which have
besn reported previously by Sarani, et al (9), Narmal
feriile women were defined 11 as those who had
regular menstrual cycles of betwesn 25 and 35 days
with no evidence of menstrual disorder and those who
had not used any steroid hormonal contraception or
intrauterine contraceptive device for at least 3 manths
pricr 1o hospitalization andthose who had at least one
successful pregnancy. Al biopsies in the control
subjects were timed by reference to the LH surge
(designated day LM 0), which was determined by LH
assays on daily samples of either morning urine or of
plasma {11}.

In the POF groups the study was a crossover @

design with each woman being allccated to her group
at random. The first six women received standard
hormone replacement therapy (HRT) in one cycle (2-8)
and then changed 1o a fixed 1 mg oestrogen dose in
the next cycle. The second six women received 1 mg
fixed dose in the first cycle folowed by the standard
HRT in the next cycle. A third group of six women weara
treated in the same way as the first group but, received
4 mg of oestrogen in the second cycle. From each
group a biopsy specimen was taken once at day 19 of
each cycle by using a Sharman s Curstte (Dow s
Surgical Ltd, Sheffield, UK).

Each endometrial specimen was fixed immediataly
in 3% ghtaraldehyde and processed for hight and
electron microscopy as described previously (3], From
JB-4 blocks, 2 pm thick section were cut using glass
knives on an Anglia Scientific AS500 microtome (Anglia
Instruments, Cambrridge, UK) and stained with 1% acid
fuchsin and 0.05% Toluidine blue. Semi-thin sections
(0.5 um thick) were cut from Epon blocks using a
Rechaent [OMU3, Sweden) ultramicrotome and stained

.
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Ultra
(approximately 70 nm thick) were doublz stained with

using  0.05%  Toluidine  blue. thin-sections
agueous  urany! acetate and |lead citrate (2). The

ultra-thin - sections  were examined on a  Philips
3014ransmission electron microscope at a range of
magnifications, which were determined with the aid of a

orating replica.

+ Morphometry
Estimation of volume fraction (Vv)

Five to ten non-cverlapping micrographs of luminal
epithelium were taken for sach subject in a systematic
ranclom pattern at an initial magnification of 2200
Measurements were made by wusing a projecting
microscope (Garl Zeizs-Germany) to magnify negatives
to a final magnffication of about 22000. The images
wera superimposed with a lattice of 20-mm squares
(0.9-pm apart on the tissue) and the volumes fraction of
nucleus, mitochondria, "wesicular  system® (including
Golgi, smooth endoplasmic reticulum and  vesicles)
and rough endoplasmic reticulum {RER) to cell and of

euchromatin to nucleus were abtained.

Basement membrane arithmetic and
harmonic mean thickness

Using a projecting microscope the negatives wera
projected &t a magnification of 50000« over on a
square lattice, each square of which was 50-mm apart
{lum on the tissue), Two perpendicular lines were
drawn, one on the inner suface of the basement
membrane and another an the outer suface of the
bazemeant membrana. These lines were orthogonal 1o
the line of the square laftice. The length () between
these two perpendicular lines was measured using a
camman ruler. By dividing the sum of all lenghths by
the number of observations the arithmetic mean lenght
was obtained [E a). Basement membrang arithmetic
mean thickness (T,) was measurad according to the
fanmula; T,= E:ax.:‘:x‘l:f (12).

Bazemant membrane harmonic mean  thickness
was measured in the same way as arithmetic mean
thickness, but instead of an ordinary ruler a logarithmic
ruler was used. In this case the formula was:

1]
Ty e s pen
h= & hxemxpe (12)
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+ Surface ratio

Sing the 20 mm square lattice and recording the
intersections of horizortal and wvertical lines on the
lattice and the projectad images. the ratios of microvilli
and desmosameas to cell membrane were estimated. In
addition an arbitrary straight line drawn a cross the
apical surface of the cell, along the base of microvilli of
luminal epithelial cells, was used to allow estimation of
the amplification of cell apical surface due to microvilli

+ Nuclear profile dimensions

Measurements were made on semithin sections
with the aid of a drawing tube aftachad 1o an Olympus
{(BH-2) microscope and a microcomputer  based
digitizer using previously written software. The major
{a) and minor (B) axes, mean profile diameter (Vaxh)
and axial ratio (major axis/minor  axis) of 50
langitudinally sectioned nuclear profiles were ohiained

from each subject.

= Cell height
The height of 10
epithelal

randomly  sampled, luminal

cells  that were cut longitudinally were
measured using a drawing tube and ruler in one
JB-4

Estimations were made on cells with clearly visible

randomly  selected section  per  subject
apical and basal borders using an ol immersion

abjective at a final magnification of 1050 timas.

= Linear nuclear density

The linear nuclear density (number of nuclear
profiles per unit length of epithelium) was estimated
under il immersion at a magnification of 1050 fimes.
The length of four randomly sampled segmearts of the
luminal epithelium, where cells were cut longitudinally,
weare examined per subject. The number of nuclear
profiles within that length of ling were counted and
divided by the total number of nuclear profiles by the
total length of epithelium to give the number of nuclear
profile per-unit length of epithelium.

: Volume weighted meun volume V
Vertical semithin sections were cut and displayed

on a Quantimst Q870 image analyser (Cambridgs




Instrument Ltd) using a Polyvar microscope at a
magnification of about 2600 times (& graticule was
used to determinate exact magnification). The outlines
of every luminal epithelial cell nucleus on ten fields of
vertical sections were drawn on acetate sheets using a
fine point felt tip pen. A test system of parallel lines
10 mm apart was superimposed on the luminal
epithelial cells. The outlines of nuclel were orented so
that their long axis was parallel 1o the vertical line of the
guide ‘direction finder' aon the test system (13-14)
When a point hit 2 nucleus; a linge was drawn through
this  point. These lines produced point sampled
intercepts whose lengths (which were measursd by a
ruler in mm corrected for magnification), raised to the
third power multiphed by =/3 and then averaged owver
all intercepts, give an unbiased estimation of Fv (15).
Apout 100 nuclear profile were traced and measured
from each subject.

= Data analysis

Data was collected from each individual and the
mean and standard  error calculated  per group
n=rumber - of subjects). Where necessary, log
transfarmations of ratio data were calculated for each
group before statistical testing. Finally groups ware
caompared using Student st test. The means were
considered to differ significantly if the P value was less
than 0.05.

Results

Wolume fraction data for the various features of
endarmetrial epithelial cells examined are presented in
table |. The wolume fraction of nucleus to whole cell
was higher (P< 0.08) in the fiked 4 mg, 0.3.2+0.023
imezan+=5E) than the standard group (Fig. 1).

The ratio of euchromatin to whole cell in the fixed 1
mg group {0.711x0.020) was smaller (P< 0.05) than
both controls and the fixed 4 mg grouwp. The proportion
of mitochondria to whole cell was higher (F< 0.03) in
the controls (0.076x0.010) than both the fixed 4 mg
and standard groups {Table 1), There was no difference
in the proporion of wvesicular system and rough
endoplasmic reticulum to whale cell among these

Groups.
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Takle I: Volume fraction data for luminal epithelial cells

Cantrol Frxad 1 mg [ Fixed 4 mg Standard
Feitire

lproup n=3% | group n=6 | group n=06 | proup n=6
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Mesults are mean=stindard erron

n= number of imdivinuals

a, P05 condeal group wersus fixed 1 mg group

b 008 standdard groap versus fised 1 omg group
v Pl fined L omg geoup versas figed 4 mg grovg
d P0ld epatrnl group versus fixed 4 mg group

e Pl vonlrel gocup versos standacd prosp

Fig. 1:ab: Luminal epithelial cells from a fertile contral women at day
LH+8 {a) and (L) in POF women treated with fixed daily dose d-mg
acstrogen at day 20 ol menstrueal ovele. Milochandria (empty arrow], miceovilli
[large Ffilled amoey, epithelial cell nucleus (N1 nodeous (empty arcewhed) and
basemnent membrane {Hled amewhead). Oualitaisively there are few dilfersoces

kerween the 4 mg and control Lissue, Both shoa scinig, sceretary sclls witl developed

apical microwili and cochremate neclel, Satining: Uronyl Acetate-Lend Citrate

{a) Har represent 3.2 am

(b) Bor represent 53 pm

The amplification of luminal epithelial cell apical
surface due to microvilli (3.142x0.539) was smaller
{P< 0.05) in the fixed 1 mg group than the controls
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dable 2). The proporion of micravili to whola call
surface was smaller (P= 0.05) in the fixed 1 mg
025020025} than both the control and the standard
groups, The ratio of desmosomes to whole cell surface
(0.068+0.008) was highest (P= 0.01) in tha faed 1 mg
when compared with the control and the standard

groups (Table 2,

Table 2 Surface feature date for luminal cpithelial cells

Feature d o=
group n=5 |gooup 0=0 | goup neo | group n=d;

Ratan of ]
o

mivirwillimbisle DR a2 | DX W ALG= LI i L300 = ({15

Amphtiation of
apical membrone” | S050=0057 [ 314220530" | 428020841 5idEnsal

e 1o micrailli

Haticn of
desmosomes: whole | 003920006 | woss=000” | aoseame | ooa7enon?
call surfpoes

[Heaults are mean=standard error

ne ramber of indivinuals

D L Peild control prowp versos Geed | mg group
A Pl standard group versus fixed 1 mg prowp

A Bt standard grovp versos Oxed | mg group

In the nuclear profile dimensions only the nuclear
profile major axis was shorter (P< 0.05) in the contrals
(3.68x0.19 pm) than the standard group (table 3),

Tahle 3: Cell profile dimensions of epithelial cells
Control  |Fized 1 mg |Fixed 4 mg | Stasdard

Feature
group n=5 | group n=04 | group n=06 | group n=6
Major axis of nocear
2 LRSS Bat050 R3n=0.19 ELAE s
ol [um)
*inor axis of nuclear
¢ SAB=0.10 ERLTES k] A24=10.19 5070 4RL
prulile {pm)
Mean diametarol i
- 554=0.18 SA2=0 SBaE00 Gl
oulear profils [um) = i
Aodal raisen of 7
2E5 2020 EATEOEY L1Ex0 19 EALES N
nuelear prolile
Cell height (um) 1901121 WAL | 1474239 LY s LA
| Pk .FNEIE -h:marj M7 i F] FEESIY W=l |
dengy pm 1
| Basement memhbrane . i
liasinanic mexn BladE Izl Taxi mxs |
thickness (nm) |
| Basement membrane | i _l
| arithmen: mean [EiE T4 RS | IR
| thickness [nm) | 1

Hesults are mean®standard crror
= number of indrinuals

Lo Pl sanioed group versus standacd group

The basement membrane harmonic mean thickness
{range 62+4.76 to 75+6.00 nm) did not differ betwaen
groups (table 4).

Caontiul Fined 1 mg [Tixed d mp | Slandard |

Lable & Valunwe weighted wean walum data Gene”} For lusisal epithelial
cell components

f o T s = ¥ .
| Clomtral | Figed 1 mg | Figed 4 my Standard
[ Tl component : > : 3 _I
gromp a=3 Jpronp ned | moup n=8 | group n=6{
Walume of cell {
S | mmenrs 16 15w
| r PR EEER RN =15 215410
wm
Welume: of - h ; | S
: e 14E=13 145211 14= 10 146.+0°
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Walizme ol T
¥ eI e G ] ek Flxh IS
mitixcheadsia “m
Wolnme of veicular
o 183 i FY g ek
syslem pm
Volume of : : g
IR pm IRESS s 3 10x35

Hesulls are mean £sbandard error

m= rpumber of advinals

a P ontesd group versus fixed 4 mg group
b PPl fived 1 mg gronp versus Oesd 4 mg group
e Pl fined | mg group versus standard proup

d Pt fed 4 oo provp versus standard proup

e de P05 fxed 4 mg proup versis sandand group

Alsg the basement membrang harmonic mean
thickness (ranging from 60+6.51 to 99221 57nm)
followed a similar pattern (Fig. 2). Mean cell heights

with & range from 19.0121.13 pm to 22.47+2.39 um
also remained unchanged (table 5).

N

Figure Zah: High power views from a normal fertile women on day
LHA+4 A nuclense (N} lateral wall folding (small arrows), desmosome
{larg arrow), mitochendria (small filled arow), RER {empry arrowhead)
and nuclear channel systems (empty arrow). Mucdesr channes ars unigos
helizal tubucal folding <l the inner nucear membrone They secrue onky during 2
well-defined perind af the mid luteal plase in buman, Also typical of s rimes oo
edensive meznbrane trallicking that coowrs dursng the mid-lukeal phase,




The linear nuclear density also  (ranged  from
18810 wm? to 253+24 um™) did not differ between
greups (table 3)0 GCell volume (1000£60 pm3) was
larger (P= 0.08) in the fixed 4 mg group than the
standard group (table 2). Nuclear volume ranged from
(19015 pum® to 234x15 um® and did not differ
belween groups. Euchromatin volume in the fixed 1 mg
group (145211 pmf) and in the standard group
(14929 um?} was smaller than the fixed 4 mg group.
The velume of mitochondria was smalter (P< 0.05) in
the standard group than the fixed 4 mg subjects
(Tahla 4).

between any groups in the wvesicular system wvolume.

There were no significant  differences

The wolume of rough endaoplasmic reficulum was
higher (P< 0.05) in the fixed 4 mg group than both the

contrel group and the standard group (Table £).

Discussion

In the present study the higher volume fraction of
euchramatin 1o nucleus in the control and fixed 4 mg
dose groups compared with the fied 1 mg dosa
group sugoested a significantly reduced transcriptional
activity in the fixed 1 mg aroup.  This finding is in
agreement with the study of Li et al. {8 who used the
same tissue samples and reported that treatment with
the fixed 1 mg dose oestrogen caused sub-optimal
priming of endometriium and a significant decrease of
supra and sub-nuclear secrelory wacuoles in gland
cells seen at the light microscope level. They
suggesied this would result in an increase in the
volume fraction of glands occupied by gland cells.

Dockery et al. (16) repored that in the glandular
epithelium of fertile women, the proporion of cell
aocupied by RER decreased between days LH +2 and
LH +5&

(approximately day LH +5) women with premature

They also stated that on day 19
ovdrian failure who ware treated with sub-optimal
doses of ogstrogen, had oytoplasmic features, which
ware similar to those at day LH +3 of normal fertile
womean, It might be anticipated that the high valume
fraction of euchromatin to-nucleus in the control and
the 4 mg groups in the present study would lead to

there being more RER in these groups than in the fixed
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1 mg group, Howsver in the present study the valume
fraction of RER was similar between the groups. It is
possible that the increased transcription had not had
time 1o pass the message to the RER for transcription
at the time of biopsy. The propartion of mitochondria
to cell is significanly smaller in the fixed 4 mg and in
the standard groups when compared with the control
group, Also this feature tlended to be significantly
smaller in the fixed 1 mg group than the control group,
Therz are two suggestions as to why these changes in
mitechandria might have been sesn: 1, mitochondrial
activity may e directly hormone  dependent  and
increased  when  oestrogen  levels  increased, 2,
mitachondria may not be directly hormone dependent
but. when protein symhesis induced by increased
oestrogen put a high demand for ensrgy, mitochondria
increased in response. For both hypotheses a high Vv
ratic of mitochondria to cell would be predicted.
According to Li et al (18) plasma levels of cestradiol
on day 15, 19 and 29 of women with premature failure
that were treated with both standard HRT regime and
the fixed 4 mg dose weare much higher than those on
the corresponding days of the natural cycle. This may
sugest because of the smaller ratio of mitochondria ta
cell in both standard variable and 4 mg treated groups
that these luminal epithelial cells were relatively
advanced and already have passed the stage of DNA
transcription, almost finished protein synthesis and so
have reduced energy demand (and therefora lower Vv

of

mitochandria to cell). The small Vv ratio of
mitcchondria to cell in the fixed 1 mg group is likely 1o
be due to a sub-optimal level of oestrogen and so
caused a delay in cell development and so the
mitcchandria had not yet begun o increass in
response to the cell demand for energy. These data
suggest that these oestrogen regimes did not create a
completely physiclogical menstrual cycle.

In the standard group, the velume fraction of
nucleus to whaole cell was significantly higher than in
tha 4 mg group. This may be because the fixed 4 mg
subjects had a higher plasma oestrogen level than in
the standard group, may causes an advance in protein

synthasis in the 4 mg group,

FEF
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Besides these changes inside the cell, aheration in
the cell surface, such as changes in microvill
organization are essential for suceessful implartation.
17 The shape of uterine epithelial cell microvilli change
fram being long, at the time of cestrus, (2 thin, sho,
flat and iregular in shape at around 56 days of
pregnancy (18}, Therefore the estimation of microwvilli
ratic to cell membrane may be another useful indicator
af endometrial development in relation to implantation.

The ratio of microvilli to whole cell membrane was
significantly bigger in the standard group than in the
fixed 1 mg group. This feature also tended 1o be bigger
in 1he control group than the fiked 1 mg group. It has
been  repared that there are  gualitative as  well
quantitative  hormone  dependent  changss  in the
glycocalyx {both in thickness and morphology) on the
apical surface of uterine luminal epithelial cells in the
preimplantation period (19-22). The resuits of extensive
bicchemical analysis have reported strong evidence for
hormone  dependent changes in glycoproteins  on
utering  epithelial cells (23], Repors  of  (24-28)
described  production of  specific  glycoproteins
including hyaluronate, lactosamincghycans, glacotosyl-
transferases, heparin/heparan sulphate proteogiycans
and their proteins at the apical surface of the utering
epithelial cells around the time of implantation. These
molecules are known to have the polential w0 be
irvolved in eell recognition and embryo attachmen 1o
lurminal epithelium.23 Amplification of apical membrans
due to microvilli was significantly smaller in the fixed 1
mg group when compared with the control group. This
teature even tendad to be smaller in the fixed 1 mg
group than the standard group. It has been reparted by
that tha length and number of microvilli decrease
around implantation fime (day LH +6/7) (27, 28, 30}
Murphy of al also stated that these changes in
microvillus  morphology  are essential for successiul
implantation  and are accompanied by fundamental
changes in the carbohydrate content of plasma
membrane (17). Thersfore the significant changes seen
in the microvill from subjects given daily 1 mg
osstrogan are likely to have & harmful effect on

mplaniation, Gonversely, those subjects given caity 4

T N ’:1I\|1'.L'hm

mg tixed oestrogen or standard doses HAT had
microvilli close enough to controls subjects that, werae
an embryo present, these luminal cells might be able
1o allow implantation. it is believed that simullaneous 1o
the micravilli changes there are some clher imponant
changes in cell membrane features that should be
considerad,

The ratic of desmosomes to whole cel was
significamly bigger in the fiked 1 mg group than the
standard and the control groups. Desmosomas enable
gpithelial cells to form strong  structural units Dy
cannecting the ocytoskelstal elements of adjacent cels
tagether or 1o the extracellular matrix [(31). The highear
ratic of desmosomes to membrans in the fiked 1 mog
agroup of the present study compared to the other
groups may be due to the overall delay in epithelial cell
development  following  sub-optimal  amounts of
oestrogen available 1o this group. This 5 suggested
pecause normally, desmosomes decrease around day
LH +& but then rapidly increase again (9), Therefora
amy delay in development would make this decrease
occur later, with a relatively higher level in desmosome
to membrane ratio in the fieed 1 mg group than in
groups where development was not delayed at the
lime of biopsy. Since this normal decrease around the
ime of implantation may assist in embryo penetration,
such a delay in the 1 mg group would be likely hindar
imolantation,

The higger average volume of suchromatin in the
fixed 4 mg group than both the standard group and the
fixedd 1 mg group and also the numaerically bigger
volume than the control group probably indicate that
transcription was higher in the fiked 4 mg group than
thie other, Furthermore generally bigger arganelles and
overall cell volume in the 4 mg group indicates that cell
secretion was higher or prolonged in the fiked 4 mg
group than other experimental groups. Again indicating
a relative advance in the groug,

In  conclusion,  the findings in the present
ultrastructural study  an luminal cells  suggest that
endomstrial development in subjects treated with the
daily fixed 1 mg ocestrogen dose had  significantly

delayed membrane features when compared  with




contralz, the fized 4 mg group and those treated with
the wvariable standard regime. However, the fixed 4 mg

group showed evidence of advancement in same of

Sarani & ... qi"il

the features examined, These features are likely to have
a significan influence of implantation.
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