VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

Lea

. - e
- U, e
e “ i
- - x
- o A
) . PaRy
i 4 [
o - 17 i
I g { [
- a» 11
L S TR
T: ‘- 1 e

b > w i -~
I P " [ ey
EN
- 12
. i
M -
- 13
. !
- I
Lo
(V]
=
vis
Vil
st .
fom-
e
<«
- - i T 7 g N 2 T K = " ™ “ b




ProQuest Number: 10647710

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10647710

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



"Tr%eutS
CU 3/



ACKOWLEDDEN T

I am grateful to Professcer [ U. Lawson for giving ne the
opnortunity to carry cut this wors in his departmant,

I am indebicd to Dr. d. P. Renter and Gr. C0 O, Munro
for thair hzlp end encouregemant throughout thess studizs. I eleo
wish to thanw ‘. H, Coulthard and P 3, for their covics
and interest,

Thanks arz slso dus to Mrs. L Deary and her stoff for o
prenarat Ve, L.
the scenning electron wicros WO, ang 1,
who prepered the photosraphs Lhesis,
to Ure O A, the Lepartmant of Anatory
Dant for advics SR et ot
scanning electron ricreossops.

I also wish to thank fliss O, Farvell ard I, 7. Terer
the rarazerent and nancling In this

material was kindly supplled Louncil Alaticir,
In concluszicn, @ veould lise Lo exon thanns o the
Fericulturesl esearct Counc work, and to

™1 & ca e
Lihyrmastn

tyoing

L

[y {IDIA



=
=
;,:.;
-
o

ConTENTE

T It o T

GeERAL TRTROSLCT I,

1.2 Fisturical rovise of tho cviocuct 7

- . e . .
1.5 Oerarel otructure of the bovire ociduct 5
T 1 N - e e =N A T LTS -~ o
1.4 Ygview of rethods oFf azscesing ovidouct ratenoy 10

1.5 Repeat breoder 22

OQVICUTT AL NORALT

[ N oo
L‘F. VRV RN S St Vi Ln, uu

IY ALl L
STTVE

2.7 eterials and methoos L

T
L}L [N

-~

Mathod 1

3.1.1 Introductiion 45

3.1.2 Faterdsls and rethods &7

w
—
[&V]
o0
{T
o
a
]
ot
&)
byl
gt

3.1.4 Ciscussion £1



il o N 18 58] ~—
™~ ™~ i o) 13 e a3 19} 3] i Vo [et] ~
w0 48] ™~ ~ 0 &) G i i — — i —i

(35
I o
- e
N [y
&
o O
s @]
0
) R
\ - 2
T‘. [ £
o id _v.z. wJ
g
[ 0
] I
| 1%
“
) ia pes R
3 = R Ll
4 b 4y [. 9]
i~ - 1 R
- - [ i O3 43
4] ] v LW )
t.: > ~ . m t.
o - 5 ™ o X
[ [l £ -r1 i -1 o
O il . 2 43 S . i}
ved ol e ‘e 0 oy = o
4 ] 1 G o, ] e O - [} (&)
] i r b3 J i 1 (ol e el
o) © ) %) o > Us U3 - iy n 5 ]
T o 42 (7] ) el ES) 1] R el e ) k4
8} Ly i b & N ~1 oy 3 L, — be) 93
7 w o) 0 & 0 b 0 ] @ ] 0 G
4 33 0] ) e L. i [ W e 5 4] s} )
- )] 1 “d - = Q) e < W s () i (W]
A R I fe = Ui oo ! Ll 2 o [ L
-
(e8]
-4
=
N Y N i NN s X
" . . M s - ) - M - - . )
N o~ [a) N ~— [ N [ ™~y [sp] o > ¢B] i
- “ " L] - - " 3 » - - - - S8}
o) o] 18] ) < g <5 < <& i < < T v

—

17







“ARY

.-
NI

<

QT

I

310

=n to cite

R

SN

butd

!

invelvoo

o

-

.

icn

A

1

arin

e

[RIOANEY

=
[

oy i
a

UoT v

C

[

Tor

ronetrate

=4

¢

.

orort

[

—
w

A

o

193

Ty

Ve

o

o
T

i

=t

in ths

e

=

cras

4.
an

i

Bieh

ing

-y

[
-

~,
-

b
Wil
FAVAGIRAY

£

SN

Lz

at
2

te

&}
2

)

L
(Slw

[QATIFE

o

th

crur

S

a1

was o

7

7

L
©
Z

Laatal
- XD

s
:

sUY

18] Diad =

oo

2

121,

L,
b

otrop

M
C

.
7O

by ke - —_
“duct func

v

1
y iy

«

&8

[y
¥

1zl coee

Rt

\

ir

in

SR

~ 2
[ PR

for nor

s
[

he

e lae]

© EXE

o1




e o ey
LI e

e

flnaiatoa b ven




1.1 =~ INTRODUCTIOM

The oviducts play an escential role in ensuring concesticn

and in the eorlv survival of the erbryo Mony details of the
periovulatory period in the cow have now been elucicated, The marked

.

behavioural changes constituiing procestrus and cestrus (illierson,
Morris, Blood, Cannon anc Wright, 1972} ccour cnoe every 15-~25 days
(Erb, Ehlers and NMorriscn, 18537, Cestrus comprises a voriable

3

period reported es being on average 14,9 hours durstlicn when ths cow

i

jTa

stands to be mounted (Essl

teront end Dryerd, 1678). £ omaturel e

(l
led
m
i
]
-
3
&5

-

seren is depceited in'the anterior vaginag and ncols at the
os of the corvix {Salisbury, Van Devarik end Ledoe, 1878). It is

estimated that sperm may enter the corvix within 1-2

mating (Matinar, 1926). The cervix is thou

43}

torage reservoir for sperm atier ccitus, certein

Q72

24 hours (Mattrer, 1€68; Thibault, 1872). The corvosition of

-

cervical mucus is extrercly irporient in reletion to soom storage.

After ejaculation the sperm swim bebtween the micelles of mucus which
arsz crientated to the vagina in flow lines, and are thus guided to

the cervical crypts (Mzttner, 18968; Gictors, 1P6%8). Although the
cervix comarises a reservoir for sperm, some workers heve sugeested

that sperm trenspert is repid encugh to ernable some sperratozea

.
]

reach the cviduct arpulla within 24-3 mirvtes of maling (Van Demark

and i-Jlr_JS‘,SJ 1‘154) ®
Ihe nutbers -3'::: SO DIOgTress 3.‘ V{-?l f G’E‘:‘CYE(QSL“.— =2 Z[ eV rove
h &

: s

upwards to the site of fertilisation in the oviduct There 1s



&

appreximately a 10C-+eld reducticn in nurbers during their passaze

Leta

through the cervix with a-similar reduction et the uterctubal junction

and isthmus of the oviduct. This resulits in only & tiny

f the origiral ejaculate veaching the fertilisstion sits (Thibeult,

1873). Curing the pessaze of ths sperratozos throuzh the uvterctuc

Junction, the serminal plasma is revoved, and it hes boen supgested

the uterotubal Junctlon worke selectively to hold back non-vienlis

spermatozes in ramrmazs (Cohen, 1507,

kY - : PR, SR [0 m qembat S e 4o . - o~ o A A
There is evidonce From work in rebiits that the snerratezos are than

: P I e e b s e 0~oa L} N e T . - R

stored in thae lathmus of the coviduch. From there they ero
i O I o ™ 1 -.u: T g A T -
to the fertiiiszstiorn site after ovelsticon, MECENT UV St

" 2 e e . p e
(..J,f.n..,LL::.J-lqﬂ nas

+ the ovun (Rusting, 18515 Chargp, 18513, Although

[ S PR R - cam - - e e [P I S JROT T .
Lz EXICT r*&::ﬁ:h;:-n_::-“. have rot besn E].;.:J'l\’.,i}u\:*'j, capativalior

) by — - o iy v TOIeT T - P
to release ernzyvimes Trom the acrosorme (Hunter, 185870, In zeveral

rodents and man the save chanpes can e produced by in vitio culiurs
systens (Yanagimechl and Chang, 1883, 1884; Edwards, Stesios and
Furdy, 15707, It has been sstirated thet spermatozos roeguire a

pericd of 5-5 hours in the bovine genital trect before the

)

canable of fertilisaticn (Trirberper, 194E],

Teo ensure fert

isation, natiny, traz transport

fodn
o)

arnd capacitaticn must be intepreted with the tire of cvuletion,
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Cvulation in the cow ocours spproximeisly 24 hours afier
fhe onset of behavioural pestrus (Henricks, Cickev and liiswander,
1870;  Schars, Schallenterger, hoftman and Kerg, 1877). Therefora
following netural mating, sperm are alrsady present in the oviduct

when the epg is shsd.

Gk
3
o]
~hy
=
m
CL
{ :{,
]
Fy
ok
-t
i)

.. . P -
and initiating the morpholiopl

arount the time of owvulaticon have tsen clucideted.

Two to 3 oays grior fo the cow exbibiticg cestrus plaswa
procesterone, prodocsd by the corpus lutouw,
(Lerming, Hafs and {lanns, 1¥7%). Thiz is due to the 3
luteclvtic substancs Trom the uterus causing rocression of the corous
luteury, Froscagls

agent in Lhe ewe
luteolytic &

Thereatter circu

g
12
st}
: 1
3
4]
o
o
o
'..l.
&}
"T

rackground, follicular develosvent oulmirating

-
i)
ot
o]

in the presence of e mature pregvulatory ocours.e  Although

ot

orlicular growth during the

.}

Rajakoski (1880) reports 2 waves of
oestrus cvecle, cther workers disagree. [Deonaldson and Fansel (18847,

U

(023

ing endoscepy, feiled to distinguish eny petlerns o
growth snd furtherrore stated that on cey 16 of the osstrous cycle,
the follicle destined to cwulate could not be identified. Associsiced

ollicular development, cestrogens ere seoreted snc rise




in the peripheral blood (Blencross, Munro, Senicr and Pope, 1973;
Dobson and Uean, 1874} and reach oeak congentraticons closcly
praceding osstrus. The ability of ocestragerns to induce the

behavicural changes tyzifying procestrus and cestrus has beer

o effects of ronacetrophins in stinulating the srowch cf
follicles are well estacliished (hackett end Fafs, 19€8; FHansel and

Snook, 1370). Althou

(LK) ocours durirg the precvelatory

.

- N 1 . E LI : [UCRN e P U R P PO DO U L b .
this hormone is its distirct procvulienory surese, associotod with tho

seak in circulating ceztrogens (Choneult, Thalcher, Halre, fhrac
and Wilcox, 187%5; Lemon, Felletler, Sauvrznde and Signoret, 1970),

e L.

(Cebsen, 1878}, Fany of the detval the hypethalarlic control

ef gonadotroshin releaze, by

hypothalarus on the pituitary,
shown to be ths cvulatory horrone in the cow (kansel and Srook, 19701,

with the interval betwesn the LH poak and

N
I
}3
o
=
sl
—_
C
o
e
3]
=
ot
m
¢k

21, 1275%; Schars st 21, 1877). Howrevar, tho
act of rating is known to cause ovulation to occur earlier, then in

animals which ere not mated (faricn, Smith, Wiley and Barrati, 18E0).

The high levels of cestrcgens found in late proosstrus

e
IS _J
o
'3
i
¢
o+

have an effect an the tubuler cenite Increasec glianduler
secrivtion ocours in the cervix, with a change in the arount end
nature of the sucus (HMerrick, 1851; Glover, 1880; Linford, 1874).

Curing proosstrus and at oestrus the cervicel mucus becorzs stringy

and clear, and the change in rorpholeogicel 'forn’ petterns seen
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on smears of cestrous mucus in wormen alleows the follicular phase to

1
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ba identifiec (Roland, 1852). QCestrogen
uterus. There is a rarked increase in the vesculerity and cedema
of the endoretriur {ansel and Asdsll, 1931; Marinov anc Lovell,

188
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in the snontareous contrec

o

cilitv of the rvomstrium hes been recorded.

EN e - A l- A 5 e ere g o ~ o b emy gem b o e L . -
Cestrozens administersd to ovariectomised cows have been shown to

B S B S i o 1. R
increase utering rotility (Hays and Van Uerark,

mating appears to tnese increszus, with a gestulated rols

~ L e e . 1) o mpme i Ve [ S i (e
for oxytosin release (Hays anu Ven Derark, 1853p).

Ovulation oococurs afproximately 10 to 12 hours following the

end of ayn and Laster, 10750,

The exact mechenism of cwvolation iz not vel known. in the lest few

hours before ovwlaticn, the ocvulatory

4.

cdiaereter, duz to an ircreasse in the coccocurulation of antrel Fluild,

jo)]

There is a reducilon in fellicular pressure, A

~ ey s enemeT o pr s ) SR N o~ e preymend gyl b
theca extorna is produced by en enzyre, thoupht to be secreisd by

L.
t

the grenulosa cr thaca interna cells. A aperturs is thus produced
arnd the folllicular fluid sleowly ergrges from this point, The ergo,

wvhen releessed, is surrcunced by the curulus cells, buot already

=3

m

naration of  the egg

1 - pvulaticon,

[a)

75; Miller and Campbell, 187&; Funter, 18EDY), Followin

L.

a blood clot forms inside the follicular cavity due to hasmorrhag

of the cepillaries in the thecal well, This structure isg

haemorrhagicum, Luteinisaticn of the follicular well cocura.  Further

developirent and waturation of the luteal tissue denends on continuing -

low levels of LM,  The corpus haerorrhagicum becores vellow

o the cumolus is beginning (fedirian and Beker,



in colour, and is called the corpus luteum. The corous luteum beocomzs

a secretory gland, rreoducin. progesterone vhich is

circulatine tleod {(Hansel, 12C€E; Hafs

Concannon and Lukaszewska, 149737,

Around 4

al, 1877). The coryus luteun then mezches Full functicral stzatus at
approxirately day 10 of the cectrouvs oyolo, Ruring ihis perlod 2

transicnt increase in plesra cectrosens hag
Munre, Cenicr and Pors, 1273). ihe eipnd

Unpcer tle

s howing

S PR o st it d FAN I I g e N L ey,
Dorark, 15520). The covposition of the cervical mucus eltors,

oy P R A w - fr 1 N - - T - 1
becovirg thickened and recuced in volume (Uowd, Gibbons aznd Tacker,

Althoush

of elevated levels

preverted due to the bloching offect of progostercre on the relcass

of large arcunts of pituitery LH (Hobson end Hansel, 15727,

To surmaris

ishrent of a preznarcy

series of events which involve chan

are the oviducis,

the ferale body. ot least of thece arc



1.2~ HISTORICAL REVIEW CF Tz QVIDUCT

Although the presence of the uvteruc ang ovicductes was knocen
to anatomists in anticuity, they were generally censidered initially
to be one argen. Leter they were cdescribed es seminal cucts arizirg
from the fomale testis (CZeranug, 1854}, The idea of the oviducts

xn

k. e FRR
beine ducts Tor the

i~ i . S B Ay v
sorman was accentad for many

VEBIS . Hovrever 81, Gabriel Fellopius described the ovicduct

~

LIS ey o A ore e R - o i S
or 'rcassagoways tor the ferale seraen’ as 'slender and norrow se

”’:
g
o
&

- . o £ ~ = o N PV Y I R I Y
passages arises ..... from the ulerine horn ... beceres gracually

broader and curls like the tendrils of a ving until poar the end

when the tendril-like curls corzad out andg it

.
aa veErY

broad ending,’ The suther aleo described the firkria of the oviducs
as 'this ending is cuite shredded and worn as i1 it were the fringe of

a vorn pisce of cloth,! The oviducts werc now known to be sgnarate

entities frum the uterus although still connected to it. Howpver

confusicn still reigned es to their furnction. In 1821,
described, in the hen, ths role of the cviduct In the procduction of the
ey

although his observetions were not, at thet tire, urdversally

acceptad, Tn 1088, Johannizc van bome. put forward the sugrestion

tew
g )

[F

ot
-y
o

thot the oviducts ray be the reans by which the ovum is carriced to

uterus in the rammal. Four years later de Crasa’ described and

defined the cvarian follicle (de CGraaf, 1872). ALt this tire there wss

[6)]
o
[N

11 dissent over the role of the oviduct in the transnoriation of
the ovum, However towards the end of the 17th century, Huck carpied
out an experirent in which he lipated the uterine horn of a cog 3 day
atter coitus and 20 deys later discovered 2 foetuses ebove the

e~

ligature (iuck, 1891). He essumed that the 2 foestuses hed come from




B

the 'fecundated ova' present in the overy and they had therefore
fravelled down the length of the ovicduct, By the 18th century most
workers had accented the theory that the ovicuct was the mzans by
which the ovum passed to the uterus, although there was scoms
confusion as to how this coccurred since the cvary wes enztorically
separate from the ovicuct, At the end of the 18th centurv,
Crulkshank recovered blastocysts from the rebbit oviduct 3 davs pest-

L]

coitus end ckserved that the rurtor of blestoovets wes enuzi to tha

e

nurbier of corpora lutea present in the ovaries (Crulkcharnk, 17877,

This study confimead the theory that the pessaps of the ovem to ths

uterus occurred via the oviduct. Further studics

rotility anc histelopl

cal anatorwy of the oviduct and

the oviduct was the site of fTertilisetion {(Tedd and Dovrarn, 1
Bischoff, 1845; Pouchet, 1847). By the micdle of the 1Cth certury
the general histclogical structure of the oviduet was krovn end its

rcle in garete transpert, fer

tilisation end secretery functicen

determined,

1.3 -~ CGENERAL STRUCTURE OF THE EOVINE OVIDUCT

~

The anatomy of the bovine oviduchs has Sesn Czsoribed v

several workers (Poierts, craeld, 1975;  Slszrr oanc
Grossmer, 1975; Hafez, 1283). The ovicucte of the ocow ars

paired tubes running between the cvary and the uterus ana ers der

Ffrom the wuwellarien ducts of the foetus.  They are erorcxirst

143
[ R
8]

along the free marpin of the broad licomant of the vherye and

suspended by the mesosalnin

x

- and are tortucus and leoaosely colled. Lach oviouoT runz

crread by the broad ligerant loogies aroon



.

the oviduct. The oviduct receivas its bloocd supply from

arterv, the uterine branch supplying the erpulle and is
ovarian braench supplying the infundibulum (Lemond and O

The oviducts are sm

fi

thrus

rost,

11lest in diamster at the uterins end and

largest in ciemzter at the ovarian end.  The wall of the

be divided inte 3 parts; tunica serosa, tunica rmuscular
tunica mucosa. The serceal lsver conzists of mesothel?

with that of the reritoneur and is the cuter laver of

The tunica rusculerdis lies inside the sercsal laver and

Tt o]

i
e

.
paes

the cvarien

~ ek

ans Tihs

1674},

L
ORTLNUDUS

. .
OVLOWIY .

varies as to the rerion of the oviduct.  Thae muscular layer of the
tubes consis of svocth ruscle; =2 thick micdlie lever of
circuler fibres with a thinner layer of longitudinal Fibres on

either side (Lowbard, Morsan end Meliutt, 1850). The

tunica mucosa corsists of a surface epltheliel laver eslles the laning
epithelislls and 2 lamina propria. The epithelive o roeodogiratifics

colurnar throughout the oviduct and varies in heirhit in
and et divferent stages of the cestivus wycle. The larire ¢

is the base {for the folding of the cviduct mucosa, whic

roncunced at the vvarian end., The larine gpitheliali

je)

essentielly of 3 cell tyres, cof

h is most

pep cells and sphericel cells af Lhe level of the Lesal merbrene

(Lombard et 21, 1850). Totile cilia

o4}
83
d
]
a

1%
12}
]
po}
[us
=

of the oviduct in varying amcunts
Foth furctionally and anatemically the ovid

A- : " 2

into 4 parts; the infundi

ct cen

oulun (or nrecarmulla), the aervoulla,

and the utero-tubal junction (runter, L8771 (Plate 1.1).

be divided




10

Plate 1.1 The oviduct of the cow showing:
1. The infundibulum; 2. The ampulla; 5. The isthmus;

4. The utero-tutal junction
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beating at epproximately 1Z00 times per minute end this is powertul
encugh to trenspert the ova into the amoulla (Forell, [dlsscn arc
Vestman, 18587, Althouzh Therc erg cifiiculties in the cow in

determining the precise tire of ovulation, it has teen eztimated

that the ovum travels approximeitely cne thirg cof the lencth of the

P S
~tanova,
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Thersfore ego transrort in

In - ORI R A
ot tno nonecilisted

At cestrus the

2 <k - FRENNS e n oy e g
infundibulum are at thelir raxiGum sizes, and
s - - Loy de e py -0
is thought to be dus to ths celil

sinun at osstrus

Ferts, -

H \ 17 T e PR TR Sy ~ T T =T . SR S S R T

and Symonds, 1875}, ing ciliated celle also incrgesc in height st
1. 8 o e ey g . 8y ir - A | A -l ndnd . :
oestrus (Lowertet al, 1887 Uelariel et o1, 188E; Stalheir,

infundibulun and tapers doon to epproximetely 1-2 rmoin clemvcter et

its juncticn with the istrrus (eroullery isthmic junction - RID).  Fe

in the infundibulum there is & presonderence of cllieted over non-

and Ratez, 157

8
o

. At cestrus, the most proncunced increas

theliel cells thro thz oviduct ccours in tho

{—J-

heizht of =n

(‘4‘\
e
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armpulla, aithough there are differing rencrts as to the len
time around opestrus when this ocours (Lonkerd et al, 1855;
et al, 19€8). The granules contained in the non-cilieted cslls zlso
increase in size at this time, staining far more intensely with

acid fucksin (Lombard st al, 1080). Some workers have observed
the cilia in the arc-ulla to be more wotils around the oestrous period

(Stalheim ot al, 157%5).  Othsers have found them very motile at a1l

: . G
vinmrd et sl 16507,

)

tires with no approcicbhle differvnce abt osstrus |

The diarster of tho lymchatic vessels sunplvirg the evmella deubls

i}
1l

et oestrus, and this is thourht to beo cornooched with the ohvicu

]

ogfevs which ccours arcund this part of the oviduet, and elsc with
the incressed avounts of oviduct {luic present at this tirz (Lavek,
Ellinrton

transport

the cilia P13 and forcing the ovum dounee

(El-banne end Mafzz, 15370al). Progress is then essistedt by

contracticrs of the muscular coat of the arculls (Heroor, 1881

El-btenna and Bafez, 1970z3; Rukesbusch end Dayerd, 157851, The cvum
reaeches tho physiolegical barrier of the esoullery isthmic junction
approximately &-10 hours after ovelation (El-banne and rafez, 1570:z).

Expariments using planimetric reesurerments of the oviduct have

oviduct From
ovur is held at the AIJ Tor a period recorted as rancing
hours (El-banna and Hafez, 1870a; Thibault, 1872; Zerobin and Frorri,

s the site for fertilisation. The

[

1872} end in the cow this

"locking' mechanism at the ALJ appesrs to be a physiclorical, as ooposed



to an anatomical, sphinctar. Erundin (1864, 18565) demenstreted

~

the rabbit ovicduct hes a larre distribution of

£
¥

that this area o

drenergic innegrvation and this supports the theory of other workers

o

het in

cF

the cow the sphincter effect is groduced by 2 constrictien

of the circular rmuscles supplisd by these nerves (El-benna and hafez,

1970t). These same verkers supgest that the narrowing of the

i

ovicduct lumen varies cepenzing on the amount of circulating plasma
pestrozens.

Uy
itk

narroeest regicn cof the ovideot but has

p— o dein B Uy N SO W | e WA . e — e
and amulla, the ecithelivs is prodominantly non-ciliated cells e2no
the ruscular layer is far rmore develored, A% oestrus the ppithelics

ot the isthrus shows only a slicht ircrease in height (o=t o

cr
O
~+

al, 1880; fFchaniel et 21, 1888), Transpor

acting on the afrenergic recsptors present in the isthric wall;
cestrogens increase a-adreneryic ectivity producirg @ sphincter effect

around ovulation, whereas progestercne acts on the E-sdreneryic rececicrs
producing istrric relaxeiicn as oo
atter ovulaticn (Howe and bBlack, 1872; flunter, 18E70)., Administretiz-

of exogernous cestiropens have bLeen deronstrated to cause & 'tube locking'

of egzs in the oviduct of the retkbit and conversely,

ovum transnort into the uvterus (Burdick and Fipcus

z

(7
@]
T

149815, Frostepliandins have e

Rt =Rt

been implicated in the contrel of




ovun trensport. Yorx in rabbits suggests thet prostaglandin F oray
cause constricticn of the isthmus, end thus retertion of the ovum,

while preostaslandin £ have ths ornosite oFfect (Ssilman and Harper,

1973; Spilman, 1878). The Ter<ilises ovum i the cow enters tho

"

uterus 85-72 hours ter ovulation, AT this time, it has reachss the

J
it

ovicuct enters the uvherus. in the cow, ths UTI cnters ©

uterus and does not project into ite lumsn, The UTI of the cow is not
an enatomiczl sphincter. howaver both in the cow and swe, thers is e

urs et thz j

cf this flerurs varies

Y. Fefez erd Bleck (1022) heve externcivedl

the anstery ang
They supgest that

have rajor signirtic

ﬁUPlnh the cestrous cycle; the bzrrier is gruoetest when epes arc

proesent in the oviduct ernd nen-functicorel curine the reszt of

a4y

Guring ocestrus in the cow, the tip of the uvilerirs horn curves nere

50, . — - :
than 1£07, producing e rerked Tlexurs a2t the UTD, The LT3 has teen

seing a berrier to sperm trenspert and of heing able to

<

suspected ©

ainst Toreipn end cead material.

in UTd structure apperently do not prevent

transpart may occur at all steges of the cestrcus cvels in the eve

and rat, In addition, rapic sperm trensport ray decend on the increased




motilitv of the rerrcductive trect produced at mating.,  However th

f

raneprort, sperm selecticn and centrol of the

role of the UTJ in spamm

Naa

time the zveote enters the uterus has not teen Fully clerified.

THETRLL Y T YLD T ACQITROT
1.4 - SR S W Bl i OF ASSESRDTN

The rcet comronly used method of assessing the stiructurse

of the bovinz geniital trast in the living animel

This is of velug in deterrining the rorrality of the cvaries and
uterus but is lirdted in cdiazonesing ebnomealitics of the cviduct enc

Cotermination of oviduct pa was firet cdescriced in 1714
[ . - 1 o - =
when senerate Czry were published, Thess

desoribed the
technicue invo

uterus end monitering

information about both the patency of the oviducts and the reritul
afnexa whore achesicns are present. fcecuruletions of redia may ke
seen on follow-up films,  This test is widelv uvssd in investigation of

infertile woren, Howsver it is irpractical in the cow. Irproverant

of this test was rade in 1819, hy the addition of a celvic pneurcora~
which provided more information cn the ability of

o

to envelop the ovary (Stein, 1818},

m

In 1823, Rubin published e ceper on the 'Hon-orerative

determinaticn of patency of fallopian tubes by means of intre-utering
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1

inflation with oxygen and the creation of an ertificial pneuncperitonsur,

The principle behind this technicue was that oxveen, -injected uncder
b4 1 N B tu]

the uvterus, could only escars inic

[

pressure via an airtight cervix
the abdominasl cavity by msans of patent oviducts, Ceterminaticn of
patency deperded on the recording of a drop in pressure on a device

atteched to the ¢as flow. ther methods of detecting tho escape of

~e .

gas were by auscultaticn of the gas at the firbria or by the snculder

pain experienced by the patiernt after the procedure due tn

of gas under the dieshragm. “ore recently carhbon dioxide has bscn
utilised instead of oxycen as it is more readily aboorbed by the peritores

(Cweeney, 1982). However pitfaells bave beoen rermeorted in the ves o
this test, Tor exarole, thz recorcing of felse positives eor nerzlives,

risk of infoction and risk of evzoli forvation (Fvszeney and Centert,

repcried an atitent to

the penital tracts of cows alter slaughter.  Freshly rermoved uvierd

were placed in water and infleted using & cathetor pleced {hrou
cervix, wilch was sealed by a rubbar bunz. Gubtles eppearing at the
ovarian end of the oviduct indicated patency. Fowsver, in 28% ©
the tracts endometrial rupture cccurred before eny huhbles appsars

test would be dangerousz 1t used in the

anirals irmediately prior to slauzhter. He dinjectad asproximately
6C0 co of air into ths uterus of 5 animale using an enera puro,  The
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nirals were slaughtered within 3 hours and the genital tracts examined,
In 4 of the 5 cows, rusture of arezs 0.5-1 cm long were prasent in
the endometrium of the lesser curvature of the uterus aenc air had
escaped into the broad ligement. In ne cese did the rugture incliulds
the muscular coat and could have been missed on cursory sxaminciior,

Hanley (1852) stated that the Rubin test is suitable Yor uss

in cattle provided suiteble rmodificaticns are used. Ve uoed g

rmodified catheter with @ ballecon, which sealed the internal os of the

cervix. Carton dioxide was irjected into the uterus, and kymograph

tracingzs used to deterine the drop in pressure within the uteres.

ur

renportod that the test recuirsz to ke divided into st
gao had to be introduced graduzlly, e balieved the 20% of carnes
where rupture of the endometriuvn occurrad in the. study of FRowzon was

due to the rate of zes inflow Leing too high, Fe conciderec that

mn

avety in catitle

80 ryn Hp wes the maximun pressurs to ke used with

and that the test was useful. On the citer hard, Kothari (3277)
injected air inte 1% freshlv reroved bovine genitel trects. UCeverzl
showed endoretrial ructure et & wide varisticn in pressure (EEB-125

ok

o Hg) and he concluded thet this te
the livipy animal, since the endewstriv- of the cow is too frisbles o
permit any build up of ges in its lumen prior to the pas entering the
oviduct.

In the human figld, other ftests ussd for dsterminsticn of
oviduct patency are the methvliene blue test (Ansari, 15€3) and the
tutal scan (Partynski, Jakubowski, Stelracheow, Craban end Zurcwcii,
13773, heither is practical for use in the cow.

i

The basis for all these tests carried out in both hurerz



and cattle is that a substence injected into the uterus passes upwarcs

through the patent oviducts and is detected in the periteneal cavity.

+
C

o]
ot

In several species, attempts have also been made to assess tub

patency from the other direction, that is, by injecting weterials,
ranging from Indian ink and  eascaris eggs to starch grains, ercund

G/

"

).

Joed
48]

the overy (Cvarmati, 1834; Decker and Uecker, 1954;  Anseri,
This material, harvested by the firbria is dotected in the vaginz,
foliowing its passsge downwards, The 'starch grain' test, descrifzsa
by Becker arnd Uscker, was used in humans but not widely, cus to ths
petient’s dislike of the procecure. The detection of the starch
grains in the vagina was by using the propertics of starch in staining
dark blue when treated with icdine. MeDonald (1854) used the
technigue in cattle with Tavoureble resulls, but since then others

have reported difficulties in cemonstra
grains in the vagina (Dvkstre, 1885; lurray, 195C; Jeheri anc

-~

Sharma, 1884).  Fore recently, Kessy end foskes (1879) reported the

[na

test es effecctive in detecting unilatersl and bileterel oviduct
vcclusion in 3 cows in which surgical ligation of 1 or beth ovicucts
had bLeen carried out.

Another method of determining oviduct pratency which has bsan
the subject of much discussion in ths huran field is

1. f

"Speck!' test (Speck, 1848). This involves the use of phenclsulp
phthelein(PSP) dve as the monitor of petency. The dys is injectcd
into the uterus via the cervix, feollowing erptying of ths bladder,

and 30 minutes later the bladder is catheterised, Cn alkalirnissticn

of the urine collected, the prezernce of a pink/red disooleuration
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dercnstrates that the dve is present. PSP dve is rot readily
ahsoried from normal vaginal rucosas, endomstrium or endeszlpinx, but
readily abseorbac from the peritconeum.  Thus, it may be concluded that

the dye has reached the peritoneal cavity via the pnatent cviducts
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Speck repcrted n 15 ceses and strongly recormsnde:
it as safe and easy teo use.

Fowevar, no one since then hes bean

results. Fosset in 1850 carried out the test

to thelr undergoins hystercctory, and found 3 lack of correlation tetwo

L

the results of the test and the conditions of oviducts aftier surgerv.

He believed that a blocked, hut dileted and dissacsd, oviduct ray have
the ability to absork the dve.

Further investigaticns were carried out by FHoffiran in 1851,
He deronstrated that the dye was indeed rapidly ebsorbed through the

tongum.  He used a more concentreted solution of dve than

ive cvye tests,

rI—

and in 33 cases of known tutal patency, he hed 32 posi

to have blocked oviducts

;
-
=
D
2
)

However, he next tested 41 petients knowr

foets

)t

following sterilisation procecurss and in every cese 3 positive resuls

was ctteined, suggssting oviduct patency. He concluded that the tes:
was unreliable and thet the dye is absorbed by the human endometriom,
In 18€ Speck and Halter repeated these experiments, apain using women
who had previously undergene tubal ligsticn and obtained contradictory
results, They hynothesised that the inaccurecies following tubal
ligation are due to leakagze of dye, or to inversion of the TUCOSE at
the ligation site, allowing abscrntion of the dye,

However, in 1865, Gromredzki, Lukesik, and

Papierowski compared the PP dye test with the Rubin test

and found it the tetter ethod of eveluating patency of



the oviduct, Due perhaps to these contradictorv results, and/cr

e

the availabili

great popularity in tha human field.

ty of cther rethods, the Speck test has never enjoyed

A test, wusing indigo carming dve, was reported by Otel and

Drume (18688) to hevs a use in cattle. The technicue was basically
the sere as the Spechk test in woren, with the urire being examined for
the presencs of cye 2 hours following its instillaticn, They hed tne
advantage of being sble to examine the trects et oest-mortem ang
ccn?irraﬁ all 23 ceses whers the test hag indicated ovidict patency,
and & out of 10 vhare cvicuct blockage had been demonsirated.

A Further experirmant wzs done by ferchteld end crurner in
1968, uzing PSP dye, in 21 animels, | They were ehls to confine their
resulis in 20, There wes no evidenoe of Lo the sndoretriunm
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of the cows following

that the dya test enpearsd & safer, Lol es relis

Llme gy g b e s A nime ey e
COZES CHDETIIENTS Ond it was conc

use of carben cdicxicde by Henley in 1853, Fowever iracourste resuli

have been fournd by sores workers (Jcheri end Sherre, 1584; Ozhurove

=

and Ushev, 1874). £ high ircicencs of false pos

.

obtainzd by VYon Schneider ard Buzch {1878) wvhich they sugp

be duz to absorytion of the dye by & davezed enderetrium,

tive reactions

Fothari (1277) carried out the tezt in & nuther of enirzals

with very accurats resdlts confirmed by post-mortem. Fe renorted

that the dys test could be used with accuracy et any stege of

-

oestrous cycle and demonstreted by endescopy that the dye did pa
o b Y

from the oviducts into the peritoncun.  He surgestec that unile

blockage of the oviducts would Cbe

and showed that normal fertility  resulted : following a cu
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of cdye tests in a number of animals.,  Other viorkers disapree that
the stare of the cycle at which the dye test is performed makes no
difference (Kessy end loakes, 1878).  They obtaired a high nurber
of false negative results when the test was carried out on cows in

oestrus, They suggested that this may be due to the 'tubal locking'

However thev obtainad accurate results

and concluded that the test hed given ercoureging results in the

determination of patency or ccclusion.

One of the rmcre conmon syndrores essocisted with reduced
fertility amonpst cattle in Eritain is the 'repsat bre The
repeat hreeder is a cow which cycles at regular intervals but when
mated with fertile sires fails to conceive. On clinical examination,

they show normal ovarian function by the presence of e palpable corpus
luteun st the recognised normal period of the coyele. They elso show

ce of adhesicns bebweoen overy and oviduct, or

uvterus. Utering environrent is apparen?iy norale

on end when cerviczal exemination is cerried cul, there
is no evidence of abnormal uterine discharges. USohvicusly eny one
of the integrated events which culminate in prepnancy could be the

cause of the reduced fertility in this group of cettle. focording

to some workers, conception rate to first service in repeat bresders

is only 48.5% (0lds, 1962) compared to a conception rete to first

3

service of 85.6% in heifers (Kidder, Black, Wiltkank, Ulbery and

Casids,
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high incidences of oviduct sbnormalities amongst repeat bresders.

Most of this evidence has been gathered from post-mortem gxaminaticns

&
]
=
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—
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(@s)

(Tanaze and Casida, 1949; tLombard et al, 1851; D=
Hoare, 1969; Summers, Cembell and Cennett, 1874; Bgusn, klsden
and Seidel (1978).

Meny of the ceses referred to the hospitsl envircomant are
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repeat breeder cows, whose value encourape
trying to reach a diagnosis for their reduced fertility, with the hore

that certain manipulations can be undertaken end a2 conception ochleved

1 «

During the period of the studies referred to in this thesls, epproxdi-

mately 40 repeat breeders were adrittec to the de

" ~

gation. Tn certain areas of the work described, results Trom these

4
£

cases will be included which add additicnal useful material for
discussion.

The first part of this thesis describes in vitro and in
vivo studies undertaken on patercy of the ovidects in rormal and

o

abnorral cows and heifers.



CHAPTER 2
OVIOUCT ARNORSALITIES TN AN AEATTD

TEYOO) TN
IR SURVEY

CF BOWVINE REEFRODUCTIVE TRACTS
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esices sinply observing the gross structurs of the oviducis,
both the pessage of fluid and/cr air have been tried in etterpts to

assess their pstency in vitro (Dawson, 1858, 19642 Kothari, 18775

Quchateau and Whitimors, 1€75). Uoth of these technicuwss, while

.
o]
oL
Fa=
o
o
rJ
}-J-\

ng patency of the ovicucts to fivic, do rot teke inte conslizer-

ation the necsssery coorge of ency reguired of the ovicect in ezcoh

. ~ s ol ot mes s e s - S I
(Rawscn, 18958, 1S%4z2). Studiss vers therefors urndertahlsr, using

. . - A : PR - Dy N
sirdlar in size to the oven. in

ality toth wacrcsoopic and ricrosconic
, . ,
~esa rateriels was ascesaed, Since ths

LA

inz in strusture throughout thsire

ke particuler site of the varicus
2.2, - IPATERIELS AT METHEC
A random sarple of non-pregrant coe aend helfer penitel
tracts were cecllectsd irrsdisisly etter siaughter from a2 loce

abattoir. Tracts were removec es scon as the carcsss was suspended

and cut cpen after skinning. An incision was made s close az

possible to the attachrernt of the broad lipament to the sidorinel wzll



and the vagina cut cesterior to the cervix. Tracts were obtained
from anivals of varicus breeds and age. All tracts were examined

within 2 hours of slauzhter. Careful scrutiny of the entire rerro-

ductive tract was cerrisd out and any gress abnormalities affecting

the oviducts recorded, The structures presentc on the ovaries ware
noted.
Separation into cow and heifer tracts?

rects were cividzd into those from cows ano

The genitsl

taken es an animal which had

w
o
@
ot
Nt.‘
m
"3
-
[71
F.
3

those from heifsrs,

ome a calf. Tt

o

-

g seprarasticon wes done by ocne oF, or
of, the follovirng 2 rethoos: 1) The rmamrary development of the
carcese was examined priocr to rorovel of the trect. Those with
obvious marmrary develepment wers consicersd to be cows. 27 Bot
ovaries were examired

those considered to be

were present on elthszr ovary, 3} By ths uce of resiogrechy, the
tortuosity of the arteriss surplving the uterus was deterrined as

follows: A 1:1 water beriun mixture, warrved to reducs viscos

G
s
(:_h
~
ni
n

drewn into a 20 ml svringe and a 20 zauge ! inch nzodle attaches,
Two or 3 prominent uterine arteriecs, lying in the uterinz bross ligper
were injected with arproximatzly 10 ml of the mixture. Blood veszsel
supplying both horns were injected. he gcenital trect was then

X-rayed at 44 kv, 10 mAS, vsing & grid height of 2% inches. After

developing, the uterins bleood vessels were examined Ffor coiling.



Determination of oviduct patency using dye;
Within 4 hours of slaughter, the zenital tracts were cleaned
of debris using water, and unwanted matsrial such as fragments of

1o

rectum and excess tat dissected away.

0N

PSP dye solution (prepared by the method of Kothari et al
1878) or methylene blue (EIH 1% agueous sclution) was used,

The genitael tract was placed on a white enamel tray. The
dye was cdrawn into a 20 ml syringe tao which a_ZB Faune
was attached. Cne horn of ths uterus was clamed off approxiraic]
3 om Ffrom the uterctubal junction {(UTJ) with care beiny taksn not Lo
demage the oviducts.® This was accomplished by onsg of 3 methods:

1) A ligature was inserted throuch the broad ligermant and tied arcund
the uterine horn, or 2) Artery forcers were placed across the uterins
horn, or 3} By applving pressure with the finger and thurbs across
the uterine horn, belcw the point of insertion of the dye,

The needle, with the syringe attached, wes then insertec
through the uterine wall, bebween the censtriction and the UTJ, with
its point directed towards the Junction, Care was taken to ensure
that the point of the needle remsined in the luren and did rot plerce
the opposite vterine wall. The syrinpge plunger wes gertly pushed
downwards and the dye instilled, In cases wherse the oviduct was
patent, the dve could be seen moving through the ovicuct and ersrging
at the fimbrisl end.  Where initially the dye was not seen to be moving,
the pressure exerted on the svringe plunger was incressed, until the
resistance was overcors. there incressed pressure did not overcore

the resistance, the injecticn of dve was halted. The procedurs was
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repeated on the opposite oviduct.

Determination of oviduct patency using pollen:

A preportion of the trects in which one or both cviducts
had proved to be patent to the dve injection was used in this
experiment., To avoid the original puncture wound, a second
constriction was placed nsarer the UTJ, Alr was flushed throuzh the
oviduct to remove the dye nreviously instilled.

A susnension of pollen grains (Coulter Electrenics,

o)

e
H

G
o
.

Harpenden) s of 80 W in ciareter, was prepared. (

Fi

greins:H0 ml salinal. The suspensicn wes shaken frecuently in erder
to disperse the pollen grains uniformly,  The susoensicn was drawn
into a 20 ml syringe and the concentrotion of grains present checked
by exemining a draop of the fluld {from the filled syringe in an erbryo
dish under a stereo-dissecting microscops., (Plate 2.1).

The suspension was injected from the uterire tic to the

oviduct in exactly the save manner es described for the dye. e the

flushings ererped from the oviduct, they were collected in an erbryo

dish and exarmined under the stervomicroscope for the prssence of
the pollen grains. In those sanples in which ro pollen greins wern

visible in the collected fluid, thes procedurs was reoeated

Passag

[+%3

©

of dye from the Tirbria to the uterus:
In a prozorticon of the original samples, and in all cases

where flow of dye hed been impeded from the uterine to the Tirtrial

end of the oviduct, the patency to dye in the opposite direction

was attempted.
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Plate 2.1 An example of a pollen grain suspension as seen unoer

the sterocdissecting microscope.
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using an euvtometic tissus processing machine (Charden tllict).
Secticne were cut at 5y thickness, pleced on to a slice and
stained with Mavers haesmatoxyliin and =sosin. They were cried on & het
nlate and placed in an cven at 56°C overnizht, for sxaminaticn the
Following cay.
A proporticon of samples was serielly secticoned at 5

intervals end every 10th secticn steined as described above.

~

Flete 2.2 shows The racicprach of the uteres and birecead

~} e - W, S - o ~ BTt AN & N s
3 chows tho recults in a cow trect for corcerizon.

Lities of the

[ R . I G -y e S
The nurber end ircidence of grezs zbncrmal

1,

ovicducts of ZG0 penital tracte areg shown in Tahle 2,1, The edhesions

apcarent a5 a fluicd Tille thinnirs of

‘4 >
f\
-
e
n
~+
@
i
[
o
poe
o]
—‘L;
o+
-
o]
0
<
!.J-
P
-
0
s
o
ot
=
i

the wall (Plate 3.2.3).Tha cysts were white, thin cr thick walled
structures ranging in size from .5 -2 omoend inverishly conteired

white grenular reterial, fhey wers found lving in the firbrize or

r—\

Pl

jol}
r“"

near the wall cof the oviduct e 2,51,

o~

The incidence of oviuvuct lesicns present in cows (18%) is

12
]
—
°

132}
q
0

ter than that present in heifers (3.
Table 2.2 shows the reculis obteined Iin A - keifers anc

E - cows when in viiro assessrent of oviduct patency wes done uvsing
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Plate 2.2 Radiograph cf the uterus and broad lirarent of a
heifer tract, following the injection of barium into

the uterine arteries. The arteries arc straight.



mlato 2.3 Radiograpn cf the uterus and bread ligament of a cow
tract, following tlie injection of barium into the

uterine arteries. The arteries are coiled.
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Plate 2,4 Bovine oviduct and ever/, shc.ving gross adhesions

enveloping the ovary and fimbria



Plats 2 5 An exam®ilc of an oviduct cyst, lying in the wall

cf the finlria



TAELE 2.2

{3
[op]

RESUATE OF In VITRO
FOLLGWED EY A SUSPERE

TRACTS ARD 20 FEIFER

;\\S cEQOVE

ot s . 1

i OF
TRACTE

ENT OF
POLLEN

DVICUCT PAT
GRAINS, Tiv

ERCY USING BYE,

63 CCW

heifers

oviducts te

(159%)

oT
403

l

Petert fo dvs
40 (183%)
- 4 ! b ra g.
Petent toc peollern Floockes
43 {100%)

ta nellien
I

1

uterus to the fi rbria in a1l serples.

8. Cows fiurber of cviducts tested
12¢ (1G0%)
bls:&ed to oye
g (7.5%)
N P L
Patent to rolisn Elocked te pellen
Q7 (60, 8%) 14 (11.7%)
Mote: The dve end pellen grein suspension were injected from the



TABLE 2.3  RESULTS OF ASSESSMENT OF OVIDUCT PATENCY USTUG DYE, AND A

SUSPENSIO OF POLLEN GRAIRS IN A RALDOM SAMPLE OF 10 GENITAL

TRACTS FROM REFEAT EREEDER COWS

No. of Cows 10

Gross Ex\”LPation hermal Fonorral
& 2
Fatency to dye Fatent Blockes (Lilsterel)
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dyve follawed by a suspension of pellen grains in 80 genital tracts

All heifer oviducts tested proved to e patent to the dye and to the

pollien grains., 7.5% of the cow oviducts were blocked to the dye.

.

It is interesting to note that 11.7% of the cow coviducte which had

Lo

wers blocked when tested with the

f_;.
w-
:

proved patent to the dye i
rollen grain suspension.
Pase

dye from the firmbrie to the uterus, and from

the isthrus to the fimbriee was attemnted but proved irpeesible to

carry out in the majority of ths ovicducts tested. l'o resulis ere showm,
The incidence of gross abnorralities affecting the ovicuoiz

in a rancdom sarple of 10 tracts from repeat breeder cows are shon

in Table 2.3. Two tracts which were Tiosslv abrormel vere

blocked te the dye iniection. Une case which epreered normal ¢

macrozconic examinaticn proved to be bilaternlly bleocked when tested

[N

with the pollen grain suscension. In this grall eornle of rgrast

brosdar cows, 30% have apparent cviduct abmormalitie

0

ot

he litersturs of the incicernce

[

itere are several raports in

of cvidust ebnormmelitiss affecting boving femels renrocuctive tracts

8]

Mobery, 18545 OUawson, 19%96; Surrers, 18745  Aldshash and Qavid, 1877;
f.othari, 1877; Duchateau end Whitmore, 1873), Duch of the evidenoe
is based on the examination of the renroductive tracts at slaugrter.

These authors regort anincicence of oviduct abnormalities varying

i

N

5%

0 Z6%. From the slaughterhouse survey reportes in this thesis
Lo -t ;

the incidence of gross abnormslities wes 18% in cows and 3.3% in

: ~

heifers, Sepveral different explanations for this wide rangze in
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results recorded are possible. Some workers may have reportec all
types of abnormalities, with others noting only those which they
considered would have an effect on the fertility of the animal.  An
exarnle of this in studies reported here is that s comren tvre of
abnormality found on gross examination of the tract was the preszence
of paratubal cysts. Faretubal cvsts are also frecuently found in
the human female. In the huran, they are considered generally to be
remnants of the resorephric tubules or portions of the fucllarian
cducts (bovaek and Rubin, 1552; Monroce and Sp@étor, 10823, Tost
workers consider them harmlese. ricvever, in 19G4h Cavson receracid
that in a slaughterhouse survey of 518 cattle, 4860 ofFf which had ceen
slauehtered Tor failure to breed, 12 hac cystic structurss surrouncics
the oviducts. In his ceses, these cysts often invoived the whole
lenzth of the oviduct end in his opinion werse interfering with
conception, However, as well as finding cvsts on the oviducts
Dawson also Tound cysts present in both the overies ond the endomstrium
of these sarg cases end he supgested thet the estiolery of the coyste
in this condgition vas endoerinclogical. The cyste in the tracis
exemined hoere ware rast cormonly found et the Firbriated end of the
oviduct anc in the majority of cases did not infrince on the covicuct
lgmen as deronstrated by the pascape of fluld, and fluid plus partic
There was cnly one excention where the cystic structure did surround
the oviduct causzing an chstruction and did not in this case allow fluid
to be pessed along the ovicuct. In the different repcrts their
appearance 'may or may not have been reported and se result in wide
differences in recorded abrnormzlities in the different surveys

Ancther aspact for consideration when viewing the wide rang
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of results reported is the time when the surveys were carried ouc.

It appeers that the earlier survays, in general, repcrt & higher

ncicence of

[N

@

abnorralities (Pocherg, 19545 Dawson, 1S58), Many

tect with the renrs

changes in methods of trzatment of problerms associs

o

uctive trzct have occurroe

in the deys befere a pharra

the method most corronly useld

. .
anys in eeverity Trom severol

ey e b o sy pom v PR R - e R
gtwesn the oveary and tho bursa, to a mase of

telv ovary, burse, ovicuct andg uleras
e e 1 o RS SR PR D, Lot T b ..
s, 19E57). Such achesions alrost certairly bave

L

an effect on oviduct functicn, Lowzzaye ranual gnucleation of the

corous luteun is unnecessary as injectable luteolviic =zcents are

ot atnormzlitics
ench sation was bzing used frecventlv and nowedayvs when it s hzrdiy
ever undertaken.

Ancther methed of treatrent vhich Is no longer corronlue

practised is thet of weshing cut the uvterus with & scluticn of

Lurcl'ts iodine (Benesch and Wrighi, 1950), ‘lorkers have susgestcd
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in animals where no infection was present, it mey have hed s keneficiel

~y

effect in that the flushingy of the genitel trsct with fluid may havs
rempved secretory materiael blacking the cviduet luren or actually
broken down adhesicons present at the firbria. Tt is difficult o
say with any certainty whether the flushing of the uterus with Lugol’s
sclution could result in either of the 2 condgitions. However, when

flushing the oviducts in the post-mortem specirsne with dve, on a few

sy s = - 3 i b e
cccasicons increased pressurc was reouired to bring about the ressess

of the dye along the oviducts. This resuvlted in the seceration of
adhering firkria and an immediate reduction in the pressure recuirec.

Such findings tend to sugrest that vhers adiesions are the probles,

carrying out irrigaticn of the uterus could Le bensficizl. if cne
consicers the flushirg techrnique as being the couse of infacticn

gaining entry inte the oviducts, then this could be anather explanation
why in the eerlier years, when uterine irrigetion wes rcutinely
carried out, there were epperently groater nurbers of oviduct abnorral-
ities found in cows.
Ancther form of infection which has been assoclated with
Py

abnorralities of the oviduct is tubterculosis. Tukberculesis was known

to cause salpinpitis in cattle (Powson, 1842a, b; IPMoherg, 1854,

Roberts, 1956]). Tuberculosis has now been eracicated from
almest all the cattle populaticn in Gritain. During the tire it
was relatively cormon in cettle it cbviously resulted in increesed

recorded nunbers of tracts with abnormraelities of the oviducts and so

is another reascn for a varietion with time of recording of the nutbzrs

of ebnormalitiss found.



The incicence of ovicuct adhesions in tracts from cows

examined in this series was relatively high (11.5%) and of those

with hycrosalpingitis, low (1%). These figures are lower than those

i

reported by Kothari (1877) and greater than thoss of Alcdashash and
Cavid (1977]. The ponularity of herd fortility control programess in
the reproc

cattle with the reso for more freguent calpation of

]
+

rhaps be corsgidered as 2 ceuse of abnorma

atter nzstrus when a corpus

may cause Dleering and su

('3

this was the casz only 1 ovary wo

preduced by traume es opnceesd

A mathod of determining vhether the oviducts are palent in
spgeimens atter slaughter is of irportorce in proving
legions present were likely to ceuse Infertility, ir the studiss
carried out, dys was injected frow the uterine end of the cviduct to
the Tirbria. flttercte were mede to inject the dve in the cpoesite

technigque was abandonsd sirce greet di
specirsens testsd, It has besn sugzested that this is due to the

-
-+

anatory of the owviduct in that it is cdif feree 2
from a broad tube (erpulle) into e very narrow one (isthrus) {(Kotheri,
1877).  NAlso a valve effect may be produced by the angle edopted by

e

the rucosal lining of the oviduct.

The results ctiasined from the dye infusion experiment




indicated that e relatively small nuvber of the cow cviducts (7.5%)
were totally occluded.  CFf these oviducts, only 4 had macroscopic
lesions thought sufficient to affect fertility. the remainder

eppeared racroscopicaelly normal. An attempt was made to determins

histologically the site oF ccclusicn in those normal-looking tracts,
This proved unsuccessful. In 4 ceses the dye appeared te have besn

storped at sorz point elong thz isthrus, that is the narrow rusculer

arca of the ovicuct enc it may he that the site of blockase was zc
srall as to remain unceiectsed unless the entire lergth of the isthrus
was examined histoloericallv, in the revaining ovidugt, the dye was
stoppad at the firtrigted zrd by adhesions which had ceused ths
mucesal lavers of the infundibllum *D stick tosethsr, This had nect
been ssen on visusl inspec
cceurs is difficult to deterrine.

ency to Tlulc alone coss not constitute normal

functicn of the oviduct in the living animal. Patency such as to
allow passsze of the cvun is recessery. £ suspensicn of pollen

ot

r

o thz owvum of

4+ - N s e
the cow, were used Lo identifv

the oviducls unzble to perform this recuirerent, In the studies
cescrited in this thesis, a nurber of cow eviducts which had provsd
patent when tested vsing en injection of dye weres subsaguently Tound

to be abnormal to the extent that pollen grains of €3 py in diareter

were unable to pass “reslv from 1 end of the oviduct to the other.

o
e

nce all heifer tracts permitted the passage of pellen grains, this
inferred that an acouired lesicn was present in these cow tracts,
which prevented the moverent of paerticles while allowing the passage

ot fluid alone. Two possible types of lesion cculd ke considered es



causes for this occurrence. One is that strands of conmnective tissue
are present in such an oviduct producing a meshwork in which the
pollen grains are trepped but through which the dye sclution cen vass
easily, It seems ressonable to suggest that this tvre of septal
adhesion could be cesused by rough handling of the oviduct durirg

rectal palpation, producing bleeding into the oviduct lumen. Cr: th

©

!

agther hanc

, & partial blockage cculd be produced by trapping of dabris
within the oviducts. A previous worker vho used the injection of

Lode

fluid to determine oviduct patercy in viiro repeorted a slicghtly nishar
incidence compared to the rosults reported here and further su

that, from histological studies carried cut, even rmore oviducts o

abnormally narrow such that the ovum would be unable to pess (Dawson,

Criticisis cen be made of the use of slaughterbouse samplces
as a means of oblteining informaticn regarding ovicuct ebnormalitiss,

The oviduct, et post-rortem, is a very different structure comparsd

to the orgen in the living animal, In several of the elauzghiterio

specimens, the UT3 was marxedly flaexed and appearsd to Ee a barrisr

to the pessage of the fluid. In several cesz=s en increase in pressare
was reguired to force the dye rast, This may or mav not be signidicen

in the living animal.

Furthemore, all slavghterhouse surveys have the dissdvantage
that, as rmany deiry cows are culled for infertility, the incidence of
abnormalities present in the abattcir way ke higher then those fcurnd in
the aversge dairy herd. However, the results reportec herse from

examination of genital tracts of 10 cases with a known history of

infertility indicate that oviduct lesicns do play en jmoortant

'{"1
o
e
tta
4
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the astiology of invertility in repeat breeder cows, since a3
of oviduct disease of varying severity was fourd.

To surmarise, thess studies of slaughterhouse specimens have
shown that the incidence of ovicuct disesse in the abaiicir end in a
srall sample of repeat breeder cows is high. The use cf an in vitro
oviduct petency test using a suspension of perticles comparshle to the
size of the ovum demonztrated that partial occlusicn or rerrowing of
the oviduct can cccur whers no mecroscopic sbrormality is sessn. A
technicue for assessment of oviduct paterncy in the living animal would

give Turther irnformation on the relative importance of cviduct disesse

in reproductive disorders in cattle.



CHAFTER 3

IO OF QVIDUCT PATELDY I VIV

UETG PLE Ve



3.1.1 - INTROCUCTIOw - METHOD 1

3 ES

Any investigation into the role that asbnormalities of the

oviduct may play in infertility in cattle must contain a rethod fer
assessing the normality of the oviducts. Although there are

murercus repeorts in the litersture describing oviduct patency tests
in woren, there is a limited erount of information on the appliceticn
of similar techniques to cattle, and in particular, infertile cattls
(Kothari, 1977; Ansari, 1873).

Essentially, the three mothods described are:  the use of
air injected into the uterus (Hanley, 1553}, starch
on the surface of the ovary (Kessy and lioakes, 1972) or dyg instilled
into the uterus (Kothari et al, 197&; Kessy and Noakes, 1072). Thz
first two methods have disadvanteges. The introduction of gas even
at low pressure into the bovine uterus has been shown to cause
endoretrial rupture in e large proportion of cases (Rowson, 1842e).
With regard to the sterch grein methed, although scmae workers have
reported accurate results (Kessy and Noskes, 1972), severel others
have cuegsticnsd its reliability and suggestad that the positive iogins

reacticn obtaingd could be due to the presence cf starch in the swab

.

used to wipe the vagina following the test rether then & resnorss to

the presence of starch greins (Joheri and Sharma, 1%64).  There is

also the guestion of the tims reguired before a diagncsis is reachsd.

The use of & dye test eppears more promising, Preliminars
results indicated that this test is accurate in diasgnosis of
pviduct blockage, requires minimal souipment and appears itn be &

technically simple procecure (Kothari, 1977),
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lowaver workers in this field have used the test only on cows of known
fertility or animals in which surgery was used to ertificially disrupt
the patency of the oviducts priocr to carrying out the test. As yet
no survey has been done which relates the incidenca of oviduct
abnormality in repeat breeder éows to that found using in vitro methods
on slaughterhouse specimens.

Also, since the dye test was originally used as a test
of kidney function, it is necessary to obtain soms information on

£
i

rates of the urinary excretion of PSP dye in cattle.

Therefore, the aims in using this test in repeet breeder
cows were fTirstly, to atterpt to validete the preliminery results
obtained by others, and show that the technicus was suitable in
assessing a cow's Fertility; secondly, to determing thes incidence
of oviduct abncrmality in such & populetion of cows; and thirdly,
by the use of intravenous and intraperitoneal injection of dye, and
detecting its presence in the urine, acguirg some knowledee of tha

rete of urinary excreticn in the cow and its applicetion to disgnosis

of oviduct patency.

3.1.2 - MATERIALS AND FETHCDS
Animals

Cows of various breeds, ages and parity were used. AT
appropriace intervals the reproductive state of the majority of the
animals was determined by behavioural observations and by rectal
palpation of the reproductive tract. These animals were referred
cases of infertility from veterinary practitioners.  Animals were

treated at all stages of the ovestrous cycle.
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Preparation of the PSP dye;
0.3 g of phenol red (pH renge G.8-8.4 B.D.H. Chemicals) and
4,2005 g of sodium bicarbonate anhydious were dissclved in 1,000 ml
of deionised water and the soclution mixed by shaking. It was then
filtered through a 0.45, Millipore filter. In addition the dyes wes
egain sterilised by placing in universal bkottles and autoclaving Ffor
15 minutes at 15 1lb/sg inch at 121°C in a portable steem steriliser
(Thackeray).
Preparation of 1M sodium hydroxide (HaOH):
40 g of sodium hydroxide were dissolved in 1,0J3>ml o

L.

deionised water.

Eguipmant used in the dve test:
PSP dye solution
. 1M sodium hydroxide

fleilson catheter
Gibbon catheter (2 wey 14 gauge, Franklins, High Wycerbe)
20 ) syringes
Univaersal bottles
pH peper (‘aﬁge 6~6, BOH Chemicals),
£

Method Ffor sterilisation of equipment:

Neilson catheters: These wers packed in indivicdual polythene bazs

~

which were sealed with terpereture indicator tape znd sterilised in

a vertical steem steriliser (Thackeray).

At

. .
L18EC

Folytex catheters: These were packed as described above end steri

0

c

sing ethylene oxide at 55°C for 1 hour in & Victoris ethylene oxide

gteriliser ark II.
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Preparatlon of animals:

The test was cerried out either with the animal haltered
and restrained in a cattle crush or haltered in a stance in the byre
Her tail was tied to the halter to keep the perinsal area clean end
the perineum anc vulva cleaned with a dilute solution of Savion
(chlorhexidine 7cetrimide ICI Litd., Macclesfield, Cheshire),
Conduct of the test:

A 14 gauge Bibbon catheter was imsertec inte the urethra,
the cuff inflated, the bladder emptied and an irnitial urine sample
taken. The catheter was left in situ.

A gloved hand was inserted into the rectum and the cervix
grasped, The Keilson catheter was introcduced into the vagina anc
manipulated through the cervix into the uterus. The [eil=on
catheter was maintained in the body of the uterus while the dye was
instilled, using a 20 ml syringe.

The arcunt of dye instilled wes that sufficient to cause
palpable distension of the uterus end thus varied depending on the
size of the uterus. The arount required was generally between 20 and
50 ml. Fellowing the instilletion of the dye, 10 ) of air wes
injected in order to ensure that no dye remaired in the catheter,
The catheter was then reroved.

A second urine sample was taken 5 minutess after instilisticn

[99)]

of the dye andg further sarples were collected at 15, 33, 45, £0 enc
90 minutes. The bladder was emptied at each sarpling, The pr of
the uring was tested, aend a few drops of [NalH were adced to any which

were slightly acidic. The colour of the urine was assessed visually




t
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for the red colcur of the dys. Two positive samples were ccllesctec
before stopping urine collection and iT no dve hac been detected by
90 minutes, the test was considersd to be nepative.

The assesurent of normality or otherwise was lzesed on

f ¥othardi (1S77) end the test repested on Z wore occasi

J
7]

before a diagnosis of oviduct blcchage was made,

The horns of the uterus were cut ooen and the lumen chooken for the
presence of oye The patency of the gviducts was then cetermined ac
icvead by & ollsn

previcusly described (Chapter 2) using dve solution ol

grain suspension in the case of apnzrently rormezl oviducts.

Intraperitensal and intravenous injection of cya:

Four cows of ditferent hresds ancd body weichts were tested

gs ot the cestrous cycle. The bocy cendition of cach enirmel

:

was asseszed using the msthoed cu

]

ang Sorerville

I

Conduct of the test: Festraint of the aniral and bladldsr catheteris-

ation were es described previcusly.

20 ml of FSP dye was injeczted, using a 12 geuge, 11 inch
needle, inte the jueular vein cr intraperiteneally into the sublusbsar
fossa on the right side. Urine sargles were drawn of7 continually
from the bladder usinz a 20 ml syrinze, a few drops of L2 added, and
T

the tire noted at which the dve

e - JE
LTST aphearei.



3‘1.3. - RESULTS

Table 3.1.1 shows the detailed results of the dye test
carried out on a total of 33 animals. The earliest tims at which
dye was seen in the urine following its instillation inte the
uterus was 30 minutes. The emount of dye required in order to
cause uterine distension veried from 23 ml to 50 ml. In a high
proportion of the cases, the test was unable to be comgletecd dus to
leakage of dye from the cervical os. In a nurber cf enimals the
urine was sampled at 35 minutes, usually dus to difficulties in
withdrawing urine.

A‘sunwmry of the results contained in the previous table
can be seen in Table 3.1.2. The number of anirmals diegnosed es
having bilaterally blocked or unilaterally blocked oviducts is in
excess of those diagnosed as having normal oviducts (38.4% of
36.4%).  The number of inconclusive cases arounts to 24.2% of the
total nunber of animals dye tested.

Results of application of the dye test compared to post
mortem assessvent of patency in 15 cows is shown in Teble 3.1.3.

In the 6 anirals where the clinical test had indicated bilaters

)

patency post rortem examination confirmed the diegnosis. However,
of the 5 enimals diagnosed as cases of bilsteral blockage, 3 were
found to have patent oviducts at post vortem (18, 22, 23}, In the
remaining 2 animals the clirnical test results were coofirmed.

Table 3.1.4 shows the results of the dye test carried out
at different stages of the oestrous cycle in a random senmle of cows.

In only 1 cese (2) is there & difference in the time itzken for ths

dve to appear when the test was repested at a different stagz of .
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TABLE 3.1.1 {contd)
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the cydle, Mote that the 2 cases in which the test was inconclusive
were those tests which were carried out at 2 stages of the cestrous
cycle with no difference in the result. In 1 case (27) a diagnosis
of bilateral blockage made on tests conducted during dioestrus ang
oestrus was net confirmasd at slaughter.

The results ot intrsperitoneal and intravencus injection
of dye are seen in Table 3.1.5. After intravenous injection, dye wns
invariably seen in the urine by 5 minutes. In 2 animsls (1 and 2)

thers was a marked delay in the time the dye arrea‘ad following the

D]

initial intraperitoneal irnjection. On repeating the injection dye

invariably appeared within 7 minutes. It was assumed that in these 2

Lol

animals the first injection had not been into the psritoneal cavity.
There is no arparent difference in the tire teken for the dye to ke
absorbed from the peritoneal cavity betueen cows of different breec
or body score, or at different stages of the cestrous cycle.

Plate 3.1.1 shows the cervical os and anterior vaginal
area of 1 of the inconclusive cases where the dye pooled back into
the anterior vapina. Photographs were taken imrediately following
instillation of the dye into the vterus.  The dye cen bte seen
pooling in the anteriocr vagins and around the extermeal o of ths
cervix.

Plate 3.1.2 is the genital trect from 1 of the Charolais
cases which was slaughtered 3 weeks after a dye test which pave &
negative rosult. A large emount of dye is still present in the
uterine herns, and the oviducts contain no dys. The oviducts were

confirnad as bilaterally blocked,
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Plate 3.1.1 The cervical os and anterior vagina of a cow
imnediately following instillation of the dye intc
the uterus. Ttoe dye is pooled in the anterior

vagina end around the external os of the cervix.



EJ

Plate 3.1.2 The rerroGuctive tract from a ccw slaughtered 3 weeks
-Acllcvling a negative result to the dye test. Dye

is cooled in the uterine horns.
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3.1.4 - DISCUSSICH

Using the cye test as described by Kothari et 21 (1878)

¢

initially veriocus problers mainly of technigue were encountered. These

mainly consisted of cdifficulty in passing the catheter through the
cervix in certain cows, and in catheterisation of the bladder.
Howaver these were culckly resolved with experience and subsequently

a large nurker of dye tests were performed on cows of varicus breeds

and at different stages of the cestrous cycle. In total 33 cows were
tested, many of them on at least 3 occasicns. The biggest problem
encourtersd whan carrying out this form of dye test wes the large
nunber of cases where the test had to be ehendoned due to the sscape
of dye from the cervix, following its instillation irte the uterine
Body, forrally the cervix in the cow is only dilsted during cestruz

2

{Arthur, 1875) and escepe of dye from the uterus backwerds into the
vagina did cccur in the several casss where the test wes cerried cutl
with cows in cestrus. Fowaver it alsc heappened in some pluriparous

cows known to he in dicestrus by the circulating plasma progesiercne

levels and/or the presence of a palpable corpus lutsum in one of the

vagina with sterile swahs. Vhen this wes attempted ir the studies
described here invariably the cow strained, forcing even greater
armounts of dye through the cervix, Usuzlly the expulsion of dye

from the cervix occurred almost irrediately after instillation, but

~

a few occasions a gradual sespage of dye from the cervix was seen

s

-t




rencering the second or third samples of urine inconclusiva even
although the first sample had been clear. In those cows in

dioestrus in which this backflow of dye occurred it would seem logical
to suggest that they had an sbnormality o7 the cervix itself. The
uterus at dicestrus is undsr the influsnce of progestercne and is

far more susceptible to infection than during oestrus (Rowson,

Larming and Fry, 18253; Hawk, Erinsfield, Turner, Whitrmere and ilorcross,

964), A dilated cervix at this stage of the cycle ray therelors

e
[43]
I8
o33
o+
w
r
)
[
0
T
0
<1

nfection

[N

be the mesns by which a subclinical uterine

due to ascending infection from the vagina. A large percentage
of the cows with this perticuler problem were repsat bresders. In

only a few of those cows where backflow occurred did endoscopic
examination of the cervical recion give sore indication as to the ceuse.
The findings varied from a partial to & corplete prolapse of the

cervix backward into the vagina. However in the majority of enimals

no exglanation was found on macroscopic examination. Obviously this
is an area requiring further investizgation.
In the remaining 25 animals in which no cervicel backflcw

had occurred and the test was carried out to its conclusicn, a totel
of 13 appsared to have oviduct abnormalities. This indicated an
incidence of abnormal oviducts in this groUp of cows of over 50%.
Even with the knowledge that these animals were all leng standing
cases of infertility this would sesmn an extrermely high incidence of
oviduct diseass, However, in J anirals (1€, 22, 23) in which ths

clinical tests had indicated bilateral oviduct blockage on at least

0

3 occasions subseguent post mortem examination of the oviducts
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revealed bilateral psatency. In addition it was noted that no dye
remained in the wuterus of these 3 animals. This is in centrast to

2 other animals (18, 19) slaughtered following negative results where
dye was sean to remain in the uterine lumen for as long as 3 weeks
atter the dye test. This indicates that endoretrial abscorption of dys
proceeds very slowly, if at all, and that the dye in the 3 ceses acovs
did indeed pass through the oviducts into the peritoneal cevity. As
only 5 of the animals giving a negative result were slaughtered the
accuracy of a diagnosis of bilateral blcckage in the remaining & must
be suspect. There are several possible explanations for tne
occurrence of these false negative results,

False negative results of dye tests have been recorcdsd by
other workers but in their cases they ocecurred only when the test was
carried out at cestrus (Kessy end Noakes, 1879).  They suggested thet
this was due either to a tubal lock at the isthmoarpullery junctiorn cr

S

to increased cedema present around the uterotubal junction at osstrus
producing & physical barrier to the passsge of the fluid. There ere
two reasons to suggest that this was not the explenstion in these

studies. Ope, the tests were cerried cut et all stages of the

oestrous cycle with the seme result, and two, when the test was con:

w

in a nuwber of other animals at osstrus, positive results were obteirsd.
There are several fectors which may affect the movement of

the dve through the oviduct. The emount of dye instilled into the

uterus must be sufficient to cause uterine distension (Kothari, 1877).

This in turn stimulates uterine contractions which force the dye past

the uterotubal junction. In all the dye tests performad in thess
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studies sufficient dye wes injected to cause uterine distension.
During the test the dye wust pass from an organ of a large diamster,
thet is the uterus, to one of a very small internal dismzter, the
oviduct. In order for this to ococur rapidly enough for a sufficient
dye concentraetion to tuild up in the urine to be dstected visually,

a certain amount of pressure is needesd. This is brought ebout by the
corbination of uterine contracticns stimulaeted by the presence of the
dye, and the speed a2t which the dye is instilled into the uterus.

In &all cases, the dye was instilled rapldly until uterine distension
had been achieved, so insufficient pressure and avount of dye is
unlikely to be the explanation fer these false negative results.

The presernce of the dye in the urine is assess

i
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and its detection depencs on the amount of urine presen
bladder, the pH of the urine and the concentration of the dye being
used, Obviously the fuller the bladder then the greater the diluticn
of the dye will be. In thess studies the bladder was emptied
before injecting the dye and alt each urine sampling. Aithough it

is difficult to ascertain if the bladder has besrn corpletely

should rnot be sufficient to mzsk the presence of the dye. PSP

.
il

dye is visible only in en alkaline urine. he majority of cows have

alkaline urine but in any case the pH was always tested and any

samles which were slightly acidic were treated with scdium hydroxics.
The concentration of dye used was standard for each test so this
would bg unlikely to be a cause of failure to detect eny dye which

zative

was present. One cther possible explanstion for felss ns



results could be a spasm of the uterotubal junction fellowing the
instillation of the dye inte the uterus. This has been shown to
oceur guite often in human patients when similar technigues have beer
employed to assess oviduct patency giving a high number of false

negative results (Hermann, Spadoni and Smith, 15895 Ansari, 1973)

and is detected in the human by the use of hystercsalpingography.

Hysterosalpingopraphy has neot yet been demonstrated in cattle. Thus

it iz difficelt to pinpoint with any sccuracy the reason for the

occurrence of the false negative results obtained in these 3 animsls.

In the work described by Kothari et al (1978), diagnosis

of bilateral oviduct patency was macde when dye wes detected in the

urine at 15-30 minutes following its instillstion. In this study
the earliest time at which dye was detected was 30 minutes. As

already pointed cut visual interpretation was the criterion used
for the presence of the dye and this may be criticised as being too

roortance

e

subjective, Certainly other workers have stressed the
of the use of specialised eguiprent such as a colorireter to pick
up the slightest treces of dve in the urine ancd this may help to

standardise the exact time at which the dye dees apnear (K

Noakes, 1873). Howaver it also takes the technique furthzsr out

cl

Lt

of reach of the practisin nician who may wish to use it as en

o

on farm technigue.

Kothari (18977} suzgested that a delay in the apresaraence

of the dye in the urine may indicate @ unilateral blockage. However,

while this may be so, it could egually well be due to a narrowirg of

Both oviducts.
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Once the dye has passed slong the oviducts it is absorbed
from the peritoneal cavity extrerely rapidly. Studies in this
thesis have shcown that the rate of absorption is not affected by
the body conditicn of the animal, and so any deley in the appearancs
of the dye in the urine is unlikely to be dus to this. Also the
stage of the oestrous cycle appears to have no effect on the speed

at which the dye is abscrbed through the peritoneum or excreted by

ntravenous injesction, These results agres

10}
fta

the kicneys following

£~
1

with those of other workers (ixNEr and Ancderscn, 1858; Hethard

et al, 1878; Kessy end licakes, 1878).

+
G

negative results, wes unshle tc be used in certein arimsln with

Y

cervical dilation and was not able to dierncse accurately cases cf

unilateral blockaze. Therefors it could not be recormenced as a
diagnostic test, the results of which could determire the

4 o
™ i

~h
“

ure o

the anirzl.




3.2.1 - TWTRODUCTICN
From the result
clear that the dye test a
several disadvantages.
overcore these, so making
unilateral and bilateral
of the degree of dilation
Workars in the
a more economical method

of the trect, have desvelo
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- 1METHAD 2

s obtained in the previcus secticon it was

s describted by Kethari et al (1878) hed

A modified test was necessary which could
possible the asccurste diagnosis of both
oviduct patency in all animals, regeardless
of the cervix.

field of bovine embryo trensfer looking Tor
of embryo recovery than surgicel flushin

oped a flexible, cuffed catheter for non-

surgical usc {Greve, Lehn-Jencsen and Rashech, 1877: Newcomt, 1880). Tre

i J_

atheter is inserted alc
inflated to prevent lose
worker involved in this
similar catheter could pe

prebilems of backflow of d

Therefore it was

catheter in cerrying out

oviduct patency.

ng each uterinz horn in turn, and tha cuff
of the recovery medium. Another
field had indicated thalt the use of a

rmit diagnosis of unilateral bloohk

n
tu
©
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ot
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ne
ve through the cervix (Coulthard, 188C].
deciden to irncorporste the use of such

dye tests as a means of diagncsis of

3.2.2 -~ BATERIALS AND METHIDS

Animals

Cows of varicus
these were animals refery
of infertility. The re
by rectal palpation and a

detected were excluded.

breeds and ages were used. In general

ed by practising veterinary surgeons as cases
productive state of sach animal was cetermined
ny animals in which gross abnormalities were

The remaining animals were tested at all




stages of the ocestrous cycle.

Preparation of the dye and 1t sodium hydroxice:

This was carried cut as previocusly described.

Equipment used in the modified dye test:
PSP d \'D
M sodium hydroxids (NaQH)
Stainless ste2l speculum {T. A. Sauwl, Soston, Lircs.)
Stainless steel introducer (T. A. Saul, Foston, Lincs.)
14 gauge Z-way Gibton catheter (Frenkling, High Wycombe)
60 ml syringe
20 m] syringzes
Universal bottles

pH paper (range 6-8, ECH Chemicals)

The speculusn end introducer were packed and sterdilised as
descrited for thz leilson cathelzr, and the Gibkeon catheter as

described for the Folwiex catheter.

Preparation of the animals:
The cow to be examined was injected intramuscularly with
20 ml of hyosing-H-butylbiomids (BusCopen Composition: Boehringer
Ingelheim] epproximately 1 hour prior to the executicn of the test,
This was Tollowed by an intramuscular injection of 1.5 ml acetyl-
s

provazine(ACP, C-Vet) approximately 40 minutes later, The cow was

then halterad and placed in a cattle crush, which was raised 25 om



from the floor at the entericr end. Irmediately prior to performing
the test, an epidural injecticn of 5-8 ml 2% lignocaine {Xylocaine,
Astra Chemicals) was given. The taill was tied to the halter anc

the perineum was cleaned with a cilute solution of Savlon.

Conduct of the test

A 14 gauvge Folyitex catheter was inserted into tne urethre,
the cuff inflated, the bladder erptied and an initizal urine sanple
3 T
taken. The catheter was left in situ throushout the aceration.

egl speculun (Plate 3.2.1) was lightly

-

coated with 1ub
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“harnsceuticals) end nassed
into the vegina es far as tre cervix. The centrepiece was removic,

An introducer{late 3.2.°)ua:

i
H
()
o
u
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W
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e
o

ng the speculum and thus

reached the cervix without touching the vaginel mucosa. The cuter-

piece of the speculum wzs then reroved leaving the introducer in sit

wd ke ‘i
The cervix wes grasped per rectum, then, using rectocerviczl

manipulation, the introducer was guided inte the body of the utercs.

fre

One horn of the utsrus was then zently esssd back over the introcucsr

until its tip lay aspproximstely 5 cm into the horn. The centrepiscs
of the introducer wes revoved leaving its hollow outer futbe in situ.

An assistant passed & 2 wey Folytex catheter (Flate 3.2.1)

through the introducer into the uterine horn and this was manipuleted

per rectum forward into ths horn. During this phase, the uterus
was pulled back over the catheter, rather than the catheter being
pushed forward intc the horn.

By rectel palpaticn of the tract the catheter tip wes

anG

located within 5-7.5 om of the anterior end of the uterins horn,
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Plate 3.2,1 Equipment used in the dye test (Method 2);
1. Speculum; 2. Introducer; 3. 2-way catheter;

4. PSP dye (universal hcttle); 5. 20 ml syringe,
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the retaining cuff inflated by injecting water. The degree of
istension of the bulb recuired was assessed by rectal palpation.
This ensured a seal on the horn, so preventing escape of dye.
Sufficient dye was injected to cause a palpable distensicn of the
anterior end of the uterine hom.  The amount reqguired veried from
10-50 ml depending on the size of the uterus and the position of
the cuff of the catheter. After instillation of the dye, varying
amounts of air were injected to displace the dye from the cetheter.
The equipment was left in place for 10 minutes. Aftervards the

cuff wes deflated and both the flexible catheter and the hollow

n
9]

outerpiece of the introducer were withdrawn. A urine sarple we

(S

taken at 5 minute intervals and from then on until 30 minutes had

elapsed since the instilletion of the dye. The pH of the urine

was tested using litmus paper (EDH), and a few drops of 1
NaOH added te any urine which was acidic.  The coleour of the uring

was then assessed visually for the preserce of the dye.

Two positive serples were collected befcre stopping urine
collection and if there was no evidence of dye by 30 minutes, ths
test was considered to ke nezative, A Tinal sarole was taken at
60 minutes following dve instillation to confirm the nezative result,

and in all caseg the test was repeated whers oelay or non-appseranca

of the dye in the urine had occurred. 24 hours were allowed to elapse
before the test was repeated on the opposite horn.
3.2.3 - RESULTS

.

The results of the modified dye test cerried out for fthe

1de
bt

n Tabls 3.,72.%1.

first tims in a eroup of 38 cows are demonstreted
£ !

The amount of dye instilled into the uterine horn varied from 15 ml
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to 50 ml, The earliest time at which dye was detected in the urine
was 15 minutes following its instillation into the uterus. 0Ff the 38

4
1

animals tested, 27 were diagnosed as having bilaterelly patent cviducés,
although it was noted that in 7 of these animels a slight delay occurred
in the time taken for the dye to appear. The most common oviduct
abnormzlity diegnosed was right oviduct blockage (5 cases) with
3 cases each of left ovicuct blockege and bilateral blockage.

Table 3.2.2 sunmerises the results contained in Table 3.2.1.
There warano inconclusive cases using this test, a result bsing

chtained for every animal. Lni

ond

L el

M

S KA

bt
@J

1 blockasze appears to bs almcst

95
LJ

3 times as cormmon as bilateral blockege in this group of cows (21.1%

Vo 7.9

[

).

Teble 3.2.3 shows the corparison beltwesn resulis obtained

.

using the clinical test and subsequent post rortem exarination of the

ot

cviducts. In every case pest mortem contirrmad the dye test result.
It is interesting to ncte that in 2 enimals (21 end 23) where the

i

dye test had shown a dzlay in the tims taken for the dye to sopes
Y K Y ee

per}
7

in tha urine, sbnormalities sutTicisnt to irpair the progress of the
. v &

. I} ' '

pollen grains wers found, as streted by failure to pass the

O
Q
]
o
l'

nollen grains alongz thes oviducts.

£
T

The results

Q

a repeat dye test carried ocut in 10 anirmals
showing delay in appearance of the dye in the urine at the first
test are shown in Table 3.2.4. In 5 animals {22, 24, 25, 238, 37)

a reduction in the time teken for the dys to appear has ocourred in
the second test. In 4 ot the 5 anirals post mortem exemination of
the oviducts has confirmed the ults of Lhe second test, with the .

remaining animal not slaughtered. In 2 enimrals (26 and 27), tha
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delayed time was seen in the second test also, hbut unfortunately
neither of these animals wes slaughtered. It is interesting to

note that both cows 21 and 22 showed delayeo times in their second
tests, but cow 21 was shown to have an abnormal narrowing of the
oviducts at post-mortem, whersss cow 22 hac apparently normal cviducis

at post-mortem.

The genital tract of a cow slaughtersd 3 months after a
dye test giving a negative result is seen in Plate 3.2.2, The dye
injected at post-mortem can be seen lying in the coccluded oviducts,

unable to pess beyond adhesions at the fimbria.

Plate 3.2.3 demonstrates bilateral hydrosalpingitis
seen in 1 cow (23). This animal showed a delay in the sepoesrance

of the dye in the urine in repeated dye tests.

The modified test using the cuffed catheter proved to have
several definite advantages: firstly, as the cuff cccluced thne
utering horn dyve backflow was prevented ang the test couls be uses in
any animal regardless of the degree of dilatation of the cervix or ths

stage of the cycle; sscondly since the dye was instillec into cne
vterine horn only disgnosis of unilateral blockage was possible.

In cattle the dezree of infertility resulting from
unilateral cviduct abnormality depends on which oviduct is blocked.

In the bovine more ovulations cccur from the right ovary then
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Plate 3 The reproductive tract frcm a ccw slaughtered 3 months
following a negative result to the dye test. Blue
dye injected at post-mortem is lying in the occluded

oviducts.



60

Plate 3.2.3 Hydrosalpinx, causing a fluid filled distension of

the oviduct (Ccv; 23)
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i

from the left (Al-dahash and David, 1977). Therefore where blockage
of the right oviduct is diagnosed, fertility in such an animal is
reduced by more than half. Treatment of an animal with unilateral
blockage of the oviduct could be by either removing the ovary adjacant
to the blocked coviduct, in which case ovulation should occur as often
from the remaining ovary as when both overies are in situ, and under
these conditions pregnancy would be much more certein since the
corresponding oviduct is known tao be patent. | Or, rather than rescriing
to ovariectomy, determining by rectal palpation which overy contains
the corpus luteun and therefore was the source of the ovulation, then
if ovulaticn had ccecurred from the ovary adjeacent to the blocked oviduci,
by using prostaglandins shorten the cyecle. This should result in
another ovulation which, this time, may be from the ovary adjacent to
the normal side.

Another advantage of the medified methed of the dye test
is that the time taken fTor diagnosis is consicersbly shertened. Using
the modified test the dye eppears in the urine within 20-25 minutes

where the oviduct is patent and a diaznosis of blockeze can be mads

CJ

it no dye is present by this interval after instillaticn. This
conpares with rore then €0 minutes in the originel test for a nezative

.

result. Therefore- this approach is more prectical if the test is

to be used by busy practitioners as an on farm fechnioue
However although this modified test is & much more accurate
ore, 1t does have the disadvantage of requiring s grester degres ot

manipulative skill, in that the flexible catheter must be positiocned

correctly in the uterine horn. In the cow, the utering horn is curve
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ventrally and therefore merely pushing the catheter horizeontally causes
it to impinge on the endomztrium and cause damage. It was found

with experience that one should eese the uterus backwards over the
catheter rather than push the catheter forward. These manipulaticns
ara only possible if good anassthesia is employed. The régiwg used
here in which premzdication with acetyl promazine and 'Buscopan' was
used, followed by an epidural anesssthetic, produced excellent
relaxation with the cow rocrmaining on her fest. Under these circum-
stances the test was carried out relatively easily.

Another disadvantege of the test is that of the diamester cr
the stainless steel introducer which presented problems in animzls
with tightly constricted cervices. Indeed in 2 heifers it proved
impossible to carry out this form of dye test even when a cervical
dilator (T. A. Saul, Boston, Lincs.) was used to breach the cervical
barrier.

The majority of animals tested using this method of dye test
gave definite results which were confirmed, where possible, at post

mortem. Hoviever, 1 cow (23) which at post rortem examirnation was

found to have bilaterally blocked oviducts, gave & positive result to
the dye taest with dye appearing in her urine 30 minutes followinz its

instillation. Although the slight delay in the appearance of the dye
had arcused scre suspicion of an abnommality being present, this was
in effect a false positive result. At post mortem the cviduct
blockage was seen to be caused by an acute bileteral hyvdrosslpingitis

(Plate 3.2.3). Hydrosalpingitis causes a warked thinning

of the oviduct wall and damage to the mucosal lining of the endosalpinx
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(Banirschke, 1958). It would seem logical to suggest that in this

F?

ase the dye may have passed through the danaged mucosa and so entered
the blood stream without passing along the oviduct lumen. This
explanation has also been cropossd by workers in the human Tield, whers
this method of determining oviduct patency has bsen shown to produce
Talse positive results when caerriec out on patients who have undergonz
tubal ligation operaticns {roffman, 1851; Uilliams and Gering, 1865},

It is

delzy in the
avpearance of the dye in the urine of this cow. In the human patient
only 1 urine sample is generally taker and this is dene at 30 minutes

following the instillation of the dye (Speck, 1843). In huran ceses

cases whers the oviducis are patent. rowsver, the enatory of the
human oviduct is very dirferent from that of the cow, bein. both
broader and straizhter (Frarcis, 1873). it mey bz thet the surfzce

area that is damaged and su eble to abscrb the cye iz so re

narrow oviduct of the cow that this caused a delay in the eppesrence

[N

of the dye. Two other exglanaticns Yor a false positive result to

r‘:

the dye test are either tre Inacvertent injesction of dye into the
peritoneal cavity instead cf intoc the tterus or bBElood in the urins
being mistaken for dye. Fowaver, the sensation of the cathster
punctufing the utering wall is unmistakable and tirers would ce no
gouht 17 this had occurred. On the other hang, thsz pressnce of Slood
in the urine is obvious as, if the sample is left standing, ths blocd
will sink to the bottom either of these possikilities is applicable
in this animal.

.

A delay in the fire taken for the dye to sppear biletersily
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occurred in 2 other animals (21, 22). Again, in the living animals,
this delay aroused suspicion of some sort of abnorwality present in

the oviducts and this was confirmed in 1 case at post rortem (213.

In this cow, although both oviducts were found to be patent to a

fluid injection, the injection of the pollen prain suspension
demonstrated a narrowing of both oviducts. However, when the remaining
case which had shown a similar delay in the appearance of dye in the
urine on sgveral occasions was examined after slaughter, the oviducts
were patent to both dye and pollen grsins. Other workers hava
suggested that normal patency should be taken as the tims taken for the

urine to reach a ‘cherry pink' colour end that a delay in formation

3

7

of this colour rather than on the first appearance of the dye
demonstrates a narrowing of the oviduct luwen (Coulthard, 1881). He
based his confirmation of this method of diagnosis of narrowing on
the subseguent failure to recover erbryos following suserovuletion or

.

the recovery of fewer erbryos than expected from prior rectal paipation

to determine the number of corpora lutea, Fowever, as with the present
studies, some cows in which a diagneosis of narrcwing has been made,

have apperently normal oviducts as shown by recovery of adequate
nurbers of embryvos atTter superovulation.

Another possible explanation for the delay in dye appearance
could be the differences in the rate of shsorption of dye through ths
periteneum in a thin snimal compared to a fat animal. However it
was found in these studies that when dys was injected directly into
the peritoneumn of cows of varying weights and body scorss, no

significant difference occurred in the time taken for the dye to reach
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the bladder.

In 5 animsls in which repeated dye tests were carried out
a marked reduction in the time taken for the dye to appear occurred
on the secend and subseguent tests (22, 25, 37, 36, 24). Post
mortem examination confirmed in 4 cases that the oviducts were patent
(22, 25, 37, 3B). It is hypothesised that this could be due to
the removal of debris occluding the oviduct lumen or the breakdown
of adhesions lying across the lumen by the pressure of the agent used
for testing. The use of oviduct pstercy tests as a possitle
therapeutic treatment is well documented in the human field and has
also been suggested by several workers in the veterinary field
(Kothari, 19775  pnsari, 1979; Kessy and ficakes, 1873).

In these studies, several animals which had given negetive
results to the dye test, indicating abnorral oviducts, revealed
adhesions at post mortem. These were easily broken down by the
pressure needed to force dye through the oviducts. This could ke the
means by which the test works in certein cases to produce a patent
tube where a blocked one existed previocusly. Howsver, th2 main
criticiém in suggesting that the dye test has therepsutic valus is that
although the oviduct is made patent, this does not necessarily mean
that it has returned to normal function. For example, an animal in
which abnormmality is present due to an acute infection is likely to
have peritubal adhesions affecting the motility of the oviduct which
may still cause problems although intralurenal adhesions have been
broken down. In such an animal it would be probablz that the ovigucts
were affected bilaterslly and the prognosis would be guarcded regardless

of the outcoms of repeated dye tests. The presence of salpingitis,
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causing marked inflenmation of the oviduct mucosa with subsegquent
reduction in the diameter of the oviduct lumen, will affect beth
transport of the gametes end the nutrition of the zygote if
fertilisation has taken place, while still allowing the passage of
Fluid, Howesver, the presence of septel adhesions around the firbris;
possibly produced by trauma due to rousgh handling during rectel
paipation, may cause a reduction in Ffertility by their effest con the
pressure with a return to normzl oviduct function. Other workers

have reported the use of surgery in an atterpt to breskdown this tyosz

of acdhesicn and have produced nrepnancies (Bowen, Elsden and Ssicel, 1578;
Noakes, 1978). It is suggested that if the past history of the eniral

under investigetion reveals a long standing infsctien of the reprodus-
tive tract, then repeated dye tesis will be of littls berefit, whereess
an animal with no history of u
repeated dye tssts. This rodified dye test certeirly epreared to
do no harm to the future fertility o
animals have since bececre pregnant followin
(z, 3, 8, 5, 12, 19},

To surmarise, the dye test has begen shown to be zcoursts

: do

in the diagnosiz of unilateral and bhiletsral blocksze in 2 nurber of

Lag

cows. This is of importance where such a cow way be kept for scre tire
with the incurrence of feeding ano veterinary costs in an attempt to
preoduce a pregnancy. A negative dye test cn at least 2 occcasions
means that the cow can be regerdsd es heving no further recroductive

function. However, the main criticism of the dye test as a meers of

predicting future fertility is that it assesses the petency of the
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oviducts to a fluid injection only and gives no information con the
ability of the eviduct to trensport and ncurish the zygote.
Therefore there will remain animals which although giving positive
[
(¥

results to the dve test have oviduct abnormalities sufficient to

prevent conception.



CHAPTER 4
USE OF SUPEROVULATION, EGE RECOVERY AND

EMBERYO MORPHOLOGY IN THE ASSESSFENT OF OVIDUCT FUNCTION
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4.1 - INTROBUCTION

In addition to patency, the oviduct in ensuring fertility
must fulfil a number of other functicns. In pensral these comgrise
the organ's ability to pick up the ovulated cocyte, transport ovum and
sperm to the fertilisation site end the zygote to the uterus ang
maintain an gppropriate internal environment. In moritoring oviduct
function, a definitive test is therefore the eohabll hoent of a
pregnancy. However, use of such a test for diegnostic purposes
would be unpractical. Firstly, in the cow a considerable time must
elapse between the tite of mating end diagnosis of pregnancy; secondly,
since a multiplicity of other factors are invelved in an animal
becoming pregnant, the finding of a negative result could be of limitsao
significance as regards the oviduct. In additicn the reliance on

such an end point is associested with at least potentisl difficulties

as animals for such investigations normally have a history of infertility.

As an altermative to the protrecied method of establishing

o]

o)
al]

pragnancy, the recovery of embryos, at an early state after mating,

n disadvantaze

1

would provide information on oviduct functicn. The rma
of using this method is that, under normal circumstances where & sing
ovulation takes plece, only 1 oviduct could bs tested. In addition
there are practical cifficulties in the recovery of a single emiryo
from the uterus of the cow (Sreenan, 1G78; Shelton, Heath, 0ld and
Turnbull, 14793}, toth of these limitations could be overcoms by

simultanecusly inducing multiple owvulations from both overies.

Several regimes for superovulation of the cow have beean



described. These involve the administration of excgenous gonadotrophings
from a range of sources in.a veriety of differing regimes (Foote and
Onuma, 18705 GCorden, 187%). The materials used for producing a
superovulatery response were originally pituitary extracts from shesp
(Casida, Meyer, McShan and Wisnicky, 1843). In addition, the use of
human renapausal gonadotrophin has been studied (Mewcomb, 1880).
Howsver, the most comronly used methods involve the adwministration of

. terv gonadetrophin -~ prezgnent mare serum gonadotronhin
(PiieG) {(Foote and Cnuma, 1870; Gorder, 1875).  This latter gonedotro-hin,
which has mainly follicle stinulating horrone (FSH) properties hes in

somz cases been ussd in combination with an additional ovulatory/

lutectroshic stimulus, both in the form of husan chericnic gonadotropiin

(FCG) and more recently, using the response of the cow to luteinising

[45]

hormone releasing horrons (LERPH) (Scanlen, Sreenan end Gordon, 188

e

Rowson, 1851; iliowoort, 18803,
The method of adrinistration cof these subistances varies

desending on the preparation. This rongaes from single to mults

(1‘1

injecticns, edrinisterez in constant or increasing deses (Foote and
Onuma, 1970; Corden, 1275). In the garlier studies, the tire of
acdministration ranged throughout the cestrous cvclie (Casida et al,
1843), However, it has been shown that better results are cbtained
when oestrus ceccurs within 4-5 days of administretion of the preparation

A

Scanlon et al, 1588). This produces difficulties in predicting the

3]

ultirate tims of oestrus. Fowever, since 1974, the availasbility of
Tuteolytic agents has removed some of the difficulties (Cocper and
Furr, 1874; Elsden, Lewis, Cuming and Lawson, 12745 Leaver, Glencross

and Pope, 1975).



It is difficult to corpere the ovarian responses cbtained
by many of these studies as wicdely variable criteria were used to
Judge the efficzcy of the treatrents. For example, sore workers
assessed their results in terms of the increese in weight and velumrs
af the ovary following treztment (Casida et al, 1843), cthers on the
nurher of follicles present from which ova could be rmanually espireted
(Umbaugh, 1843), or the number of corpora lutee present as determinad

by laparctory, rectal palpation or findings at slaughter (Henricks,

Hill, Dickey end Larond, 1873; Hewcori, Rowson and Trounson, 187

[G)]

Baker and Jillelie, 1878; Hallford, Turman, Vebtteran and Fops, 19793,
Yet another measure of the respenss of the ovaries was the nuber of

L

fertilised ova reccvered Trom the trect (Molaugh and Oids, 1871

Mewcomb, Christie and Rowson, 1573),

However, a consistert feature of this work is the wide
variation in the rasnonse of individual enimzls Lo the treastments

This respense may rengs trom & fallure of overdian stiruizstion, to the

sheddinz of large nurbers of egpe (Hafez, Sugile and Gordon, 1883;

(Folley and Falpress, 18944; [owling, 1249; Elsden et al, 1874)}. In
part these variations in response may be due to the lack of cuantitative
assay of the biclegical activity of the preperations ussd in ear

studies (Cerdeon, 1878). However, even with standardised preperetions

variation both amengst and within anlmals remains., The lack of

predictability of resgense is a drawback in the cormercizl exoloitatio

of these technicues as a prelude to evbryo transfer (Hashn, Traub,
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Agthe, Kohn and Lotthemmer, 1878).

To permit superovulation and subseguent erbryo recovery to
be used in assessing oviduct functicn it would be necessary to have
availsble an independent method for monitoring the ovarian response.
This would be essential to confima that a failure to recover eggs was
not due to a lack of ovarian response,

Varicus technigues have been described to determine the
success of superovulation regimes. These corprise direct visvalisation
of the ovaries, rectal palpstion snd assay of circulating gonadal
stercias. By noting the presence of corpora lutea either st slaughtsr
(Henricks et al, 13873), or after exposing the ovaries by laparctomy
(Newcorty et al, 1876) an assessment of the superovulatory response can
be obtained retrospectively. Ae a routine technique, however, this
latter rmethod, unless an integrel part of embryo recovery is, althouzh

accurate, unpractical. In additicn it carries the risk of introduction

s

of infection and surgical trauma leading to ovarian and uvtering
acdhesions [Eaker and Jillella, 1978}, A simdler direct visuvalisation

of the ovaries can be achieved by manipulating the cvary through en

(&)

s [y 3

incision in the anterior vegina (Baker, 1268},  Although employed in
normal animals this method has not been used in the superovulated cow.
Recently the use of a fibre optic laparoscope has been described.

This relatively atraumatic technigue has been reported to be highly
accurate in the hands of an experienced operater (Wishart and Snowball,
1973). This latter technigue has the potentially additionel benefit
of allowing secuantisl observations to be mads of the ovaries. Rectsl
palpation of the ovaries has been covmonly used in assessing the

response to superovulation (Newcont et al, 1978). However, comparison
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ghlighted

o

of palpation and direct visualisation of the ovaries has hi
potential insccuracies, especially in the case of a marked response

of the ovaries (Rowe, UDelcompo, Eilts, French, VWinch and Girmther,
1876).  Alsc, the risks associsted with manipulaticn of the ovaries
around ovulation in the normal cow are lisble to be corpounded in the
animal with hyperstimulated ovaries.

In gensral, following superovulation, incressing follicular
nurbers are assoclated with elevated plasma cestrogens in the pericd
hefore owlation (Sauvmande and Pelletier, 1975; Footh, Newcoma,
Strange, Rowson and Sacher, 1875). Also, several workers have
demonstrated that when there is an increase in the nurber of corpora
lutea, this may be apparent frcm concurrently elevated levels of
circulating progesterons (Henricks et al, 1973; PBooth et el, 1975;
Hallford et al, 1973). However, many conflicting results are found
when atterpts have been made to relate the levels of circuleting
gonadal steroids to the response of the ovaries at superovulation
(Sreenan, Beehan and Gosling, 1978; Hallferd et 21, 1972},

Spveral technigues suiteble for the receovery of egps from
the bovine genitel tract have been described. Early workers, investi-
gating either the incidence of early erbryonic death in infertile

animals, or the response of the ovaries to superovuletery drugs,

W

slaughtered the animals at various times after mating (Casida et al, 1243;
Tanabe and Casida, 19249). The genital tracts ere then flushed with
fluid while suspendad on a bench and the eggs thus revoved. This

technigue has the advantage of removing eges from the uterus and the

oviduct and so can be used within a short period of mating. Interest
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in the use of embryo recovery as a research teool and cormercislly,
stimulated research into mathods for obtaining embryos from the living

incision,

{i

animal, Surgical techniques were developed, using & midlin
with the animal under general anaesthesia (Rowson, Moor and Lawson, 1Q849).

The vterus and oviducts are exteriorised and the flushing

g medium injected
gither from a puncture in the uterus to the oviduct firbriae or in the
opposite direction and collected. Again this technique can be used to
obtain oviduct eges, but repeated ertryo recovery from the ssre animal
introduces the danger of adhesions forming (Cordon, 1875). Alsc, the
subsequent fertility of the cow could be adversely affected. The
development of non-surgical techniques of erbryo recovery constituted
an advance in the field of commercial egg transfer. Verious modifi-
cations have been used since the original work by Rowson and Cowling in
1243, Lssentially the technique consists of flushinz the uterine horns
with media,via an spparatus inserted through the cervix. The washings
are collected, either by a to and fro system using a Z~way bulbed
catheter, or by continuous circulstion using a 3-way bulbed catheter
(Greve et &1, 1977; Newcorbh et al, 1878}, EBoth rivid and flexible
apparatus have been used (Beker and Jillells, 1878). This system has
the edvantzage of being relatively atraumetic when used by an experienced
operator and repeated flushings can be performed with no adverse effoct
(Seidel, Elsden, Nelson and Masler, 1978), However, any egzs which
remain in the oviduct will net be recovered,

Additional inforwation on the normzlity of the oviduct may be
gained by examination of eggs or evbryos recovered from the uterus.

Comparison of the stage of development of the erbryo with that expected
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from its estimated age may be useful. Although it is difficult in
the cow to state precisely the time of ovulation and thus the exact
time of egg cleavage, several workers have atterpted to define this
(Hamilton and Laing, 1846; Austin, 18€1). Fellowing fertilisztion
the first cleavege appears to occur approximately 20-24 hours after
ovulation with subsecuent cleavages every 18-24 hours. The time of
entry into the uterus is 72-84 hours and therefore the erbryo at this

point is at the 8~16 cell stage. The sequence of events involved

in embryenic developrent has been observed by noting the changes
occurring in culture (Trounson, Willadsen and Rowson, 1876). Sorme
changes reserbling cleavage have, howaver, been shown in several
species to occur in unfertilised eggs. These changes ere asscclated
with disorganisation and degenerative fragmentation of the eggs
{Austin, 1851). Overall, these changes differ in certain features
from those in fertile gups and as such may be differentiated from them.
The growth of embrvo transfer in cattle has prompted seversl
orkers to atterpt to define what constitutes & "nomrel' erbrvo.
Variogus criteria have been used, For exarole, workers have scorsc
embryos on the corpactness, syimetry and density of the blastoreres
at known stages of develeprent.  The validity of the scoring technicues
has been assessed by subsequent transfer of the erbtryos to test cows
(Church and Shea, 1976, Shea, Hines, Lightfoot, 0llis and 0lson, 1G7E2).
As an alternative technigue, morpholegical evaluation of cattle eroimyos
has been related to their subsequent development in the raebbit cvicuct
(Boland, Crosby and Gordon, 1878). A different approach has besn

the measurement of the glucose consumption and growth of erbryos in
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culturé systems (Renard, Menezo, Saumande and Heyman, 1878)}. It has
been shown in the rabbit that expansicn of the blastocyst is associated
with an increase in glucose metabolism (Brinster, 1968).

Detailed changes in the morphology of the developing embrvo
have been described using phase contrast microscopy. From these
studies a classification bacsed on the degree of celluler organisation
and the nurber of cells present was established. Embryos were divided
into normal, those in the process of degeneration and thosz elready
degenerated (Linares and King, 18983).  Subseguent studies using the
transmission electron microscope confirmed these classifications with
abnormal egegs appearing less well differentiated than normsls (Ploen,
Linares and Ekwall, 18807,

A means of examining the external structure of the emtrvos
at a3 greater magnification may reveal functionally significant
differences between viable and non-viable eggs.  Fecently techniouss
have been described for the examination of bovine blastcoysts and
developing mouse erbryos by means of the scenning electron microscops
(Flechon and Renard, 1878; CGreham and Lehtoren, 197%; Reeve
and Ziomek, 1981). Technical difficulties cccur in the
processing of eges for scenning electron microscepy due to the small
size of the egg, Reeve gt 21 (1981) describe the use of a technique
erploying the adhesive qualities of poly-l-lysine, & polycationic
substance which adsorbs strongly to solid surfeces. The cationic
sites provide a firnn attachment Tor the anionic sitss on cell surfaces
(Mazia, Schatten and Sale, 1875], Earlier techniques of preparaticn

of tissues for scanning electron microscopy using freeze or sair drying
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caused artefacts. The use of a critical point drving method has been
shown to preserve the overall size, shape and surface topogrephy of
embryonic tissues (Waterman, 1872]. One major limitation of scanniné
electron microscopy is that only the surface of the semple can be

e xamined, To overcoms this limitation, workers invelved in examinaticon
of mice embryos have removed the zona pelluﬁida by mzans of the enzyine
pronase (Resve et al, 1881). A comparebls techniocve is not appliceble
to the cow as the zona pellucida is resistant to pronase.  Although

the delicate technique of micromanipulastion can be used to remove the

£
1

zena from fresh cox eggs, this becores rmore difficult with fixed eggs

(Willaedsen and Polge, 18815 Villadsen, 1880, 1981). The vee of a
reactive oxygen plasma has besn ﬁaacfibei ga o means of surface-ecchirg
cell orgenelles using the scanning electron micrmsbcpe (Hurrphreys

and kenk, 1279}, The use of a similar method to renove successive
layers of egg surface mayv provids rore informmation on what constitutes
a 'rniormal’ egg.

The recovery vrom the vterus of a nonvel ezg at the expected

time would be proof of oviduct function,
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4,2.1 - SUPEROVULATION AND EGG RECOVERY

The use of superocvulation and epg recovery to assess oviduct
function entails the choice of firstly, a suitable method of super-
owvulation; secondly, a technique for recovery of the eggs and thirdly,

a way of monitoring the ovarien response to the supercvulstory drug.

The drug chosen was PMSC since it is readily avsilable as

)

standerdised preparation, is easy to administer reouiring & single

injection and has been shown to produce & suitable superovulatory

response in larpge nurbers of cows (Gordon, 1975).

PMSG is commenly employed in superovulation regires at & dosage of
,000 iu (Scanlon et al, 1868; Booth et al, 1975; llewcowty, 18803,

However, it may be that the optimum conditions for suceravulation

are not the most useful for testing cviduct function and Lhs use of

a differing dosage regire may be more appropriate. The choice of

a non-surgical embryo recovery technigue allows repetitive collecticon

of erbrycs from the uterus. In the cow, the erbryo entersz the

vterus at day 3 or 4 following mating (Hamilton and Laing, 19487,

Vorkers in cormercisl enbryo transfer generally recover these ewtrvos

at day € to 2, when they will readily trensplant inte another aniral

(Lawson, Rowson, Meoor and Tervit, 1875). However, since thess studies

L4

(W5

nvestigate oviduct function, erbryo recovery -.as carried out at

U'l

this t

1=
fte
=

rg in somez anirals, but considerably earlier in olthers in order

.

to recover ecgs as soon as possible after their descent into the
uterus. Tlonitoring the ovarian response comprised a corbination
of rectal palpation of the ovaries and assay of circulating gonadal

steroids, with examination of the ovaries at slaughter checking the
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accuracy of these technigues,

The object of this study 1s to assess if superovulation and
embryo recovery is a valid method of assessing oviduct function in the
cow. Studies directed towards selecticn of & supsrowulatory technigue
giving the required degree of hyperstimulation and the most appropriaste
time and method of recovering eges will be done. The validity of
the technigque was confirmed by sequential nonitoring of ovarian

response prior to erbryo recovery and subseguent slaughter.

4,2.2 - MATERIALS AND METHODS
Animals:

The cattle used were a mixture of breeds but naiﬁly Ayrshires.
All wzre lactating and with the exception of 1 animsl wers cows.
Rectal palpation and behavioural observations were used to determine
the normality of the reproductive trasct prior to trestrment, end only
those animals with no gross genital sbnomelities were used. The
reproductive history of the cattle was, for the majority, unknown,
The animals were kept in an outdoor cattle court, bedded on straw

and fed on hay and concentrate. In gzeneral, cows were kept in groups
of 4 or more. Artificial insemination wes carried out by routine
techniques using comrercially available SEran. Cows first observed

in oestrus between 7.30 and 13.00 hours were inseminated during the
afterncon of that day and apain 24 hours later. Insemiretion of cows
first cbserved in cestrus after 13.00 hours was delayed until the
following morning and again repeated 24 hours lster, Crne straax

of semen was inseminated on each occasion. VWeights and body condition

of the cows were determinad throughout the expericsnt.



Drugs:
Pregnant mare serum
gonadotroghin (PMEG)

(Folligon}

.

Human chorionic
gonadotrophin)

{Chorulon)

839

Intervet Lab, Ltd.
Science Park, Milton Road,

Cembrides.

Intervet Lab. Ltd.

. .0 . . .
The ebeve preparations were stored at 4 °C and reconstituted with the

e

distilled water supplised by t

the manutacture

1

T
I‘L

The sama

E)
‘)

5

™ when required,

nurber (2242} of Folligon was wsed throughcout the experiment,

Dincorost S mg/ml

(Lutalyse)
Hycscine H-butylbromide

Dipyrone

(Buscopan Corposium

Ligrnocaine 2%

(Xylocaine)

Aceprovezine maleate

(Acetylpromazine 10 mg/ml)

Oxytetracyclineg hydrochloride

(Terranycin G50 50 mg/ml)

Superovulation regime:

The regimz erployed for superovulation is

diagram. Dav O

; \ was designated cay of standing oestrus. FMSG and

were injected intramuscularly.

'Chorulon®

Ecehringer-Ingelheim Ltd.,

Bracknesll, Eerkshire.

Astra Cheomicals

C-Vet Ltd.,
Bury £t, Edrunds, Suffelk,
Piizer Ltd.,

Sendwich, Kent.

shown in the flow

g -
SANDDTTS

;+

s

was injected intravenously.
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Day of oestrous cycle

Day 11 PMEG
Day 13 Dinoprost (25 mg)
ES
Day O (HCG - 3,000 iu)
AT
Bay 1 : AT

Ao

Day 4 + Day S En2ry0 recovery

¥ %
Day 7 Emizryo recovery

¥ HCG was administered to a proportion of animals only.

Erbiryo recovery wes carried out at either of these times.

o

Erbryo recovery:

Equiprent

Stainless steel spaculum (T.A. Saul, Lincs)

Stainless steel introducer (T.A. Saul, Lincs)

3-way, 14 gauge, 20 ml bulbk, erbryo collection catheter
(Franklin & Sons, High Vycorbe)

Catheter connectors - pale blue (T.A. Saul, Lircs)

Catheter stops ~ dark blue (T.A. Saul, Lincs)

Cisposable syringes, 60 ml and 20 ml

100 ml glass boiling tubes

Class esg collection cups (Caemlab)

300-500 ml Dulbecco’s phosphate buffered saline (PES)

(Oxoid Ltd,)

Dulbecco's PES was made up by dissolving 5 tablets (Dulbecco A,
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Oxoid Ltd.) in 520 ml of distilled water.

Details of the eguipment used are shown in Plate 4.2.1.

Sterilisation of equipment

The stainless steel speculun and introducer, cuffed catheters

Fele

and syringes were sterilised as described previcusly.  The catheter
connectors and stops were rinsed with distilled water and stored in
surgical spirit.

The PBS fluicd was sierilised using ‘a porteble steam steriliser
(Thackeray type) at 121°C, 15 1b/sg in for 20 minutes.  Ismediztely

. Qe ,
before use the fluid was warmed to 3770 in & water bhath.

Freparation of the aniral

The cow was premedicated using 20 ml Busconan intramuscularly, and
1.5 ml acepromazine (10 mg/ml) into the tail vein.  The rectum waos
evacuated and the perineal and tail area clipped and cleaned using &
dilute solution of Savion (Cetrimice/chlorhexidine I.C.I.). 5-8 ml
Lignocaine (2%) was administered as an gpidursl eansesthetic. Tre
animal was then placed in a crush raised approximeislv 25 om at the

front end and restraired by a halter. The tail waes tied to the haltier,

for ease of working and Tinally the vulva and perineum were wiged

[N

with surgical spirit.

fethod of recovery of epgs:

A metal speculum was inserted into the vaginas es far as the
cervix. The centre piece was reroved.  An introducer wes then
insertsed through the speculum as far as the cervix and the speculum

removed, By manipulation per rectun the introducer was passed throu
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Plate 4.2,1 Pouiprent used in embryo recovery:
1. Speculum; 2. Introducer; 3. 3-way catheter;
4. GO ml syringe; 5. Catheter syringe;

6. Catheter connector; 7. Catheter stop.
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the cervix. When the tip ot the introducer reached beyond the
biforcation of the uterus, and was lying in one of the uterine horns,
the centrepiece was removed by an assistant while the cannula was held
in position, through the rectum, by the operator. The assistant then
fed the 3-way catheter along the cannula. The uterine horn at this
stege was pulled upwards and backwards to facilitete passage of the
catheter to within 5 cm of the uterotubal junction. The cuff of the
catheter was inflated using a 20 ml syrince filled with Dulbecco’s
PBS, until it was considered to have occludesd the uterine lumen.

3 -

Flushing of the uterine horn was bepun, using consecutive 3

ml syringes filled with Dulbecco's FES, The circulated fluid wes
collected into beiling tubes. fs the first syringe of fluid was

pushed through the catheter, the operator gently held the uterotubal

junction in order to prevent the fluid flushing the oviduct. ith

subsequant flushings the uterus was lifted and massezed in order to creato

some turbulence inside the homs. lhen a steady flow of Tlushing
fluid was achieved, the assistent cormenced injection of the fluid in

surges of 23 cor 30 ml, ATter each surge an atterpt was ma

.
8]
rr
e
o+
5
0

operator to rerove as much flulc as possitle from the uteruvs by gent

' |

corpression ard 'milking' of the uterire horn. Finelly air was

injected through the catheter to rerove 211 fluid. Overall spproxi-

S

mately 300 ml of Fluid was injected, with a record kept for each cow
of the volumz injected/volume recovered.
The cuff was deflated and the 3-way cathetsr revoved. The

centrepiece of the introducer wes replaced and the procecdurs repeates

on the opposite horn, using a second sterile catheter.
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Examinaticn of fluid:

The boiling tubes containing the fluid were pleced in a
warm room and left for at least 30 minuftes to allow any particles
present to sedirent, The gross appeasrance of the flushing fluid wes
noted, recording the presence of any blocd and debris. The upper

60 ml was then revoved using & length of plastic tubing attached te

a 60 ml syringe. The remaining fluid wes swirled in the tube,
then decanted into gless egz cellection cuprs. The curs were examinDo

under the stereoricroscope and the nurber of egps recovercd was
recorded, It wes noted which epes vere fertilised, and the staze,
by examnining the nurker of clsavages and blestomeres which were

present (Austin, 1881),

Monitoring response to supsrovulsticon:

1. EBEehavicur, A1l anirmals were marked using tail naﬂnt

A L e T

4

{Telltail:I1.C.1) end observed at regular intervals from 7.30 am until
5.30 pm oeily. Tha erount of peint rermoved from ths failhead was

recordad, t tires where an indivicdual cow was expected in cestrus,

Es
b

an acdditionel pericd of chservation wss caerried out et 10,20-11.00 oo,
Cestrus was considered to be when the cow stood to be mournted. Doy
ot cestrus was designated day O.

4

2. Rectal palpation of the reprodective tract. Pectal palpation

was cerried cut on the day of FREC acdministration end again on tha cay
f flushing. This varied as to whether erbrvo recovery was carried

out on day 4, & or 7 following osstrus. Rectel palpzition was then

continued on every second day until either the animal wes slaughteren,

or a second supercvulation progranme was coorrenced,
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t rectal palpation, the tons of the uterus was recorded
on a scale ranging from 0- (no tone) to 3~ (highly toned). A
drawing of the size and shape of the ovaries was made and the surface
structures marked on the sketch. structures were classified as
follicles or corpora lutea following the description of Zemjanis
(1973). However, eny firm structure with no palpable ovulatory
papillum was not regerded as & corpus luteum,

3. Feripgheral plasma pro:esterone and oesstropen concentraticns

Blood samples were taken from the animals daily betwsen 11.80 a.m and
12.0C p.rm. A 20 gauge, 13" vecutainer nsedle was inserted into the
Jugular vein and 20 ml of blood withdrawn into heparinised vacuteinef
tubes, The blood was centrifuged within 2 haurs of collecticn and
the plasma stored in glass vials at -20%C until required for anslysis.
Plasma progesterona levels were determined from the day of
PHMSG injecticn, caily until the tims of slaughter. In some animals
plasms cestrogzens were determined from 5 days orior to the day of

oestrus, until 5 days following oestrus, Assays were gerformed using

established radicinmunoassay methods {Abraham, Swerdlof, Tulchinsky and
Odell, 1871; Hotchkiss, Atkinson and Knooil, 1671). The ;lesms sarmsls
volume used ranged from 50-200 ul for orogesterone and 4 ml for cestrogen
For the most part extraction wes done using pronalysis ether (Mzy &
Baker) but towards the end of the experiment petroleum spirit (40:80
BELCH) was used with no effect on rasults. The antibody used was

Y28/6 for prozestercnz with major cross reactivities to 1llo-hydroxy-
progesterone (71.4%), deoxycorticosterones (11.1%) and 5f-pregnone-

3,20-dione (8.8%), and for ocsstrogen 1802 with major cross reactivitiss

178-oestradiol (100%), oestrone (0.7%), 176~oestradiol~6—oxb (44%).

S
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The sensitivity of the assay and the inter- and intra-assay coetvicien
of variaticn were 0.2 nv/1, 11.4%, 9.1% and 18,4 pn/l, 17.4%, 13.2%
for progestercne and cestrogen respectively.

4, Pest-rortem examination.  The majority of the animals were

slaughtered scon after their last superovuletion treatment in order to
exemine the structures present on the ovaries. The day of slaughter

varied between day B and 10 following erbryo recovery on day 4, 5 or 7,

to enable blood samples Tor geonadsl stercic levels te be taken over a

N

of dve or pollen greins following the techniques cutlined in Chepter
2 was carried cut on the tracts, Sections were taken from a nuvtber
of ovarian structures. These were processed for histolegical
gxamination using the fixation and steining techniguas describecd
previously (Chepter 2, paze 70).

Using these techniouss, the following studies were cerriec
oul to determine the nurber of eggs presented to the oviduct, anc

the nurbers recovaered from the uterus, following:

Exparirqent 2, A standerd dose cof FI'Sh,

Five cows were injected with 3,000 iu PRMEG. Errbryo
recovery was carried cut on day 7, end 3 of the enimals were subsegusrily
s lavghtered betwesen deys 11 and 15,

Experiment 2. A single low dese of PMEG

(S

Six cows wers injected with 1,500 iu PMEG, Two of the
anirmals were injected with 3;000 iu HCG at the tims of the first AL,

Erbryo recovery was carriec out on days 4 and 5.



Experiment 3. Repeated low doses of FIMEG

Four of the cows used in Experirent 2 vers reinjected with

a further 1,500 iu PREG. The repesated injection was given 35-53 dave

aftter the first and follocwed the cows retuming to cestrus spontaneously

. . -

cr following a doukla injecticon of prestaglandin, Two of the enimals

were injeched with 3,000 iu HCG at the time of the first A.1. Erbryo
o

recovery was carried out on days 4 anc 5. Two enimals were slaughtersc

botween cave 8 ond 1,

Exmerirent £, Increasing coses ov PSR

Two of the cows used in Dxeerirent 2 were reinjected with
3,000 1u PIECG, The sccond injection timing ard sibsscuent trestmenrt

were as detailed for Exporirment 3, but vith relther oow roceiving BCE,

4,2.3 - RESULTS
Experdrent 1. FErbryo recovery and ovarien responss Tollowing a
stendard dose of FRSG:

£11 5 cos were confinmed by rectal

mature corpus luteun (CL) at the time of T

rostarlandin (PG) injeciicn 21l anirels showad cestrus 3 days leter.
g Y

A1l of the cows were no longer in oes strus by day 4. The results of
rectal palpation of the overics irmedietely pricr to flushing {dey 7)
ere detailed in Teble 4.7.1, Farked veristion ccourrs

of corpora lutes palpated. In cow 2 the left overy contained a

,-.

nurber of srocth, firm structuores Tulfilliing neither the criteris for
corpora lutea or follicles,  With the exception of this enimal, a

similar response was found in individual overies within cows. FResults

of erbryo recovery are also presented in Table 4.2.1. Overall, thers
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were markedly fewer embrycs recovered than was expected from the
nurter of corpore lutea pglpated. The egg recovered from cow 1 wa
infertile.  All others were fertilised. Comparicon of the overian
structures found at slaughter, with those detected at rectal palpaticon,
are shown for 3 animals (Table 4.2.1). Inaccuracies were epparent

in the appreciation per rectum of both numbers and type of structuree,

[N

The structurss

‘Y“'!

salpated in the left cvary of cow 2 ranged in size from
6-18 nm; wers red or buff in cocloury meinly soft in consistency:

had a smooth surfzce and no evidence of an ovulatory papillum (Plate
4,2.2). 0On section., soms conteined a centrel lacuna, whercas cthe

were solid throughout. On histolegpical examination, lutein cells
were identified (Flete 4.2.3).0n the basis of Cross arpearance anc

4

ical examination, these were desipnated luteinised structurss.

}_:.

histolopi

Structures vere also present which were smocth, thin-walled and containes

follicular fluic. There was svidence of luteal tissuz present cn
the Tollicular wall, These were desigrated luteinised vellicles

(Plate 4.2.2).

With the exception of the lefi ovicduct of cew 5, a8ll ovidocis
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were patent to passage of Failure to recover
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ovarian response nor with blockage of the oviduct,
Perirkeral plasra progesterone levels for these 5 animsls,
from day of PMEG administration to day 7, are illustrated in Fig.

L
L

-landin caused a

i

4,2.1, In gerneral, the administration of proste

0“

marked reduction to basal levels. The sulsequent pattern of plasma

progesterone varied markedly amongst animals. In 2 cows (3, %),
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Plate 4.2.2 Left ovary' of Cow 2, showing:

1. Corpus luteum; 2. Follicle; 3. Luteinised follicle;

4. Luteinised structure.
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Plate 4,2.3 Section of luteinised structure from left ovary'

(Ccw 2), showing lutein cells
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FIclre 4,2.1 PLASMA PROGESTLRGMNE FPROFILES OF

ADMINISTRATIOH GF 3,000 iu PMEG
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there was a rapid increase from day 2. A further 2 (2, 4) showed &
more gradual and delayed increase. In 1 cow (1) plasme propesteronea
levels were already basal at the time of PMEG administration and shcewed
no svidence of a consistently increasing pettern after cestrus.

The pattern of prozesterone increase appeared releted to the
number of CL palpated in the cvaries, with the most marked incresse
taking place in cows with the greatest number of CL (3, 5). FPlasma
progesterone levels at day 7 were loosely related to the number of CL
. palpated in the ovaries, with the smallest nurher of CL associztec
with the lowest levels and the highest number with the greatest levels.
In the 3 animzls that were slaushterad (1, 2, 3), the direct relationshin
between CL numbers end plasma progesterone concentraticns was reintained.
In cow 2, with 8 luteinised structures present at slaughter, the plesms
progesterone Jevels remained relatively low covpered to cows 3, 4 anc

%, but considerably higher than in the remsining animel.

'

Vithin individual animals, the peak plesma concentration
cf oestrogens was reached 4 to 5 days after PASE administraticn.
These pezks cccurred either the cay before or the day of oestrus.

Feripheral plasma oostroren levels for the individual anirals ers

o

illustrated in Fig. 4.2.2. These results are presented as the leve
for each dey before end after the peak ccrncentration. Oestropens
increased over a period of 1-3 days. A ten-fold diffsrencs was fourc

in the pgek levels aimongst individual cows (5 v 1), The highest

peak concentretions cccurred in cows 3 and 4, in which the

®

nurber of CL were subsecusntly palpated. Conversely, cow 1, which

accorting to results obtainsa at slaughter had only 2 CL, had thz
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FICURE £4.2.2  PLASMA DESTROGEN PROFILES OF 5 COWS FOLLOWING
ADHINISTRATION OF 32,000 iu PMEG. PISC LAS

ADVINISTERED AT DAY -5 CR -4,

* - Denctas the day of oestrus.
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lowest peak of plasma cestrogens, In 211 cases the peek concentrations

were feollowed by a return to basal levels within 1-2 days.

Experiment 2. Ermbryo recovery and ovarian resconse following a
single low cose of FMSG:

(=

ALl 8§ cows were contirmed by rectal palpetion as having

i

a mature CL at the time of PMSG administretion. With the exception

cf cow 8, all animals showad ocestrous fehavicur 2 days following prostz-

> 1andin injection. Cow & showad no si
J

<
[

ns of osstrus at eny time end

was not inseminated. The rezults of rectal palcaticon of the ovaries

irmediately prior to the first flushing (day 4) are shown in Table

LY

LIAN

N

. There vias a wide variotion arongst cowz in the response to

the

4]

arg gose

of P56, However, within cows, simdler responses wers

("1;

Q

found in sech overy. Cow 11 epparcntly feiled to resconc to th
drug. Cn rectal palpation, both overies of cow 10 contaired an
undefinable nurber of fluid filled structures. Cverall overian
dirensions were § x 4 x 3 cm and 7.5 x 5 x 3 o, These cvarizss wsres

considerec to contain gither large nuriers of follicles or cysts.

Arong other cows, the numters of CL palpeted veriec from 18 in cow 6 o &
in cow B. In the majority of cases, fewsr srbrves were recoversd than
CL palpated, right infertile eggs were recoversd from cow 8. ALY

other erbryos collected vere fertilizecd ?nd ranged from the 4-cell
to the 1G-cell stage. Retlushing on day 5 vielded no further embryos.
Pericheral plaesma progestercnes levels for these animzls,
from day of PlSC administration to day 7, are illustrated in Fig., 4.2.3.
t

In general, the administration of prostaglendin caused a rerked reduction

to basal levels. Thereafter levels reneined low throushout oestrus.
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FICURE 4.2.3  PLASHA PROGESTERCNE PROFILES CF 6 COVS FOLLOWTNG

ADMINISTRATICH OF 1,500 iu PPS6
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Marked differsences arongst animals occurred in the time and pattemn
of increase. Cow 10 did not show any consistent pattern of increase
throughout the period cof study. In the other animals, the tine
progesterone started to increase from cestrus varied from day 2 to
day 5. Dividing the cows into 2 groups - these with a minimal
responge (10, 11) and those that responded well (8, 7, 8§, 2), cows in
the second group showed the most consistent rate of increase. The
cows with the maxirmum progesterone levels abt day 7 were the ones in
which the greatest numbers of CL were palpated (8, 7, 8, 8). bLowever,
amonpgst animals with high progesterone concentrations at day 7,
there was no clear rdlationship between CL nuvbers and plasme proge
terone levels.

The administration of HCG to 2 animals (€, 7) was neither

associated with an increase in the nurker of CL nor e characteristic

alteration in the pattern of plasma progestercne.

. ]

Exnerirert 3. Erbryo rscovery and ovarian responss Tollowing

O
Pt
g
o
0
M
0
n
o}
-
o
]
G

repeacad
£L1 4 cows were confirmed by rectal pealpation as having a
bl
meture CL at the tire of the sszcond FIMS6 administration. Focllowing

1

mals were observed in oasirus

w-

prostazlandin injection ot cay 13, 3 an
2 days later (6, 7, 8). Cow 6 showed no signs of standing cestrus
at this tire and was not inseminated. The results of rectal paiceticn
of the ovaries imrediately prior to the second flushing (day 4) are

shown in Teble 4.2.3. fongst cows, differences were epparant in th

nurbers of CL detected, ranging from 10 CL in cow 9, to 2 CL in cow ©.

In all animals, & similar responze wes found in individual ovaries




(R U

1HRTII0 ]

.
WIANT 8ndIon 10

S1UNORIY UT 954d 40 UOTIRIGSTUTWOR snotaaad o s11nsoy

B w2 . B

JojydneTs ae ualled pue pINTF 03 jutjed 8lom €30MPIAQ TV 1830\

(0 G) {f ) (73 v} (13 ¥)
41z 42 138 42 71089 0 0 9 Z 735 135 - 6 :
(0 0) (0 g) {73 G} (13 Gl
45 47 101 0 g O 0 4% 1< 4% 3¢ - g8
(0 0J (1 G) (42 705 7T 0)
S - - 0 0 0 € 3 v 6 * l
4
(0 0) (0 C) (42 7€) (73 ) “
- - 0 0 0 T 4y 01T 44 1l + 9
Azenn qydty Aawan 3497 e e 7 ALean wuETy Atenan 407 LOTEIIETUILDY Mo
sdutput 4 Jo3ydners Aeg) UoTIUUTE] URTICA) G

NOILYMLSTNIWOY 90H
INCHITA ONY HITM “9Sidd T 00S°T 40 SNOTLOACNI 3AISS300NS Z OL SMOJ v <0 35NOJS3Y €777 31avl



123

E

within cows. Pesults of erbryo recovery are also detailed in
Table 4. 2.3. In the mejority of cases, fewer srbryos weres collected
than CL palpated. All embryos recovered were fertilised and reangec
from the 4-cell to the 16-cell stage. Reflushing on day 5 yielded
no further erbryos. Comparison of the ovarian structures found at
s laughter with those detected at rectal palpation are shown for 2
animals (Table 4.2.2). The remaining 2 animals (5, 7) were slaughtersd
2 and 3 rmenths leter and so comparisons are not nossible. In cows &
and 8§, inaccuracies were apparent in the appreciation per rectuwn of
both nurbers and types of structurss. From observation af the ovarian
structuras at slauvghter, cow 8 apparently responded with only 1
ovulation to the second administration of FIEG.

All oviducts were patent to pessage of cye and to a suspengion
of pollen grains (Table 4.2.3). Failure to recover erbryos from 7
vuterire horns was neither associated with a lack of cvarian respcnss
nor with blockage of the oviduct.

Pesults of ovarian palpation of structures prssent followir
the first administireticn of FUSG are shown in brackets (Tahles 4.4.2).
Zith the excention of cow 8, there is & similer resconse to the
first end second trestrmants. Cow 8 skows a marked reducticn in the

response to the second FMEC injection compared Lo the first (1 CL v

Peripheral plasma progesterore levels for cows B, 7, B andg

2, from the time of first PRSG administretion to cevy 7 following the

f—t

second flushing, are shown individuslly in Figs. 4.2.4, £.2.5, 4.2.F

and 4.2,7 reepectively, The results of the first treetrent have

been given previcusly (Fig, 4.2.3). frosteglancin, given as a -



FIGUTE £,2,4 PLASNA PRCCESTERDNE FROFILES OF CCU & FOLLO:

RULPEATED LTW DOFES OF NG5G
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FIGURPE 4.2.5  FLASMA PROCESTERCNE PROFILES OF £0W 7 FOLLOWING

REPEATED LCW DOSES OF PREG
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FIGURE 4,.2,7  PLASMA PROCESTERCLE PEOFILES OF COW 9 FOLLCOVING

REPEATED LOV DOSES GF PREG
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double dose in 3 animals (7, 8, 8) and as a single dose in the
at day 13 or 14

reraining cow (8), following the first flushing, in all caces caused
a marked decrease in plasma progestercone levels. This was not
reflected in the occurrence of cestrous behaviour, until day 29 in
cow B, day 28 in cow 7, day 37 in cow B and day 21 in cow S. For
the second treatrment period, PMEC was administered at day 11 following
this cestrus, followed by FG 2 days later. In 3 cows (8, 2, B
progesterone levels were already decreasing prior to edminietration of
PG, In the remaining cow (7) the administration of PG caused a
marked reducticn to basal levels. Thereatter, levels remained low
throughout oestrus. Marked differences emongst enimals cccurred in
the time and pattern of increase of progesterone. The time progesterone
started to increase varied from day 2 to day 5. There was no clear
relationship between CL nurbers and plasme preogestercne levels at day 7.

The administration of HCG to Z cows (6, 7) was neither

associated with zn increase in the nuvber of CL ner e characterdistic

alteration in the pattern of plasra progzestercons.

Experirent 4, Erbfyo recovery and overien resconse following
increasing doses of TMSG:
Eoth cows were confimed by rectgl palpetion es having a
mature CL &t the time of the second PMEG injection. Followinz pg
injection at day 13, both cows were observed in osstrus 2 days later.

¥ay
i

The results of rectal palpation of the cvariss immediately prior to

the second flushing {day 4) are shown in Table 4.2.4. The Findings

r

in the 2 cows arc markedly different. The cveries of cow 10

apparantly cortainad a nurker of fluid filled multiple follicles
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as described previously (Experiment 3). Cow 11 had 3 CL present on
the ovaries. A similar resnonse was found in the individual ovaries
of each cow. Results of embryo recovery ore also cetalled in Table
4.2.4, No embryos were recovered from either cow at day 4, with
infertile egps collected from cow 11 at the repeat flushing on day 5.
Comparison of the ovarien structures found st slaughter with those
detected at rectal palpation are also detailed in Table 4.2.4. The
structures observed on the ovaries of cow 10 were as expectec from
rectal palpation (Flate 4.2.4). In cow 11, marked inaccuracies were
apparent in the sppreciation per rectum of both numbers and types of
structures, The luteinised follicle found on the left overy was
similar to that described in Experiment 1, cow 2.

A1l oviducts were patent to passage of dye end to a
suspension of pollen grains (Table 4.2.4), A failure tc recover
the expected number of erbryos from cow 11 was not ascociated with
gither a lack of ovarian response or with blocrepe of the oviduct

Results of ovarian pelpetion of structures present following
the Tirst administration of FISG ere shown in brackets (Table 4.2.4).

Th

@

increased desape produced a similar respeonse in cow 10, A
merked increase in the respornse to the increased dose occurred
cow 11.

Periphéral plasma progesterone levels for cows 10 end 11,
from the time of first PMSE administralion to day 7 fellowing the

second fluching, are shown individually in Fige, 4.2.8 end 4.2.8

(%)

}

respectively, The results of the first treatment have also been

included (Fig, 4.2.3). The couble injection of FG edministered to
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Plate 4.2.4 Left ovary of Cow 10, showing multiple follicles/

cysts
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FICURE 4,25  FPLASMA PRUGESTLRTLE PROFILE CF COU 10 FOLLOWING

TCPERASIRG UOSES GF PTG
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FIGURE 4.2.8  FLASMA PROCESTERONE PROFILE OF COW 11 FOLLOWING

TRCREASING BOSES OF PINSG
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cow 10 on day 13/14 had no effect eas progesterone levels were already
basal. Oestrous behaviour was not cbserved until day 31, at which
point progesteocrone levels were high and increasing. The double dose
of FG given to cow 11 ceused a marked reduction in progesterone levels.
This wes not reflected in the occurrence of oestrous behavicur until dayv
3 8. Durirg the second treatment periecd, PMSC was administerec to

both cows at day 11 following this oestrus, followed by FG 2 days later.
The administretion of PC caused a marked reduction in progestercns
levels in both cows. Levels then remsined low through cestrus.
Progesterone started to increase at day 4 in cow 10 and at doy 2

in cow 11. Although ovarian structures in both cews differad markecly,

progesterone levels at cay 5 were similar.

%he breeds, weights and body scores of the 11 animals ussd
in the study are shown in Table 4.2.5,

Criteria ussd to estimate the efficiency of the flushing
technique ere recorded in Table 4.2.8., 1In all cases ihs lip of ths
catheter was placed within 5.5 com of the uterotubal junction, The
presence of debris in the flushing fluid may be associated with a failure

to recover embryos in 5 cows (3, 4, 6, 7, 8). Cubstantiel loss of fluid

{less than 85% recovered) has occcurred in 3 cows (4, 7, 11).
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TABLE 4.2.5  BREED, STATUS, WEIGHT AMD &0ODY SCORE OF 11 ANIMALS
| SURJECTED TO SUPEROVULATION TREATHENT

Weight

Cow Breed Status (kg) Body Score
1 Avrshire Cow 480 2
2 Friesian Cow 551 2%
3 Friesian Heifer 465 23
4 Shorthorn Cow 351 2%
5 Friesian Comw 530 2
6 Ayrshire Cow 542 2%
/ Ayrshire Cow 417 2
8 Ayrshire Cow 4B7 23
9 Ayrshire Cow 359 2
10 Ayrshire Cow 4786 2
11 Ayrshire Cow ' 406 2

Note - Body scoring scheme wes that outlined by Lowran
et al (1973)
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4.2.4 -  DISCUSSIGH

Although in vivo tests exist to monitor oviduct patency
assessment of oviduct function necessitates information on its
ability to allow ovum fertilisation and to transport the embryo to
the vterus. Information con this latter aspect could be obtained by
the collection and examination of early evbryos from the uterus.
Recovery technigues have been dccumented as a means of providing
erbryos for subsequent transfer into donor animals, Embryo
transfer has been erplayed to increase the number of progeny from
genetically superior females; to increase the rate of twinning in
beef catlle; as a means of rapidly altering breed composition on
farms and as a method of obtaining calves from certain infertile
cows (Gordon, 1975; Newcorbt, Rowson and Trounson, 1976; Betteridre,
1980), Embryo transfer technigues require a good superovulatory
response from the treated cows in order to produce the maximum
nurber of viaole embryos. In contrast to the maximel response
required in these programmes, the testing of oviduct function
requires a rere limited response.  Both techniques, however,
necessitate a regire that ensures that a predictable nurber of
ocvulations takes place from the ovaries. |

Using erfryo recovery es the criterion for oviduct patency,
in this current study, only 10 of 22 oviducts were norrel. At
slaughter 21 of these 22 oviducts were patent to dye or pollen
(Table 4.2.7). These apparently incompatible results may be due
to two factors. Firstly, sore enimals may have failed to respond
to the superovulatory drug with no evbryos having been shed from the

ovaries. Secondly, in cows whose ovaries have responded, other
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factors may have prevented enbryos being recovered from the uterus.

During the no*we‘ cvcle of the cow, cvulation is assceiated

with formation of a corpus luteum (CL). Formation of an additicnzl
CL may be taken as indicative of a response to a supercvulatory
regimz. Using this critericn, 4 out of 17 FMSG injections failed

to produce a response. Aronpst animals that did respond marked

variation was found in the nurber of CL, In acdition, there appear

3

no consistent relaticonship betwesen the amounts of PMSG injected eno

the superovulatory respcnse. ihis is in contrest to the findings
of workers using larger groups of animels, who have recorded a linesr
ose/response relationship to PMSG (McGaugh and Olds, 1971;

foore, 1975}). The breed, age, stage of lactation and nutriticnal

status of the cow have been supgested as influencing the responss

to PMSG (Gordon, 1875; Saumance, Chupin, Meriana, Ortevant anc
Mauleon, 197812, To minirise these effects the majority of animsis
used in the study were non-lacteting Avrshire cows. However, boeth
their ages and bedy condition were Di? ferent and their previcus
reproductive history were unknown. Lo apparent relationshir

was observed between the ege of the cows and their response to FIISG
(Table 4;2.7)‘ The nutriticral status of the enimals ves asssssed

by their body conditicn (Table 4.2.5). [Io cow was in poor

condition. In addition, efforts were made to ensure they received
an adequalbe diet throughout the period of study, Althoush a

seasonal effect of response to FMEG hes been suggested, this was not

apparent in this study where anirals were injected at wverious tires

of the year (Gordon, 1975; Saurmande et al, 1878). Controversy



exists on the effect of different batches of PMSG on the ovarian
response (Gordon, 1875). This could not have contributed to the
results obtained in the present study as the same batch of PMSG was
used throughout.

Besides these factors, the ovarian structures present at
the time of PHMSG injections and the interval between treatment and
the onset of ocestrus appears to affect the ovarian response (Scanlon
et al, 1968; Saumande et al, 1978). Previous studies have sstab:lished
that PMSG given at day 9-12, followed by pros%aglandin (PG} 2 days

later to terminate the cycle, gives a more consistent response than

when the drug is admiristered either earlier or later in the cycle

(Sreenan and Gosling, 1877).  The variable rssponses noted in the
cows in this study all followed PMEG injection at this recorvended
time. Such & regims aepplied to an animal with & normal csstrous
cycle length means that the cow is injected with PMSG when a mature
CL, capable of responding to the subsecuent PG treatrment, is present.
This ensures that cestrus will follow at the optimum 4-5 days aftar

PMEG (Scanlon et el, 1988). Three animals (1; 10 treatment 1y 8,
treatrent 2] in the current investizetion, although consicered to have

a mature CL on their ovaries, both by rectal palpation and interval rom
pestrus, did not have concurrently high conczntrations of progesterons at
the timeg of PMEG injection. Using the previously defined criterion of

a superovuletory response, 2 of these animals did not respond to the
PMSG (10, 8), It is likely that PIMSG was administered in 2 of the

animals (10, tresatment 1; 1) at or shortly after functional

regression of the CL. A CL may still be palpabls at this tine, as
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functicnal luteelysis precedes rectally palpasble regression of this
structure (Watson and Munro, 15€0). This in turn would mean that
these cows had abnormally short ocestrous cycles. Somz short cycles
have been associated with uterine infecticn thafez, 1974} .

It may be relevant that 1 of the cows (1) previcusly head a vulvar
discharge éeveral months before this study commenced, but appeared
clinically nommal at the time of PMSG injection. However, short
cycles are recorded in normal cows (Asdell, de Alba and Roberts, 1G42).

At suhsequent slaughter of these animals, ro evidence of gross

™

uterine pathology was observed.  The lack of resnonse in these
animals was not associated with a prolonged FISG-ocestrus intervel,

In the third animal (8, treatment é), although a CL was also palprabls
at the time of PMEG injection, this was preceded by a prolonged
pericd with no evidence of & Tuncticnel CL having heen present,

PFSG hés previcusly been shown to producs inconsistent results in

z in ancestrous animals (Ascdell, 1843). it is
possible that in this =animal, the edministraticn of PMEG served to
reﬂnqLate ovarian cycles, and as such should be considerad
independently from the FIMSC responses of the other cycling cows.

The use of human mencpausal gonadotrochin (HIG) as an
altemative superovulatory drug to PMSG has been studied. Howsver,
the varlaglll ty found with PF}EC was alsc abserved with this drugz.
Some: advantage esscciated with its use, and reflecting different cow
respenses, was that some animals which had failed to respond to
PMSG were successfully superovulated with HYG (Mewcorb, 1980).

Pituitary follicle stimulating hormone (FEH) of equins
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origin haq alsoc been used with apperently less variation in response
than that previously attributed to PMSG (Elsden, Melson and Seidel,
1978; Seidel, Elsden, Relson and Bowen, 1978). However, a practical

disadvantags of both FSH and H.G is that, unlike PMSG, they must be
administered as multiple injections (Avery, Fshrning and Graham, 1882Z;
Bellows, Anderson and Short, 13868 MNewcomd, 1880). This may
ultimately, however, prove to be of benefit compered to PMSG which
once injected (reflecting its half-life) COﬂtiﬂUES in an uncontrolled
manner to exert its effect (Schams, Menzer. Schallenbergser, Hoffman,
Hahn and Mahn, 1878].

In two of the instances of feilure of response to PHEG

(cow 10, treatments 1 and 2), no CL formed after treastment and the
overies were found to contein multiple follicles/cysts.  This
indicates that although fellicles were stinulated to develop in
this animal, ovulation did not teke place.  Other workers haves

observed that stimuletion of follicular growth in response to FNEG

£

2

admninistration may not be followed by ovulation (Follsy and Malpres

1944; Hafez et al, 1863; Elsden et al, 18741}, Such structures

i

ey
eflect a lack of the normal stimulus for folliclss to covulstz, or

failure of the responsivensss cf the follicles. LH is the ovulatcry

hormone in the cow and is normally released as a precvulatory surgs

£2
s}
m

24 hours prior to ovulation (Hansel and Snook, 1970; Chensult et
al, 1875; Schars et al, 1977).

Several workers have estimated [H levels in supsrovulatec
cows {Fenricks and Lamond, 1972; Henricks et al, 1873; Hellford

et al, 1975y Saurande and Pelletier, 1875; Saumendsz, 1878; Schars
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et al, iQ?B]. Both no effect, and earlier, greater LH peaks have
been observed. These reports on the magnitude of the LM peak would
gxplain the lack of additional ovulatory response following LH-RH
or HCG (Moore, 1975; HNewconb, 1980). However, the possibility of
abnormal LH release cannot be ruled out in this particular animal,
and it may be that LH-RH, shown to be effective in treating cystic
ovarian disease in cattle. may be appropriste in such cows which
consistently form these structures (Cantley, Garverick, Bierschwal,
Martin and Youngquist, 1874)}.

The alternative mechanism to explain the presence of these
follicles/cysts, that 'is lack of responsiveness, may account for the
luteinised structures observed in cow Z. In this latter cese, since

CL were also present in the ovaries, this strongly sugpgests that a
nonmal LH surge has occurred. The presence of luteinisetion, but without
the occurrence of an ovulatory papillum, suggested that these structures
were not CL. However, Zemjanis (1970) states that some CL do neot have
an ovulatery papillum.  Gther workers have recorded CL as structures
yith 'dented heads' (Folley and PMelpresss, 1944). The structures,
described as luteinised structures, in cow 2 had neither ovuleatory
papilla or 'dented heads'. In addition their size range was different
to that recorded in normal CL (Zemjanis, 1870). However, the lsvels of

rogesterone present in this cow cannot be used to differsntiate thes
(=)

Q

structures from CL, since the correlstion between CL nunbers and
progesterone levels was found not to be significant (Fig. 4.2.10).
Based on circumstantial evidence, it has been stated that

ovulation can occur over a period of 6 days in superovulated animzls
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FICURE 4.2.10 THE CORRELATION 'BETWEEN PLASMA FROGESTERONE (PROG) LEVELS
AT DAY 4, AND THE NUMBER OF CORPORA LUTEA (CL) PRESENT IN
THE DVARIES.

CORRELATION COEFFICIENT - 0.728. NOT SIGNIFICANT.
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(Hafez et al, 1863). Using fibre optic laparoscopy, a spread of
approximately 30 hours has been proposed (Mewcomb, 1278),

It is possible thaet this spread of ovulation may contribute to the
type of structures nresent in cow 2.  An LH surge, in the presence
of mature follicles, rmay produce ovulation. Large nurbers of
developing follicles, wnich produce sufficient cestrogens to trigger
an LR surge, may fail to respend to the luteotroshic stimulus end
persist as wmultiple follicles/cystes, Tt is possible in some
instances that follicles intermediate between these 2 groups may
undergo luteinication without ovulation, It may be that all of
these can occur within the sere enimel, with the LH surge having Leen
triggered by one or rore nomel W&tQPB tollicles, . In this case, any
follicles that continue to develop after the LH surge, pessibly due
to the continued action of FMEG, would not be capable of producing a
further LH peak. This occurs dus to the fact that the bovine
pituitary requires & pericd of tTime to resynthesise sufficient Lk
(Hansel and Snook, 1870). It ray be that to ensure ovulation of

these 'slow developing' follicles an LH substitute sheould be adminie—
tered but thau this should be given efter tre endogerous LH surge haz
cccurred, In addition, as PMES contains LY activity, this could

contribute to the presence of these luteinised structures.

In any technicue of ovarisn stirulsticn, a prerequisite is

m

a means to aessess the success of the treatrent. This wes especielly

irmportant in the current investigation in eliminating a lack cf

ovarian response as a reason for failure to recover eggs., A commonly

employed technique is the detection of CL in the ovaries either by
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rectal palpation or bv measurement of progestercne in Bleog or milk
(Dobson, Midmer and Fitzpatrick, 1975).
In the current study, although rectal palpetion of CL brcvided
adeqguate information on whether an individual overy had responded,
there were guantitative differences between the numbers of CL palpated
and the nunbers cobserved at slaughter. The differences generally
comrised an underestimation of the numbers of CL.  Dewson (1975)
reported errors in the identification of individual CL in even the
single-ovulating animal. Cther workers have cormented on the
¢ifficulty in handling large cvaries per rectum (Rowe et sl, 1876).
These errors are, therefore, likely to be compounded in the super-
ovulated animal.

Although some workers report that it is possible to identify
the corpus haerorrhagicum, most workers consider that the CL is just
palpeble at dav 4-5 (Mancock, 1982). In this study, the difficulties

in identifyingz structures, and the underestimation compared to later

"3
1

slaughter findings, may have been corpounded by the fact that asses
was being made at a relativelv early stage Should serly erbryo

recovery be emnloved as a test of oviduct furncticn, the use cf rectzl

&8}

paleation to assess ovari

n

n response ray be essocisted with potentisl
EITO.

Progesterone levels have been shown to be mrarkedly increased
in the superovulated cow conpared to untreated controls (Booth et =21,
1975; Sreenan and Gosling, 1977). In general, in the current stucy,
such a pattern cf increase was observed. However, although generaily

large numbers of CL were associated with increased progesterone levsls

(Fig4.2.10) considereble overlap vccurred at a range of ovarian
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respodses all considered appropriate to testing oviduct function.
In eddition, it is not opossible, using plesma pregesterone aessay, to
determine whether an appropriate response has taken plaée in both
ovaries. A further disadvantege of this technioue cempared to
rectal palpation is that due to the delay in processing samples,
results will be retrospective. In this study, overall orogesterone
levels at day 4 or 5 could not be used to indicate accurately CL
nuthers.  Although other workers have shown a sigpificant correlation
using larpger numbers of animals, this has little practical benefit
when dealing with individual cows (Sreenan et al, 1978).

Fipher levels of ocestrogens have bsen reported in super-
ovulated cows compared to normal cows (Glencross et al, 1373;
Henricks et 21, 1873; booth et al, 1875; Srecnan et al, 1878). In
this study, although only & small nurber of animals were sampled,
peak cestrogen levels showsed e relstionship to totasl nurkers of CL
(Fig. 4.2.11). Other workers have found & relaticnshins beiusen neak
cestrogen levels and the nurbers of CL subsequently found in ths
ovaries {(Saumande and Pellstier, 187%5; ‘tallforcg et 21, 137%).
may be that in individual animals, as ssen fror the limited results

in the current study, only a broed indicaticn of the cverian re

1t
)]
0
]
2
N
48]

can bte obtainesd. FHowever, should subsenuent work establish 2 high
correlaticn between nurbers of CL and plasra cesztrozen profiles, this
would bes useful in predicting the ultimate cvarizn resncnse, and
therefore the nurmber of erbryes that should be recoversd.

Direct visualisaticn of the overies by fibre optic lapar-

oscopy has been used to determine ovarisn structures, with accurate
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FIGURE 4.2,11  THE CORRELATION BETWEEN PEAK PLASMA DESTROGEM (E) LEVELS
ALD THE NUMBER OF CORPORA LUTEA (CL) PRESEMT IN THE
OVARIES.

CORRELATION COEFFICIENT -~ 0,726, NOT SIGNIFICANT.
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results in normal and superovuleted cows (Wishart and Snowitall, 1873,

n to

Saumande et al, 1978). ‘Fowever, laparcsccpy has alsc teen shov

reduce the interval from FMEG administration to ocestrus, and as such

m

43

may reduce the nutber of follicles which ere mature enough to cvulate
(Saumands et al, 1978).

In any work of this nature, it would be most ussful if the
response of an individual cow to FMEG was predictable. The high
level of repeatability found in the small nurber of animels in this

i t

investigation suspests the feasibility of such techniques ODther
£ g !

workers have reported similar corsistent results with th

"J

same dosg,
where the interval bestween treatments has been short (Scarnlon, 1872,
Coulthard, 1878). Extension of this interval leacs to increased
variability. An obvious extension of such technicues tc increase
the response to supercvulaticon is to assess Llhe response to an initiszl
low dose of FMEG prior to the superovulatory treatrent. Vhere lerger
nuthers of animals have been trested with incdividual amcunts of FIEG,
a linear response between the producticn of ova and cose hes been
reported (McGsugh and Clds, 1871).  Within the indivicuzl cow (11)
treated in this study, such en increased responsiveness toc a lerger
dose was alsa acparent. It has been suggested thet repested

administration of PMSC causes a reducticon in resconss dus to entibcdy

production (Miller, Larsen,Nancarrow and Cox (1875).This would 1i: Lt

FJ.

application of techniques to predict overien response. Howaver,
antibody production to FPiiSG has been shown not to occur in the cow
(Schams et al, 1978).

In several of the animals injected with FMSG, behavigura.

]
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pestrus occurred under high levels of progestercne. It is well
established that oestrus can occur both in pregnant animals and in
some cycling cows where progesterone is transiently increased at
this time (Williamson et al, 1972). The reasons for this apparent
absence of a progesterone block to oestrous hehaviour are not known,

Accurate control of supercvulation requires the ability

to terminate the luteal phase of the cvcle in a predicteble fashion.

This is normally carried out using natural or synthetic PG In
the normal cveling cow, PG edministration to a cow with a mature CL

leads to behavioural cestrus in 2-3 davs. In the superovulated
anirrals in this study, in most cases the injection of PG after the
first PMSG treatment period was not followed by behavioural cestrus.
However, in these animals, progesterone levels markedly decreased
indicating that luteolysis had occurred. Following a suggestion
from the manufacturers, the dose of PG administered at this tire was
greatly in excess of that which is required in the normal cow.
Apparent lack of cestrcus behavicur after PG treatrment in surer-
ovulated cows has been noted by other workers (Coultherd, 15811,

Such an ococurrence may be duz to lack of chservation of behavioursl
oestrus. This weould seerm unlikely in the current study as othe

heat pericds in these same cows were,in general, detected. Alternatively
lack of observation of oestrus could have erisen due to the cccurrerce
of silent ocestrus. o explanation can be offered as to why these
particular cvulatory periocds should have been associated with lack

of normal beshavioural signs of it.

In cows that responced to PMSG, as mentioned previously
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failure to recover eggs may be due to several factors. The
technique of non-surgical erbryo recovery in the cow recuires
manipulative dexterity end exgerience, Initial difficulties were
encountered in the correct positioning of the catheter in the uterine
horn and this may have contributed to a reduction in the srbryo
recovery rate in somz of the animals. Table 4.2.8 surmarises the
efficiency of the flushing technique using the criteries of placemant
of the éatheter, clarity ot the recovered +luid and amount of Tluig

recovered,  The placement of the catheter has been shown to

i}

ffect significantly the embryo recovery rate (Newcorb et al, 1978).
In this study, recovery was carried out at desy 4 in sove animals,

when the erhryos are high in the cterins horn, and thus the correct

J

positioning of the catheter ray te sven more important. Oue to

S

interference with identificetion of eegs, debris pressnt in the

fluid may have contributed to a lower rscovery rete in 5§ enimals (3, 4,

6, 7, 8}, Loss of recoverv fluid occurred in 3 cows (4, 7. 11) anc

in these animals may be associated with a feilure to reccover the

=
T

expected nurher of erbryos.,

Another resson for low recovery rates mav be the eerly

timing of flushing Although in general the cow erbrye entere the

&t

uterus between days 3 and 4, this may ke altered in the superovulated

i

animal (Hamilton and Laing, 1848), Fdministration of oestrogerns nas
been shown ta affect ovun transport in other species. toth accelar-
ation of the time of entry of the embryo into the uterus end a 'tubal
¥

locking' leading to a delay in entry into the uterus have been

described (Curdick and Fincus, 13358; OGOreenwsld, 1881). The increcsac
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levels of oestrogens in the superovulated cow may, if embryo trensport

is delayed, affect the erbryo recovery rate.

Cne other factor which may be relevant to the timing is
the handling of the tract at such an early stage of the cycle. It
has been sugpested that rectal palpstion of the cow genitel tract, shortly
after ogstrus, may lead to contractions, which could cause repid
transport of eggs through the uterus {(Mewcomh, 1280).  In the current
study, it may be that erwbryvos not recovered at day 4 were still cresent
in the oviduct, ard that the manipulations used caused their repid
transport through the uterus. Repested flushing at day & would then

fail to recover these esbiryos. This remzins a pessibility in some cf
1

4

the cows, although Finding of 2 eggs at day 5 in cow 1
that this did not occur at least in this aniral.

Figally some aspects of the anatory of the oviduct itsels
may he a factor in the low recovery rates, The largs size of ovaries

containing many CL may cause difficulties in the cepability of the

firbriee to pick up all the eges in some cows.  This has also been

sugpested by other workers (Hafez st al, 18B63). kovever, other
wﬁrkers have reported high recoverv rates in enirals with more than
24 ovulations, so it eppears that the firbrias are capebls of
harvesting large nurbers of eggs in a nurber of cows (Scenlon et al,

1858 The normality-of the oviducts was assessed at slzuchter by

the injection of dye or rpollen greins, however, the pollen grain

ui

used is 80 yu in diemeter which is still smaller than the bovine szz.
Therefore oviducts permitting the passsge of peollen grains may still
have septal adhesions or narrowing sufficient to prevent passage of

‘the egg. The pollen grain suspension test may underestimate the
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nurber of oviducks with abnormal patency.

Some points regarding the embryos recovered are of interest.
The fertilised eggs recovered at day 4 from cows 6, 7 and 9 ranged from
the 4-cell to the 18-cell stage. This may be due either to ovulatien
occurring over a long pericd of time, or acceleration of egg transport
into the uterus, or a combination of both. Acceleration of egg
transport may be asscciasted with the high vestrogen levels and their
slow decline after ocestrus, present in the superovulated animal,
Recently workers have shown that the administration of progesterone
causes a more rapid descent of the ewbryo inte the uterus (Crisman,
McBonald and Thompsen, 1980). It has been suggested that premature
entry into the supercvulated uvterus has & deleterious effect on egges
(Newcorhy, Rowson and Trounson, 1976). The apparent structural
normality of all the day 4 fertilised eggs, as assessed by light
microscopy, may be attributed to the short tire spent in the uterins
environment. This tencs to suggest that the incrsased levels cof
circulating gonadal stercids, which may affect the cviduct envirormment,
appear to have no delelericus effect on the eggs, pricr te entry into
the uterus. Fowever, the technique of light micrescopy only provicss
lirmited data on the deteiled structure of the erbryo. It may b
that the use of the erbryo as an indicator of oviduct norrality would
be benetited by more refined technicues for examinaticn of its

morphology.

[ )
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4,3.1 -  EXAMINATION OF EGGS BY LIGHT AND SCANNING ELECTRONM
MICROSCOPY

The structural development of the bovine egg has been well
described (Hamilton and Laing, 1846). However controversy still
exists as to the degree of abnormality which will cause the egg to
be non-viable. Studies were undertaken to investigate a means of
determining further the worphological characteristics of the bovine
enbryonA

The eggs collected ware examined by the established light
microscope methods, identifying the cell stages and locking for
synmetry and compactness of the blastomeres (Church and Shea, 1878).
The potential application of techniqugﬁ of scanning alectron
microscopy were investigated using a modification of the method
described by Reeve and Ziomek, 1881. In additicon, exposure of the
eggs to a reactive oxygen plasma, pricr to scanning electron microscopy,

as a means of examining the inner layers of the ewhryc was undertaksn.

4,3,2 - MATERIALS AND METHOOE

The eggs and erbryvos used were those collected from the
superovulated cows described in the previcus section. Adcditional
material was hindly supplied by Mr. H, Coultherd, Woocdhell Epa, from

a variety of superovulated cows.

Preparation of eggs for light microscopy:
The morphology of the eggs recovered from the cows was
recorded. Criteria determining fertilisation end stage of develop~

ment was as described by Hamilton and Laing, 1946, and Austin, 1881.



Preparation of eggs for scanning electron microscopy:
1. Stock buffer. 0.21 sodium cacodylate, pH 7.2.

This was prepared as follows: 21.4 g of sodium cacodylate (BOH)
was dissolved in 250 ml distilled water, to produce 0.4 sodium caco-
dylate. 50 ml of this solution was added to 8 ml 0.2 hydrochloric
acid and made up to a volume of 100 ml, using distilled water. The
stock buffer was stored at 4°C and used within one month of preparation.
2. Nor%ing buffer. 0.1 sodium cacodylate, pH 7.2

This was prepared as follows: 25 ml of the svock buffer {adjustsd
to pH 7.2, using 1M hydrochloric acid if necessary) was made up to a
volume of 50 ml, using distilled wa%er. The working buffer was
stored at 4°C and kept for a maximum of one wanth.

3. Fixative. 4% glutaraldehyde in working buffer.

This was prepared as follows: 16 ml of 25% glutarsldehyds (Agar
Aids) was made up to 100 ml, using 0.1 sodium cacodylate buffer.

4, Poly-l-lysine solution.

A 0.1% solution of poly-l-lvsine {Type 1-g hydrobromice P18EE,
Sigma) was prepared in distilled water. The solution was used
immadiately and any execess remaining was discarded.

3. Acetone.

This was diluted ‘to the reguired concentration, using distilled
water.

2 ml auteznalyser cups (Sarstedt)

6 mm diemeter round glass cover slips (Macfarlane Robson)
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élass egg collecting dishes (Camlab)

Critical point dryer (Polaron, Vatford)

Alurinium stubs (Agar Aids)

Sputter coater (Emscope}

Scanning electron microscope (Philips SEM 500)

Plasma.chemistry unit (Plasma prep. 100, Nanotech).
Fixation

The embryos were transferred from the flushing medium

to the fixative and left for 1-2 hours. They were then stored in
the working buffer in 2 ml autoanalyser cups until processing for
the scanning electron microscepe was carried out,

Attachmant of egps to cover slips

Round glass cover slips were scored on one side with a
diemond pencil, washed in ethanol and dried in an oven at 37°¢C. A
drop of freshly prepared poly-l-lysine solution was placed on to ths
scored surface of each cover slip, using a Pasteur pipette. The
cover slips were left for 15 minutes at room terperaturs. The excess
poly-1-lvsine was then removed without allowing the cover slin to
dry out. The cover slip was then washed 3-4 times with working buffer.
A drop of buffer was left on the cover slipn, vhich was transferred
to the bottom of a gless egg collecting cup, with the buffer coated
side uppermost. Three or four eggs were transferred to each cover
s1lip, using a pipette which had previously been pulled over a flams
to & diemeter of approximately 200 microns. Care was taken to
pipette as little fluid as pussible with the BEES. Adhesion of egzs

was checked by gently lifting and shaking the egg collecting cup.
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Generally the eggs stuck immediately to the cover slip. The
collecting cup was then flooded with working buffer.

Dehydration and examination

The buffer was removed almost completely from the collecting
cups. Dehydration was performed in graded concentrations of acetone
(30-50-70~80%) for 5-10 minutes each, followed by three changes with
100% acetone for 10 minutes each. The cover slips covered with 100%
acetone were transferred to the criticel point dryer and the carbon
dioxide critical point was quickly cbtained, The eggs remsined in
the dryer for approximately one hour. In cases wherg the zona
pellucida was to be examined, the critical point dried eggs, on the
cover slips, were stuck on to aluminium stubs, by means of a conducior
silver paint. They were coated with a thin layer of gold in a
sputter coater and examined under the scanning electron microscope
at an acceleration voltage of 15 kY,

Assessment of morphology was carried out by viewing the
eges on a television monitor. In additicn, to record detailed
observations, photographs were taken et magnifications varying from
640 to 5,000,

In cases vhere the zona pellucida was requirsd to be
removed, the critical point dried eggs, on the cover slips, were
placed on a watchglass, This was placed in a plasma chemistry
unit at 100w, with a gas flow {oxygen) of 20 cc/min for 30 seconds.
The cover slips were then placed on stubs, gold coated and exemined

under the scanning electron microscope as described above.
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4.3.3 -  RESULTS

Plate 4.3.1 illustrates an unfertilised egg (cow 8, day 41
under the light microscope. No sign of cleavage is apparent. For
comparison, Plate 4.3.2 demonstrates three fertilised eggs (cow 9,
day 4) under the light microscope. A 4-cell and two 8-cell stages
are shown. The blastomeres are compact and symmetricsl, with no
degenerative changes visible.

A scanning electron micrograph (SEM), showing the surface
of the =zona pellucida of an infertile egg is shown in Plate 4.3.3.
At this magnification, folds on the surface are visible.  ‘lHowever,

a large amount of extraneous material is also present on the surface.
The same egg can be seen at a higher magnification in Plate 4.3.4.

In this micrograph the folds or 'rugee' present on the zona pellucida
are clearly visible.

Flate 4.3.5 is an SEM of a blastocyst. The cverall shepe
of the egg is markedly distorted. However, it is still apparent
that the embryo is larger than the unfertilised egg shown in Flate
4,.3.3, Also the surface of the zona pellucida eppears more
amorphous in structure. Plate 4.3.6 illustrates the same blastocyst
at a greater magnification. In this micrograph, the zona pellucida
surface is not arranged in folds, as with the unfertilised egg
(Plate 4,3.3), but has & rougher, more irregular arpearance,

Plate 4.3.7 shows an infertile egg, under the scarning
electron microscope. The egg was subjected to a reactive oxygzen
plasma for 30 seconds. The top half of the zoma pellucida surface
is arranged in folds, similar to the unetched egg shown in Plete

4.3,3. The bottom half is much smoother in appesrance.
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Plate 4.3.1 Light micrcgraph of an infertile egg recovered

frcrn Cow 8
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Plate 4,3.2 Light micrograph of 4-cell and two 8-cell eggs

recovered from Cow 9
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Plate 4,3.3 GEN Infertile egg. x 640
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Plate 4.3.4 SEM Infertile egg. x 2,500
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Plate 4.3.5 GEM  Blastocyst, x 640
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Plate 4.3.6 SETI Blastocyst. x 1,250
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Plate 4.3.7 SEM Infertile egg, plasrre etched for 3D seconds

X 640

rill
>vfe .

\'
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Plate 4.3,8 SEN Infertile egg, plasrre etched for 30 seconds

X 1,250



Additional material is present on the surface of the egg, white
structures which appear evenly distributed over the zona surfece.
At a greater magnification, these structures are plainly hacteria
(Plate 4.3.8). Both bacilli and cocci are apparent.  In this

micrograph, the change in surface appearance from the top of the egg

to the bottom of the egg is clearer.




4.3.4' - DISCUSSION

None of the various techniques aveilable for detailed study
of morphological changes occurring in the bovine egg during cevelopment
can be used to define precisely what constitutes a vieble embryo.

At present, the only way to do this is to transfer the embryo to a
recipient uterus and monitor its further development until pregnancy

is well established. The wuse of embryo recovery as a test of oviduct
function requires that the embryos Collecteq can be identified as
normal or abnormal. The studies described in this section have
attempted to examine the bovine egg using both the light and the
scanning electron microscope (SEM),

Initielly various technical problems were sncountered. In
the light microscope studies, these were mainly due te inexperiencs
in handling and transferring the embrycs, However, the use of a
Pasteur pipette, pulled over a flamz to a diemeter just greater then
that of the egg, and controlled by mouth suction, gave excellant
results, This was particularly important during the SEM work, since
the eggs were transferred into drops of fluid on tiny cover slips
and any excess fluid pipetted resulted in their being washed away.
The achesive properties of poly-l-lysine were a mejor advantage,
since subseguent processing of the erbryos could then be carried out
while they were firmly stuck to glass cover slips.

In this study examination under the light &icr@scope wias
used to determine whether or not the eggs had been fertilised.
Evidence of fertilisation was taken as cleavage producing compact
syrmetrical blastomeres, with no evidence of degeneration inside the

zona pellucida. However, it is acknowledged that the fragmentation



167

which occurs in infertile eggs may superficially resemble cleavage
(Austin, 1861; Church and Shea. 1876). This is of particular
relevance during the early stages of development when the dividing
blastomeres may be unequal in size, and easily misteakenly identified
as fragmenting eggs instead of fertile eggs. It has been suggested
that where any confusion exists special staining techniquess can be
used to identify the nuclei of the blastomeres, and also the
penetrating sperm head (Eedford, 1871). In this study the eggs were
collected at day 4, 5, or 7. At this time many of the eggs collected
were at the 8 or 16-cell stage. Under the light microscope there
was no sign of degenerative changes in any of the egss examined in
this thesis (Flates 4.3.1 and 4.3.2).

The use ofthe SEM to sxamine the detailed surface of the
zona pellucida has produced several interesting observations. The
zona surface of the infertile egg shown in Plates 4.3.3 and 4.3.4
appears much folded with reguler rugas. It is difficult to be
certain if this configeration has been produced by the fixatives used
in processing the egg for the SEM. However, since the overall
topography of the egg, that is, its shape and size appears nommal,
this would seem unlikely, It may be that the presence of these
rugae in vivo help spermatozoa penetration at fertilisaticn by
guiding the spern heads into the bases of the folds. Tha microgragh
of the blastocyst (Plates 4.3.5 and 4.3.6) shows a different appearance
of the zona surface. No regular configerations are visible, but the
surface is rough and appears porous. This eppearance is similar to
the cbservations of Flechon and Renard (1978) of the zona pellucids

of the cow hlastocyst. The blastocyst in Plate 4.3.5 can be seen to




be relatively larger, compared to the infertile egg in Plate 4.3.3.

It seems logical to suggest that the zona pellucida has expancded and
thus the rugae present in the early stages have been flattened out.
However, it is difficult to be certain with this sample, since marked
distortion cccurred during fixation and it must be borne in mind that
any subsequent nbservations may be due to this. In Plates 4.3.3 and
4.3.5-contaminants can be seen on the surface of the eggs. These
findings agree with those of Flechon and Renard (1878) who suggested
that the zona surface was viscous and adhesive, so allowing extreneocus
material to stick, The use of a Millipore filter to remove any
debris fraom the fixative solutions immediately prior to their use cculd
prove helpful in overcoming this problem,

The use of a reéctive oxygen plasma as a means of removing
the surface layers of the egg was also investigated. A limited amount
of material was subjected to this techniqus. Plates 4.3.7 and 4.3.6
demonstrate that a change has occurred on the surface of the infertile
BEE. The oxygen plesma has epparently 'etched' the felds from the
lower area of the egg, leaving a very much smoother surface. However,
a longer period of ‘etching' appears to be necessary before the zona
pellucida'is completely removed.  Two modificatiens of this technigue
may be useful for future use, Firstly, the use of a carbon coating
over the epg would permit sequential observations under the scanning
glectron microscope cduring the etching procedure. Since the reactive
oxygen plesma produces a total ashing effect on carben particles, the
egg could be recoated prior to re-examination (Humphreys and Henk,

1879). Secondly, the zona pellucida could be removed by micromani -
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pulation from the fresh eggs which could then be fixed (Willadsen, 1980).
Examination under the SEM after carbon coating, would reveal the surface
of the blastomeres. Subsequent treatment with a reactive oxygen plasma
could be accurately timed to allow identification of cell organelles
(Humphreys and Henk, 19739).

An interesting cbservation has been the presence of a numhker
of types of bacteria on the surface of the infertile egg in Plates
4,3.7 and 4.3.8. Other workers have noticgd that certain bacteria
(Escherichia coli) can grow in the fixative used in these studies.

These samz workers routinely Millipore filter all fixatives before
use (Ziomek, 1981}. © However, in these studies, the bacteria present
at the egg surface are a variety of different types, both coceci and
various sizes of bacilli being evident. Also other smaller particles
are evident. Identification of these bacteria was not attempted in
these preliminary srudies. However, these smaller particles could
be virions or mycoplasma. The fixative used in these studies was
not Millipore filtered prior to use. However, not all of the sggs
stored in the same fixetive had becteria achering to their surfaces.
Another source of contemination could have been the plasma chemistry
unit. This also seems unlikely since several eggs were placed in
the unit and only a proportion dermonstrated bacterial contamination.
Ancther possible explanation of this contamination could be that
bacteria may have been present in the oviduct or uterus of the cow,
This is irpossible to ascertain without further controlled studies.
Direct surgical collection of epgpgs from the oviduct using aseptic
techniques would be one method of attempting to determine whether or

not this was the case. Non~surgical collection is a procedurs whers
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it is difficult to ensure comlete sterility. To offset this,
workers use sterile recovery medium with added broad spectrum
antibiofics. The apparent adhesive properties oFxthe bovine zona
pellucida and eese with which bacteria stick to this surface reaffirms
the necessity for this. The finding of bacteria associated with
some of the eggs examined during these studies is an area worthy of
further investigation.

These preliminary studies have shown that more detailed
information on the morphology of the embryo may be gained by use of
the scanning electron microscope. The procedure used for fixation
and processing was relatively simple to perform end not time consuming.
Howsver, many mare samples need to be examined before the significance
of the observations can be established. More information on the
ability of the embryo to continue development may be gained by
observation of the cell organelles. A reactive oxygen plasma
would appear a suitable method of progressively etching the surface
of the erbryo, such that the cell organelles become visible.  These
techniques, although at the research level initielly, may ultiretely
provide information for workers involved both with infertile cows,
and in commercial erbryo trensfer work.  The current controversy
over the morphology of viable eggs re-erphasizes the need for

continued resesarch in this field.




GENERAL DISCUSSTON
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GENERAL DISCUSSION

Passage of the ovum from the ovsry to the site of
fertilisation, and from there of the zygote to the uterus is an
extreraly involved process. It involves morphelogical, physiologicel
and endocrinological changes. These changes occur within the
oviduct itself and also in the brain and other regions cf the
reproductive tract.  Therefore a test for clinicel evaluation of
the oviduct in infertile cows should, if possible, test the normality
of these changes which are necessary if pregnancy is to be achiseved.

Certain aspects of the procedure can be investigated by
testing the patency of the oviducts. The form of PSP dye test
eventually devised from studies carried out in this thesis, appears

to be accurate in the diagnosis of unileterally or bilaterally blocked

oviducts., This knowledge is of value as a means of reducing the

—ty

time cows with blocked oviducts are kept, so decreasing the cost c

feeding, and further veterinary investigation. The equipment

necessary to carry out this dye test is eesy to obtain, and with

practice, the procedure should be within the capabilities of most

large animal veterinary surgeons. The diagnésis of occlusicn invcives

time since a series of urine samples over a period of B0 minutes

must bs collected. However, a nurber of animals can be tested on

ong farm et one visit, Nevertheless the dye test only indicates

that the oviducts are fully or partially pstent to a fluid injecticn.
The work carried out on slaughterhouse semples using a

suspension of pollen grains suggests that a significant nurber of
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animals which give positive results to a dye test may not in fact

have oviducts sufficiently patent to allow passage of the bovine

ovum, Other workers have shown that septal adhesions may exist,
sufficient to prevent the passage of the ovum, while allowing the
passage of fluid (Dawson, 1958, 1964a). Diagnesis of the degree of
narrowing is not possible in the living animal using pollen grains

in a similar manner to the dye. However, the theory behind the
starch grain test where grains of varying diamster are injected arcund
the ovary and subseguently collected by vaginal flushings, may have

a place in further studies. Workers involved with this test have
noticed that generslly only starch grains of a small diameter ere
recovered from the anterior vagina {Kessy and Noakes, 1879]. This
may be asscciated with degradation of the grains in their passage down
the reproductive tract, rather than with a narrowing or partial ccclusion
of the oviduct. An alternative technigue may be the use of a pollen
grain suspension in a similar manner since it is less likely thet the
pollen grains would undergo reduction in size. However, difficulties
would be encountered in the detection of the pollen grains in the
vaginal washings. This could be overcorms by staining the grains,

for exenple, with PSP dye. This test would provide infeormation on
the ability of the fimbria to harvest the pollen greins, of the oviduct
to transport particles to the uterus and on the subsequent passage of
the grains to the anterior vagina. It may be possible to use the
well-established techniques of non-surgical egg recovery to collect
the pollen grains directly from the uterus, if difficulties were

encountered in their collection from the vagina,



However, a major advantage of the dye test is that in a
nurter of animals it may remove debris and break down adhesions present
in the oviduct. Therefore the routine use of the dye test in
infertile cows as a therapeutic treatment, as well as a diagnostic =zid,
may be of benefit.

Another aspect which requires further investigation is the
occurrence of cervical backflow of dye which occurred in severasl
animals, when dye was instilled into the uterine body without the use
of an inflated cuff. VWhether this is of any significance is difficult
to say since sors workers claim that a proportion of pluriparous cows
have a degree of diletion of the cervix even in dioestrus {(Arthur,
1875).  However, the possibility of infection gaining entry to the
uterus by this means may result in reduction in fertility in such
animals,

Cervical backflow of dye has alsc been recorded by other
workers, using the dye test as descrited by Kothari et al (1978) when
the test was carried out at ocestrus, producing a high incidence of
false negative results (Kessy and Noakes, 1873), This is in
disagreement with the findings in this thesis and of others (Kotheri
et al, 1878). Oestrus is the desireble time to carry out this test,
both in terms of the degree of dilation of the cervix and the ability
of the uterus to withstand infection. Further studies directed
towards elucidating this problem could involve the use of super—
ovulated animals, since some of the changes occurring arnund cestrus

in the normel cow tend to be increased in superovulasted animels.

Kessy and Noakes (1879) suggested that their false negative results
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might'have been due to increased cedema present around the uterotubal
junction, or to a 'tubal locking' effect within the oviduct itself.
These changes precipitated by increased osstrogen levels should be
compounded in the superovulated animal, If this was the case,
negative results to the dye test would occur in all supercvulated cows
tested at oestrus.

The precise role of the uterotubal junction (UTJ) in the cow
remains to be determined. Studies carried out in this thesis
suggested that a preportion of the pollen gfains, in the slaughterhouse
samples, were being stopped at the UTJ, and could only be pushed
forward by marked increases in pressure. It is dangerous to infer
changes observed in post-mortem specimens with what may be happening
in the living animal. However, fhe use of betamimetic drugs, in vivo,
specifically to cause uterine relaxation may be a means of elucidating
the degree of constriction exerted at the UTJ to substences passing
from the uterus into the oviduct.

An important aspect to be considered when PSP dye is used
to assess oviduct patency is that no informetion is available as tc
whether or not the dye is excreted in the milk of lactating cows.
Since a high proportion of repeat breesders are dairy cows, the PEF
dye test would be required in lactating animals (Boyd and Reed, 1861).
If it were found necessarv to.withhold milk from cows under test,
due to contamination with dye, this would greatly increase the cost and
inconvenience of carrying out the procedure. This aspect requires
further investigation.

The degree of patency, whether to fluid or particles, is only
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one component of the oviduct's role in the establishment of a pregnancy.
-In addition, the environment of the oviduct is involved both in
capacitation of sperm prior to fertilisation and in the development

of the zygote before it enters the uterus. These studies have
investigated superovulation and egg recovery as a means of monitoring
oviduct function. The finding of a fertilised egg in the uterus
indicates that growth of the follicle, ovulation, trensport of sperm,
transport of ovum, fertilisation, and passage of the zygote to the
uterus have all proceeded. The eggs that are produced, however, must
be normal. The use of superovulatory drugs to produce ﬁultiple
ovulations has advantages and disadvantages. It is easier to collect
eggs from the uterus where there are a large number of eggs present,

as opposed to only ona. In eddition, both oviducts can be tested at
one treatment period. However, the variation in response to
superovulatory drugs may be the limiting factor in using this technigue.
Some workers have recorded that overstimulaticn of the ovarian respcrise
appears to produce an increase in the nurber of abrormal eges produced
(Boland et al, 1278). This may be due to the merkedly increased
levels of gonadal stercoids produced by the superovulatory responss.
These studies were a preliminary ettempt to find a dose regime, and
timing of egg collection suiteble for the essessment of oviduct function,
Ideally what is required is an ovarian response producing encugh egzs
to enable at least a proportion of them to be collected, but not so
many that the morphology of the eggs could be affected by the super-
ovulation treatment. In the biological situation, this is extremsly

difficult to manipulate. The results of this small study showed a



marked variation in response among cows to the same dose of FMSG.
Future studies using other drugs such as HMG or FSH require to be
undertaken in an attempt to find more consistent results.

Having established a regime likely to produce a reasonable
increase in the number of eggs produced, examination of the eggs must
be undertaken to determine that such conditions can produce normal
EEES. One method which could be tried is to maintain the eggs in =a
suitable culture medium and monitor their development {Trounson et al,
1876). One effect of this technique which has been noticed by
workers in the field of commercial embryo transfer, is that a
'cremated’ erbryo will freguently have an improved{ more syrmetrical
appearance aftei several hours in culture {Coulthard, 1981).  Another
method is by the use of light microscopic aids to detect any obvious
morphological abhormality (Church and Shea, 1976; Linares and King,
1880). These technigues have the disadvantage that many eggs which
develop normally and appear morpholegically normal, may fail to
establish a pregnancy when trensplanted into a bovins uterus.
Conversely, many eggs discarded as abnormal may have geore on to
maintain a pregnancy after transfer.

The studies undertaken were a preliminary investigation of
the morphology of bovine eggs using the scanning electron microscope.
Further work to clarify the normal sppearance of certain features on
the egg surface is necessary. A regime where eggs which appeared
rmorghologically similar under the light microscope were subjectéd
either to scanning electron microscopy or to embryo transfer and the

results corpared, could be of benefit. The use of a reactive oxygen
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plasma to remove progressively the surface layers of the egg,
gventually revealing cell orgenelles such as the mitachoncria, may
reveal ultrastructural differences in viable and non-viable eggs.
Day 12-186 embryos have been shown to develop into normal foetuses after
biopsy (Hare, Singh, Betteridge, Eaglesome, Randall and Mitchell, 1878).
Use of a similar technique may enable a section of the embryo to be
processed and examined by the scanning electron microscope and reactive
oxygen plasma, with the remaining materizl used for erbryo transter.

An interesting aspsct of the scanning electron micrescops
work has been the finding of verious types of bacteria adhering to
the egg surfasce in somz cases. The significance of this is not known
until further controlled experimenfs are carried out. However, the
possibility remains that the presence of these bhacteria may be a result
of infection cccurring in the oviduct or the uterus of the donor animal,
The irplications of this in either causing damage to the egg, and so
impeding fertilisation, or to the transfer of infection to the recizient,
are grave. In corrercial egg transter, the recovery medium contains

antibiotics which may ect on the tacteria prior to trensplantation of

]

the egp into a recipisent. However, the presence of smaller organisns

on the egg surface, which may or may rot be virions or mycoplasma,
could be important. Vorkers have recorded a higher incidence of
mycoplasma present in’ the oviducts of infertile cows as compared to
norrmal cows {(Hoare, 1868). In the human field, some mycoplasma have
been shown to have a merked detrimantal effect on the metility of the

oviductal cilia (Mardh, Westrm, von lecklenburg and bHarmar, 197€),

Antibiotics are not effective against virugses, and the t




biotic cormonly added to recovery media (penicillin/streptomycinl is
not effective against mycoplasma. As stated previously, further
controlled experiments are necessary to clarify the significance of
these findings.

These studies have highlighted the many areas concerning the
role of the oviduct in infertile cows, which require further investi-
gation. The function of the UTJ, the aetiology of conditions which
may produce narrowing or partial occlusion of the oviducts, and the
examination of the eggs recovered from apparently unproductive cows,
are all areas for further study resulting in an increase of our

knowledge of infertility in cattle.
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