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Various aspects of the reproductive anatomy of 23r
wild female muskoxen were'documented.and compared with" :
_similar structures in cattle, sheep and goats. In general,
the réproduétive tract of th;—ﬁgﬁrifégnant*EKEKEX\resembled\
that of sheep and goats, althggg&éififies as well as Indiv-
idual variations were found in the groSs‘anatomy of the
cervix. “

The placenta and the, arrangement of fetal membranes
during late pregnancy were typical of Artiodactyla, being -
f@nsidered morphologically closer to those of sheep and
goats thén cattle. Endomeirial h&perplastic cysts were.;ouné
.in all eight pregnant tracts but were not consiagred path-

olzgical.

Endometrial pigmentation, found in all parous non-

-

pregnant tracts was believed to be hematogenous as opnosed
\

to melanoblastic in orlgln.

The information on the ovarles was incomplete though
these data support the assumptlon That the muskox is seas-
onally polyestrous and monovular. Follicular development
and early corpus luteum formation appéared similar to these
processes in domestic animals..Conversely,the ovaries of
eight tracts collected during late pregnancy showed no
morphological evidence of the corpus luteum, a condition
not found ambng the domestic species.. Histologically the
corpus luteum of late pregnancy appeared to be highly

regressed and nmon-functional. One pregnant specimen had




:k(b
two corpdra lutea and it has been suggested that one} of these
may represent'an acceésoéy corpué‘luteum. ot
Afunique aspect pf_the muskox uterus was a prgminent .

muscular band, fbunﬁ on the énfimesometrialtborder; which
| Qas associated with parity. It has been suggested that a
large 1ymph;tic pathway develcoped in this region during
pregnancy though the function of the pathway is not clear.
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..+ INTRODUCTION

Ehe muskox (Ovibos moschatﬁé) is a specles ingigenbué
tq;arcfzc North'Americaiénd Greenland. -A remarkable
feature of this species is its ability not only fo survive
but to reprodﬁce in éucﬁ~a harsh environment. Despite
the inherent difficulties of studying these‘animals; our
understanding of their ability to survive:is'slogly
grpwing.‘ Our knowledge of muskbx reproductive anatomy
and physioloeogy, hoyéver. remains rudimentary.

Current ipformation oﬂ muskox reproduction has beenf
gained from behavioural pbse;zg}ions and éssessmenés of"
calf crop. What is lacking is a foundation of anatomical
information required to properly understand the repro-'
ductive mechanisms used by this spécies. )

There are diverse reasons for acquiring information
on muskox reproduction. The mare obvious and perhaps the '
more urgent reasons are related to the survival of the
species. The population of ﬁuskoxen in Canada is es-
timated at approximat;ly 19,000 (Gray, 1977). In 1960

they were declared a spécies in danger of becoming extinct

(Holloway, 1970) and are currently protected by the

government. Since then fheir'nuﬁbqrs have slowly

increased but these animals are a traditional source of
food for the Inuit (Gray, 1977) and, through manageme t,

limited hunting by selected communities is permitted.

This management of the animals is complicéted through

-1 -
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pressure exerted by oil and mineral exploration and the
threat that these industries pose to the habitat of the
species. '

As well as the desire to maintain a natural wild

‘population, the sucéess of Alaska's domestication project

(Wilkinson. 1971a) has_generated.a growing4§gterest-in
the agricultural potential of the muskox. Any such use
would c;ftainly require more information on their repro-
— .
- Finally, fhere are relsons for studying reproduction
in muskoxen that -go beyond>;hose directly appliecable-to
the management and’ harvest of the species. _Our present
day knowledge of reproductien has arisen from the study _
of only a handful of the world's species and this lack of
information on numerous taxonomic groups is an obvious
deficiency in our understanding of reproduction. Thé
genus Ovibos is in the family Bovidae which also-inéiudes
domestic cattle, sheep and‘goats. Although domestic un-
gulates have received close scientific scrutiny, ;nforma-
tion on muskox feproductive biology should enhance our
understanding of reproduction in the whoie group and
offer insight into the reproductive process of a.wilq
ungulate subjqcted to a different and often extreme set
of selective pressures.

It is the aim of this study to describe, in as much

detail as the available material has allowed, the anatomy

of the female reproductive tract. In establishifig base-
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line information, observations of all morphological,
structures have been recorded. Due to the limited
‘ avallablllty of specimens and the restraints on collectlon.,
much complementary information on functional aspects of
reproductlon was not available. Interpretations of_
morphological structures have been made in the light of
the available literature on muskoxen or where this was
not p0331ble. through comparisons with taxonomlcally
related species, specifically ¢attle, sheep and goats.
The information obtained has been dlscussed in the context
~of providing: l) a broezﬁgzrphologlcal foundation whlch
will allow future research to focus attention on par-
ticular areas, and: 2) more information on the taxonomic

relationships between the muskox and related ungulates.

LITERATURE REVIEW

2.1 REPRODUCTIVE BIOLOGY OF THE MUSKOX

There exist in the llteraxure several references 1o
muskox reproductlve blology. Howevert the information is
scattered and what is available was collected under a
wide range of conditions from various wild, introduced,
and captive populations. With the exception of Gray
(1973, 1977 and unpublished data) few studies have
concentrated on a natural populatioﬁ in one area over &
number of years.

The earliest information, related by whalers and

explorers (Hone, 1934), offered few scientific insights

Vaate o A .t.at&:h.‘an-uw..‘.u.__.




and need not. be further conSLdered here. More current
information arises from studies on the behaviour of wild
and captive'herds or indirectly through assessments of
populatlon levels: and composition. | .

The muskox is a seasonal breeder, breedlng in the late
sunmer or early fall ( Temer, 1965; Gray, 1975; Sm1'th,19'?6)
In this study I have dlstlngulshed between the rutting and
the breedlng seasons. The term rutting season is used to
refer to the entire seascn where the male engages in.sexually
related behaviour. This inc}udes agonisﬁic ehcounters with
other ﬁalee $o protect a harem as well‘as‘sexual_behaﬁiour
towards the female. The terﬁ vreeding season refers to the
time when the cows are receﬁtive to the courting bull and
courtshlp act;vmty frequently terminates w1th copulatlon.
Although copulation has rarely been observed in the w1ld
( Gray,3i973; Smith, 1976) thi e _approximate time of occurendegg\\
can be estimated from calving dateé. The breedlng season is ™~
shorter than, and most probably confined w1th1n, the ruttlng
season (Tener, 1965; Gray, 1973; Smith, 1976).

Among wild muskoxen, the rut is estimated fo begin
in early to mid July and to continue through to September.
(Haringten, 1961; Pederson, 1962) or early October
(Tener, 1965; Gray, 1973; Smith, 19763 Hubert, 1977),
‘although the first signs of rﬁtting have been noted as <
early as June ( Temer, 1965) or even May . { Gray, un-
published). Most authors agree that August and the first

part of‘September are the months of most intense courtship
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with breeding occurring at this time. In small captive

" herds in Vermont and at the Alberta Game Farm the rutting

season did not begin until mld-August. a delay of" approxl-

“mategy one month (Teal, 1959; Oemlng 1965). Problems

‘s in defining the limits of the rutting and breeding seasons.

"arise from the lack of an established criterion for

assessing the'beginnihg of the rut-and the lack of ob-
servations later- than October to establish the end of

the rut.

‘-.H ' L4

The beginning of the rutting season is marked by
the behaviour of the bull (Tener, 1965; Gray, i9?3:'Gray
and Roweli. 1976; Smith, 1976). Estrous behaviour in
cows is much more difficult to detect as-it is quite
subtle and has only been described in,xhé,wiid by Smith
(1976). The most substantial information on estrus has
come from captive herds. Wilkinson (1973) who did not
obéefve any estrous behaviour among the captive‘animals
in Alaska. estimated cycle length from temporal spacing
of blrths. He suggested that ‘a complete cycle may last
5-7 days with the interval between each cycle lasting up ‘
to 14 days®. For the Alaska herd, he estimated that
approximately 4 cycles occurred in a breeding season.
Bourque (personal communication) who worked with the .
captive herd at Fort Chimo, Quebec, observed estrus to
bécur every 21 days and to last for a maximum of 12 hours.
He noted that during heat, the cow produced a profuse

muceus secretion. This presumably matted the dense
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" tuned synchrony does not exist.

6 o ;' : -
hair in the anogenital region to faci;itaie copulation.
In reference to estrous behaviour, he. describes -the cow as .
being 'very desirous- of the bull' accepting the male |
évery 30 minutes (Boﬁrque, cited in Gray, 19?3).

Estrous synchrony within a harem has been suggested

by Smith (1976), though Wilkinson (1973) disagrees,

The wide spread in calving dates suggest that a finely

Available estimates of gestation length, 249-252

‘ . . N
days (Alendal, 1971a) and 242 I 5 days (Wilkinson, 1973),

are ig close agreement. | . _

The calving season occurs from mid-April thrqugﬁ 55‘ Q,
June with peak calving concentrated in mid-May (Tener,
1965; Wilkinson, 1973; Gray, 1973; Gray and Rowell, 1976;
Smith, 19?5: Hubert, 1977). Cows generally give birth
<o one calf and twinningf though it has occurred, 1is
conSidered.rare (Pederson, 1962; Tener, 1965; wilkinson,
197j:§-

-//;ifficulties during pregnancy and parturition have
been reported twice in thé wild (Jennov, 1933; Norment,
1980). Among the captive animals at Alaska, three
abortions have been reported,as well as 13 calves that
were lost at birth (Wilkinson, 1973).

Estimates of age at sexual maturity vary. Tener
(1965) estimated 4 years for cows and 6 years for bulls

in wild populations. However, among introduced and

captive herds, cows have bred at 15-16 months (Oeming,




1965; Alendal, 197ia} Wilkinson, 1973). In general it
is considered that cows breed first at the age of 39 or
~ 51 months, depending on the forage quality of theif
‘habitat (Tener.;l965: Spencer -and Lensink, 1970;
Wilkinson, 1973; Alendal, 1974; Hubert, 1977). Among
the.captive‘aﬁimais in Alaska, Wilkinson (19?3)-cited a .
minimum breeding weight of 400 poundé.
Breeding success i§ difficult to @udge and is
generally determined by calf produdtion...Qows are be-
lieved to caive‘every other year (Tener, l§65; wilkinson,
lé?la; G;ay, 1973; Hubert, 1977) although exceptions
to this were noted on Nunivak Island (Smith, 1976) and.
_in captivity (Oeming, 1965; Wilkinson, 1973). Estimates

éf calf production vary from location to location and

from year to year_w;thi;.a location (Vibe.¢l958; Pederson,

1962; TGray, 1973; Gray and Rowell, 1976; Ferns, 1977).

The overall annual calf pfoduction is generally considered

to be low (Tener, 1965; Freeman, 1971) with years of

high production balanced by years df}iow production.

Tener (1954, in Harington, 1961) estimated the calf ‘to
- cow ratio at about oné in four. Calf survival has been

related fo predation ﬁressuré as in areas such as i
Nunivak Island where there is no predation calf survival
is high (Wilkinson, 1973). Climatic variables resulting
in drastic reducti;ns of winter forage have‘been cited
as the major cause of the lowered breeding success (Vibe,

\\\\1958; Tener, 1965; Gray, 1973; Ferns, 1977; Hubert, 19?7):
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..% fThe only account in the literature of “the reproductive

anatomy of female muskoxen is a brief description of the

~

-

location of the uterus in a six month old c%lf (Sack and
Ballantyne, 1965). There are apparently no reported
;tudies of reproductive histology and physiology. -

' In the absence of extensive physiological data on i}
muskoxen, an ‘understanding of the animals® responses to
variables such as climate and lowered nutrient levels

must come indirectly through comparisons between muskoxXen .

and related ungulates. JThp taxonomic classification of

muskoxen is based largely on horphological and behavioural

‘characteristics. Comparative studies include the work of

Mecody-(1958) who worked on muskox blood proteins, that of
Chisholm and Hopkins (19%7) who.studied’ fatty acids in
muskoxen and Sloan et; al. (1961) who compared whey .
protein paxterns.in mﬁskox-milk with related species.

Since Zimmerman (1780) first classified the muskox

" in the genlus Bus; there has been considerable debate as

to the relationship of the muskox to cattle, sheep,; -
goats and bison. deBlainvilie (1816) placed muskoxen

in a separate genus, Ovibos, to.indicate the:animals‘
relationship both to cattle and to sheep. Allen (1913)
accepted the new genus but found strong similarities bet-
ween muskox and bison skulls, body form, dentition and
coat, The presently accepted classification for the
muskoxX is in the family Bovidae, subfamily Caprinae,

tribe Ovibovini, genus Ovibos (Simpson, 1945; Fig. 1).
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Figure 1. Taxonomic relationship between muskoxen and the.

domestic species (Simpson, 1945).
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The takin, Budorcas.taxicolor,‘ig conside;ed'the nearest
living rélative of the muskox. The original difficulty in .,
determining the taxonomic position of the muskox illustra%eé
the complékity of assessing rela¢ionéhips betwéén'SPecies.
Muskoxen have characteristics siﬁilar to those of sheep

and goats,‘others that resemble those of cattle and

bison and some that are different from both groups+ How-
ever, it is useful to compare them to cattle, sheep and
gaats because of their common characterist;cs and the

‘ldrge amount of information thht is available for the

domestic species.

2.2 REPRCDUCTIVE BIOLOGY OF O¢HER ARTIODACTYLA

The classxflcaulon of the nuskox as a member of the
Artlodactyla, and a rumlnant makes certain suggestlons
-'or'?redlctlons about broad aspects of the species' repro-
auctlve morphglogy. ‘

Fig. 2 is 2 schematlc representation of a ruminant
uterus.‘ Though the feaxures depicted are ones commonly
assoc1ated with most rumlnants, ‘2 great deal of’ varlety
‘exists w1?h respect to the promlnence, number and sizq
6f each of the structures. Until recently a mammalian
order has been associated Qith,one type of uterus: duplex,
bicornuate, or simplex. Among the Artiodactyla the uterus
. was thought to be invariably bicornuate. However, as the
number of species that have been studied increases, ex-

éeptionsbhave been found: both the sable antglope and: <

~

+ — - Sy S ——
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Schematic diagram of the uterus o;/;he domestic

ruminants. The vagina, cervix and right uterine horn

have been opened and the right oviduct uncoiled

to show it's relationship with the ovarian bursa.

In this diagram the uterus has been transected

just caudal to the externzl os of the cervix.
L
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.the blue wildebeest haﬁeié*dpplex uterus (Mossman, l9?6.j
" The bicornuate wterus has been found in a number of un-
related érders suggeéting.that‘this uterine.form érose
independently alopé‘véfious evolutionary lines. It
may have- arisen independently more than once within the
Artiodactyla. Mossman's (1976) élassification.of the
bicornuﬁfe uterus is subdivided into the lpﬁg\yicornuate
‘uterus; usually associatéd with litter bearing gﬁbcifs.l
and the medium-and short bicornuate uteri, associated\ N/
with species that produce one or two large. relatlvely
precocious young but these categories are also general }j
and subject to exceptions w1th1n the Artiodactyla. . Forf
example, the pronghorn, which-has a long bicofnuate
uterus, produces only two precocious ygung'(O;Gara. 1969);
Finnish Landragé sheep, & breed having a medium bicor-
nﬁate uferus, normally bear an avergge.j.k yopng-(Bradn
ford et. al., 1971).

Asymmetry in ﬁoth the size of u%erine cornua and
in ovarian act1v1ty occurs. among the Artiodactyla. In
5 genera of rumlnants the rlght cornu is almost always
significantly larger even though both ovaries are equally
active (Wimsatt, 19?5). This difference in size is
evident even in immature and non-parous animals. Do-
mestic cattle ovulate more commonly from the right than
the left ovary (Ra.]a.koskl.’l960) \Ovarlan dominance has

also been reported in the waterbuck which' ovulates pre-

dominantly from the left ovary (Spinage, 1969). Asymmetry

Jppron———
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in either uterine cornua or in ovarian performance can
Earry'with it the possibility of a reduction in\producti-
vity. The alpaca is a species that appears to ovulate
equally from both ovaries fhough bnly;the left cornu |
successfully suppdrts gestation. Even though bléétocyst
mlgratlon towards the fertile cornu 1ncreases productl—
vity, embryonlc loss is estimated at 40- 50% (Fernandez—
Baca, et al., 1970ab)., The bactrian camel is also
characterized by very low fertility.'although in this
species anatomical abnormalities were cited as the main
cause (ﬁovoa. 1970).

Among the rumihahts the cotyledonary placenta is of
the epitheliochorial type (using Steven's (1975) modifica-
tion of Grosser s (1509) classmflcatlon) The number
and size of ihe cotyledons vary between species and
between breeds within a species (Amoroso, 1956, Steven,
19%5), and Amordso subdivided the species on the basils
of cotyledonary number. Polycotyledonary animals have
the greatest number of cotyledons (e.g. goats and giraffes
rangelfrom 160-180 cotyiedons) while the oligocotyle--:
donary species, represented by many members of the .
Cervidae, have only 5-8 cot&ledons. Sheep and cattle
occﬁpy an intermediate position.

There is, as well, a wide diversity in the shape of
the cotyledon, well illustrated by Amoroso (1956) who
does not aseribe any particular physiologicaloimportance

to the wide variation in size, form and struéture of



PR e ey

w e
®.
the ruminant cotyledon. Steven (1975), though in general
agfeemeng'with Amoroso, points out that the shape of the
cotyledon does appéér to affect the shape of the fetai~
villi which in turn, may affect the patterns of fetal and
maternal circulation. ' |

Cotyiédonary placentae are associated with superficial
*implantation”, or attachment of fetal membranes.. fhe \
vgscular elements between the fetal and maternal componéhts
are establisﬁed through a highly vascular and very ex-
tensive allantoié. The allantois does not éompletely
surround the amnion but narrows as it passes to one side
of the\sée. The umbilieal cord lies completely within
the amnion, the vessels branching in either direction to
vasc&lari%e the allantois. In some ruminants, such as
some members of the Cervidae, the amnion does not become
véscularized at all (Hamilton, et al., 1960) while in
sheep and cattié vascularization of the amnion does occur
maIMﬁmwnmtBWwﬂlWﬁ. |

Small plaques or pustules found on tae amnion over-
1lying the umbilicus have been reported for a variety of '
unguiates (Amoroso, 1956; éamilton et al. 1960; Stefen.
1975). These pustules contain glycogen in considerable ‘
amounts though their fung¢tional significance has not
been established (Steven, 1975).

Histological descriptions of placentation in the

ruminants are 0o numerous to cover here so the reader ig

referred to the excellent reviews by Amoroso (1956) and
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Steven (1975). Additionally, Wimsatt (1950) gives a
013351c descrlptlon of the sheep placenta. documenting a
placental hematoma found in this species. More recent
studies on_the histology and the ultrasyruqfure of the
bpyine ﬁlacentome have been presented by King et. al.
(1979, 1980). . B

The\cervix of ruminants can generally be classified
into different groups by structure. Ruminants are
characterized by a distinct external §s. mucosal folds
.lining-the cervix and-firm. thick musculature (Kanagawa
and Hd{ex..iQéS ). 'The fdlds of the mucosa form secondary
and tertiary folds that give a false impression of gland-
‘ular tigsue; 0f the three domestic species, the goat is’
the onl& onie said to have tubular glands in the cervix'
(Eékste%n aﬁd Zuckerman, 1956; Hafez,. 1968 ), but Mattner
(1966) %ﬁd Mortoﬁ and Glover (1974) did riot confirm this
findingé Morton and Glover (1974) attribute this discre-
pancy td breed dlfferences in goats or possibly to ex-
posure to phytoestrogens,ln that they found sheep treated
with phytoestrogens developed coiled, tubular-looklng
glands ih the cervix. '

The\eplthellum of the ruminant cervix is columnar
and contllns goblet cells and ocecasional ciliated columnar
cells (D 1lman and Brown, 1976). This epithelium is
secretory and Tesponsible for the production of cervical

mucus. The cervical mucus plays a central role in

dlrectlna sperm mlgratlon. The mucus acts to ‘orient
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sperm and! direct it toward the cervical wall -and crypts

" which function as a sperm reservoir thus preventingy

premature migration of the sperm into thé‘utefus
(Mattner, 1966). Morton and Glover {15?4)-found that
sperm could survive for longergﬁériods of time in the
cervix than in the uterus;'Falkopian tubes or vagina.

At estx;us_, or under a strong estrogen influence, -
Heydon and Adams (1979) found thet the cervical mucus
became more watery and increased in 'stringiness®'. This

allows the mucus to direct .the course of the sperm.

These researchers found differences in stain reaction

_ﬁetween the luminal cervical epithelium and the epithelium

in the deeper crypts. The cells at the base of the crypts
produced a sialomucin and responded more strongly to
estrogen than did the luminal cells which produced a
sulfomucin. According to Heydon and Adams (1979)

the greater quantities of mucus at the base of the crypts
result in more sperm ﬁeing guided to these areas.

Despite the functional similarity of the cervix

in various ruminants there is a good deal of morphological

variation in the shape of the cervical lumen, the number
and arrangement of the annular ridges and the complexity
of the plicae palmataé} Fooden (1967) compared the
anatomy of the male penis and the female vagina and
cervix and put forth the hypothesis of the 'lock-and-
kéy' specialization of genitalia fo prevent disadvan-

tageous hybridization.

L s e el P an —
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~ A comprehensive review of the oviduct has been

written by Hunter (1977)'and the utero-tubal  junction has

been described‘By‘lnderson (1928).‘ The oviduct is another
structure that responds to estfogen stimnlation. The
gecreéory_epithelium of the oviduct changes c}clically,
ranging from.low to tall columnar cells with the
transient appearance of cilia (Trautman and Fiebiger, 4

1957; Dellman and Brown, 1976). The oviduct is'%éually

"divided into two functional portions, the ampulla and

the isthmus. The ampulla is Fesponsible for collection
and initial transport of the ova following ovulation;
the isthmus is characterized by peristaltic contractions
and cilia that cause movemént towards the isthmo-
ampullary junctioni This is believed to facilitate
sperm transport and hence fertilization. In moét species
fertilization occurs in the oviduct and the zygote is
held at the isthmo-ampullary junction for a variable
length of time (Hunter, 1977).

The ovaries are one of the most dynamic components
of the female reproductive tract, serving both as a
source of ova and as an endocrine organ. Because of
this, the morpholggical features of the ovary, which
are constantly changing cyclically as well as seasonally,
reflect the reproductive status of an animal. There are
numerous comparative reviews of the ovary (Jones, 1978;
Zuckerman and We%E;’I§}7; Mossman and Duke, 1973) as

well as classical studies on single épecies such as

/
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she;p'(Grant, l§36) and the gﬁat‘(Harrison, 1948).

The ovary can be divided into two major areas, ;hé
medulia and the cortex. Among ruminants the cortex
commonly sﬁfrounds the medulla except in the region of
the hiius. The medulla is composed of fibrous con- .
nectlve tissue that contains the blood and lymph vessels,
~ The cortex on the other hand, is highly “Gellular in
namure contains the follicles, corpora lutea, ‘and the
atretic scgrs of both.

The non-follzcular components of the ovarles are
primarily the surface epithelium, medullary cords, and
the rete ovarii. The surface or germinal epithelium is
cuboidal and bécomes stretched cuboidal in ¢older, parous
animals. The function of the.surface'epithelium is not
g}ea;ly understoods +though it is.no longer considered
fp contribute new germ cells to the ovarian population, .
it is believed to coﬁtribute to folliculogenesis (Peters,
1978; Harrison and Weir, 1977). The medullary-cords are
remnants or vestiges of eﬁbryonic components that have
found their way into the medulla and many of these are
blind_tubﬁles (Peters, 1978). The rete ovarii probably
occur 1in the ovaries of most mammals but research on
the specific origins.and functions of this organ are
lacking in most species. It is also an embryonic remnant
of the tubular connection from the mesonephros and the
gonad (Duke, 1978) and until recently was considered
a2 non-functional, vestigial organ (Duke, 1978).
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However, Byskov (19?8) has suggested that fhe rete.

" interacts with cortical elements to initiate meiosis.

wz)y

Follicular development has been reviewed by many

authors. éenerally the primordial follicles are found

. in the peripheral cortex and in ruminants they are -

evenly distributed in this area.(Dellman and Brown, 1976).
Pélyovular follicles have been described in a variety'o%'
species (Peters, 1978). Aifhoughgﬁreviously recorded as
abnormalities, it is now suggested that they may be a
normal sfage in the early process of folliculogenesis
(Peters, 1978) as they are most frequently found in
émbryonic and immature ovaries (Harrison and Weir, 1977).
Polynuclear ova have also been described (Péfers, 1978;
Harrisoﬁ. 1948) though recent evidence indicates that these

are degenerating cocytes in which the fragmented nucleus

‘gives the appearande of several nuclear bodies (Peters,

1978). | . ~ |
As the follicle increases in size, it migrates

deeper into the cortical stroma. Follicular growth has
been divided into two phases. In the first phase. the
oocyte grows raéidly until it is almost adult size while
the follicigggfows slowly. In the second phase, the
ococyte grows slowly while the follicle increases dra-
matically in size (Harrison and Weir, 1977). While the
ultimate size of.the oocyte is not related to body size,
the size of the mature follicle is‘(Parkés, 1931). The

number of follicles that ovulate is, -again, not related
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toibody size but does appear to be a species charac-
teristic, there being a tendency within a spécies to
‘ovulate‘the'same numﬁer of follicles at each estrus.

By the time a follicle has reached maximum develop- |
ment it has migrated to the outer regions of the ovéry and,
in many species, protrudes noticeably on the surface.
Ofulaxion is the process wheéeby the ovum, surrbunded
by the cumulus oophorus, is released into the pe;itongal
éavity and 1s subsequently swept up by the infundibulum;
The.remaining components of the follicle collaﬁse:into
the antral cavity and luteipize. 'During luteinization
the granulosa cells, vascularized by vessels of the
theca, enlarge and differentiate into luteal cells which
secrete-progesterone. The large luteal cells cease
mitotic division within a short period after lu%einiQ
zation. The tgecal cells undergo change and some are
believed to contribute to the luteal population. Sub-
sequent increase in luteal sizé results from the
hypertrophy of the large lutezl cells themselves.

Several types of‘corpora lutea have been described.
A true corpus luteum develops from thé follicular
elements remaining in the ovary after ovulation., A
corpus hemorrhagiéum develops' when hemorrhage occurs
from thecal vessels shortly after ovulation resulting
" in a corpus luteum with a central blood clot. Accessory
corpora lutea result from the luteinization of unrup-

tured fdllicles. . A corpus atreticum results when the



thecdal cells luteinize in a follicle after the graoulooa has;
dogenerated. |

The new active luteal cells contain abundant phos=-
pholipids, smooth andfagranular endoplasﬁic reticulum
and large mitochondria bearing tubular ‘cristae. The final
size of the mature corpus luteum has been related to follicle
size (Brambell 1956). As the luteal cells regress they
begin to accumulate cholesterol signifying a reductlon in
ste;iod synthesis. Regression in corpora lutea has been
described as being similar whether it is of a corpus Tuteun
of the cycle, pseudopregnancy, pregnancy or lactation-
(Brambell, 1956). However, studies by Bjersing (1978)
suggest that cyclic regressioh differs from regression
after hysterectomies in ewes.

The scar remaining after regression is termed the
corpus albicans. Harrison and Welr (19?7) state-that
corpora albicantia may persist for varying and unknown
lengths of time in the fissipeds, pinnipeds, and certain
cervids and proboscids buf do not mention persistence in
the Bovinae or Caprinae.

Very few of the follicles that begin developing
will ovulate; the great majority of them will undergo
atresia. The histological appearanoe of atresia varies
between species and phase of follicular growth (Jones;
1978). Atresia in most preantral follicles is found in
the oocyte itself (Weir and Rowlands, 1977). Atretic "

changes in vesicular follicles show a greater variety.
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The two main forms of atresia in vggicﬁlai fd;liclgs ot
have seenw?ermed obiitera#ive and cyétic. In obliterative
atresia; the gfanulosa and thecal cell?layefs hypertrophy
and begin-to fold inward té occupy the an?rum,.followed
by atrophy. ‘In cystic atresia, both the granulosa and
the theca i;yers may atrophy or only the granulosa Jlayer
will atrophy and the theca will either_luteinize. fidbrose
or hyalinize. In cattle, cysfic follicles‘that do ﬁot

S

regress may interfere with estrous cycles and fertility
P . :

(Dellman and Brown, 1976). In mammals the ratio of

_healthy to atretic follicles remains constant-throughout

, \
the reproductive period. In sheep about 68% of ovarian

a0,

follicles are atretic (Brand and deJong, 1973). Bééaﬁgé
of the high proportgon_gg_atretic follicles and the constant
occﬁrrence of atresia, a physiological role for the large
atretic follicles has been investigated. Hay and Moor
(1978) found that cultured atretic sheep follicles pro-
duced much less estrogen than cultured non-atretic

follicles on the first day of culture. By the third day,
the atretic follicles secreted large amounts of proges- “.
terone. The potgﬁtial for steroid secretion has led to

the belief that atresia represents a functional change

-4
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rather than a degenerative process (Weir and Rowlands,

1977).

Hormones (including the gonadotrophins ‘and- steroids)
and their degree of interaction are vital to reproduction,
and it is perhaps in this area of endocrinology that

species differences are most striking. The nature of the

" hormones affecting reproduction and complexities of their

interactions have been reviewed by many authors. The
J .

textbooks of Austin and Short (1972) give a comprehensive

comparative description while that of Cole and Cupps (1977)
reviews the hormonal basis of reproduction among domestic

animals. In the simplest terms, FSH is respons%?le for

" follicular growth and development. Tonic secretion of 1H,

which prbmotes steriod synthesié‘by all cell types in

the ovary, increases the estrogen'secretion,of the detploping
follicle. The increasing quantities of circulating estro-
gens have a positive feed=back effect on the hypothalamus
which results in a large preovulatofy.surge of LH. Follow- -
ing ovulati;n, the resulting corpus luteum produées
progesterone which in turn increases vasculariiation.
enhances glandular activity and reduces excitability of

2
the myometrium. These actions prepare the uterus to .
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receive the zygote. If fertilization is not successful
the corpus luteum regresses and a new'cycle begins.
Alternatively if fertilization is successful, the COrpus-y-

luteum persists and maintains the progestational environ-

—
- L4

i@eﬁt—necessary for pregnancy (Baird, 1972). The lifespan
E} the corpus‘luteum of.pregnaﬁcy varies between specles.
Sheep-can maintain a pregnancy without a éorpus luteum .
after 50-60-days while goats-'require a corpus luteum for
_~~  the full duration of the pregnancy (Heap, 1972). 1In
\ sheep, the piggesterone necéésary for pregnancy maintenance
after 50-60 days is of placental origin. The plaéenta
has recentiy been recognizeq as a major endoc;ine gland
-during pregnancy producinglprofein hormones such as
piacental laé@ggen as well as steroid hormones {(Heap, 1972):
Placental lactogen is a protein hormong tﬁat exhiﬁits
growth promoting and lactogenic éctivities equivalent to
those of human growth hormone (hGH) though it does not
cross-react immﬁnologically with anti-hGH (Chan et. al.,
1976). The, source of placenfal lactogen is believed
to be the giant binucleate celié in the trophoblast
&

(Flint et. al., 1979). Placental lactogen has been found

in ecattle, sheepland goats though it has not, as yet,
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been found in th; horse (Forsyth et al..‘l9?5)

The endocrlnology of pregnancy 1nvolV1ng maternal
recognition of the embryo's presence; the changing
requirements of the developing enbryg and partuiition

"

encompass & diverse range of hormonal interactions that

are not yet fully understood (Steven, 1975: Sauer, 1979;

Thorburn and Challis, 1979).
~ Any initial study of reproduction in an unknown
ruminant must take account of the fact that the Artio-

dactyla exhibit considerable species variation in a

variety of reprbductive"phenomena. These include ovulation .

~—

-rates, spontaneous versus 1nduced ovulatlon léngtn\of

luteal phases and delayed 1mplantatlon. The number of

.
4

" ova that will ovulate during any cycle is a species

characteristic that is not necessarily related to the -
number of offspring. The pronghorn for example, gives

birth to two offspring but ovulates between_ 3-7 ova

(0'Gara, 1969).

Ovulation is spontaneous in most domesticated

ruminants but- the Camelidae are induced oyuiatbfs

(Novoa.'l9?0).n In these animals, aneural stimulus

induced by copulation is required to release the pre-
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"‘ ldng périods_of estrus, 21-36 days in the alpaca (San-

Martin et. al., 1968).
.The-timing of ovulation relative to estrus is

another species characteristic. In sheep, ovulation

- generally occurs 24-27 hours after the onset of estrus

(estrus usually lasts for 30 hours in this species)
while cattle have a 12 fo 22 hour estrus with ovu;a%ion_-
occurring approximately 10 hours after the end of estrus
(in Asdell, 19.46).. '

: 50 )

The life of the corpus luteum of the cycle varies
considerably between species, ultimakely determining cycle
length. Regression of the corpus luteum occurg.on the <
14tﬁ or 15th day in shéep. resulting in a cycle length
be£ween 16.5117.5 déys while in cattle ﬁarked corpus

luteum regression is not evident until 19 days after - -

. ovulation resulting in a éycle length of 20 days (in

Asdell, 1946).

Accessory corpora lutea formed from luteinized

.fbllicles occur in some specles and this may also vary

~ within a species. Kelly and Challies (1978) found 59.8%

of pregnant red deer had accessory corpora lutég while the

e . . .- - . s .- d " m
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remaining animals malntalned Pregnancy with one corpus
1uteum.
Delayed implantation in the order Artiodactyla,

has only been found in the roe deer and even in this species

it may only occur in some of the animalé-(Aitken et. al,, .

1974) ,

/

!
f

The effect of~lactation on reproductive performance
. ;o .
- - - _ﬁ/ -
in ruminants is another\area that is poorly understood.
Prolactin has been associateq with lactation and lacta-

tional anestrus. However some species, both domestic

(cow) and wilg (kodb), will ovulate post partum with little

interference from lactation (Asdell, lé#él. 'Cyclicity

can be 1nduced in anestrous ewes by the administration of

PMSG (Bregnant Mare's Serum Gonadotrophin) followed by

1H (McNeilly and Landg, 1979) though fertility is reduced. -
Experimentally inducing estrus during’lactation has been
shown to further reduce fertility by impairing the pro-
cess of implantation (Rhind et, al., l980a) A compara-
tive review of the endocringlogy of mammary growth and
lactatlon’has been written by Forsyth and Hayden (1977).
The complexity of the endogenous hormonal balance

governing reproduction is further complicated by external
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facﬁors which may act to enhance or inhibit hormonal

. levels. Photoperiod has long been .regarded as the most.

‘importantzstimulus regulating the bfeedihg season in

mammé;s (Turek and Campbell, 1979). An hypothesis for .

-

feedback control of seasonal breeding in the ewe is based

on the changing sensitivity of the hypothalamic-hypophy-

seal complex to the negative feedback action of ovarian

R L Wt N,

estradiol-17 - (Legan and Karsh, 1979; Karsh et. al., 1979,

1980). The change in senSitivity is brought about by
photoperiodic stimuli, most likely aéting independently of
the est;adiol (Karsh et. al. 1980). This hypothesis has |
oniy been Qested in the Suffolk ewe. Turek and Campbell
619?9) point out the.pany defipiencies‘;n oué knowledge
of the effects of photoperiod as-well as the inconsisten-
cies. Most temperate region ungulates respond to photo-
period. Sheep, with the exceptionrof the fine wooled,
tropical breeds, are considered to be sha;t day breeders
EAsdell.'l946). Soay sheep exhibit a sensitivity to
photoperiod_similar-to that predicted for the wiid an-
cestor of modern sheep, which is presumed to have evolved

in a cold, temperate climate (Lincoln and Davidsoni,l97}).

™

" It is particularily interesting to note that'iéelandic

: o
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.jﬁeep-breed from mid-December through January w1th peak

breedlng occurring 4-7 weeks- after the shortest day. 1In

these sheep there is ample evidence of Sporadic out-of-

»

season estrous activity resulnng in lambing durlng any
month of the year (Dy'rmundsson. 19?9) In contrast,
goats in Norway breeq prlmarlly in July to September

(Lyngset, 1968b).

Lincoln et, al., (1972) suggests that odour from hinds

as well as past sexual exXperience may act as additional



MATERIALS AND METHODS

3.1- GENERAL APPROACH ‘

In attempting to clarify aspects of ﬁuskbx r;pro-
ductive bioclogy it is first important to establish.the
anatomy of the reproductive‘tract. Comparison of the
muskox‘reproductive tract with those_of a better known
species allows limited interpretaéion and some prediction
of function. However, as the foregoing review points
out there can be‘'a wide variety of reproductive patterns
among ruminants in spite of close morphological similarity.
Thé approach to Fpis study must, theréfore. be broad in
scope and allow for a correspondingly wide range of

possibilities in the interpretation of structure.

3.2 COLLECTION AND FIELD OBSERVATIONS

a) Time of Collection

The muskox is a protected species and only

limited hunting by native hunters is permitted. This
hunting is controlled by community quotas and is per-
mitted anly during a set hunting period. These restric-
tions immediately limited possible collections to the
period of October 1 fo March 31, encompassing the late
breeding seasonland most of the gestation period (Fig. 3).

‘Grise Fiord was one of two communities that had a |

high quota (25 animals) and the hunters from this community

agreed to assist in the collection. There Were however,

.- 30 -
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A schematic representation of the reproductive
seasons, of the muskox. The heavy stippling .on the
inner circle represents the dafk seasorl; the light
stippling, the transition between lisht ang dark
and an absence of stippling, the season of 24

hour sunliglt. The bars along the outside re-
present rutting, breeding and calving seasons as
well as the anmual hunting season; 'A* indicates

-~

the time of the August hunt.
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some unforeseen difficulfies in collecting from Grise

Fiord. Hunting waé'doné'by snow machine over vast areas of
rocky terrain and sea iée, muskoxen being found anywhere
from 40-150 miles away.' Unpredictable weather conagtions

in October often made overland or sea ice travel impbssible.
Twenty-four hour darkneés descends at the end of October

and remains uﬁiil mid-February. As hunting is very

rarely carried out in the dark it was generally confined

to the end of February and throughout March. These

addltlonal restrlctlons, combdbined with:ithe uncertalnty

of hunting success. usually resulted in fewer than 25

‘animals being collected during any season with appro-

ximately half of these being female.

To overcome some of the above restrictions, a hunt
was arranged (by special permission from the Northwest
Territories Government) in August. Hunting in August,
which involved the use of a helicopter (Bell 206 jet
ranger), made it possible to collect animals immediately
before the breeding season. The August collection of
material was made easier by the above Occ temperatures.
Fig. & depicts the hunting locations and Appendix I lists

the animals collected in each area,

‘b) Collection Procedures
Collections of the reproductive tracts were
accomplished by one of two methods. In the early stages

of the project the Hunter's and Trappér's Association
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Pigure Map of the islands of the eastern high arctic
showing areas where muskoXen were collected.

£ach hunting location is marked by an X. The

£

X on Frince of wales Island 1s only an estimate.
The four animals shot here were collected by
nunters from Fesolute Bay (Cornwallis Island)

and were not accompanied by Getailed information.
A1l +he other hunting was done by hﬁnters ffom

Crise FPiord. Scale: 2.5 cm = 100 km.

-
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for each community holding muskox hunting rights was.
approached through the;local game officer and.the huntérs
were asked to return repfoductive tracts from the animals
they shot to thé game officer. Only the communities of

Grise Fiorddand Resolute Bay responded. The frozen

specimens received were, unfortunately, not accompanled
by any background lnformatlon. Further, the punters
gons&stently removed the fetus from pregnant tracgﬁ. A
total of 11 tracts were obtained in this manner, 5 non-
pregnant and 6 pregnant. -

. The second spproach to collecting was to accompany.
the hunters and collect the rgproductive trgcts‘personally.

This enabled the accumulation of additional relevant

N

information.

The method éf travel, as mentioned, was overland by
skidoo and sled. The distance travelled varled but.as .
much as 200 miles could be covered bef\?e returnlng to
the community with the excursions lasting up to 8 days.

A trip of this scale necessitated carrying overnight
supplies and additional gasoline, all of which reduced
the amount of cecllecting equipment that could be taken.
On long trips particularily when travelling, the preser-
vative could not be kept warm.

When a he;& of muskoxen was spottéd each hunter shot
one animal. A% many as 7 animals were collected at one

time, separated by as much as one mile. After the

hunters had shot the muskoxen the animal's jugular vein
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was cut'and blood éamples were collected directly into
open vacutainers. The tubes were stoppered and Qo&h on.

~ a belt undernea;h the.parka to prevent freezing and _
consequent :..h_emolysis . After separation (usually overnight)
the serum‘Was pourediinto smaller vials and frozen.

Following blood collection, the hunters immediately
began skinning their anihals. In the cold conditions a

skinned carcass cooled and began to freeze within an hour
-1s thaﬁ only a minimum of time coﬁldlbe spent on any one
animal. In some cases a choice had to be made as to which
aéimals would be sampled fresh., Tracts from the! remaining
animals shot at the same time had to be left and collected
frozen.
@

The udders of &Il cows were checked to see if milk
could be expressed and the fat in the mesentery and around
the heart and kidneys was assessed visually as"excellent',
‘good', or 'poor'. Marrow from the femur was checked and
categorized by colour; white 1nd1cat1ng\h,healthy animal
and plnk or red Jelly indicative of an ;;EErnourlshed or
starved animal.

The tracts were briefly checked in situ for any
obviously unusual features before they were excised. Re-
moval was doné‘by cutting caudal to the external os of
the cervix and then through the suspending ligaments
close to the body wall to include és great a lenéth of

the -blood vessels as possible. Specimens 77 - 18 and

77 - 19 were shot near a small hunting cabin. These
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tracts were excised as described and flushed for ova
before collections for hlstology were made,"

From non-pregnant femaled\ tissue specimens
for fixation\were taken. from one side of the tract. The
specimens taken were: a small$biece of uterine horn (cut
just above the external bifurcation), a section of Fallo-
pian tube, a piece of cervix, a piece_df vagina, and the

ovary (bisected longitudinally). They were collected and

'_ preserved in labelled 5 dram vials dontaining A. F.A. (acetic

acid, 10%; commerecial formalin, 1l0%; ethyl alcoho% 30%; and
distilled water, 50% by Volume), as this flxatlve can with-
stand extremely low temperatures without freezing. The pre-
servative was warmed before the tissue was added by immersing
it in heatéd water on a Coleman stove or, when this was not
possible, by inserting the vials 1nto the freshly opened
abdomen of the animals., ‘

In the case of pregnant.animals.‘the tract was again ex-

amined in situ for morphological features and to determine the

" side of pregnancy. Samples of allantoic and amniotic fluid

were aspirated into 20 or 30 ml disposable plastic syringes

and frozen. Both ovaries were sectioned longitudinally and vi-
sually examined for the presence of a corpus lﬁfeum. They were
then labelled as to side and preserved as described above. The
uterus was removed, opened, and samples of placental tissue were
preserved before releasing the fetal flulds and exposing the fe-
tus. Samples of fetal tracheal fluid were aspirated into 2 ml

disposable syringes and frozen. Attempts to collect
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"fetalfblood were unsuccessful. Thé fetal reproductive
tract, adrenals, kidney and a‘preorbital-gland were
>collected and preserved. The uterus. fetal‘membranes ‘and

N
fetus were frozen for transportatlon back to Grlse Flord

and Ottawa.

Whenever possible the teeth from the lower jaw were
\ .

 collected in order to age the animal by tooth section. (s

There was a reluctance on the part of some hunters to
skin the head to remove the jaw as they.felt that this
reduced the market value of the hide. In these instanbes

teeth'were ﬁot collected,

¢) Outcome of Collections
Many problems were encduntered in the above
collectingiprodedures. The greatest obstacle was the cold.
In”March the temperatures commonly fell to‘-LPOo or -SOUC.
This severely affected the kind and amount of equipment
that could be used, as well as the quality of the cbllec-

tion. Eqﬁipmenf such as cameras could only be used for

‘brief periods and even then with difficulty. Despite the

precautions taken during blood sampling, much of the
blood hemolysed. ‘ ‘ ' 5 A N

The cold temperatures also affected the preservatlon
of the tissue samples. Though the fixative did nqt freeze,
its penetration of the tissue was slow and the deeper
tissue layers froze before fixation was complete.

Weand |
TRF’cold«also reduced manual dexterity, particularily
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after the hands were wet. and necessitated the weEfing of
bulky clothing at all tlmes. |

The August trip allev1ated many of the problems
aristg‘f:om sub-zero temperexures. Travel by helicopter -
did, however, add other restrictions. With two.peqple
to collect and three hunters, the amount of suppiies that
could be carried in the helicopter was greatly reduced.
This trip suffered the most from an insufficient'suéply

of preservative. It diﬁ, however, prove the most success-

" ful of all the collecting trips. As a result of the

improved collecting conditions, extensive photography
and in situ examination of the ligameptous attachments
of three cows were made poseible .*

Table 1 summarizes the number of tracts collected

elther frozen or preserved, the number of‘anlmals from

ewhlch blood was collected, -teeth were sectioned and latex

-

castings were done.

3.3 LABORATORY LXAMINATIQN AND ANALYSES
a) Reproductive Anatomy .
(i) Morphological Studies
Non-pregnant "tracts (11 of 23)‘were thawed in
warm saline. While still‘partial;y'frozeh,da eﬁall piece

of uterine horn was removed from three of the tracts.

'(?8419, 78-31, 78-~33) and'fhese were immedi%tely refrozen

“to act as control tissue for hormonal extractions from

pregnant SPecimens;(seezaﬁpendix II). When completelj
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Table 1.

Collected specimens classified as to the repro-

ductive condition of the female muskoxen from
which they were taken and the studles in which

they were used.

o TRACTS COLLECTED
REPKODUCTIVE TOTAL

SE.UM  LATeX  Tieln

CONDITION NUMBE. FROZEN FIXED® COLLECTED CASTS SECTIONED
Farous, “ '
non-pregnant 10 3 7 5 5 3
‘ . {5P:2G)
Fregnant 8 5 - 2 2 0 é
(2B;0C)
Non-parous 5 3 2 2 2 3
: (1P;13)
TOTALS 23 2 11 - Q 7 12
(8F;3G) :

1 - Fixed material- is categorized as poor (F) or good ().

=

p. aatA iH s
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;thawed..the weight of the tract and measurements'of'the
ovarles. uterlne horns and cervix were recorded and the
: tracts were photographed. Specimens 76-6, 76- 8 ' 76-9
were flushed for the presence of ‘ova before dissection.
Drawings accompanied written descriptions‘of any-unuaual
features. |
Eight pregnant uteri (77-12, 77-13, 78-27, 78-32,

78-37, 78-38, 78-39, 78-40) were similarily described and
photog:aphed. Ovaries, when presént, were removed, measured,
and sectioned four times transversely for visual examin-
ation. They were then frozen for cryostat sectioning as
described below., If the fetus had been previously removed
by the hunters, the uterus was opened by cutting along the
antlmesometrlal border for the full length of both horns.
The side of pregnancy was confirmed by locatlng remnants

of the umbilical cord and amnion. The fetal membranes

were separaxed from the maternal caruncles and pieces of
maternal caruncle and fetal cotyledon were icollected -
separately and refrozen to be sent out foa hormonal analyses
(see appendix II). The cervix, removed by transecting the
arterine body cranial to the internal os, was fixed in 10%
buffered formalin. After fixation, the cervix was
dissected along a frontal or sagi%tal plane for desoription
of the cervical lumen. Pieces of endometrial tissue from
the antlmesomet{jal border were flxed in buffered formalin

along with small cysts and nodules found attached to the

- placentomes. The uterus and fetal membranes were weighed
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énd photographed separaﬁely. » The two tracts received with
a fetus intact (??-12. 77-13) wgre similarly weighed._
described and photographed. Each uterus was carefully
opened along the antimesometrial border and the fetal

membranes were separated from the uterus after recording

" their relationship to the fetus. Before photographing,

analiﬁe blue dye was injected into the allantoic cavity
to distinguish it from the aﬁnioticu The fetus was re-

moved, sexed, weighed and refrozen.

(ii) Histologicél Studies
Fixed tissues were embedded in.paraffinvwax using

réutine.procedures (Lillie, 1965) except that dehydration
times were lengthened by i;l 1/2 hours and toluene was
substituted for xylene as a clearing agent. Wax embedded
tissues were sectioned at 8110#. Serial sections weré
*. made of all ovaries (except 76-6, 76-8, ?6-9) sectioning.
at 104, and mounting every 1lO0th section. -With the exception
of representative samples ;?om each of the tissues, all
staining was done routinely with Gill's Hematoxylin and
Eosin (Pisher Scientific). The other sections were
stained with Masson's Trichrome (Putt, 1972). These tis~-
.sues were left in Bouin's fluid for 24 hours between de-
hydration and staining because the mof&aﬁt imp?o;ed the
d rq_'u\all‘ty of the stain Teaction. Special staining
techniques for the identification of lipofuscins: Mal-

lory's Réaction. Gemlin's Reaction, Lbng Zienhl~-Neelsen
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Test, were from Lillié (1965). Tests for fluprescence‘
were made at the Animal Digeases Research Institute.

: Tissueé to be sectioned on the cryostat were placed,
frozen, into cryostat embedding medium (Tissue-Tek II, OTC
éompound. Tek Products, Miles Laboratory Inc.i énd refrozen.
They were then sectioned at 104 and fixed for 2 ninutes
in 10% éuffered formalin and rinsed beforé being stained

with hematoxylin and eosin or Masson's Trichrome.

Tissue samples from threé tracts received frozen

~ from the October'pollecting'(zé-é. 76-8, 76-9) as well

as additional samples from frozen pregnant uteri were

thawed first and then fixed in 10% buffered formalin. These

tissues were processed for wax embedding as described above.
The sliéesywere examined under either a Reichert
Zetopan: research microscope or a Zeiss Compound light
microscope. Cellular components were identified and
recorded. To facilitate descfiptions of fellicular de-
velopment in the ovaries, foliicles.were classed 'in major
develoPmentai-categories. These categories were taken
from Mossmﬁn‘and Duke (1973) and afe as follows: .
PRIMORDIAL - oocytes having a simple squamous epithe-
lium a;ound their periphery.
'PRIMARY_f_when the epithelial cells enlarge to.form
a simple low columnar epithelium, the primordial
follicle is considered a primary f;llicle;
SECONDARY - the simple columnar cells multiply to

form a stratified cuboidal follicular epithelium or
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granulosa. ‘ ) _ ’
VESICULAR - transformation from secondary to Graafian
. follicles occurs with the progressive formation of
- large: intracellular*fluid-filled spacés. These

spaces enlarge to fé;m the antrum. .

Some follicles which had a reéognizable theca interna
but lacked an antrum were classified as secondary. Fol-
licles were tracéd through the serial sectidns and counted
only when the ova were identified or, in the absence of
the ovum, at the largest point of the follicle.

In many cases the deeper layers of the muskox tissues
were damaged by freezing either before or during fixation.
To act as a control, comparabie tissue from 7 sheep and
11 goats were frozen at -30°_to -?OOC, thawed, fixed fn
buffered formalin and processed as described for the musk-
ox. Additional samplés from the same species were fixed
fresh and processed with the other tissues.

Corpora,lufea from prefrozen ovaries 6f goat and
sheep were used as a guideline for identifying the corpora
Jutea found in the muskox ovarieS. Though most of the
comparative interpretations came from the literature,
direct comparisons with domestic species were used when

additional information or clarification was required.

b) Vasculature of the reproductive tract
Latex -injection of the vascular system of 6 non-

pregnant tracts was carried out according to the methods

-

e e e



‘of Del Campo et. al. (1974). The tracts were placed on

a dry surface at room temperature and were swabbed with
warm saline to prevent dfying. The ovﬁrian, uterine

and vaginal brénch of the uterine arteries on the side

of the uterus that had not ‘been cut  for histologj were
cannulated using polyethﬁlene tudbing filled with saline.
The freé end of the fube wag’ atthched to an 18 or 21
gauge needle fitted to a‘5 or 10 ml disposable syringe
filled with saline and the arterial system was flushed
with warm saline. The uterine branch of.the bvarian vein
and the vagiﬁal vein on the same side were cannulated and
flushed with warm saline in a simiiar manner. Major areas
of leakage were clamped off with hemostats. After the

: \
organs were flushed the syringes were removed and were

| reﬁlaced by similar syringes containing latex (red for the

artefial system and blue for the venous). The latex
(Ward's Natural Science Establishment Inc. Rochester, N.Y.)
was first filtered twice through 4 layers of gauze and
diluted with distilled water (1 vol. water to 4 vols. red
latex; 1 vol. water to '3 vols. blue latex). This dilution
reduced viscosity and thus the amount‘of injection pres-
sure required when casting. Dilutions were chosen after
trying various combinations on sheep uteri that had been
found and thawed. .
Injection of the latex was done slowly with an even

pressure and one cannulated vessei in each system (vaginal-

artery and the uterine branch of the ovarian vein) was
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left open‘to alloy the saline'to escape. “These were #hen
clamped to increase the injeciion pressure; Areas ?f
latex leakage were clamped‘off, Injections were stopped
when any distortions of the vessels were noted or if a
vessel ruptured. Retrograde injection through the utero-
ovarian vein was'unsgccessfuily attemptéd because of the
pressure of the venous valves. Venous injection was
therefore primarily through the vaginal vein. The general
| direction of flow of the latex and approximate aress
injected were recorded on diagrams. Following latex
injection of thg tracts the cannulae were reﬁoved, the
vessels were tied off and the tract was trimmed, pinned
to a piece of cardboard and fixed in A.F.A. After complete
fixation the tracts were washed in- S0% alcohol and dehy-
drated through a graded series of alcohols. They were
cleared, stored and photographed in benzyl benzoate
(Table 2). Photography of the latex specimens followed
the methods of Del Campo et. al. (1974). '
¢) Age Determinations
(;) Adults s
Teeth were sect¥oned following the general
outline given by Thomas (1977). The first inecisors from
all jaws collected were decalcified in formic acid (104
formic acid, 5% formalin and 85% distilled water) for two
weeks, neutrélized in distillied water for 12 hours and

sectioned at 15 on the cryostat. Several sections from
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each tooth were stained in varying concentrations (.01,

.02, ..05) of toluidine blue for variable lengths of time

(1 sec, 2 sec, 5 sec, 2 hr and overnight). The cementum

lines were counted from thqse sections that were most clearly
stained. This was not consistent for any.singlé concentra-
tion of stain or time inmterval but tended to vary with indiv-
idual teeth.
(ii) FETUS

Eaphlof four fetuses was thawed, weighed and measurements
of its crown-rump length and of z hindfoot were taken. The;r
external features were described following the fable of
developmental characteristics given by Evans and Sack (1973).
After being photogrﬁphed, the fetuses were refrozen.

To.estimage-the age of the fetuses, the cube Toot was
taken of 28 birthweights extracted from the literature
(Oeming, 1965; Tener, 1965; Alendal, 1971; Spenéer and
Lensink, 1970; Wilkinson, 1%75). The cube root was then plotted |
against gestation length which was assumed to be 250 days.
The growth rate, a, can then be derived from the formula
w1/3 = a(t-tg) where w73 = cube root of weight; + = full
gestation leﬁgth; tg = 6.2 x full gestation length (an
arbitrary estimate that incurs an error of approximately 10%;
Huggett and Widdas, 1951). Using the derived fetal growth
rate and?the formula, the approximate stage of gestation could

be estimated for the fetuses of kmown weight,
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-RESULTS

Q.i REPRODUCTIVE ANATOMI_

a) Suspensory Ligaments 2

Field observations on the three females collected in

Auguét (78-41, ?8-&2.‘?8-44)"éhowed that the broad ligément
was the major.suspending ligament. This structure, a pro-
minent'perifoneal fold, was attached medially to the body
of the uterus;_la%erally it merged with the parietal pelvic
- peritoneum and extended crainially befond the pelvic brim.
The suspensory ligament, a3 memdbranous fold of the broad
ligament; containéd the ovarian vessels. The round li-
gament was well developed and was easily distinguished as
& band of muscular tissue#located in a membrancus fold
on the ventral surface of the broad liéément and can bé
seen in Plate 1 which depicts the in situ position of the

non-pregnant uterus.

b) The Non-pregnant Uterus
(1) ‘Morphology

The reproductive tracts of 10 female muskoxen
(76-1, 76-6, 76-8, 77-18, 77-19, 78-26, 78-31, 78-33,
78-41, 78-44), collected during the three different
sampling times were assessed as parous non-pregnant fe-
males and were similar in their anatomical'characteristics-
Weights and dimensions of the tracts, transected just
caudal to the external os of the cerﬁix, are shown in -
Table 3. The body of the uterus measured 0.5 to 2.0 cm

from the internal os to the septa and the horns were

- 48 -



Figure 1.

~

.
- \
Figure 2.
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PLATE 1
THE REPRODUCTIVE TRACT in situ

The in situ peosition of the uterus from a mature,
parous mﬁskox (78-44) collected inlgugust. The
animal has been placed on its back And the ab-
domen opened such that the uterus is viewed from
the ventral aspéct. The scale (inches.on-top;
~metric below) has been placed at the cranial gnd.

Uterine horn, Ut; ovary, 0; Fallopian tube, F;

blgddef, B.

- The same uterus, depicted in Fig. 1 above,
has been raised to show the dorsal éurfape and
the suspendihg ligaments. Suspensory ligament,

a; broad ligament, b; roGnd ligament, c.
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. before the wterc-tubal aunctlon._
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Y . ’ ) o . 1
approximately equal in length and averaged 26 cm from the

bifurcation to the utero-tubal junction. They were

"coiled 1 - 1 12 times and the coiled arterioles were

visible on the external surface as prominent tranverse

- -

striations. 4 single intercornual ligament was found
(Plate 2, Fig. 1). | i ; X |
A muscular dband of tissue approximately 5 mm deép réﬁ
along the antlmesometrlabnborder of the uterus (Plate 3
Fig. 1) and ih two speclmens appeared contlnuous with the

intercornual . ligament (Plate_B, Fig. 2). In the other

"8 specimens this continuity was not evident (Plate 3,

Fig. 3). The_muscular band ran from the bifurcation of
the &%erus along thé hofn and-disappeared a short dis%ance
The endometrzum contained numerous caruncles whlch )
were roughly ary ed in four‘longitudinal TOWS extending ‘
from the body into the two ﬁtérine horns. The caruncles
varied between &4 x 3 mm to_é.x 4 mm in length and fusion
of two, or occassionally more, was common. The caruncles

near the cervix and those near the utero-tubal junction

were generally smaller in size. With the exception of

the smaller ones at the ovarian end of the hornm, all
caruncles contained a dark pigment in the central depression.
No similar pigment was seen in the intercaruncular ‘area

(Plate &, Fig,'l). The number of caruncles per horn (in

 pregnant and non-pregnant uteri) ranged from 49 to 102

with an avefage‘number of 81.

-
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Figure 1.

Figure

2.
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PLATE 2

-

THE EXCISED UTERUS »

'

A uterus from a mature, parous muskox -(786-1)

seen from the dorasal surface. The horns have

 bqen uncoiled to show their length and the taper-

ing towards the utero-tubal junction.. A single

. i ' ) q
intercornual ligament was found between the

'uterine horns. The forceps (upper portion of

photogfaphl are displaying the muscular band,

A uterus from a non-parous female muékox (78-24),
This immature tréct is substantially smaller in
size and lacks a muscular band. The white areas

on the uterine horns are the result of freezer

burn,
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PLATE 3

THE MUSCULAR BAND IN THE PAROUS NON-PREGNANT UTERUS

-Figure 1.

Figure 2.

Figure 3.

o

N

The appearaﬁce of the.muséular band (M) on the
méture.‘non—pregnant tract of a muskoxz;ég-zé).
The‘forceps are pinching the muscular band which
runs along the antimesometriél.border of both:

uterine horns.

In this specimen, a parous, non-pregnant muskox
(78-~26), the musculaf band (M) appears continuous

with the sintercornual ligament (IC).
N . _

.In most specimens the muscular band (M) did not

appear continuous with the intercornual ligament
(IC) but could be seen on tke dorsal surface of
the Ut. horn in front of the intercormual liga-

ment. At the level of external fusion of the

" uterine horns the muscular band melded- with the

uterine musculature and was no longer evident

* B
morphologically. (From specimen 78-31, a parous

'nonipregnant muskox} .
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Figure 1.

Figure 2.

Figure. &,
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PLATE 4

PIGMENTATION IN THE UTERUS AND PLACENTA

!

The opened uterine horn of a parous, non-pregnant

muskox (78-26) to show the dark pigmentation on

" the caruncles.

The opened uterus of an immature muskox (78-42)

.to show the lack of pigmentation in the uterus.

- ' . . 4

Lipofuscins in the endometrial stroma of a parous

non-pregnant muskox. H & E (X500);

N

Cross section.throughﬂa placentome from a pregnant

muskox showing the pigment accumulation in the
fetal.ffophoblast. The pigmented epithelium is
in contact with pools of extravasated blood.

H & E (X250).
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‘The uteri of 5 animals (76-9, 77-11, 78-28, 78-42,

78-24) éollected_from-thg;three hunfing seasons were
judged to be from\non—paroug females. Because teeth were
qéllecte& from three of these animals, they could be aged. \
O} these, theeeldest was fouf.yeafs old, Table 8. These ‘
tracts, though similar to the mature non-pregnant tracts
in many respects were smalleghjﬂkﬁx\fggLin the two trac§s
that were weighed, (Plate 2, Fig. 2)-and had, an average '
horn length of 1% cm (Table 3). The convoluted arterioles,
while present, did not make the pattern of striations that
was so prominent in the parous animals. All five'tracté ,
lacked the prominent muscular band along the antiméso-
metrial border alfhough finé‘striaxions were visible under
close examination. The caruncular count was similar to
that of the parous animals (Table 3) but the caruncles

lacked any pigmentation (Plate 4, Fig.” 2).

(1ii) Histology
Because of the difficulties cited in the materials

and methods section the histological preparations were

generally of a poor quality. All specimens collected in

March and October suffered from freezing damage but the
extent of the damage was variable and there were portions
of each tissue that could be used. The best histological -
results were from two parous (78-81, 78-44) and one non-
parous (78-42) animals collected in August. *

The uterus was lined with stratified low columnar

-
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" epithelium (Plate 5, Fig. 1) and was highly glardular in

nature. The ehdometfial glands were simple, branched
fubular glands lined bdy. a columnar epithelium (Plate 5,
Fig. 2). The extent to which the glands cdiléﬁ tended
to increase towardslthei} bése'near the mu§;ularis (Plate
5, Fig. 3).. Comversely the caruncles were non glandular
(Platé 5, Fig. &) and were composed of a highly cellular
connective tissue which contained -stromal ;élls, plas-
mocytes, macrophages and numerous large_pigmented cells
which were largely concen%ratedubéﬁéaxh the epithglium
of the caruncle. These pigménts gave negative results
for irdH using Mallory's Reaction and for bilirubin using
Geﬁlin*skReaction. They .did, however, react positively to
the Long Ziehl-Neelson Test for acid fast lipofuséins
and under fluorescent microscopy gave a positive reaction,
fluorescing an o;ange-yellow t0 brown colour, charac-
teristic of lipofuscins (Lillie, 1965) (Plate &, Pig."3).
The muscularis consisted of an inner thick band of
‘circular smooth muégle fibres with a thinner band of
longitudinal smooth muscle fibres outside, towards the
serosa (Plate 6, Fig. 1). The outer, longitudinal musgle
layer was not as well defined and also contained some
bundles of circular muscle tissue. It was more densely
cellular than the circular layer. The boundary between
the two layers was not always distinet (Plate 6, Fig. 2).
In general the layers were separated by a vascular layer,

the stratum vasculare, containing the arteries, veins and

&
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UTERINE HISTOLOGY IN THE NONZPREGNANT TRACT

Figure 1. The uterine epithelium from a mature anestrous

muskox (?7:19) showing the stratified col

epithelium (arrow). (X500)

Figure 2. {ross section of an endometrial gland lined by
high columnar cells from a parous, non<pregnant

' . muskox (78-44) collected in August. = (X500)

Figure 3. Cross section of the uterine stroma in a non-
parous muskox (78-%2) collected in August. The
endometrial glands increased their\%oiling near
the muscular layer. Museularis, M; endometrial
stroma, S; uterine glands, arrow. (X3.5)

Figure 4. Cross section of a caruncle from a mature, non-
pregnant mgskoi (78-41) collected in August,
showing the aglandular nature‘of the.caruncle

(arrow). (X12)






Figure 1.

'Figure 3.
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UTERINE HISTOLOGY IN THEENON—PREGNANT TRACT
- ra
Cross section of 'the uterine horn of a mature,

non-pregnant muskox (?8 41). The blood vessels

.‘(arrow) are embedded in the c;rcular muscle

layer. The longitudinal muscle layer is reduced

to a thin strip under the dlood vessels. Endo- 5,
metrial stroma, a; circular muscle layer, b;

longitudinal ﬁuscle layer and serosa, co. (X3.5)

\

Close up of the blood vessels Seen in rig. 1 above

t0 show The ™~

the greatly thickened vascular walls.
divisicn between the circular and longitudinal
muscle layers is obscured in this specimen. (X250)
- - :
Cross section of the uterine hern o a non-parous
muskox'(?8-42) collected in Augus* The vascular
elements were substantlally reduced and appeared
assmall collections of caplllaryflike vessels in
this specimggf Zndometrial stroma, a: circular
muscle layer,\%}'longitudinal muscle layer and
(x3,5) _ e e et = e ome s e
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'lymphatlcs.

- In some samples the larger blood vessels‘here found

embedded 1n_the circular muscle layer and these vessels

‘were characterized by extremely thick walls, large lumens

and appeared to be surrounded by a network of'lymphatics

(Plate 6, Fig. 2). Further, in these specimens &' thin

layer of circular muscle could be seen between the vessels

.and the long@tudihal layer. - In such cases the division

between the circular'and the longitudinal fibres was

obscured. In two specimens, the circular muscle fibres

could be seén extending through the longltudlnal layer

““‘randdiormlgg a thin strip, 2-3 cell layers thick, imme-
T

--diately under the stratified sqaamous_epithelium of. the

‘\\

*

SEI‘OS&. v . ‘ .

~ -

The promanent muscular band seen on the -amtimesos -

metrlal border cons;s't:ed pr:unarlly of the serosa and -

longltudlnal smnoth muscle flbres. H;stologlcally the
-

tissue in this area dld not %lffer from other reglons of -

the uterine han ?md‘appeated :t.o-bfe 5 fold of the ou't:er :

D muscle layer (Plate*?,-Flg. 1}." In the central portlon

was ‘a network of large spaces JOlned by th strands of
M )

K connecflve t;ssue contalnlng small caplllarles. Some '#

of these spaces appeared to, have an endothellal llnlng

'and rescmbled large lymphatlcs but they a1d not contaln

any substance recognlsable as lymph nor any sign that 3

they contained lymphocytes (Plaxe 7, Flgs. -2 and 3). -

e

"TQeJnetﬁorkfof‘connect;ve tissue.and lymphatic-like



PLATE 7 -

| THE HISTOLOGY OF: THE MUSCULAR BAND IN THE NON-PREGNANT UTERUS

Figure 1.

Figure 2.

Figure
v R

3.

I =
i

xe

—

N
A cross sectlon of the uterine horn of a mature. ‘ \
non-pregnant muskox (?8 L44). The sectlon was“.

taken from the antimesometrial border. _The-

‘muscuiar band (MB) forms a prominent fold.in the

tissue containing capillaries (arrow) and slements

of the straitum vaébuiare;"(XBI)

Higher magnification of the muscular band, from

the specimen, depicted in Fig. 1 above, to show

. the vascular elements enclosed by muscular tissue.

(X75). b

!

/

)3
The tip of the muscular band from the ‘same spec1—

men in Figs, .l and 2 show1ng the lymphatlc—

like elements penetratlng~throughout the mﬁg:? _
':cular tissue (openm arrows). (X125) - ;

o

I

e,

————



Sl

" ‘- ) —J\Wc"

N ' -. .

M«mﬂ R
ﬁlﬂ.




——lTT S,

I, e e 1 e e o —~

A ——_ - ——— sy e o fem e -

61

-

. vessels was contlnuous with the stratum vasculare of the

Y

uterlne muscularls on both sides of the muscle band so
that the muscular band appeared to be a fold of the outer

muscular layer which enclosed elements of the vascular
, _—
layer. -

Histologically the 5 non-parous tracts were similar

to those of the mature, non-pregnant animals except that

‘they lacked the large, thick walled vessels (the vascular’

elements were present but very‘much reduced in size) and
there was & complete absence of llpofusc1ns in ithe carun-

cular stroma (Plate 6, Fig. 3)

c) The Pregnant Uterus
(i) Estlmatlcn of Stage-of Gestatlcn

Elght pregnant animals were collected over a
\

 period of two years. 4All of these animals were taken

either at thé‘end of February or in March. a time of year

\

normally'assoclated wlth ‘thé last* trmmester of pregnancy. .

A more deflnltlve _measure of the stage of pregnancy could
cnlygbe 6bta1ned‘by estimating fetal age. Of the elg_*“
tracts collected, only four containdd a fetus, all of

which were male. Fetal weights, crown-rump measurements

'-andﬂhindfoot measurements are listed in Table 4, Sub-

: Jectlve observatlons are found in Table 5 and photographs

in Plate 8., It is not pOSSlble to apply any of the
‘eriteria of Evans and Sack (19?3) directly to the muskox

ln the absence of fetuses of a known age. However, their

H_H_ﬁ__‘\
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FIVE MUSKOX FETUSES OF LATE PREGNANCY

The fetuses, collected in March, are arranged according\és‘ -

- size and weight; from the right, 78-32, 78-27, 78-12, 78-13,°

Mu-l. Mu-l is a female specimen donated dby the Naticnal
Museum and, although the lightest in weight, it is more
advanced in coat colour and development than specimens 78-12,

and 78-13.
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-luteum of ﬁregnancy-when‘found.'always located in the

data are of some value in comparlng the development of
the muskox fetus to- those of -the domestlc spec1es. There
is some con51stency in the sequence of appearance of

histological characterlstlcs such as colour and coat

deielopment and the opening of the inner canthus of the
: e X

.eye. Plate 9, Figs. 1-4 shows the coat differences encoun-

<

tered in the fetuses. Based on the formula of Huggett

_and Widdas (1951) the slope for fetal growth acceleration

was found to be 0.1l cm/da. Estimates of fetal ages

derived from this slope are found in Table 5.
£
(ii) Morphology .

R

.

The side of pregnancy in the eight animals was
equally divided between the right aﬁd left with the corpus

i

ovary'ipsilaxeral to the pregnant horm.

In late pregnancy the uterus was located ventrally

in the abdominal cavity and ranged in weight (without

fetus or fetal membranes) from 2. 3 to 2 9 kg (Table 6).

Both horns were enlarged though the- pregnant horn was
noticeably larger. Nevertheless, the horns still described
a single coil. The arterioles, which appeared as trans-
verse strlatlons on the non-pregnant tract, were no

longer tlghtly coiled but almost completely stralghtened
out. The ovaries were found close to the uterine body on
the dorsolateral aspect and on the dorsal surface, the

distended body of the uterus folded over the cervix,



Figure 1,

Figure 2,

‘ Figure 3.

‘Pigure 4,

5!'

PLATE 9

COMPARISON. OF FETAL DEVELOPMENT

Head and shoulder region of a male muskox (78-13).

- Although it cannot be seen in this picture the

inner canthus of the eye was only berlnnlng’to

separate and no eyelashes were present Esti-

‘mated age 15_205 days.

Head and shoulder region of a male muskox fetus

(78-32). The coat is dense with coarse long

hair, " Though not visible here the eyes were

completely open and eyelashes were present

Estxmated age is 229 days.

Hind legs of fetus 78-13, depicted'above in Fig.
1, showine +the fine-fetal hair and relative
lack of colour markings., -

Hind legs of 78-32 depicted aBove-in Fig. 1
showing the advanced coat development and
colour markings. The white halr on the legs is

stlffer and shorter than the body hair,

B . ——
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(Plate 10, Fig. 1).
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The muscular band of tissue on the antimesometrial
borden was not immediately visiﬁie. particularily in
uteri still containing a fetus and fetal fluid but under
close examination, thls band could be found on the non-
pregnant horn (Plate 11. Flg. 1). Removal of ‘the fetus
and fluids relaxed the uterus sufficiently to allow fecdg; J;
nition of the muscular band which was founé fo be aiproxiz’"“'
mately 3 cm in depth and ended abruptly & short distance

from the utero-tubal junction (Plate 11, Figs. 2 and 3).
A

ot g . ?he‘muscular band appeéred to be avascular and lgpké&'the ™.

-

prominent arterioles of the uterine horn. In the Pty
_ distended uterus this tissue apparently forméd a flat
’ ) striz:ﬁ—é cm wide along the antlmesometrlal border and

was dénly loosely connected to the underlylng mnscularls.- -
Dlssectlon of the uterus revealed a placenta that
exxended into both horns and 1nvolved all caruncles except
for a few of the, small or more distal ones. The septa
d1v1d the uterine horns had become qulte enlarged and

4 had planentomes on both s;des while the antlmesometrlal_dg

border was relatlvely g;ee of placentomes. (Plate 12, ~
LY
. Pigs. 1 and 2). The placentomes wer lipsoid, saucer—
. 'ﬁ\\

—— e B _ shaﬁed structures with a rim or lip around the edge and o _.
 varied in size. Thé largest ones were pedunculate and
measufed 8-9 cm ih length and were generally.located in

' the central portion of the pregnant horn near the site of

atta ent‘bﬁ-the;gggii::%l cord (Plate 12, Pig. 3). The .
‘ : , ' - | <.

4

« f



Figure 1.

PLATE 10 .
<

THE PREGNANT.UTERUS .

Thg_excised:pregnant muskox uterus (77-13),

dorsal view.. ‘The enlarged left horn contains
. _ _ =

\ the_fetué;‘ The ovary is visible close to the

: hterine_body (small arrow) . Dark'stripé§

Figure 2.

running across the uterine horn are the coiled
arterioles which have been straightened out: by
the'stretching of the uterus (large arrow) .

The fetus and_fétal'memb;anes, froff s specimen

in Fié;jl above affer removal of the uterus.

The amnion hag_been'oéened tc-expose the-fétus.

‘ The allantochorion contg@QﬁF%he greaterihumber of

cotyledons. , . . —
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Pigure 2,

Figure)ﬁ.
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PLATE 11 |
THE MUSCULAR BAND DURING PREGNANCY

The right uterine‘hbrp of a pregnant muskox
(77-13) showing the muscular band on the horn
oppesite the side of pregnancy. This is before
the removal of the fetus and fluids.

After removal of the fetus and fluids the

muscular band (M) could be identified as an avas-

- cular area along the antimesometrial border.

" The coiled arterioles (arrow), are straightened

out due to pregnancy, and can bé seen up to the
band but not in it (from the same specimen

depicted in Flate 10 and Fig. 1 above).

The muscular band ended abruptly (arrow) a short
distance from the utero-tubal junction (from the

same specimen depicted in Plate 10 and Figs. 1

.and 2 above).
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Figure 1. The uterus from 2 pregnant muskox collected in
March after dissection and removal of fetal

tissues. The uterus wds opened by cutting along

e St e L L N — e o ] T

Figure 2.

R4

the antimesometrial border. The forceps (uppér
left and lower middle) mark the positidn of

the septum. ‘ T'
JI

i
The septum Ifrom the same uterus depicted in Fig. 1

above showing large well developed caruncles.

|
' ~

i ]
v | .
The characteristic ellipsoid shape of a single

caruncle from the uterus in Fig. 1 and 2 above
showing @ slight lip or rim around the edge.
Two smzll hyperplastic cysts can be seen on the

~ .
edge (arrows). . -
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'caruncles were arranged approximately 1n rows although

fusion of the caruncles and the dlstortlon of the uterus

' made this arrangement less evzdent than in non-pregnant

tracts. of the caruncles in each tract an:estimated
5 - 10% contalnedﬂhodules on the mucosal surface which
were reddlsh-brown in colour and highly 1rregular in shape.
Rarely, small pockets of similar tissue were found in the
1nterca:uncular areas (Plate 13, Fig. 1). .

Small yellow-white ‘cysts were found in all the pregnanf
uteri and although most of these cysts were on the maternal

endometrlum associated with a caruncle a few were. located

in the 1ntercaruncular area as well. Their shape ranged

from spheroidal to long and slender, some protruded
noticeably, and others formed low amorphous masses. The
largest cyst méagured 13 x .15 mm‘(Plate 13,'E{g. 1).

The amnion and the allantois separated. as a unit from
the maternai‘tiosue aod without fetal fluids fhey ranged
in weight from 1.1 %6 1.6 kg (Table 6). The membranes

 consisted of an extensive chorio—allantois and an amnion

which surrounded the fetus (Plate 10, Fig. 2 and Plate 14,
Pig. 1 agd"b). The aiiantois did not surround the amnion
but passed over it on one side. The allantoic stalk
originated from the urachus at the distal end of the - -
umbilicus and curved ub'one side of the amnion to.branch

into the two sections or arms of the allantois, one arm

1

going into each horn of the uterus. The arfangement formed

2 'T' shape pattern at the umbilicus (Plate 14, Fig. 1



. ‘Figure 1.

Figure 2.

A73.
PLATE 13,

THE PLACENTA

|

The endometrial surface Ff a maternal caruncle
showing a hyperplastlc cyst (a). The nodules

A : .
(b) appeared as areas ofi extra placental tissue.
Exclusively in associa-

: |
tion with the maternal caruncles. Specimen was

These were found almost

taken from a pregnant mu;kox collected in March.
|

}
Cross section of a hyperplastlc cyst such as seen

in Fig. 1 above. Although the tissue had been

‘prev1ously frozen the cellls could be 1deﬁ¢1f1ed

as squamous eplthellal cells. (£12)

Cross section of a placentome showing fetal -

. ovilli (a) interdigitating with maternal tissue

FPigure 4.

{b). The specimen was taken from a pregnant

muskox collécted in March (78-27), The uterus

was collected with the fetus and membranes. {X500)

Close up of the same tiésue'as Seen in Fig., 3
above showing the large binucleate cells in the

trophoblast epithelium (arrow). (X500)
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Figure 1.

Figure 2.

Figure 3.

Figure 4,
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PLATE 14

FETAL MEMBRANES

Fetal membranes after separation from the uterus

of a pregnant muskox collected in March. The
enlarged portion (a) is the amnion. The major
vessels cén be seen extending in both directions

from this area (arrow),.

Necrotic tip at the extremity of the allanto-

chorion from the same specimen depicted in Fig. 1.

Small whiteApiaques found in the region of the
umbilicus in the 8 pregnant muskox tracts col-

lected.

The afrangeﬁeht of the muskox fetal membranes.
The amnion has been opened and the fetus extrac-
ted without cutting the umbilicus. The allantois
(A) can‘bé seen crossing over the remnants of the

amnion (2) to join the umbilicus (arrow). The

-forceps were used to seal leaks. In this speci-

men the muskox is still frozen and a piece of
frozen fetal fluid is attached to the ventral por-
tion of the animal. The fetus was taken from a

pregnant muskox uterus (77-12) collected in March.
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and h); The allantois was cqnsidérably‘nar:ower in the.
region of the amnion.and a necrotic tip was found at both
ends (Plate 14, Pig. 2). |

' As seen in cross-section the umbilicus contained
two arteries at‘épposite poles, two veins to the insi;e )
of the arteries, and a relatively‘iarge‘ufachus.in the
middle. A large vein and artery ran the lengfh of the
allantols in both directions with smaller vessels going

to the cotyledons. On the fetal membranes, over the area
of the umbilicus, clusters of whiterspherical bodies
approximately 1 mm in diameter were evident (Plate 14,

Fig. 3). The arrangement of the fetal membranes is shown
diagrammatically in Fig. 5. | )
(ii) Histology

Because most of the central portion had been -

destroyed by freezing, the histological preparations of .

the placentomés were poor. However, enough tissue was | -
properl&_preserved to\give.ah indication of-the fetal/
maternal attachment. The long branching villi of the fetal
trophoblast were lodged deep'in the maternal crypts and

were surrounded by projections of maternal ﬁissué.. Fetal
capillaries were found in close apposition with the tro-
phoblast epithelium which contained large binucleate cells
(Plate 13, Figs:'j and 4y, Near the surface; at the base

of the fetél_villi, pools of extravasated blood were found -

and were presumably of maternal origin. Some erosion of



., .
b Tt L TV P LS

ar

4

A schematic diagram of the fetal membranes
during late pregnancy‘in the muskox. The allay—
toic sac can be seen extending into both horns
of the uterus. The allantois narrows as it
crosses the amnion and forms a 'T" shape at
the umbilicus. In order %o clarify the relation-
ship of the hembrapes}_the fetus has not deen

drawn in this diagram.

-
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maternal tissue was ev1dent in thlS reglon but the tlssue

. preservation was too poor to determlne its extent. The

uvessels which consisted of a thln layer of cells pre-

eplthellum of the trophoblast. in the reglon of the ex-
travasated blood, was fllled with an orange—brown plgmented |
substance (Plate &, Fig. 4) ) . ‘
The nodules on the placentomes. though dlfflcult to
section, appeared to be,areas of additional placentation. -
The yellow cysts appeareﬁ. histolq;}éally. tobe en@qmetiialﬁ
h&perplastlc‘cysts; Cgrotenizamioniof he epitHeliélT
cells within the cyst gave the structure a yellow colour
(Pla;e 13, Fig. 2)
) The muscle band from the pregnant tracts revealed a
band of 1ong1tud1nal smooth muscle flbres\paﬁer the
serosa-and overlylng a fine mesh or netw rk of very large

-

sumed to be endothelial in nature. These vessels were

' filled or partially filled with a densely packed sub-

stance that was‘strongly.basophilic. This substance
was always found within the confines of a vessel. There
was some evidence of valves‘w;thln these vessels (Plate 15,
Figs. l-and 2). On.the basis of thejex1st1ng data the |
vessels were diagnosed as lymphatlcs and the’ substance_

L derived from -

within the vessels was believed‘toly

ruptured lymbhbcytes.

d) The ﬁte;ine Cervix

- - (1) Morpholozy

‘The cervix was a firm, thick-walled structure

—

-". ’
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- . PLATE 15

HISTQLOGY OF THE MUSCULAR BAND DURING PREGNANCY

-

- Figure 1. These sections weré taken from frozen tissue

from the .antimesometrial border of a’pregﬁénf
.musksx uterus, Although the tissue has been
damabed the sectlon does show a layer of muscular-
tlssue (A) and a layer of vascular elements sur-.

rounded by diffuse’ connectlve tissue elements

(3). (x31). ﬂ o e
=&l

Figure 2. The vascular elements from the section depicte&
. s i
in Fig. 1 above had 2 thin wall and contained a
substance that was strongly basophilic. The

kell‘defined\boundary ( arrow) sugéesfs the

re possible exist nce gf'valves. (X125)
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that averaged 8 cm from the internal to the external

' os in a mature non-pregnant aninal "13 cm in the pregnant

animal and 4 omin the non—parous anlmal (Tables 3 and 6)

When sectloned along a.frontal plane the cervical lumen

' appeared as a prominent 'S' shape. When sectloned dorsally.

four ridges or annular rlngs. 1.5 to 2 cm apart, were

R

evident (Plate 15, Figs. 1 and 2). The cervleal mucosa

;was elaborately folded forming a very complex °'plicae

palmatae’(Hafez, 1973) . The mucosal folds were directed
toyards the Uterine end and‘produced many branched gland-
like furrows (Plate 16, Fig. 3). X

The external os of the cervix was.prominent and ex-
hibited some individual variation. In 20 of the 23.
specimens there was a definite projection resembling an
epiglottis that protruded either from the dorsal or
ventral border and covered the entrance to the cervix.
In ‘the cows collected in August this structure was swollen

and protruded noticeably (Plate 17, Figs. 2 and 3). The -

floor of the vagina near the external os was folded into

small ridges that became more accentuated as the cervical
opening was approached. |

The spec1mens were dissected caudal to the external
os of the cervix, This procedure resulted in variable
amounts of vaginal tlssue being attached to the tract.
However, in 14 spec1mens a small fold in the vaginal wall
was found and in the pregnant specimens and the older,

parous animals this fold was found close to, and partially

-
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Figure 1.

Figure 2..

Figure 3.

S ogo

' PLATE 16
U
¥ CERVICAL LUMEN

Thé*excised cérvix of a pregnant muskoil(?8-39)
that~ has been fixed in buffered formalin and |
secfioned élong‘a.frontal plane. A black
thpead (right szde) traces the 'S' shaped lumen
whlch is completely plugged with a thick mucus.
The lnternal os is at the top of the photo graph

and the external os towards the bottom.
n ' . \

"
~

-
~

The gervix from a mature, non-pregnant muskox

(?6—;) opened dorsally. (external os £x0).

The plica palmata of the cervix Ifrom a2 mature,

non-pregnant muskox, (78-26). The ridges formed

by the thick musculature can be seen on either

side.
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- - Figure 1.

Figure 3.

Figzure 4.

THE EXTERNAL AND INTERNAL OS CERVIX

“

,The external os of the cervix from a mature.

non-prefnant muskox collected in March. 'The

forceps are lifting a small fold. in the vaglnal"

tissue whlch partlally surrounds the openlnb to

B

the cervix. In this spe01men the flap -was

found on the dorszal wall. -

The'same.specimen depicted in Fig. 1 above
showing the epiglottis—like structure at the
cervical opening. There'waé a greét deal of
individual variation in the shape and.positidn

of this structure ranging from pendulous 10

_ \ - ) ‘
- almost vestigial. The specimen deplcted here

was considered intermediate.

" The external os collected from a muskoX ap-

proaching the breeding season (78-41). The

 external os is swollen and protrudes noticeably

into the vaginal lumen. Photograph taken in

the field.-

The internal os from a mature, non-pregnant

nuskox.



g




- . lgg.”

‘surrounding, the external os (Plate_l?,ufig;-l);ﬂflh'
the non—paréus trac%s it was ;ocatéq 2 ~ 5 cm away.

The'iﬁternal'os wﬁé leSshdefined and more consistent
in appearance and can be described ﬁs_a\smalliannular‘
ring‘and mucosal folding that formed a fosette pattera
(Plate 17, Fig. 4). | ‘_ | |

in.late pregnahéy the cervix was longer (Table 6) .
and plugged with a thi@k..viscous mucus.for‘its entire
length. . .

(ii) Histology
The cervical mucosa was lined by a.high columnar

non-ciliated secretory epithelium. Within the cells
numerous sméll Qacpoles were seen near the luminal sur-
face and the nuclei were located basally. Large cells
containing a prominent central nucleus ﬁere also found
"among the columnar cells of'the epithelium (Plate 18,
Fig. ;). The mucosa was elaborately folded with secondary
and tertiary folds, but there was no evidence of coiled
tubular glands (Plate 18, Fig. 2). The thick.cerfical
mnsculaturé was high in collagenic fibres and its
.arrangement was not as uniform as those of the uterus
alfhough they did appear to form a band.of loosely
arranged circular muscle fibres. The inner muscle

bundles formed the annular ridges.
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Figuré 1.

B

Pigure 2.

 PLATE 18

HISTOLOGY OF THE CERVIX

‘The epithelium lining the cervix from a parous,

non—pregnant'ﬁuskoxf(?8-44) collected just prior
to.fhe bréeding season shé#ing the éecrétory
columhar cells‘with‘clear vesicles near the
apical portion (arrows). A large hollow cell
with a prominent-central nucleus is also shown.
These cells ﬁere'found-aisp;rsed among the
columnar cells.. (X500) N

T -

A cross section of a portion of the cervix from

2 parous, non-pregnant muskox ta show the

secondary (a) and tertiary (b) folds. No,

coiled tubular glands were found. (X&3)

s T U p—
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e) The. 0v1duc‘t: T | C e
(i). Morphology
The ov1duct was a thin walled tube that was -

only moderately coiled w1th the isthmus being more
tightly coiled than tho ahpulla. Thelisthmus-comirised
the narrow portion of %he‘tube néar the uterine horn while
the ampulla increased in diameter from the isthmus towards
the fimbria. (Plate 19, Fig. 1). 'The fimbrie attached at
one end to the mesovarium at the caudal edge of the

ovarian.hylus while the other pole .of the fimbria be-

. came continuous with the ovarian bursa forming a roomy,

_widely opened pocket (Plate 19, Fig. 1),

On dissection the utero-tubal junction was marked
by a sllght nuscular ridge in two of the 15 sPeclmens
(78-18, 78-26" Plate 19, Fig. 2), but this rldge_was
poorly marked in the others. In the five tracts that
were flushed (one of them ?8—18) fluld was found to pass

eaSLly between the uterine horn and the ovzduct.

~

(ii) Histology
Histologically the oviduct was oomposed of a mucosa,
muscularis and serosa. The mucosa formed large primary
and secondary folds with the folding being most elaborote
near the ostium abdominale. in this portion of the tube
the musolé_wall wasbgreatly reduced, being composed
mainly of a band of circular smooth muscle fibres and

vascular elements (flate 19, Pig. 3). The muscularis

o



"Figure 1l

Pigure 3.

Figure 4.
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'PLATE 19.

‘THE OVIDUCT

The oviduct from a parous, non-pregnant muskox

(?8 33) show:.nb the 1ncreas;ng dlameter towards

'the fimbria (F). The isthmic portlon (i) is more

highly coiled than the ampulla (A). The cranial

‘bursa (Ovb)_which normally covers the outer

half- of the ovary.

The tip of the uterine_horn (ﬁ) and the isthrus

© of the ovidﬁét (0) have been opened dorsally to

show the sllght muscular rldge (p01nter) - This,

“rlage was only founq in RALE spec1mens. The

spec;men deplcted here (78-18) was flushed
-befo;e dlssegtlon and fluid was found to pass
easily between the uterine horn to the oviduct.

wlng

Cross section of the ampulla portion'of the

' oviduct from a' parous, non—pregnanximuskdi
(78- 41) show1ng the elaborate mucosal foldlnr
and thin muscular-wall, . (xgl)

Cross section of the isthmus portion of the

oviductzfrom the same specimen in Pig. 3 zbove.

g '3ﬁ_' - o (cont'd)'

- portion of the fimbria is attached to the ovarian
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.-Plate=19 (cont'd)

The muscular wall is much thlcker with more

<
' muscle layers,
* - reduced. (X31)
~ \ _
L=
e ~ -
'-,\
S

clearly deflned clrcular ang longltudlnal

The mucosal folding is greatly




e i e e+ e bz, ot L8 oy e

g A AT i i VT A R ey s T -

" thickened towards ‘the isthmus. and uterlne horn and be-
'came continous w1th the circular - ‘muscle layer of the

_uterus. In the isthmic portion of the falloplan tube

R

the mucosal folding was grear%y reduced (Plate 19, Fig. ).
The egithelium of the mucosa was. generally high |
columnar. Ciiia predominated in the fimbria_and‘leﬁer
portions -of the ampulla. In some speciﬁens.-the epithe-
lium eppeared péeudosfratified. In the August srecimens.
the eplthellum of the isthmus was hlgh columnar with some
clllated cells. The number of 1sthm1c ciliated cells
was not as great-as in the ampulla. In the March specxmens
the eplthellum of the isthmus appeared to be of a non- ‘:

ciliated low columnar type. o

f) The Ovaries During Anestrus
The ovaries from a total of 23 muskoxen were

collected in March, August andL0ctober.. These-collecting -
times can be loosely categorlzed by the reproductlve |
status of the females during each collection perlod.
Thus March represents either the anestrous season or late
gestetion (depending on whether or not the animal was
eregnant); August represents the period immediately
preceding the breeding season; and‘October represents
the late breeding seasop or early pregnancy.

Of the animals collected in March, seven- were non-
pregnants three were judged-to be non-parous and four

were parous} -0f the four parous ahimaisysgpree were -
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lactatiﬁg‘gt the time of collection. Because the gross

féaxures of ovaries from the parous and the non-parous

' females were similar they will be dealt with together. _

(1) Morphology .
The ovaries of the non-pregnant, anestrous

animals were almond shaped structures attached along one,

edge to the dorsal surface of the broad ligament at ap-

proximately the level of the external bifurcation of the

uterine horns. They averaged 20.3 mm in length by 14.4

‘ am in width by 8.3 mm 'in depth (Table 7).

[

The ovaries were covered by fhe ovarianlbursa on the
lamerél side only and were thus exposed to the ﬁefitoneal
cavity. Numerous séall antral follicles were visible as
translucent points on the ovarian surface but these fol—_
licles did not protrude significantly from the normal out~- -
line of the surfac; of fhe ovary. There was no indicaxion‘
of large‘Graafian follicle deve;opment nor of corpora

lutea. The ovarian surface contained no obvious stigmata

orr sScars.

 (ii) Histology T : : S

| The histoiogy‘of thése specimens was poor due.
to a combination of inadequate fixation and freezing but
despite these drawbacks many of the tissue elements were
recognizable. '

= 'In the immature animals the epithelial covering varied
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Dimensions taken from the ovaries of mature
(non-pregnant), immature and pregnant muskoxen.

ileproductive

Ovarian Dimensions {mm)

Status .
Left” fight
1 2 .3
N L W D L W 0
Mature
76-1 18 12 & 18 12 4
766 - 25 14 3 20 17 9
76-8 23 15 3 " 25 22 12
77-18 20 15 9 * * 3
??-19 18 12 ? -i‘!-‘. F'S *,
76-20 * * 3 1% iz )
78-31 15 13 9 . ¥ 3
78-33 ° * 3 * 19 11 7
78«41 25 16 11 28 15 12
78-44 20 17 S 20 20 16
Immature
76=9 2 12 8 2 14 11
77-11 ~ 1h 10 7 13 S 5.5
78-24 16 12 7 17 . 13 g
78_28 * * 3 3% 3* ¥
78-42 .21 17 9 24 16 8
Pregnant s
77-12 30 13 5! * ® %
77_13 k3 2 3* 3% * %
?8-214' * % * * x ey
78-32 ¥ * * ® * .E
78-37 31 15 57 24 19 6
- 78-38 26 1l & 33 9 L
78-39 28 12 gt 23 1l v,
78-40 21 11 L 33 11 | 6'
1l - Length
2 - 3iidth
3 - Depth
* - not determined
' -

ovary adjacent to the pregnant horn
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from a distinctly cuboidéi cell type to epithelial cells

that_were flattened and gontained elongated nuclei. In
the mature animals, the epithelial iayer'was-stretched
so that it made ideﬁt;fication of .distinct cells very
difficult. In these animals, the germinal epithelium
was 'largely reduced-foka thin darkly’staining iay;}
except for portions pear the hilus that retained their
cuboidal shape (Plate. 20, éig. 1), Indentations of the
epithelium into the cortical stroma were not seen,
' Occasionally'smali pits Were seen on the sufface?of the
immature ovaries but there was no evidence oﬁgﬁi%ir con-;
tihuation into the c&rtex.

The tun}éa albuginea underlying the germinal:epithe-

lium varied in‘thickness and was n%gh in'collagehoﬁs‘- o
fidbres. ‘ - .
_' There was.no discretg boundary between the cortiéai
stroma and the medulla. The cortical layer was relatively
thin and covered the medulla except at the hilus. In
general -the ﬁe&ulla occupied the larger portion of the-
ovary and, in some areas, extended almost to the tunica.
The major constituents of the medulla were blood vessels
and lymphatics which entered the ovary Through thé-craniél
end of the hilus. The blood vessels were highly coiled,
had very thick walls and large lumens and wére enmeshed -
in a dense connective tissue framework.

The cortex was highly cellular and contained most

of the developing germ cells. Capillaries and lymphatics



Figure 1.
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PLATE 20
NON-FOLLICULAK COMPONENTS OF THE OVAKY
The cuboldal epithelium near the hilus of the

ovary from a parous, non-pregnant muskox col-

lected during anestrus with a portion of the

fibrous tunica albuginea underneath. (X500)

Figure 2.

“‘-:\-‘__- T e 4w

Cross section of an irfegularily shaped tubule
lined by a columnar epithelium. Thése tubules .
were found near the hilus of the ovary and were‘
identified as tubules of the rete ovarii. This

section was from the hilus portion of the ovary.

from a mature, non-pregnant muskox collected

Figure 3.

during anestrus. (X75)

Cross section of a small tubule bearing a

columnar epithelium found in the cortical stroma.

- These most probably répresént part of a small

T 3
tubule of the rete ovarii. Section is from the
same muskox ovary depicted in Fig. 1 above,

(X500)
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ranlthroughout the cortex. Tubules lined with a columnar _
eplthellum were found in the stroma (Plate 20, Flg. 2).
Near the hilus "and. closely associated with the medulla

were collectlons of coiled tubules with 1rregularlly

&

shaped lumens. The tubules were llned by a simple columnar
epithelium and were lidentified as tubules of the rete ovarii,
Although these tubules were pOSltlvely 1dent1fled in the
hilar portion only, small tubules with a columnar epithelium
were occasionally found in tue coutical stroma (Plate 20,
Fig. 3) and were presumed to be part of the rete complex. :

Primordial folllcles consisting of an oocyte sur-
rounded by a layer of.eplthellal cells, were found in the
corta¥al stfoma underlying the tunica albuginea. Primary
folllcles were generally found in the same region (Flate 21,
Flgs. 1 and 2). These follicles had an added investment
of cuboidaicepithelial cells that were more columnar in
appearance (Plate 21, Figs. 2 andlﬁ) and in many cases,
é zona pellucida surfounded the oocyte. Polynuclear
oocytes were not seen. Polyovular fu&%ﬁcles were not
obvious though some primordial f@!E{;les were found in-
close contact with no visible epithelial cells separating
the oocytes (Plate 21, Fig. 3). -

An estimated 80-90% of the_sécundary follicles were
Tound deeper in the cortex closer to the medulla than to
fhe tunica (Plate 22, Figs. I and 2). Follicles, classed

here as secondary, included‘those follicles that had

developed a granulosa bound by a basement membrane

-
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PLATE 21

FOLLICULAR DEVELOPMENT
. .
Figure 1. A collection of oocytes (arrow)'found under the
| tunica alpuginea. These cells lack an epithelial
55—*\\\\\anestmenf. The section is from the ovary of a
parous, non-pregnant muskox collected just prior
coo

to the breeding season. (X500)

Figure 2. Frimordial ‘(a) and primary (b) follicles found
close together under the tunica albuginea. -
Section is' from the ovary of a parous non-

pregnant muskoXx collected during anestrus. (X500).

Figure 3. 4 cluster of primordial follicles in close
apposition with no apparent epithelial cell in-
vestmeﬁt between them. The section is from the
ovary of a parous, non-pregnant muskox collected

during anestrus. (X500)

Figure 4, Primary folliele surrounded by cuboidal cells,

From the same ovary depicted in Fig. 1 above (X500)
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Figure 1.

Figure 2.

£ E PLATE 22
FOLLICULAR DEVELOPMENT

Secondary follicle showing the granulosa (G)
bounded by a basement membrane (arrow). . From
the ovary of a parous, non-pregnant muskox col-

lected‘during anestrus. (X500)

-

Secondary follicle showing a distinet theca
interna_(T)‘composed of spindle shaped cells. (
From 2-parous, non-pregnant muskox collected

during anestrus. (X500)

Vesicular follicles in the ovary of a parous,

anestrous muskox. Follicles A and 3 were heal-

_thy while C and D were undergoing atresia. 4

secondary follicle jus? developing an antrum

can be seen to the right of B. (X12)

R P
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“nembrane was a highly vascularized theca interna, The

Y
.4

(Plate 22 Flg. 1) as well as those that had also deve-
loped a dlstlnct theca interna (Plate 22, Flg. 2) In 7
the muskox the theca 1nterna 1s easlly-dlstlngulshed before
the development of the antrum, In two 1nstances secondary
follicles whlch were found near the surface dlsplayed a
sllgbtly uneven form of development. This condi;ion was
only;ﬁound in the Smaller,eecobgary-roliicles.' The thin-

theca interna surrounding~$hese follicleslappeéred to .

‘proliferate in. the area closest to the tunica giving'the

follicle a.triangular appearanceﬁ\_Vesicular follicleso

were found throughout the ovary, though most were located

- deep in the cortex, partially in the medulla. These Graafian‘-
;follioles contained an qocyte bounded by a zona'pellpcidaF

‘and surrounded by a cumuluS'oophorue. The antrum was -

1ihed by granulosa cells (Plate 22' Fig: 3). The gra-
nulosa cells llnlng the antrum were polyhedral in shape

L whlle those adaacent to the outsxde basement membrane

'dlsplayed a columnar appearance.- Outs;de the basement

cells of the theca lnterna were elongated to polyhedral .
with spher01dal nuclel. ?he theca externa was composed
of.splndle-shaped‘cells and yas_loOSely defined and often
discontinuous. The granulosa ofvthe antral follicles

contained numerous, prominent. spheroidal structures con-

'talnlng a substance that stalned identically to folllcular 7

fluid. These appeared to be bound by a thin membrane with
the surrounding cumulus cells radially arranged and
2
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sllghtly columnar in- appearance (Plaxe 23, Flg. 1).
These structures were 1dent1f1ed as. 'Call-Exner' bodies
and were . found 1n antral folllcles of varylng 51ze and
staﬁe of development. They occurred in many, but not all.‘
:.antral folllcles in both mature and 1mma$ure anlmals
(Plate 23, Figs. 2 and 3)

In the anestrous anlmals the follicles, though
numerous, never exceeded 2 mm in ‘diameter.

Follicular atresia occurred at all stages of fol-
“licle development., The atretic process'in primary and
secondary follicles was not easily“recognized in the early
stages. In the final stages of small folllcle degeneratlon
,the oocyte was collapsed, the zona pellucida had a hyallne
-,appearance and the granulosa, in the case of secondary
; foliicles, had pycnotic nuclei and was heavily invaded by.
stromal connective tissue. The resulting connective .

_-tissue‘scars'were small'and.often contained'a central'

lumen with remnants of-the zona pellucida (Plate 24, Pig. 1).

Atresia’ of the ant;al#or vesicular follicles was
represented by a varicté of forms, presumably indicative
of.various stagcs in the process. It was not possible
to reconstruct the.process on the limited number of
speciméhs‘ayailablejbut the major forms diagnostic of

- atresia can be identified. ‘

| Atresia in many follicles followed the descriptions

of this ?rocess in cattle, sheep-and goats:'(Jones, 1978;
Weir and Rowlands, 1977; Dellman and Brown, 1976). The

o



PLATE 23 ST

'CALL-EXNE' BODIES

.-

?_ A j Eiguré 1. Close up of a Call-Exner body in the.gfanulpsa

- . I

of a vesicular follicle. A thin membrane lines N

‘the central cavity with-.the columﬁar appeagiﬁg
f_‘graﬁﬁloéa cells arranged radially aroﬁnd the
e SR oﬁts;dé. From.the ovary of a parous, non-

pregnént;ﬁuskox“collected during anestrus. (X500) -

-

Figure 2. Ve51cula‘ folllcle from the same spec1men 1n Fig.

1l above showing numerous prominent Call-nxner.

Bodieé‘(arrowéj.-_(XHB)

Figure 3: Call-Exner bodles in an atnetzc folllcle.

Thoush the granulosa layer is thinning the Call—

"N&g{' ,lnxner bodles remaln promlnent. 0ccas¢dnally ‘
"~ they were found floating *intact® within .,he
antrum ofldegenera.tlnb folllcles. rrom a- i
.parous, non—pregnant muskox collected durlng )
'p anestrus. (X125) |

— - . 12
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Figure 2.

Figure 3.
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PLATE 24
FOLLICULAR ATRESIA

Scar remalnlnc from the deceneratlon of a small

early vesicular or secondary folliecle. Hyali-

'jnlaed remnants of the ovum and zona (arrow)

‘remaln in the cavity.. From the ovary of a

parous non-pregnant muskox collected ‘during

anestrus. (X125)

Collapsed vesicular follicle undergoing atresia.

.The theca interna (arrow) has hypertrophied and

grown into the folded areas. From the ovary of
& parous non-pregnant muskox collected during

anestrus. (x43)

Advanced stage of atresia in a vesicular fol?
licle. The antral fluid (a) was achromatic
and contained pycnotic muclei (arrow). The

granulosa has been invaded by cells of the theca

interna, From the ovary of a parous, non- .

pregnant muskox collected du*lng anestrus.

mes
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follicuiar,grahuibsa‘in the muskoi‘folligle ShGQed'defi-

nitive sig@s of atresia'such as pyqpotic nuclei Wifhr
granulosa @gils found fioan;ng free in the antrum. In
some of‘the;; follicles'tﬁe oocyte and the‘cupuius oophorous
appeared to. retain their integrity though dissblution of |
the cumulus was a commen observation particularly where
it attached to the granulosa. Theitheca interna in these
cases appeared unaffected. Some of the foliiclés-be- ‘
lieved to be atretic were found in a collapsed state.
These structures showed extensive thecal hypertrophy and,'
in some cases, hypertrophy of the basal layers of the gra-
nulosa. In many cases it appeared as though the granulosa’
had collapséd'and fhe theca had grown in or thickened in
the folded‘aréas (Plate 24, Fig. 2). Oocytes were rareiy
found in cbllapsed follicles and where they did occur
they'were found floating free énd appeared to be degener-
ating. | |

In more advanced stageé'of atresia fhecal.overgrowth
was found to be very prominent. At this sE}ge the swollen

thecal cells were commonly seen to invade the granulosa.

-

_The follicular fluid was generally achromatic and filled

with debris and foliicle.éollapse was common. Strands

of stromal connective tissue were beginning to invade the |

!

theca (Plate 24, Fig. 3).

The cortical stroma and, to some extent, the medulla
contained a largé number of discrete areas of collagenic

connective tissue identified as scars. Scars .of atretic
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éraafian follicles were the most comnon. These structures
_ stalned routlnely with hematoxylin ang eosin and were
positive for collagen with Masson's Trichrome. The strarids
of collagen radiated from an eccentric lumen Whlch some-
times contalned remnants of the zona- pelluc1da.

Scars of corpora lutea were less v1s1ble in routinely
stained’ sectlons. These scars conszsted of dense collec-
tions of collagenic connectlve tissue of 1rregular shape
An outer conmmective tissue capsule was rarely ev1dent.
Associated with these structures were very thick walled
vessels many of which were achromatlc and appeared sclero—
tic while others contained blood cells. Some of the scars
contained pigment cells similar in appearance to lipefuscins.
These scars rarely had any apparent connection wiph the
surface eplthellum and varied wldely in size and shape,-
belng distorted by developlng follicles. Few specimens
were adequately fixed for fine cellular analysis and it
was difficult to separate small~cell-lacunae from artifact,
In the absence of definitive information on the corpora
lutea, and because of the small sample size, a classifi-
cation of therorigin of the scar tissue was not attempted.

&) The Ovaries Immediately Preceding the Breeding
: Season
% Three females were taken on August 12 and 13,
1978. Two were parous females (78-41 ang 78-L4) while

the third was non-parous (78-42). 1In the ovaries of these
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animals there were no fresh C6r§6ra:lutea'nor”was there
. any sign of recent dﬁulation,onrthe sﬁffacé epithelium;
'ngevér, spefimens‘?B-hl and 78—44 each had one large
follicle im one ovary measuring?lz.mm and 17 mm fespective- ‘
" ly and ﬁhese follicles were large encugh -to cause visible
protrusions on the ovarian®surface (Plate 25, Fig. 1).

In botp casés.the-contralatefal ovary contained no follicle
larger than 3mm. Specipén 78-42 had one medium-sized
follicle in each ovary measuring 7 mm and 9 mm in diameter
(Plate 23, Fig. 2). The lafge follicles were tentatively
classed as preovulatory'follicles because of their size

and the tiﬁe of the collegtion relative to their breeding
season. The ova;ies of thgsé three animals were similar

anestrous animals.

hi The Ovaries During the Bréedihg Season
(1) Morphology ' _
" The two females taken in 1977 (Nos. 77-18 and
77-19) were both lactating and their ovaries appeared in-
active. Antral follicles were visible in gross section
but none of these exceeded 2 mm in diameter. Thére was
no evideﬁce of a cbrpﬁs luteum or of a recent ovulation in
either ‘ovary.
The three tracts collected in 1976 (76-6, 76-8 and
76-9)_ﬁere, as mentioned, received in a frozen condition.

"It could not be established whether or not these animals
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PLATE 25. .

THE OVARIES BEFORE THE BREEDING SEASON

Figuré 1.
” muskox {78-44) collected in August and photo-
-’graphed in the fie;d.' The cavity (A) is the
site of a large l?gm follicle,
b
Figure 2; The ovaries'of an immaturg nuskox (78—42) col-
- lected in August and photographed in the field.
The dark areas {arrows) are large developing

follicles. In ﬁhe—right ovary the follicle can

be seen to protrude noticeably.

The bisected ovaries of a mature, non-pregnant
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. PLATE 26

THE OVARIES DURING THE BREEDING SEASON

Figure‘l, The right ovarjfof a non-parous muskox“(?6-9)

- N (-] B
showing a progrusion from a corpus luteum.

Figure 2. The same ovary bisected to reveal a corpus-

lutewm with a small central cavity.

Figure 3. - The right ovary of a parous muskox (76-8)
with a protruding corpus lyteum and stigma.
The needle is in an apparent rupture point

Just behind the corpus luteum.

Figure 4. The left ovary of the parous muskox (76-8)
with a rupture point on the surface (the

needle is inserted in the rupture.

-
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L-were pregnant because the uterlne flushes. whlch did

‘not reveal any embryos, were considered 1nadequate.

The ovaries of all three anlmals contalned easily

' recognlzed corpora lutea that shared many morpholOglcal
characteristics w1th those of sheep and goats. Muskox

76-8 had a corpus luteum in-the right ovary with a stigma

still evident on the surface. This ovary also contained

s second, regressed, luteal structure evident on bisec-
tion. The corpus luteum of the right ovary noticeably
distorted the shape of this ovary and the stigma formed

a rosette pattern. Recent rupture points were found on

the surface of both ovaries from this specimeh (Plate 26,
Figs. 3 and &4). Because the rupture points did not connect
with any structure resemﬁling a corpus hemorrhagicus within

the ovary it seems likely that they resulted from mecha-

nically ruptured follicles.

The left ovary of specimen 76—6'was slightly distorted
on one side and had what 2ppeared to be a reddish brown
corpus luteum with an obvious stigma (Plate 27, Figfti):

On bisection a corpus lﬁteum measuring 14 mﬁ'in diameter
was ldentified and descriﬁed as a solid mass without-s
centrsl cavity. AIn addition there was a smaller luteal

body in the same ovary (Plate 27, Fig. 2). The right

ovary of 76~6 had a marked depression on the ovarian surface
which was ldentified as-the stigma of a recent dvalatinn
(Plate 27, Fig. 33. On bisection a hemorrhagic mass was
found in the ovariar stroma that connected wi%h the stig-

'\

ma and confirmed the diagnosis of recent ovulation (Plate
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PLATE 27

" THE OVARIES DURING THE BREEDING SEASON

" Pigure 1.

Figure 2.

Fizure 3.

Fiéure k.

The left ovary of a parous muskox (76-6). The

dark diséoloured area to the right is a gorpusl

luteum. To the left of.the ovary is a small

cyst.

The same ovary as in Fig. 1 above but bisected
to reveal é-large corpus luteum and 2 smaller
one to the left of this.

-

The right ovary of the same muskox (76-6) showing

a small rupture point on the .surface.

The same ovary 'as in Fig. 3 above bisected to

reveal a corpus hemorrhagicum.
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_ 2%} Fig.Ahim ‘Sgeéimen'76-9 had‘a large ﬁrotrudihé_eofptsﬂ
' 'iluteum 7.5 mm in dlameter on the right ovary.u On bi-
- sectlon the corpus luteum had a small central cavzty. .
m“(ii) Hlstology "_ i ) o | /
The corpus luteum of the muskoxen appeared as
a solld spherlcal mass surrounded by a connectlve tissue
capsule. There appeared to be two cell types large
> llghtly staln:mb cells whlch were the predomlnatlng type
and a smaller darker staining cell. Interspersed through—
out the corpus luteﬁm'were'stfands of cbnnective tissue |
contaiﬁinv vascular elements. Larger blood. vessels were
found prlmarlly around the perlphery. In corpora lutea
Athat were judged to be older the luteal structure was
smaller and‘mere compact. Celluler degln;tlon was lost,
nuclei were fewer, appeared elongated, and the outer con-.
nective tissue capsule was less well defined (Plate 28, ’
Figs.1l-3 and Plate 29, Figs. 1-3).

The la.rge corpus luteum of ©76-8, when compared to
goat and sheep controls, appeared to be regress1ng. In
specimen 76-6 the larger corpus luteum was judged to be W
a more recent structure and possibiy_jus? 5eginning to
regress. The second luteal.body whieh was very compact
and losing outer definition, was identified as a more.
highly regressed corpus luteum. .

In no case did an animal appear to have qu corpora

‘lutea at the same stage of development or regression.
.. I 3
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_PLATE 28

 HISTOLOGY OF*THE CORPORA LUTEA
Overview ‘of the ovary from a parous, non-pregnant
muskpx (?6:6) collected dﬁ;ihg'the late Ereedihg'

season shoﬁing two corpora iutéa. (X5) .

Close up of the smaller éorpué luteum (A) in
Fig. l:above showing the reduced number of
nuclel and ééllular‘compaétion. {X75)

— _
Close up of the larger corpus luteum (B) in
Fig. 1 zbove shoﬁing a greater number of nuclei

and degree of cellular definition.. (X75)
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Figure 1.

Figure 2.

FPigure &4,
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PLATE 29 .
HISTOLOGY OF THE CORPQRA LUTEA

A portion of the corpus luteum from a non-parous,

non-pregnant muskox (76-9) collected during

the breeding season. (X12)

Close'up of the same corpus luteum depicted in

Fig. 1 above to ‘show the degree of cellular

compacition and the preponderance of nuclei. (X75)

A small corpus luteum in the right ovary of a
paroﬁs,.non—pregnant muskox ( 76-8) collected
during the breeding season. The loss of an
outer capsule, celluiar compaction and reduction
in the number of nuclei suggest'that‘the COrpus

Y

luteum is regressing. (X12)

Luteal-like structure found in the ovary of a

lactating, ahestrous cow (78-26) collected in
March. The structure appears similar to the ré—
gressing corpus lutéum of the cyclenthough it
contained substantially more connective tissue

and ovarizn lipofuscins. (X43)

N
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An apparently regre851ng corpus luteum was found in
the rlght ovary of a lactating cow (78-26) collected in
March. It was a spherical structure with numerous pig-
- mented cells and thin strands of eonnective tissue. Be-
cause of extensive tissue damage, there was no accurate
means of aglnb this structure though the abundant connec-
tive tlssue and the ovarian plgments suggested a more

advanced stage of regressmon than seen in the corpus luteum

of animils during the breedlng season (Plate 29, Fig. &4).

i) The Ovaries During Pregnancy £ B
. (1) Morphology |
The ovaries of six pregnant specimens were re-

ceivedrfrezen and‘two'fresh speeimens (78-27 and 78-32)
fwere preserved injA F.A. but because of the difficulty in
keeping the preservative warm flxatlon was less*than ideal,
The ovaries from all elght pPregnant tracts were elongated,_
laterally flattened structures situated near the uterine
body on the dorso-lateral surface. They averaged 28 mm
in length, 13 mm in width and S.mm in thickness-(Table 7).
There were no obvious morphological differences or features
“between the ovaries adjacent to the pregnant horn angd
those of the non-pregnant horn (Plate 30, Flgs. 1-3).

In seven of the eight pairs of ovarles. Eross sec- -
tioning along a longitudinal plane allowed 1dent1f1catlon
of the cortex, medulla and small antral folllcles but no

structures resembling corpa lutea were visible.



Figare 1.

Figure 2,

Figure 3.
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FLATE 30

THE‘OVARIES QF PREGNANCY
N
The ovary {arrow) on the side of pregnancy in
a pregnant muskox (77-12) collected in late’

February.

The left ovary from & pregnant muskoi'(?8-39)
collected in March. The pregnancy was on the

left side.

The right ovary from the same muskox depicted
in }ig. 2 above. Ih this specimén the slightly
greater length of the left ovary (Fig. 2) can
be atributed to the greater degree of muscle
stretching that occured in the pregnant horn.
The left ovary was smaller in width and depth

than the right ovary.
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(ii) Histology .

' Histological sectioning of the pairs of ovaries
revealed, with one 9xception. only one regressed luteal .
‘structure'per pair and, as mentioned earlier, this was
 consistently found in the ovary ipsilatéfal to the pregnant
horn. These regressed corpora lutea stained heavily for
connective éissue_with ﬁasson's Tr;chfome and_contained
nﬁmgroug.ovarian pigments similar to thé lipofuscins
- identified in the.endometrium. The corpora lutea were
‘distorted in shape and showed only limited evidence of
a connective tissue capsule (Plate 31, Figs. 1-2). In

all other fespects these ovaries res he ovaries of

the anestrous animal. Numerous small fRllicles were pre-
sent but none exceeded 2 mm in diameter, | \
In the single ovary which showed more than one luteal
.structure (from a muskox from Prince of Wales Island,
78-38) there was an easily recognizable luteal body that
appeared as a pale white area in gross section. His-
tologically this structure had the solid-appearance of a
regressing corpus luteum of the cycle (Plate 32; Fig. 2).
It was an oval-Shaped structure containing a small central
cavity filled with connective tissue.r A portion of the
structure was sligﬁtly distorted by the presence of a
developing follicle. A second structure was found in
. the same ovary that resembled the corpus luteum of the
other seven animals: a large diffuse area filled with

connective tissue and numerous ovarian lipofuscins (Plzxe 32,
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PLATE 31

HISTOLOGY OF THE CORPUS LUTEUN OF PREGNANCY

Piguré\l. Highly recressed luteal-like structure (cL)

Iound in the ovary fvom the pregnant s;de ol

hushox {78~ 2?) This- siructure was not identi-

fied macroscopically. It stalnewiheav1ly Tor

conniective tissue with-Masson's ;rlchrome and

contained numerous pigmented structures. (X43)
b .

-

igure 2,

The corpus luteum from muskox (78-32). The

Structure is invaded by strands of comnective -

ulssue (arrow) ang also contained numerous pl

N

mented s»rucuures. (X?S)
/ N\
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PLATE 32

HISTOLOGY OF THE CORPUS LﬁTEUM OF PREINANCY

A cross section of the o¥ary of a pregnant
muskox (78-38) collected in Narch. Abové the -
medulla is a large area of luteal-like tissue

(A) similar in character to the corpus luteum

‘of pregnancy found in the other 7 animals.

In the lower right corner is a small portion of
another corpus luteun (B) that was identified

in macroscopic section. (X12)

The corpus luteum (3) that was identified ma-
croscopically in Fig. 1 above. This structure
resembles the older corpus luteum of the cycle.

(X43)

B I I
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- Fig. 1). Thick—walled'bioqd vesséiélappeéred to join it
to-;he~mgdulla:y tissue. ' ' )
_J) Vasculature of the Reproductive Tréét

fhe latex injéétion techﬁique used here was
- developed for use in fresh material fhét was collected
especially for latex casting (Ginther, 19?6)f. The ﬁusk—
ox tracts were all frozen and most of the six tracts used
for this purpose ﬁgd beep-excised with very short vessels
and attached ligamenté.. Leakage from the cut edges of
the tissues ?roved‘tp be a major drawback to complete
N injection. Cannulation of same of the smaller arteries,
particularly the éoiled ovarian ﬁ#tery,uproved difficult,
'résulting in only three of the six speciméns'haying com-
pletely injected ovarian arteries. Thg small vessels of
"the immature tract ruptured easily during the latex in-

jection.

(1) Arterial -

The-;ajor arterial supply to the uterus came ’
from the uterine artery and the uterine branch of the
vaginal artery. Both these vessels arise together from‘
the internal iliac. The uterine ery travelled through

the broad ligament on the ventral s f the specilmens.

- It appeared to be garried'by the ro igament up to
.the level of the ovary. Just below the level of the

ovary, the uterine artery divided into tﬁo branches with

{)
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THE VASCULATURE OF THE UTERUS

A dorsal view of the vasculature" the right

horn of a parous. non—pregnant muskox. _In‘
thls speclmen the ovary has been remo ed and’

the ovarlan vein remains uninjected. The

. uterine branch of she-ovarian artery (UB0A)
can be seen following the uterine branch of the

'-'uﬁgrgovarian vein'(UBOV). This arteryjbybasses

the ovary on the ventral surface and continues

opﬁto supplyithé tip of the uterine horn (UH).

A dense network ‘of arteries and veins can be

seen aldng the mefometrial edge (ME) of the
: ~

_uterihe horn. (X1 1/2). 0. indicates pbsition :

of-ovarya‘Uva, uterine branch of vaginal vein;

'UBVA uterine branch of vaginal artery.

-,
" w s
“

The ventral view of the vascula ture in the
rlght horn of-a parous, non—pregnant muskox.

The uterlne artery (UA) Wlth“lus ex*en51ve ai-

chotomous branching is clearly visible. (X1 1/2)

‘The ovarian vascylature (dorsal) from an imma-

ture, non-pregnant muskox. The ovarian artery

(OA) is highly coiled and in close apposition

..
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Plate 33 (cont'd) T e
to the’ uterlne branch of the utéroovarlan Veln
'(UBOV) A szngle ovarian artery can be seen
enterlng,the cranial portion of the ovarian
'hilus. The ovarian pedlcle is similar-in the
‘1mmature ang" ‘parous anlmal (X2) 0, ovary;

UBUV, uterine branch of uterine vein,

Figure 4. The ventral surface of the left horn from an,
' -~ immature muskox. In this specimen the uterine
- artery (UA) displays dichotomous brénching‘
thoﬁgh the §ize ang devreé-of‘coiling is
noticeably. reducea,ln both the uuerlne artery

and »he coxled arterloles (CA) (comnare w1th

try

ig. 2).' In this specimen the arteries were
extremely ’raglle ana had a tendency uO rupture -
under lnaectlon pressure (the red ba¢l.( )} on
mesometrlal border as a result of such 2 rupture).

(X2)

-
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each of these=div§ding into two branchesragain; This

dichotomous branching continued down fo the level of the
coiled a;terié}es. In this manner'tge uterine artery
supplied the central and largest poftion of the adjacent
horn. The small arterlal vessels in the body and cerv1cal
area were Supplled by‘ﬁheﬂejgx;ne branch of the vaginal
artery., o

The ovarian: artery was substantlally smaller than.__
thé uterine artery in diahmeter and was found in close
apposition to the uﬁervfbvar%an vein, (Plate 33, Fig. 3).
This artery followed aﬁ extfemely tortuous path, wrapped
around the uterine vein and entered the ovary through the
cranial end-Of'the ovarian\h%lus (Plate 33, Fig. 3). In‘

these specimens only one vessel was found to enter the

hilus of the ovary. A small uterine branch of thé ovarian

artery followed the uterc-ovarian vein. This vessel was
much smaller in diameter than the ovarian artery and was

notscoiled. It followed, for a distance, the uterine

e-branch of the- ovarlan vein, eventually by-pa581ng the

ovary- on the ventral surface to supply the tip of the
horn. (Plate 33, Fig. 1). A
With this one exception, the ovarian arterial supply

was eseentially separate from the supply to the uterus.

(ii) Venous 7
The major uterine venous drainage was via the

uterine branch of the utero-ovarian vein and the uterine

»
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branch of the vaginal vein (Plate 33, Fig. 1). Thé_Veins'
wg}e'substantially'iarger in'diametér than the artéries.
hqd very fhin ﬁalis and strohg valves._:The-falves ef—‘ x
fectively impaired retrograde injeétion of fluid fhsaugh"

the utero¥6va;ian vein. Injection of fluid through the

vaginal veln moved cranially without obvious resistance .
and emptied through the uterine branch .of the ovarian vein.

Fluid also drained from the horn tips, ventral;y»pést

tge ovary, and, occasionally, filled the ovarian veins

(Prate 33, Fig. 3). The ovarian veins were very hard to
inject properly. Unlike the ovarian artery, the ovarian
vein was ﬁot coiled though it commonly branched two or
more times as it approached the hilus (Plate 33;-Fig.3).
The drainage was not confined to a specific region of the
hilus. Because the tracts were dissected, a true assess-
ment of the direction-of venous flow was e;trémely diffi—-
cult to make. It is possible that\vendus'drainage travels
cranially -and émpties through the uterine branch of the
utero-ovarian vein, however, it seems more likely that .
the uteri%e_bragch of the vaginal vein, like the sheep's,
does not have valves and would tﬁerefore present no
resistance to the latex injectioﬁ (Trautmén and Fiebiger,
1952).

The degree of branching and coiling of the veins was
far more complex than the arterial system and bilateral
anastomoses seemed to be extensive.

The veins and arteries formed a dense interwoven
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network at the mesometrial edge of the uterine horn (Plate

33, Flg. l) Arteries were often found encircled by

_ very fine branches arlslng from a larger veln.

In immature speclmens the arrangement was s1mllar

' though the vessels themselves were substantlally smaller.

thls belng partlcularlly noticeable in the venous system

,(Plate 33, Figs.-3 and &4). The branching of the uterine

artery, appeared greatly reduced(Plate 33, Fig. ).

.The_cozled arterioles were extremely fine and the degree

of coiling was not as extensive as in the mature tracts
(Plate 33, Fig. 4). The coiling of the ovarian artery

was identical to that seen in the mature condition. The

" of the coiled arterioles. Latex in-

jections were ot'done on the pregnant tracts so an

.assessment of)vascular changes resulting from pregnancy

was not made.
(iii). he Muscular Band .

Latex did not penetrate the muscular'eand on
the anfimesometrial border of the uterus whether injected
through the arterial or the venous system. However, pre-
liminary flushing of the tisct with saline caused the
muscular band to £ill with fluid and become turgid.

B
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k2 AGE ESTINATIONS FOR MATURE ANIMALS

The age estlmates were based solely on a count of -

- the annulatlons in the cementum of the flrst inecisors

and ar? found in Table 8. Among the six pregnant spe-~
clmens. the eldest was 16 years -and the youngest was

5 years sugbestlng that thls cow was bred at 4 years of
age. The ages of three parous cows ranged from 7-10 years.
and the three non-parous cowsqfrom 3-4 years. There_was
ne apparent relationship between the size of the repro-

ductive tract and the age of the cow.

—
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 pable 8.

SPECIMEN
77-12
Y713
76-27
78-37
76-38
78-40
76-256
78-33
78l

-77-11
76-24
78-42

121 .

. Age estimates based on numbers of rest lines
( cementum annulations) counted in the first
incisors of muskox teeth., (Teeth could not be
collected for all specimens).. .

PARITY ANNULATIONS  AGE ESTIMATE (yrs)
 pregnant oo11-16 - 12-15
‘pregnant 7-9 o 8-10
pregnanf' . 5-7 \ - 6-8
pregnant h¥5‘ 5;6 |
pregnant 14-15 o - 15-156
pregnant | L-5 o 5-6
parous 6 7
parous 5-7 . 6-8 o
parous - 8-9 ‘ ‘t 19;11 £
hon,parous . 2 | 3
" non parous . 2‘ 3
non parvus 3 4 . -

. : - )
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. DISCUSSION

5.1 THE REPRODUCTIVE TRACT
-~ a). Suspensory Ligaments

?he suspensory ligaments of the muskox uterus
weré similar to those of the domestic‘speciesl. Common
to all these animals is the muscular broad iiggment. The
cr?nial portion of’this.ligament forms %He mesovarium, the
ligament that holdé the ovaries in position, and the meso-
salpinx, the extensive ligament that forms the roomy
ovarian bursa which communicates with the peritoneal éavity

(Bassett, 1965). . The smooth muscle fibres found in the

. suspending ligaments are used to either elevate the uterus

towards the rectum or to let it sink ventrally (Nickel et:

Cal. 1973).

~ The round ligament, afisiﬁg from the ventral surface
of the broad ligaméht.'is considered by Sisson (1940) tb
be fairly well developed in ruminants. Ih\the muskox, thls
llgament was more pronounced than in cattle. sheep or goats’

and was characterized by a prominent band of smooth muscle

tissue along the cranial edge. The position of the round

ligament in the muskox, its high degree of development,

caudal flank attachment and the prominent bands of smooth

muscle tissue suggest that this ligament functions as a

sfrong‘additional support for the uterus.

- Domestic species is used here to refer to cattle, sheep
and goats.

-
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b) The Non—pregnant Uterus
kx The basic morphologlcal features of the non-pregnant
uterus of muskoxen paralleled those of cattle. sheep and
goats (Ecksteln and Zuckerman, 1956; Hafez, 1968; &sdell.
19468) and conformed to the ruminant paxtern. A1l display
o e type of utérus ciassif;ed‘b& mbssman (1976)‘a$.medium—
s %%gzngth bicornuate. The éharacteristic features of this
type of uterus are two cornua externally fused for a large
pértion of their lengthc' Interhally a median septunm se?a_
rates the two_cérnua but sfqps short of the internal os of
the cervix, leaving a small undivided portion. This con-
stitutes the true corpus of the uterus (Ecksteih and
Zuckerman, igéﬁ). The cornua of the muskox were symmetrical
as are those of domestic spécies-(Edwards. 1965;.Lyngset.-
1968a). The gengral morphological features of the non- )
‘pregnant‘tfacts are similar between‘all four species.
However,?this does no more.than reflect a bdmmon repro-
ductive ngtern found aimong a large number of ruminants.
on a more-subtlé.level. thoﬁgh;-there are distinctions
between the species. Sheep and goats are more‘q}qsely
allied and differ.from cattle in having ovafies of a more
_uniform, bean-shaped appearénce with less vividly coloured
i corpora lutea. PFurther, the horns of the uterus are more
highly coiled and taper towards the utero-tubal junction
‘and.have a2 single intercornual ligament (Eckstein and
Zuckerman, 1956). These three characterisfics are all

)
features found in the muskox uterus and on the basis of

1
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ficance of such a classification, if any exists, is not

> e_lx 124 .

Uterine morphology suggest a slightly stronger relationship
" between the muskox and the sheep and goate“than”5e¥ween'

'muskoxen and cattle.

The number of caruncles on the endometrium of the

ﬁuskox_uterus averaged 162, ranging between 131—i89. On

this basis the muskox could be classified with the’ goats as
polycotyledonary (Amoroso, 1956). 1In sheep. the total

number of cotyledons vatles.between 88-96 and in cattle

between 70-142 (Amoroso, 1956). The physiological signi-

all clear, Although the numdber of cotyledons ultimate
determines placental size, the ability of individual coty-
ledons to increase their size as partial combensation for

reduced numbers obscures any direct relationship (Alexander

1964a, 1964d). : _ | _ - N
Pigmentation in the_mﬁskox uterus waslconsistently

localized in the caruncular areas and these pigmented

structures were_hietologicallx.identified as lipoquEins.

Steven (1975) describes lipofuscins in the sheep placenta

. as iron-free pigment granules derived from the envelopes

. of .ingested red cells. Dellman and Brown (1976) describe’
7li§ofuscin gfanules as-containing lipid droplefs, pigment
Eand soﬁeﬁhydrolytie enzymes. These granules are found in

RS- varlety of cell types and because they tend to increase

in numbers with age of the animal, they are referred to as
the _'weaq:- and“tear' pigment, Lipof_.‘uscin_s are considered

one of the end products of iysosomal activity (Dellman

e
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énd Brbwn. 1976) and have been found 1n the endometrlum of -
a number of domestic ungulates.
Endometrial plwmentatlon is reported as being common

only in the sheep (Dellman and Brown, 19?6) though Lyngset

‘(1968a) found partial to complete plgmentatlon of the

uterine mucosa of the goat in 5-10% of the specimens he
examined. Pigmentation is usually found confihed tb'the
caruncles, though in sheep and goats it does occur in the
intercaruncular areas as well, This pigment haé been

associated with melanin granules (Dellman and Brown, 1976;

"Eckstein and Zuckerman, 1956) and is found in nulliparous

as well as multiparous ewes. In contrast, the pigmentation

found in the muskox uterus was absent in the five tracts
judged to be non-parous. Thesg five nulliparous tracts,
also lacked lipofusecins in the endometrial stroma. Taken

together, these observations seem to Suggest that the pig-

mentation of the muskox uterus is related to an accumulation

of lipofuscins resulting from pregnancy. The fact that
identical lipofuscins were present in control tissues from
non—pigmented sheej: and goat uteri may point to different
funetional origins and hence different properties of the
Pigment granules in the different sptcies.

The nulliparous uteri were identified by their con-
Sistently small size, lack of vascular development, abéence

of caruncular pigmentation and absence of a muscular bang. .

'The ages of three of the animals were consistent with the

deduction that they were nulliparous.

\/ .
. 1) ’ ‘
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c) The Pregnant Uterus _
) (i) Estimation of the stage of. gestatlon :

Of eight pregnant tracts. all collected in late
wlnter (end of February and throughout March) only four

contalned a fetus. The only means available to estimate

the stage of gestation was through aging.the fétus. " The

. formula proposed by Huggett and widdas (;951) carries with"

it an estimated factor that results in approximately a
10% error as_determined by the above authors. The use of
birthweights only to establish the curve must also be

viewed as an additional source of error.. These factors

are discussed by Huggett and Widdas (1951) who conclude

that the errors 1ncurred do not reduce the formula's
acceptablllty. partlcularlly for comparatlve purposes.

The resulting slope for the muskox (0.1l em/da) falls

7 below the ‘estimated range for most mammals {0.12 to 0 15

em/da) set by Huggett and Widdas (1951). The muskox fetal
growth cﬁrve falls in the‘upper range of those species
known {o¢ have delayed implantation. It is, however, highly
probable fhat the small sample size, coupled with inherent

'sources of error, are responsible for the relatively low

slope found here.

The esti ages for the four fetuses places the

time at which t eﬁxqpuld have been born from early to the

end of April, The earliest recorded sighting of a muskox
calf is April 16 (Gfaﬁ\and Rowell, 1976) and it is not un-

reasonable to ekpect some births to occur a week earlier.

p
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(ii) Anatomy

o

.. The similarities between-the‘non;pregnant tracts

~ of -the muskox and the domestic specaes point to siptIarities

.
that can be expected to occur durlng pregnancy. For example,

the caruncles lining the uterus determine that the type of"

* placenta must be cotyledonary or multiplex and adeclduate.

The plaoentome of the muskox in late pregnancy differs

" in shape from those of any of the domestic species tn_ﬁgh,e%f'

can be considered closer to those of sheep and goats (i.e.

with a broad base attachment and a concave surfaceJ than

" . to the placentome of cattle whlch is more convex (Flb. 6.

In seven of’the elght pregnant tracts the number of
caruncles ranged ‘between 131-189, Alexander (1964a) found’

'a.pos;tlve coxrelation between blrthwelght of sheep fetuses

and the number of lntact cotyledons. dowever. carunclec-

tomy did not ‘appear to affect fertility and only lnterfered

with pregnancy when more than .60 caruncles were removed.

-

A reductlon.ln caruncle number was partially compensated'

for by an increase in the weight of individual caruncles.

- The flnal welght of the fetus may, however. be limited by

the- number-yf caruncles (Alexander. l964b) It is lnterestlng
to note that speclmen 78-37 had only 60 caruncles. " As

she.was pregnant at the tlme of collection in late March

it can be assumed that the reduction in caruncles by almost
half did not serioas;y affect her pregnancy. Unfortu-

nately the fetus was not collected with the uteris,

The preservation of the placentome for histology was

Ca
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Figure 6. A schematic representation of the gross morphology

of the placentomé of late pregnancy in cattle,
sheep, gdets and muskoxen. 'The'&bmestic_species
‘haye been taken from Amoroso (1956).
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- poor, but sectlons that could be used suggest a feto-

‘maternal arrangement 31mllar to descrlptlons glven for tHe

domestlc speczes of fetal\vllll Ainterdigitating with maternal
septa (Steven, l9?5. Wimsatt, 1950) There was a well—
developed chorionic epithelium on the trophoblast in whlch

glant blnucleate cells were 1dent1f1ed. These cells have

" been identified in a large number of rumlnant placentae.

The cotyledonary placenta in ruminants is usually ‘“. -
defined hlstologlcally as epitheliochorial (using Steven's
(1975) modification of Grosser's (1909) classification). .
Although the histology of the muskox placentome dld not | : -
allow detalled 1dent1f1catlon, it is reasonable to predict,
glven the other s;mllarltles, that this hlStOlOglcal
classaflcatlon would apply to the muskox placentae.

.\

e extravasated blood found near <the base of the

_fetal villi may indicate the existence of a hemapha%gtjf’—“\‘”y
organ described in sheep by Wlmsaxt (1950) and Steven '

' (19?5) and in goats by Harrlson and D Silva“(1956). Un-

-

gulate Placentae in general lack a hemaphagous organ .l_-fév*;f'
although the trophoblast will often ingest relatively small

amounts of red. blood cells’. In sheep, however, significant

amounts of blood do accumulate in the cartral depre351on of

the caruncle. The maternal erythrocytes are lngested by

adgacent trophoblast cells which subsequently accumulate
1ntracytoplasm1c deposlts of’ noﬂfferruglnous hematogenous

pigment (WinsZtt, 1950) .The strong plgmentation in the

muskox trophoblast epifhelium in tﬁe regionlof'the blood
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pools as well-as the macrascopl apfearance of thlck
sectlons of the placentomes sugg st that a: similar 31- o
tuatlon~may be occurring thog fhe full_extent of.thls‘
process cannot be assessed. - -
Uterine‘glanas in the intervax ncular region or
correspond:l.nb areolae on the chorion were not notlced _
morphologically in the pregnant spec1méﬁ§. Wimsatt (1550)

who described the development of the uterine glands in

'sheep, points out that‘they are much harder to see_neaf

term. The chorion of the sheép had little tendenéy to

" adhere to the endometrlum near term and Wimsatt suggests

that fetal movements may prevent continuous apposition of

,the spec1f1c chorlonlc.areas over the uterine glands, The

*

intercaruncular chorion of the muskcx-showed no tendency
at all to adhere to the endometrium and the lack of mor-
phological evidence of the uterine glands may result from

.8

a 51tuat10n 31mllar to that in sheep, though 1t must be

__remembered that these observatlons were made on frozen

anq\thawed materlal.‘t,

4-.'

r

< 'In a cotylédonary placenta, an extensi“é.h;ghly*
vasculaxﬂallant01c membrane is a characterlstlc feature.
Like the domestlc specles, the muskox fetal membranes

cons1st of an amnion surroundlng the fetus and an extensive

allant01s. As in other ruminants, the allantoic sac does

‘not suzgggnd theﬁamnion but crosses over it on one side

forming a 'T' shape where it°joins the umbilicus. 7This

arrangement of fetal membranes is identical to,that seen
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“in the three demestic_species. In ali four species the
ﬁmbilical cord lies‘eiclusively within the amnion. The
umbilical vessels as they leave the amnlon. braﬁéi in
either direction to vascularzze the two arms of the
allant01s. : : o

In many specmes it has been assumed .at the chorion

is vascu;arlzed only in the regione where i% comes in
contact with the allantois (Steven, 1975). \However, the
muskox as well as cattle and sheep have a’ number of placen-
° ° - tomes on the amnlo-chorlon. In the domestlc spec1es these
. Placentomes are vascularized by branches of the umbilical
arteries which traverse the mesoderm between the two
. membranes (S;even. 19?5). |
The necroti¢ tips found at both ends of the mdekox
allanfois are also‘found in cattle and. sheep. and are be-
‘lleved to result Irom a restrlcted blood supply to these
aféas (Amoroso, 1956). "The condition in cattle is not as
marked as it is in sheep and this led Hammond (1927) to
speculate that the more adequate blnGu‘supply to 1t the ex-'

. tremltles of the choronlc sac fa01lltated the f%ee—martln

Ceo . condition in cattle. Mellor (1969) has advanced\a theory

for sheep 1nvolv1ng the annular suture that forms when two
- . chorions meet and fuse. It is the nature of the suture
and its immunological propefties and not the vasculature,
that determines the degree of vascular anastom031s whlch
gives rise to the free-martin condition. Tw1nn1ng]}s con-

sidered rare in muskox. The only reported. case involved
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stillborn twins both of which we?eifemale,(Wilkinson,i

- 1971b). A reporf was not made on fhe nature of the mem-

branes or their pos51ble degree .of fusion so the behav1our
of the chorion under condltlons of twlnnlng cannot be
assessed in the muskox.

The small plagues “found on the muskox amnion in the
region ef the umbilical cord have also been described in
a variety of ruminants (Steven, 1975) though no explanatlon
for their presence has been advanced. ,

The small. yellow, cyst-like structures 1dent1f1ed

hlstologlcally as epithelial. hyperplastlc cysts, were found

in all the pregnant tracts. Because they occurred in all

pregnant tracts in relatively low numbers, the condition

was not considered pathological. These cysts it the des-
cription given by Jubb. and Kennedy fl9?b) of endometrial
cysts, 2 condition which, in some ewes, is presumed to
develop during the process of uterine involution. The
cysts are said to arise from the -blockage of ducts of the

glandular tissue adjacent to the caruncular stalk.

The small areas oﬁ placental tlssue-found on the under— N

: surface of the caruncles and very occasxonally in the - -

intercaruncular area appeared mlcroscoplcalIi_to be areas

of additional placental attachment. The additional areas

of placentation in the muskox, althoygh similar_to morpho-"

" logical descriptions of adventitial placentation, did not

appear to represent a pathological condition. These areas:

were small and almost completely localized to the immediate

ik
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'region of ‘the placeﬁtoﬁe. A&ventitié; plaoenteiion has

- been described asré pathological condition in the domestic

ruminants- and related to inadequate placentome development

(Jubb and Kennedy, 19?0)

Hamllton et al. (1960) describe the formatlon of
small accessory placentomes in memberslof the Cerv1dae but
do not consider that these are RneW placentomes. They
suggest that these result from the existence of small
regioﬁs of ceruncular‘tissue found outside the main
caruncles.-

To briefly summarize, the morphological aspect§ of
late pregnancy in the muskox are typical of the ruminant
pattern. The shape of the placentome and the possible
existence of a hematoma are features more elosely related
to sheep and goats than to cattle. The histological des-
cription of the fetal maternal relatlonshlp cannot be
described here though 1t is probably in the broad classifi-
cation of epitheliochorial, The common occurrence of the

endometrlal cysts as well as the extraplacental tlssue in -

the muskoxen examined do suggest that a detalled study of -

"placentatlon in this spec1es would be of comparative 1n-

terest and might prove valuable in lndlcatlng the etlology

of these structures in the domestlc species,
. - -+

d) The Muscular Band
The 5mm deep muscular band running from the bi-

furcation for two-thirds the length of'each horn and

’///’7_“‘\-_
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“stopping a-short-dlstance from the utero-tubal Junctxonhwas

- an e5pec1ally promlnent and lnterestlng feature of the non-

pregnant tracts. The ‘band had no attachments with any

'11gaments or any part of the bOdy wall thus precludlng

the pOSSlblllty that 1ts role is that of a suppor‘t:._nb

ligament. - Alfhough the band was absent in the non-parous -

condition, close examination revealed fine striations on

"the serosa of the cornua along the antimesometrial border.

Histologically this band was a continuation of the uterine

serosa, longitudinal smooth muScle layer and the stratum

vasculare. In thé non-pregnant tract, the muscular band

appeared to be a pinching of the outer muscle layer

“trapping elements of the vascular layer in betweeh. ' The

only‘histologigal feature that appeared slightly exaggerated_
was " the large nuﬁber of"spaces' in the stfaFum vaSculare.
many appareéntly lineé by endothelial cells® -~ |

- Because this band is associated with parity, it seems
likely that its }unctioﬁ is connected with pregnancy.
Hoiz;ggJ brief in situ exaﬁinatioﬁ"of'two pregnant iracts
did not reveal any obvious sign of this tissue. On closer
examination ‘of the exc1sed tracts the band could be'found
on the non-pregnant-horn. After removal of the fetus and
fluids, the band was also found on the pregnant horn and
measured'approximately‘B cm in deﬁth. The inability to .
find the band on the fully distended uterus can be explained
by the fact that during_pregnanéy the muscular band be-
comes a flat strip of tissué approximately 6 cm wide over

o
s .




ghe antlmesometrlal surface. If lacks'any df'the§eoiled
arterloles as these are found embedded at the base of the
clrcular muscle layer.' Of particular note was the fact
that\thls strip of tissue was only loosely connected te

. the underlying circular musclé layer. In attempting to

-

recover a small piece for fixation;‘the muscle strip
‘contihually separated from the upderlying\tissue.-being
attached by e._\fine.. almost hairlik:, .niesh o:f‘.'fibres.
Histologicalfexamination was very limited as the‘tissueﬁ
had been previously frozen. However, sectioning dld

* reveal a_large’number of apparently vascular elements
filled with_e strongly basophilic'substance. These vessels
consisteutly had very thin walls and showed some evidence
of having valves. The basophilic substance was always
contained within these vessels;which appeared- to be.eithef
“veins’or'lymphatics. ‘To interpret the vessels as velns
one has to shsume .that the vessel walls had been denuded
by freezing damage and the debris was then seen fllllng
the vessels. There'are.'howeﬁerl reasons why this seens

unlikely. All the vessels had extremely -thin walls. If

this is the result of freeZLng damage the unlformdty-seems

" ‘peculiar as there was no gradation’ 1n‘the thickness of the

vessel walls. Further, the strong basophlllc substance

w1th1n the vessels suggests ‘that the debris’is prlmarlly

i

ruptured nuclear elements where as the cells from the -

llnlng of a vessel - could be expected to contain more cy-

toplasm. On no occassion did these vessels fill with
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latex when the venous system was 1n3ected. leen the size
_of the vessels 1t ‘seems extremely unllkely that, 1f they” -
were: velns. they would always remain unlnaected by latex.
. Until adequately flxed speclmens from the pregnant tract
_'can be examlned. the vessels have been tentatively iden-
,_tlfled as lymphatics and the basophlllc substance in thelr
lumens as ruptured lymphocytes, ' ) _ \‘

The muscular band in the non-pregnant tract .can then
| be viewed as exactly what it appears to be:r a pinqglng of
the\ou?er tissue layers. This pinching presumablyfoccurs
- during involutlon snd results‘from tne loose oonnection.
of the oufer tissue layers to the inner muscular lsyer in
this region. ITne band appears essentially non-functional
in the absence of pregnancy, but durlng pregnancy, the
Zdlstentlon of the uterus stretches the band until it be-
.comes a flat strip overlying the antimesometrial border.
Development of the large lymphatics during the first
pregnsnoy cOuld ultimately be respbnsible for the-permanent ,j>-
separation-of the two tissue layers (Fig. 7).

If the above morphological interpretation is correct, A
‘the functional element’ of the tissue becomes tne well
developed lymphatic pathway extending along‘mostjof-the
length of the horns. It should be stressed that the
muscular band stops abrubtly at a point approximately one
third of the dlstance from the utero-tubal Junctlon to .
" the intercornual lﬁgament. It is possible that the lympha—

tic vessels continhue on in the stratum vasculare and come
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Figure 7.

T e~ -

A'schcmatic-represéntaticn“of the muscular band

- J.n 't:he mature ncn@ egnant condition (A) and

urlnb pregnancy Y ;n the - muskox.

A.;VA'cross section-cf utenine horn from &
mature non—pregnant muskox. The musculai band
is depicted as a fold of tlssue on the antl—
mesometrlal bonggr and is composed of the long-
itudinel mnscle layer and gosa. Elements of
the stratum vasculare (a thin laycrlof vasf'

cular coméonenfs that separates the circular

 and longitudinal muscle layers) become trapped

‘within th;s fold of tissue. L

-

B. A cross section of the uterine horn during -

- strip of tissue,that is only loosely conhected

td the inner circulaf smooth muscle-léyer. It
is-suggeéted that the'deveIOPment of a lymphatic
pathway in this region during: pregnancy separates
the two ﬁﬁscle layers.

S-serosa; LM-longitudinal smooth muscle band;
_BL—broad ﬁ%gament CM-c1rcular smooth muscle

‘layer; ES-endometrlal stroma‘ UL-uterine lumen;

%

~

MB-muscular band; VP-vascular pathway.

'pfegnancy.f The muscular band is depicted a . .

“

Fiaatd
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into communlcatlon with the ovary.d This would represeﬂ%

.-

: a unique 51tuatlon as Meckly and Ginther (1969) could not
.flnd any 1ymphat1c communication between the ovary and
_the uterus in sheep. though Kotwica (1980). has recently
speculaxed about such a pathway in plgs. One could
speculate that these lymphatlcs perform a drainage functlon
whereby tlssue flulds would passively draln down %0 the
lower point o: the uterus where they couldube collected
by the vessels. The role of lymphaties and lymph is poorly:

nderstood in ungulate reproductlon. The possibility of . ‘{f
an 1nvolvement of lymph. 1mmunolovlcal or: otherwlse, in '

L

mechanlsms assoc1a$ed wlth the estahllshment and malnte-; e

nance of pregnancy or wlth the uterine contnol of luteo-/’/_ﬂﬂh;_,h
lysis in the-estrous cycle. cannot be overlooked. - ‘
- . There 15;90 analagous structure,ln sheép,: goats or A
cattle. Hist6logically the anxlmesometrlal border of the .
nrpregnant an;mal is s1mllar to the muskox except that S

1t lacks the promlnent fold of tissue w1th 1ts concentratlon
of large lymphat;c vessels. Specxmens fromopregnant domes-
ltlc animals wer§g, not awallable for sectioning. Because of .
the hﬂ%€010g11~k'%nd merphological sxmllarltles between

these species and the guskox 1t is reasonable to speculate

) N

thai the conditicn found in the muskox could represent an
exaggera;lon of a szmllar condltlon in the domestlc specles.
To my knowledge no one has examined the uterine lymphatic
paxhways durlng late pregnancy in any of the domestic'

apecies and s such a study would be of con51derable

e samEaakia
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. . e) The Uterine Cervix

' The cervix of the muskox conformed to the ruminant

';ia'ﬁtern in basit -m‘orp%ology. having a thi¢k muscular wall,

cohnplex licae palmatae and aﬁnular ridges. - The ﬁmcosa.
was elabor tely folded with secondary and’ tert:.ary folds

and like’ ca‘t‘tle and sheep 'there ‘were no coxled tubular

'-gla..nds as report_ed in goats _(H&:t‘ez. -19?3). ~More re.cent

work suggests ‘that this may ve specific to only some

breeds of gos:t (Morton and Glover. 19?14») The epithelium -
was smple columna.r and d:.d not appea.r c&la.a.te& subgestmb

a:t: 1".: is secretory. The presénce oi‘“ mimerous clear

ve 1cles in the apical port-lon of the’ cells suppor%ls this

co'ntention..__‘.'*rhe epithelium con‘ca.ined large spherical cells
with a prominent cehtra.l ‘nucleus as opposed to the basal 7

nuci_eus associated with goblet and mucus ﬁcreting cells.

‘Goblet cells have been identified in the cervical epithe-

.. 1ium of the domestic species .(Dellmsh-end Brown, 1976) and

Trautman and Fiebiger (1952) have described large hollow

- cells thé:t 'penetrate into the underlying stroma. The cells

- in the muskox cervical ep:.‘thel:.um do not a.ppea.r to connect

" to the stroma. In the a.bsence of crn.tlcal/s'tﬁnmg pro- N

ceduresr jt:hese cells can only teﬁta‘tlvely be xdent:.fled .
as spec:.a.llzed cells 'tha't are possibly mucus secretlng

- -]
The cerv:.x of the muskox most probably funct:.ons, in

the manner described for domestic spec:t.es. as a reservoir

.
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~ Along a2 sagittal section the cervix appears to form a
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for spermato;oa {Mattner, 1966; Hafez, 19?3;.Mortoﬁ and
Glover, 1974). Morphological‘variétions do gxist between
the three‘&émestic species as weil‘as in the muskox. The
external os of the muskox cervix was very prominent and .
in all but two speciiens there'was'an epiglottis-like

structure. The wall of the vagina was thrown into a fold

.that partially'cbvered the external os. The function of

this fold is not clear though one could speculate that it
acts as ;?pocket to trap or hold the seminal fluid near
the cervix. Morton and Glover (i9?4) héve demonstrated .
that in ruminants characterised by vaginal insemination,
survival of spermatozeca in the vagina is very low. The
success of the insemination depends, in part on thé
nuﬁbers of spermatozoa that'will gain entrance to the
cervix. A fold in the ﬁaginal wall could prevént too rapid
a removél of seminal fluid from.the vagina. '

The cerviecal canal in muskoxXen is very convaluted.

-

ﬁrominent 'S'-shape while the dorsal section revealed

_ four annular ridges. The canzl -appears to be an exaggera-

tion of the spiral form described in cattle.

During pregnancy the cervix was enlarged in length
and ﬁidth and was plugged along its entire length with a
thick, viscous mucus, 2 condifién that has been described
for a number of species. Hafez (1973) has suggested that

during late pregnancy the muscles of the uterine myometrium

cause the stromal muscles of the cervix, which are spirally

™

-
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arranged, to unwind, mach 1ike~the opening of an iris
diaphragm.l ) . - |

The species differences seen in the cervix do not
‘necessarily affect the functional capacity of“this struc-
ture (Hafez, 1973). In connection with Fooden's (1967)
'lock-and-key' hypothesis, it is interesting to note that
the penis of the ‘bull muskox Tesembles tﬁat of cattle
and lacks the urethral process of the caprids (my own
unpublished observations).

e) The Ovi@pct

The oviduct of the muskox presented no unique

features. The histological differences oécurring between
the ampulla and the isthmus portion are iden@ical to the
regions of the éviduct described for many species. |

The céw and sheep differ from most eutherian als
) -

-

in lacking some specialized structure} sphincter muscle or

villi, to reduce fluid passage from the uterus into the

" oviduct (Anderéén. 1928). Only two of the muskox tracts °

exhibited é.ny mo:&‘phological evidence of a2 muscle sphincter

at the utero-tubal junction. In these specimens (78-18;
78-26) a slightly thickened muscular ridge was evident.
Specimen 78-18 was one of two tracts flushed for ova.
Neither of the flushed tracts presehted any apparent re-
sistance to the fluid passage between the uterus and
oviduct. The muscular ridge found in the two mentioned

specimens may represent individual exaggeratlon of the




‘muscles in the utero-tubal region.
. . I 4

12

f) Vasculéxure. .
The arteries ofjthe muskox uterus wére characferized'

by thick walls and exten31ve dichotomous branchlng.. The
veins, though they had much thlnner walls, had substantlally v
larger lumens than the arteries and contalned strong valves
that made retrograde injection of the venous system diffi-
cult. Thls 31tuatlon is similar 1n sheep and cattle.
Venous injections were successfully‘made through the
uterine branch of the vaginai vein. Trautman and Feibiger
(1952) state that the veins in the cervical regions of
domestic ruminaﬂ%s la;k valves. This would accoﬁnt for
the relative ease of venous injection via this route.

The thick walled convoluted arterles of the. parous
tracts contrasted markedly with those from the non-parous
tracts which were very fine vessels that appeared less’
tortuous. Trautman and FiebigéE (1952) and Dellman and

Brown (1976) have described a similar phenomenon in parous,

domestic animals. The walls df the vessels from parous’

animals have thickened intimae with 2 marked increase in
elastic tissﬁe.

During pregnancy, the major vessels had increased in.
diameter and the coiled arterioles of the non-pregnant
uterus were, in late pregnancy, completely straaghtened

due to the exten31ve stretching of the uterus.

-

The arrangement of the vascular elements is identical
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evidence supporting the theory (DelCampo.
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to that'Of'Sheep;.goats.and cattXe, Of'particular.interést

~in this paftern\is the sepaf%ie arterial supply to the

. uterus, (the uterine artery) and to the ovary (the ovarian

artefy) coupled with a common venous drainage, the utero-
ovarian vein. The intimate apposition of the ovarian aitery hd

along-a portion of the utero-ovarian vein has given rise '

- to a hypothesis of unilateral local transfer of information

-frbm the uterus to the ovary (see Ginther._l9?6). This

theory suggests that tﬂe uterﬁne luteoclysins, probab;y-_
prostaglandih Foct and'poésibly“luteotrophic (emb?yonic)
factors are transferred from the uterine vein to the
ipsilateral ovarian artery by a process of passive dif-
fusion (Ginther, 1976; Walsh et. al., 1979). Though

some authors have. failed to demonétrate;this ?athway

_ (Coudert and Phillips, 1974) there is g 1:2§?»body of

i Ginther, 1974;

‘Lee and 0'Shea, 1974; Mapletoft and Ginther, 1975; Land
et. al., 1976; Walsh et. al., 1979). Given the similarities

in the vaséular arrangement of the muskox uterus to- that
of sheep, it is reasonable to propose a similar’' mechanism

between the ovary and the uterus in the muskox.

- -

5.2 THE OVARIES
a} Anatomy

LN
The external shape position and relative size of
. ~

the muskox ovaries are very similar to those of sheep and

‘goats. 1In thié'feafure they differ from the more irregular

4
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shape of the cow ovary, partlcularlly 1n multlparqus cows.

"Edwards (1965) recorded a Sllghtly greater dlmen31on in

the rlght ovary of cattle which he related to the more

frequent occurrence of corpora lutea and mature folllclcs

in this ovary. Greater activity of the right ovary in

-cattle has also been reported by others (Hammond, 1927;

Wright, 1950 Raaakoskl. 1960). A similar preponderance of

right ovarian activity has been réported in both sheep and
. ‘ : 1 ' :

N

goats (Casida et. al., 1966; Lyngset, l968c).. The measure-

ments of the 23 muskox ovaries in this study did not suggest

greater activity for one ovary than for the other, but a

much larger sample size would be required +6 confirm or
refute this. -

The major histological components described in fhe
muskox ovaries are comparable with,“and, in many cases, are
typical of the ruminant ovary.

The single layered cuboidal epithelium sofrounding
the ovary is common t0 many mammals. The stretched appearance
of these cells has been described in the domestic animals .
(I;autﬁan and Fiebiger, 1952). No invaginations or sub-
surface crypts were found in‘the germinal epithelium of the
muskox ovary. The role of the epithelial crypts and their
relationship to cyclical activity has not'been clearly es- *
tablished for ény species (Harrison and Weir, 1977; Duke,
1978).

The tunica albuginea underlying the epithelium contained
many collagen fibres and was of_varyiog thickneos. Harrison

N

/
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'-(1948)_has suggested that the thlck tunica of the goat

. ovary was respon31ble for malntalnlng the smooth surface .
_1ntegr1ty of the ovary. In the .muskox, only fresh corpora.

\\qlutea and large follicles protruded to any noticeable eXtenﬂ

and lt could be speculated that the tunlca functions in a

'sfhllar manner here.

'\

The cortex of the muskox ovary comprises a relatlvely

thin layer that ccmpletely surrounds the medulla except at

-the hllus. There was no discrete boundary between these two

reglons of the ovary and thls condition 1is 51m11ar to that
seen in domestic species. .The cortex. which was highly
cellular in nature, contained follicles at varying suages
of development and atreéfa;ig'well as scers of“gia\ggﬁetic
follicles and corpora lutea. There were no cell types .

descriptive of interstitial tissue. Artiodectyla'are

characterized by the@f lack of discrete areas of intersti-

‘tial tissue (Mossman and Duke, 1973).

The large irregular tubules found in the hilus, as
well as the smaller ones found less fregquently in the cortex,
have been identified as tubules of the rete ovarii.' The
rete ovarii 1s a remnant of the tubular connectlon from the
mesonephros and the gonad (Duke. 1978) The rete tubules
have been lnt}mately connected with the process of follicu-
logenesis in a.variety of species. The cells cf the rete
have been identified as the source of the follicular en-
velope (Peters, 1978).

S

" In déscribing the follicular development in the
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muskox ovary the general cla551f1catlon outllned by Mossman S\

- and Duke (1973) was used here as these categorles can be

applied te folllcular develoPment in a wzde varlety of
mammals. In the muskox ovary the stages of folllcular de-
velopment closely parallel those of other ruminants, sugges-

ting that the histological development of the follicle does

not deviate significantly from sheep or, in fact, ruminants

in general. Polynuclear oocytes were not identified in
muskox and there was §nly'limited evidence‘to Suggeét the
existence of polyo?ulaf follicles althoﬁgh these follicles
have been recorded in a wide variety of species fPeters,
1978). Their specific‘devélopment and significance is

nét clear thou*h theylhame been found most frequently in

embryonic and immature ovarles. : "

The development of a thecal cone in secondary follicles.

was described by Harrison (1948) in ‘the goat. There was
very limited evidence from this study for a similar pheno-
menon in the muskom. Harrisom, (1948) related this deve-

lopment to an umeven vascular supply to the theca, as this
condition was always observed in follicles that had not,

as yet, sufficiently developed their own capillary network.

Therelwere only two follicles that showed any sign of thecal

cone development in the present study, both belng found just

‘under the tunica. The majority of the develéping follicles

had already migrated to the deeper cortical layers before
and during the establishment of the thecal investment.
The antral follicles were histologically identical to

B P MU
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the Graailan folllcles of the sheep and goat. Call;Exner

L4

‘bodies were a promlnent feature of the granulosa of the - . \\
?muskox folllcles. Call-Exner bodies have been identified in

~ both sheep and goats, and are belleved to arlse from either

the llquefactlon of a central granulosa cell or through the
combined secretory action of the granulosa cells.QBrambell,
1956; Motta and Nesci, 1969). The liquid formed within the
Cell-Exner bodies is identical, histochemically, to the‘
follicular fluld {Mossman and Duke, 19?3)

The number and pattern -of- dlstrlbutlon of the Call-
Exner bodies in the muskox follicle was not characteristic

of any phase or stage-of follicular development. They appeared,

instead, to occur in a random fashlon in both healthy and

atretic follicles. There is, at present, no explanation for

the ‘large number of prohinent, well- -developed Call-Exner

bodies found in the muskox follicles. Mossman and Duke (1973)
attridute no fynctional significance to these structures.
- The early.formation of the corpus luteum could not be

examined in detail. The only specimens available were from

‘tissues that had been frozen.  The macroscopic appearance
'of the muskox corpus luteum paralleled that in sheep and

' goats and was similar to Grant's (1936) and Harrison's .

(1948) description from these species. O0f the corpora
lutea examined, only one resembled the corpus hemorrhagicum
commonly found in cattle though only occasionally found in
sheep and goaté. A central cavity, when it appears in the

corpus luteum of sheep or goats, :erely persists for any
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length of time. In éattle, on the otheér hand, this may

v

persist for the functlonal life of the corpus luteum. In

 the muskox specimen the corpus hemorrhaglcum was considered

to be newly formed. All the other corpora lutea appeared

as a compact mass of luteal tissue. The histological sec-

tlons, “when - compared with comparable tissue from the domestlc

anlmals. presepted a similar picture. The muskox corpora
lutea appear.fo_havehtwo cell populaxions, a large luteal
cell predominating with smaller cells interspersed.

The assessoent of luteal age could not be based on

histological observations of cellular degeneration. The

‘use of cellular compaction, reduction in the number and

size of nuclei, and distortion of shape are not as reliable

an 1nd1cator of luteal age as observations’ of cellular
degeneration. However. these criteria appeared acceptable
when compared with information on corpora lutea regression

in goats .and sheep (Cole and Miller, 1935 Grant, l936~

| Harrison, 1948)

Because serial sections were not done on the three
pairs of ovaries collected during the breeding se , the

corpora lutea could not be classified as corpora lutea

' resulting from an ovulation, accessory corpora lutez or

secondary corpora lutea, To distinguish corpora lutea in
terms of their origin, one requires more detalled informa-
tion than was available here.

L

Follicular populations were not counted in the muskox

ovary and no comparison between healthy and atretie
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folllcles could be made, Howeﬁer on a qualitative level,
the number of atretlc folllcles was considered proportlona-
tely‘hlgh, partlcula;lly in the ovary of late pregnancy.

a condition'similar;fo tha£ﬂreported in sheep,

The atretic folllcles identified_in the muskox ovary

are comparable to descrlptlons of atresia in the domestic

TN
species. The promlnent form -of atresza among the. vesicular

fOlllcles could be de31gnated as obllteratlve (Dellman and
Brown, 1976). There was ev1dence to suggest CySth atres;a

was occurrlng in some o{ the Graafian folllcles but there

was no 1nd1catlon that thvdtheca luteinized to any significant

extent. Instead it appeared that after thecal hypertrophy
the cells gradually atrophled but the p0551b111ty of a
tran51ent stage of thecal lutenlzatlon is acknowledsed

b) Ovarian Morphology and the Reproductive'CycleL

The ovaries of the noﬁ-pregnant muskoxen collected

in March showed little or no ovarian activity. Although

follicular growth was evident no follicle exceeded 2mm 1n £
diameter and the ovaries from parous and non-parous animals
were similar in this respect. None of the cows had levels
of estrogen exceeding 0.1 ng/ﬁl or: progesterone exceeding
0.5 ng/ml (Appendix II). These hormonal levels, coupled
with the appearance of the ovaries, appear to be indicative
"of the anestrous condition. The testosterone levels for the

bulls, collected at the same time from the same herds, were .

. Tound to range from 0.2-1.2 ng/ml. (Appendix II). These

‘\\ _
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_ 'values, when compared to two values obtalned in the early
.‘breedlng season (13'1 and 14.5 ng/ml), were consxdered low .

" enough to suggest relative testicular 1nact1v1ty.

The condition of the muskox ovaries was identical to
descriptions given for anestrous sheep and goats. "Folli-
cular development up to a limited size, usually underlB mm,

can occur in the absence of hormonal stimulation. This

. feature is found in both mature and prepuberal ruminants-—— —

(Baersxng. 1978).

7 The only exception to the above. anestrous condition w;\\\
found in a‘lactating.‘Pon-pregnant cow {78-26).. The right
ovary of this cow possessed a structure that appeared to
be a régressihg corpus luteum which was more characteristic

in size and shape of the regressing corpus luteum of the

‘cycle than the corpus luteum of late pregnancy. It is not

known whgther.this corpus luteum remained from an aborted or
reabsorbed pregnancy or whether it arose from a late ovu-
lation. Owvulation during ;nestrus has been reported in |
sheep (Land, 1978). Wilkinson (1973) cites two casés of
muskoxen at Fairbanks, Alaska, that gave birth late in the
season, suggesting that the cows had conceived in January.
Alendal (1971b) cites a similar case in Norway. 1In both
these instances the authors réporfed on animals that have
been reintroduced to more southerly habitats substantially
lusher than in the high arctic range and cited these factors
as possibly being responsible for the late cycling. However,

this late cycling was recorded only becausé the cow also




€3

s

-

v . ..
< ' . P

became pregnant. The dlfference between thelr animals and

those of the high arctlc may reside as much in the season-
ality of the dbull ‘as that of the female. Lihcoln et. al.
(1972) has suggested that sheer physical exhaustlon on the
part of a stag may set 1imits on the breeding season of ‘the
red deer. It is not known how long female muskoxen that
fall to conceive w1ll continue to cycle. |

A collect;on of” spec1mens was cfhducted in mid-August
because of the Umerous reports of mating behav1our occurrlng
ih mid to late August (Tener. 1965; Gray, 1973; Smith, 1976) .

The ovaries of three cows taken at this-time did not contain

any recent corpora lutea or fresh ovulation sitesr‘suggestiqg'
that they had not begunsto cycle. Levels of progesterone
(less than 18 pg/ml) were consistent with the above obser-
vatiens. The two mature-cows each had one large follicle

per pair of ovaries, measuring 12 mm (78-41) and 17.5 mm

s (78=-44) and these follicles were substantially larger than

any others in the ovaries. The final size of the mature
follicle is generally related to body size and is relative---
ly_constant for a species. While ;here is no basellne
information available on the size of the preovulatory fol-
licle in muskoxen, cattle preovalatory follicles range
between 15-20 mm aﬁdityose of sheep are approximately 10 mm
(Dellmén and Browa, 1976). It 1is therefore not un;easonable
to expect the size of the pre-ovulatory follicle of the’
muskox to fall between this range. If this is the case, 2

follicle of 17.5 mm could be designated as pre-ovulatory.

T e T e
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.in the anestrous muskox suggest;ngithat a preovulatory

‘In sheep, preovulatory enlargement is still not evident as

‘late as % hours. after, the onset of estrusc The follicular
volume does not begln 1ncrea51ng until shortly before 36
hours after the onset of estrus. In cattle, the flnal pre—

ovulatory growth phase occurs 3-4 days before ovulaxlon

"(Greenwald, 1978). Estradlol secretion rate in sheep

lncrehses two days before estrus with a peak reached 24 -
hours before estrus (Greenwald, 1978). In cattle, periphe-
ral levels of estrogen begin to lncrease three days (peaking
four”hours).before estrus (Greenwald, 1978). The peripheral
levels of estrogen measured in the muskox cows were 45 pg/ml
(78-41) and 50 pg/ml (78-44). These levels were close %o

and in both cases. lower than c1rculat1ng ‘estrogen levels

inerease in estrogen had not occurred. This contrasis with
the morphologieal evidence of follicle size and appears to =«

indicate that the al preovulatory growth surge in the

‘muskox follicles had not yet begun (assumm:.ng that an in-

crease in estrogen 1is assoclated with the final preovulatory

growth of the muskox follicle). However, it should be

 stressed that the specific values for hormonal levels

quoted here cannot be'considered representative of general
hormonal ‘levels for this species. Not only is the sample
size very small but only one sample was taken (following
the animals death). Given the wide daily fluctuatiens ik
hormonal levels Jn domestic species and the complicating

variables of stress and post mortum collectlon the values
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found in this study may not provide a true picture of the
hormonal" status of the 1nd1v1dual an:mals. ‘
' Very low systemlc concentrations of estrogen (15 pg/ml)
will induce sexual receptivity in sheep and goats but only

after the hypothalamus has been exposed to progesterone.

_(Robertson. 19??) Ewes slaughtered Just after the onset

of\thelr first estrus have corpora lutea in thelr ovarles.

indicating that, though it 1is tg\;r/flrst estrus. 1t 1s not

their first ovulatlon. Whether progesterone prlmlng.ls

necessary for estrous behaviour in muskoxen cannot be de-

termined on the existing data. W1lk1nson (1973) suggests

that most cows in the captive herd af\xlaska were impregnated

in the_second or third cycle. It remains a distinct possi-
bility that a silent ovulation is a prerequisite ta estrus
in this.species. If such is the case;—successful breediﬁg
could not have been expected before September in the two
COWS collecteq in August. |

‘ The third cow collected in this season had two medium-

sized follicles meaSurlng 8 and 9 mm. There are no steroid

. levels for this 'animal but the eﬁidence suggests that the

preovulatory growth of an individual follicle had not yet

begun. The fact that there wasjtnly a single large fol-

"licle in the ovaries of each of the previous two cows,

coupled with the fact that corpora lutea of pregnancy were
also single (discussed later) suggests that muskoxen are

morovular,

Of the five animals colleSted in the late breeding
— .
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. season, two were definitely_known to be lactating and

‘death and implantation failurérEEE‘not from. a lack of
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their 6yaries_showed no activity.. The ovaries resembled
yhpsészf the anestrous condition. Because the physical
cohdition,‘baged on‘Qualifafive fat aésessment. was considered
good, lactational anestrys was most probably the cause of
their lack of ovarian aétivi;y. Lactational anestrus is a
well recognized #henomenon in sheep, however the'résﬁlting

lbzéred fertility is believed to arise from embryonic

ovarian activity (Rhind et. all., 1980a).
The remaining three cows collected late in the breqéing

- - - s I -
season, iwo parous and one non-parous, presented a situation

" that can only be speculated on. The ovaries of the two

mature cows (76-6; 76-8) taken on October 30, 19?6. contained
two easily recogniéable corpora lutea per pair of ovaries
and, }n 76-8, a Tecent rupture'indicating a fresh ovulation.
It could not, however, be established whether or not these

animals had conceived. If they were pregnant, the embryos -~

‘must have been at a pre-attachment stage and broken down to

an unrecognhizable form by the freezing and thawing. The

corpora lutea in the ovaries of these animals were judged

qualitatively as being at varying stages of regress%on

“suggesting that they were not the same age. This igplies

that these two cows were still cycling at the end é; October,
having had'at least two infertile cycles prior to \collection.
Infertile cycles among mest wild ungulates studied do date
are considered anomalous (Sadleir, 1969; Thomas, 19?&L;

L
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_‘It is p0331ble that these two cows represent an extreme

case of 1nfertlle cycl:mg that should not be extrapola-ted
to the maaorlty of the animals. Even if the COWS were bred
successfully at the end of October, the resultlnb calves would

not be born before the end of June whereas the majority ot

‘muskox calves are believed to be born in early May...

‘\
The estlmated ages of the corpora lutea support the

'1dea that only one folllcle ruptures at each estrus though

'lt does not preclude the possibility that some of the

luteal structures represented ecceésory corpora lutea: In

the absence of serial sections for these three cows, the

" latter possibility could not be excluded. However the over-

all regressed appearance of the small corpora lutea would
point to their having a cyeclical origin. A further pos-
sibility, at least for 76-6; is that the larger more ective
corpus luteum in a pair of overies may have been the corpus.
luteum of pregnancy, while the fresh ovulation occurred
after conception. This condition has been reported in both
red deer (Kelly and Challies, 19?8) and in elk (Morrisoﬁ,,
1960). Though this is a possibiiity in muskoxen, it is
considered uniikely in the absence of any evidence of a
conceptus. The possibility that continued cyciing resultedﬁ-

from the absence of a breeding bull cannot be excluded,

though it does seem improbable. During the breeding season

‘the number of SOllta:g;bullS and small bachelor herds. increases

and these males are commonly found in the prOlelty of the

—

harems (Gray, 1973). The splitting and mixing of herds is




' high (Gréy.'l9?9){£hps thé‘broﬁability of .encountering a:
| bfeeding'buli-isufurther increased. A mature'apparently
breeding bull was collected from the séﬁe herd as the t&o
cycling cows but this does not'préve that heihéd been present
throughout the entire breed;pg seasbn.fnor that he was fer-.
File. ‘
Clearly these alternative exﬁlanations-cannot be decided
. between from the present ovarian morphology. Whichever is
‘gbrrect, it remains unknewn whether it is representative
of the species or reflects local conditions. ‘Oniy a.more
cloéely conducted study of the ovaries during the breeding
season and early pregnancy will answer these questions.:
The third cow in this collection (76-9) had one large,.
apparently active corpus luteum with reduced follicular
-activity in the reét.of fhe ovary. * It i1s probable that '
this animal was pregnant. A portion of the right horn:
iﬁsilateral to the bbrpus iuteumrhad been acciden%ally
removed during dissection by the Inuit hunters and theﬁ
rgported‘that she was pregnant. The condlition of her ovaries
supports such an interpretation. However there was no
" evidence in the uterus of 2 conceptus or indications of
early implahtation.
~ The most'str?king feature found in the ovaries of the
eight prezgnant animéls collected in spring was the highly

rezressed appearance of the corpus luteum.. In seven of the

eight pairs of ::iiigg,anly one structure resembling a

corpus luteum was”evident. This, again, lends support for
-
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-the sug estlon that the 3pec1es is, in the Wlld “mon— . _f

-ovuler. Each regressed corpus luteum was found in the owa:y |

adaacent to the pregnant horn, ‘equally on -the rlght and Ieft
31des, lndﬁcatlng that asymmetry of ovarlan functlon is not

llkely and also that blastocyst migration does not commonly

occur. Blastocyst migration 1n single sheep pregnanc1es

is not common, though in the case of tw1ns it does occur

(Mgssman, 1976).

The right.ovary of one pregnant muskox (78-38) contained’

two corpora lutea at apparently dltferent stages of regres-
sion, The larrer of the“twgﬁyas histologically 1uent1cal

to the corpora lutea of the other seven animals. The second
corpus luteum was recognized in macroscopic section and
appeared similag to Grant's (1936) description of the reégres-

sing corpus luteum of pregnancy in preparturient sheep.

‘Histologically, though, the compact mass did not appear as

, regressed as the larger corpus‘luteum. It may have been.anf

accessory or a eecohdary corpus luteum. As previously men-
tioned accessory corpora lutea have been reported to occur
in 59.8% of red deer (Kelly and Challies, 1978). Why they
are found in some, but not all, pregnant deer (and, possibly
muskoxen), is not known.

Though the corpora lutea of sheep are not essential
behond day 50-60 of gestation, they are still macroscopi-
cally visible as "apparently" functional until three weeks
prior to parturition (Cole-and Miller, 1935; Grant, 1936).
The final stage ofAregression sets in immediately post

-

—pal



partuﬁ-(Grént' 1936) The corpus luteum of late pregnancy

'1n muskoxen was not v151ble in macroscoplc sect;on and.

hlstologlcally. dld not appear at all functlonal. Regre551on -
of the muskox corpus luteum of pregnancy must therefore.
be occurring at a faster rate or at a comparatlvely earller
stage of pregnancy than happens in sheep. 0f the three
domectic species, sheep are the.only ones that can consis-
tentiy maintain pregnancy duping the last trimester in

the absence of a-corpus luteum (Moor et. al..‘1969). Goats
require a functional corpus luteum throughout the entire
period of gestation (Linzel; and Heap, ;968). Cattle
usually require a corpus luteumlthroughout gestation,
though ovariectomy between days 200-240 does not always
result in: abortion (Hatez. 1968).

Systemic levels of progesterone. measured in two COWS,
averaged 2.1 ng/hlh So, presumably as is other animals,
this procesterone was of feto-placental origin. ILinzell
and Heap (1968) suggest that, in sheep, placental secretion
is five times greater than ovarian secretlon in the last
half of pregnency. oo,

Follicular develcopment in the ovaries of the pregnant
animals was similar to that in ovaries‘duriné_anestrus: ‘
with no follicle measuring more than 2 mm in &iameter.
Estrogen levels”in the pregnant muskox however, were found
to be 42.5 pg/ﬁl (78-27) and 54.5 pg/ml (78-32). These
levels of esfrOgen, relatively high when compared to'anestrous-

muskoxen, must therefore also be presumed to originate

[
-
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from the. placenfa. Rising estrogen levels are a well known

- feature of .late pregnancy in all the domestic rumlnants.

There were other 1nd1catlons of a maaor endocrlne role

* for the placenta. at least in the last trimester of pre-

gnancy.®

Muskox placental e¥tracts demonstrated the presence

of placental lactogen (Apnendix II). In pregnant sheep and

goats, prolactin levels are low until snortly before parturi-
tion.  Total 1a§§3§$ﬁic activity is therefore largely
accounted for by placental lactogen (Forsyth and Haydon,
1977). Though levels of placental lactogen among the
domestic species show considerabie individual variationms,
there is a general pattern of an increase in the hermone
from mid-s;e;nancy on (Forsyth and Haydon, 1977)}. The
measurements of placental lactogen_in:the muskox showed

a wide range in valnes. This may have been due, in part,
to variabdle contamination of fetal cotyledon with maternal
caruncle as well as to fluctuat;pns in the secretion of
the hormone.

The muskox ovaries were nof subjected to detailed
ovarian analysis involving identification of scar tissue )
to interpret ovulation, ovulation incidence and past pre-
gnancies., Analysié of this nature has been conducted on
black~tailed deer (Golley, 1957; Thomas, 1970) and. white;'
talled deer (Cheatum and Morton, 1942) butv proved unsuccess-~
ful when applied to elk (Morrison, 1960). Ovarian analysis

relies on the fact that only the corpora lutea of pregnancy
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becomes hlghly plgmented allowlng the resultlng alblcans

to be dlstlngulshed from scars of cycllcal corpora lutea—

the development and regression of luteal structures must

follcy_a.predictable‘péftgrn‘and the ovulation rate and
ferﬁility must be reasonaﬁly,qonstant tb lend accuracy to
the interpretation of ovarian structures.. | | |

"In elk, few if aﬁy of these criteria could be filled..
The regressing corpora lutea of a-cycle became pigmented,
the size and shape'og scars ﬁaried greétly,~ppst conception.
ovulation occurred and there was a possibiiity that some
follicles luteinized (Morrison, 1960). :

Studies such as Morrison's in the elk point ot the

-—

~ potential danger of extrapolating from one species 10

another. Ovarlian analyses cannot be dértaken on the

muskox without a greater understanding of the functional

role of luteal development and regression and a better
understanding of the ovulation incidence. The highly re-
gressed corpus luteum of pregnancy, the possibility of
acce;s;ry corpora lutea fofming in some but not 211 indivi-
duals, the possibility of repeated cyclifig during the breeding

season, as well as the occurrence of éydling late in the

season suggest that the ovarian events in the muskox are

‘not following a predictable pattern upon which assumptions

can be based.

5.3 AGE ESTIMATIONS

The-ages of muskoxen, determined here by tooth section
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“.of the flrst 1nclsor. are estlmates only. The age”ﬁahge found

in the pregnant anzmals was, however. of interest. The

-eldest cow was an estimated 15-16 years old at the time of

,collectlon. extreme wear on her teeth supported thls estl-

mate. The greatest known age of a muskox cow is 23 and
muskoxen are believed to live 25 years. or more (Tener. 1965)
The 16 year old cow in  this collectlon sugbesfs that success-
ful breed1n6 extends late lnto the anamals llfe. corroboratlng'

Wilkinson's (1973) suggestion that cews may still breed

_successfully beyond 20 years.

The youngest pregnant animals were 5-6 years of age
by tooth section suggesting that they were bred at 52 months

(% 1/3 years). It should'be mentioned, however, that in

~

‘Specimen (78-40), the fourth molar was just erupting and

her first and second permanent molars were still covered

by *he remains of the qec1duous molars, SuggES»%Eg an age

of 3-4 years (Tener 1965) and a. breedlng age of 2 1/2 or

3 1/2 years., As mentlonea in the introduction breeding at

30 months of age is not uncommon among captive and reintrd-

duced pcpulations though it has no:t been recorded in the

wild. This may be due in part to the difficulty involved

in assessing age by horn development and coat condition.

T seems reasonable to suggest that under favourable con-

ditiens wild cows can also breed at 2 1/2 to 3 1/2 years.
The non-parous animals were aged at three and four

years by tooth section although sgecimen 78-42 2 non-parous

- cow had deciduous caps remaining on her permanent teeth

T e U L L ke awmia s VT
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théf:exhibitedua much higher degree-qf wear than those of
the pregnant cow aged at 5: Tener (1965) points out that

. rate of tooth wear probably varies with locallty,.food :

‘ hablts and hardness of the particular plant species.

Whether‘these factors affect tooth eruption is not clear,
'5.4 -GENERAL DISCUSSION AND SUMMARY ‘ )
‘The sample size avallable for this study-was not large
enough within any s1ngle season to derive firm concluSLOns
on the reproductive process in muskoxen. Because sampling
from' wild populations is logistically difficult ang captive
herds are scarce and rarely‘uéed for experimental manipu-
lations, it becomes important to find parallels with‘wéll—_
studied species, Morphological smmllarltles allow limited
uerpretatlons of function as well-as predictions on re-
.productive performance. However, while this aids our,under-
étanding of muskox reproduction it cannot be assumed that
fthe reproducgivexgzpcess in the musﬁox is identical to that
of the domestic species. It is perhaps the differences,
more than the similarities, existing between these species
that can contribute most to our understanding of uﬁgulate
reproduction in general. -
A summary of the maﬁor findings in this study of
nuskox reproductive anatomy is as foilows.
1) The gross morphology of the uterus, lts suspending -
ligaments, the ovarles and the oviduct are very sxmllar to

sheep and goats.
—_—
.

~
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most probably vaginal ‘with the cervix functioning as a

163
2)/,The cervix is typlcal of Artlodactyla. Though there )

is a species and 1nd1v1duaﬂ varlatlon, the morphology of the'

"

cervix more closely resembles the cerv1x of cattle than of

-

sheep and goats (the penis of the male 1s similar in gross

[

. morphology to that‘of cattle as well)._ Insemination is

reservoir for spermatozoa as it does in the domestic un-
gula;es. | | ] |

3) Pigmentation in the uterus appears to be rela#ed to
parity and seems to be associated- with the accumulation of
lipofuscins in the endometrial stroma.

4y A prcmlnent muscular band along the antlmesometrlal
surface of the uterus appears to be associated with parity,
arising from the formation of vascular elements (possibly
lymphatics) during the first‘pregnancy. The “function of -
this well. developed vascular pathway is, as.yet, not clear.

's)  The placenta (placentomes and the associated
arrangement of fetal membdranes) is typical of most of the:
ungulates with the maternal portion of the placentome beling

more like those of sheep and goats than of cattle. The

Mycesting the formation of z hemophagus organ in
the plac-;“f-e of the muskox is similar to tﬁe condition
described in sheep and goats.

The hyperplastic cysts and ‘additional areas of placen-
tal attachment were not cons;dered pathological because of
the relatlvely low numbers, found in any one 1nd1v1dual and

their ubigquity. Hyperplastic cysts have been described

B
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-jn some cervids.

eecasionally‘in sheep and additional areas'qfhplacentatieh-_

- .
. Y

6) Pregnanc1es were evenly distributed between the
right and left horns and there was no eVidence to suggest
asymmetry of ovarian or uterine function.

7) The vasculéture of the reproductive tract is very
similar to that seen in the_domestic species. The theorj
of a unilateral locel effect of the uperus on the adjacent
ovary, proposed for cattle, sheep‘and goéts. could, there—
fore, also apply to the muskoX.

8) The information on the ovaries 1is still incomplete.
The histological appearance of ovarian structures is typical
of ruminants, suggesting that follicular development and
earlv corpus luteun formation are similar to descriptions
of this process in domestic spec1es However, interpretations
of ovarian events are not clear. Muskoxen.appear to be
seasonally polyestrous and morniovular. - The size 5: the pre-
ovulatory follicle could not bde determined. A Tollicle of
17. 5 mm diameter was not assocxated with elevated estrogen
levels, though it is pOSSible that this follicle was close
to ovulation. ' ' 7

During the breeding season two lactatling cows showed
no obvious morphoiogical evidence for ovarian activitjz
suggesting that lactational anestrus occurs. Three cows
exhibited evidence of repeated cycling as‘late as” October
for unexplained reasons.

. 9) Among the 15 cows collected in March, some were

o



' lng an ovulatlon in laté December or January. The corpora

Cmes

pregnant. some lactatlng and not pregnant and others 1mmature.

One: cow had ev;dence of a revre551ng corpus luteum suggest-~

B

lutea in' the preenant anlmals weré all hlghly rewressed

and not vzslble in gross sectlon. In 7 of the 8 cases.
there was only one corpus luteun- Whlch was alwaysafound in

the ovary on ‘the side of the pregnancy,. In one case there

ivere two corpora lutea, apparently of different ages. One

of them may have been an accessory corpus luteum or have
oriwinated from a post-conception ovulation. The rewressmng
corpora lutea were all assoclated.with a large quantity of

pigments similar to the ligofuseins of the endometrium.

The results listed above point to a number of areas

that warrant more study.

The many anat omical similarities between the muskox
reproductlve tract and that of sheep suszgest that the
muscular band in tlpg nmuskox may not be unicue but rather an
exaggeranion of fhejcondition that may exist unnoticeql
amoné domestic-species. Ciarification of the histological
components of the antimesometrial vorder during pregnancy
in the muskox as well as fluid sampling from these vessels
would aid in an understanding of their function. It would
alsco be of particular interest tominject these veeseis in

a pregnant tract with dye or latex to determine the extent

of the vascular pathway. Parallel studies in sheep and

. &oats may reveal z reduced though similar structure.
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Placentatlon. as well as the assoclated cysts and

_ extra-placental areas, warrant further investigation and

documentat;on. A study of placentatlon could 1nvolve a
more thorough analysis of 'the horironal levels in the pla-
centa, partlcularlly as the corpus luteum in late prebnancy

is so rebressed. : -

—

A detalled assessment of ovari activity is necessary

before any conclusions on the breeding rn of this
spec1es can be determined. Such an analysis requires a
much larber sample size, partlcularlly durlng the breeding
season and into the_flrst half of gestatlon. To complete

a collection of this nature, it would beessential to recover

embryos or blastocysts both to diagnose prefnancy and to

docﬁment early embryonic development.: Without" such a docu-

——

entatlon phenomena such as delayed 1mplantatlon cannot be

excluoeo as a reproductlve feature of moekoxen.
| The suggestlon in this study of infertile cycllng in

the fall spec1mens warrants a more detailed study to deter-
mine the frequency of this phenomenon as well as ‘the cause of
the underlying infertility. The specimens collected here
nay represent an 1solated situation or be imdicative O; a
more w1despread.cond1tlon. The infertility may be related
+to body condition-and_reproductive status (i.e. lactation)

or arise from a behavisural situation whereby 2 fertile bull

was not- availéble a2t the time of estrus. _Either condition

\%ould have serious herd-ma.na.bement implications.

¥
Complementary anatomlcal and hormonal studies of

e an M A e -
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,reproduction in male muskoxen are also required. The opser-

L4 ' ) -
vation that rutting behaviouf may preced

et al., 19??) This process is estimated to
in rams flrst enterlng the breed:.nb season.
; Intens1ty of. male courtshlp activity, ahd its acconm-
panying energy demands may work as powerful llmltlng
factors to the~breed1ng season. .

Age at puberty 1s generally related to body condition
and specific weight. It has en demonstrated that muskoxen
1n caot;vmty'breedéearller than their wild counterparts.

Among wild muskoxen, cows qre not believed to breed before

.they are four years old. Lhe ages oetermlned in this study

" by tOoth sedtlon do not contradlct these assumptlons though

the pattern of tooth eruption and wear do. The sample size.
here is. too small to resolve whether or not cows breed before

-~

they are four years of ace. - T e

This stuoy has. establlshea ¥ basellne of anatomlcal
lnso”matlon and in so d01ng haS pointed to a number of =
areas that deserve more rlgorous study. It has also demon-
strated the similarities existing{between the reproductive
tfacts,of muskoxen and sheep, indicating that sheep can be
used as a valid model for comparative interpretations.

Answers to some of the questions raised in this stugdy



- n;r;w'lw-ﬁ

R A T T T

- .

should be ea81er to obtaln now that they are deflned and

should con31derably enhance our understandlng of muskox

q_,
reproductive physiology. Such- understandlng will, in turn,

proylde wildlife managers with information for g more

sdgglstlcated approach to protecting {d h esting the

' -species and allow a more realistic approach to the logis-

~tics involved in the possible agricultural use-of the animals.

In addltlon. the comparatlve aspects of information that can

" be obtalned unlquely from the muskox will contrlbute one

L)

of the most valuable features to de galned from studies of

this fascinating species.
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APPENDICES

. APPENDIX -I. - Index of Muskox Specimens

All the specimens collected in conjunction with this
study are listed below. The underlined specimen numbers

refer to those females that were used in the thesis.. Most

of the male tracts were iﬁcOmplete and not included here i

_though they have been retained for future study.

The labelling code documents the year and sequence of
colléction;

All hunting locations are marked on the map found in

text Fig. 3.

v

Iy



opgs]
jodeaayy

xowﬁmmx<

Hm.m”__.. . - aTENYIRY
L © yepnp
R aadop
233 TTHOO0]
joPeaayy
irdyes tedyy
‘.‘ﬁ:ﬁsmﬁﬂm

aaysout

 183j

M A N

0030030
PAPHTTTTH

Ja juny

CABANTTIITN

-

(oqaeds ade))
*8T uoad(
(cqxedy ade))
'8T ucAa(d
(oqaedy aded)
‘ST UoAa(]
(oqaedg adep)
*B8T uoaa(
(oqaeds m&aoH
‘5T uoaa(
(oqaedg ade))
'8 UoAa(]
(Apaey oded)
8T UOA3(]
(pxoTd a0g)

. '8 2I2WBATTH.

(paotd xo0g)
‘ST 9aUB2TTH
(paoT] a0%)
'8 aJausaTTY
(paotd 305)
‘8T 9JDWOATTH
(paoTd a0g)
'S8T oXIUBITTY
‘g1 g8anyseqd
‘o] jsanyjeqd
(paoT J0%)
ST 2I5WSITTH
(paotgg a0%)
‘ST 2a5WEITTH

aowfd.

CsTRUTUE 5Y3 PO3OITTOO oym IdjUNY
CTTIN Jo 2oeTd pue 24®p- ‘%98 aAToyy YaTsa susuroods

LL/Ge *aad
LL/62 *qod

" Le/62 taed

L /€ el
L4,/€ "
LL/C " ary
LL/E el
9./62 '390
9L/6¢ 190
9L/62 *190
94/52 *390
Hm\mm\mmm
1l/0T unp
94/ el

9L/ 3eH

. 01ud

Yl Se TTom se
. Xoqsnu Jo 38TT

1
W

X9 ¢

‘T 21q%.L

H

4=94
9-92
=0t
m”ww*
2-94
. T-9Z
JoquIny

uowtoads

‘1 xtpuaddy




ORI PN PRt et T B B ey 8D S P PR i...ii.i..m....u...i (Ead ‘-,.:!N%.\.i.....%u...iwa‘ﬂa.:‘:...!.-\i.qf..:.!.!..:.i.ilrr. ‘:.-
C ]

T e i

B (3P TUT uosut3oul) | .
© . putueltd *g7 2I3usaTTH gl/0oe ‘=l I AT TN
: _ ~ (39TuI uosutyoeyl) . _ | e Y
HeandTy *g7 2J2U8dTTT gl /0¢ ‘el g . TE-84
‘ o (paoTd xoysnyl) . . o
- noaeAey ‘g 2IBUEBDTTY gl/qT *xel 0} , 0£-84
’ © . (pao1J zoyany) . _

oo joesaqy ‘g7 aJausa T al/6T ‘aell W _ 62-84
SRR - (Apaey aded) = . R
SN . 93y TTN00] : ‘g uoAs(d gl/0T "Il g g2 -84

_ - ‘ (Fpaey aded) o rmes
+ . e9selned ‘ PET U0AD( gl/0T *aell : A L2-gl
(Apirey 2de) ) "
aadop { BI- UoAI(Q gl /0T "ael] g 9z-04
(LpyeH 2de))
cyelya . a7 uohad gl/0T ‘el o . Gz-gl
. (Apaey aded) .
© ATTTN wege *g7 uoAd(l gl /0T *ael J ’ 112-84
I . (fpaey ade)d) : -
e 29 TTNOOL 87 uoAa( - gl /01 ‘aeld | 1 . . €2-8d
- (£paey ode)d) , .

R I Auwtp A 'S8T uUonra(q - gl /0T * el 1] 22-gd

PRI | (pxotTd' X0S) :
‘ aaysou] +s7 2a2UBdTTH L4/0€ 300 W 12-dd

) . (paoTd I0E5) .
xommmwxgyﬁx‘ 'S8T 2aoUSdTTY . "L /0€ 200 W _ 02-44
(paotd a0%) . . . _
ST Kgo0T - '8 2a2WBITTT . LL/0E 300 q 61-4L
ES S . S (pao1d J0S)
- TuTué {14 . 51 aJoWsdTTA L4706 290 d . gT-al
_ (*81 paAcoH) :
T 298BTIS 'g7 2I2WBATTH LL/6T avl W AT

]
t

H

: . Hu ‘ : . ‘ (p,3uod) ‘T aTasy ‘I xtpuaddy




L VL SR PR L L

uoy8TATA AForoysy ‘eouayrog Teaniel

P
Y

ANTPUSTY
TutwelTd
ANTPNSTY
ynIpnsty
TutuelTd
HOTUTAOTDNE
UqTURl *d
INOTPI S
N0 TPI
2OUOUTS
aauowty
NepmaTy

2oUoWTS

..ﬁmHSmmﬁ:ew auxofq)

2

‘8T AIoWBITTI
(eTnsutuad suioflq)
'8 aJIouUass TT1Y
(eTnsutuag suzofd)
. *8T aXpwWsaTI7
(eTnautuad auxolq)
'8 aJowWso 1A

" (eTnsutuad augolq)

*gT aJawHaTTH

*gy] #oTel Jo adutad
‘g7 aaTei JOo adutad
*8T SaTel, JO 20UTId
‘g saTel JO d0UTI]
. (391Ut uosutoey)
.28 sJWHDTTI

(3o TuUI uosuyoRy)

. ‘ST aaowgaTTd
(32 Tul uosutyoRy])
*ST sIowga TTH

(32 TuIl uosuiyoel])
‘g aJaudga T

JO wnasny TeuoTIefN osp.hn pejeuop susauwyoadg i

’

gL/eT
8L/CT
aL/21
8L/2T
8L/2T
8./98%.
9l/8¢
84/98¢
8L/82

gl/0e

8L/0¢

mm\ow
al/oe

el
vany
*dny
*Fny
ny
cJael
*daely]
* a8
Laey
* el
raep

raey

taeyl

i Sh-gd

d , =84
I  Cngl

d _ 24-84

J gz .

1 9€~gd

W . SE-gL

5| HE-94

a €C-gl

(p,puo0) T 2Tqe] ‘I xTpuaddy




y=rry
v -

Fro

APP_NDIX II a Determ;natlons of bterOld Ho*mones. ] .

The serum collected from\both male ‘and female muskoxen

was assayed by radlolmmunoassay for progesterone, estrogen

.and testosterone. Progesterone determinations were done at

the Animal Diseases Research Institute, Ottawa following the
procedures of Abraham et. al. (1971) with modifications
outlined by Betteridge et. al. (1977). Serum saméles were
also sent to the 1db of Dr. ?aeSLQe. University of Guelph,
Ffor determinatior of progestercne, esirogen or testosterone
levels by radioimmunoassay. The résults of these assays are
listed in Tables 1 and 2.

Frogesterone levels did not exceed 0.5 ng/ml except In
samples from the two pregnant cows. In these agimals (78-
27 and 78-32} progestercne was found to be between 1.2 and
3.1 ng/ml. |

Estrogen levels were all low even Irom three cows

collected in August. The highest levels were found in the .
same two pregnant cows mentioned above.

Testosterone was low in all the bulls with the excep-
tion of two mature bulls (78-43 and 8-45) collected in
August. They had testosterone levels of 13.1 ng/ml and
1k.5 ns/ml respectively.

\
D. Deue*mlnatlon of FPlacental Lactogen. )

Tissue samples of fetal cotyledon from 7 pregnant tracts

were assayed for placental lactogen by & radioreceptor

assay. These determinations were done by Dr. Isabel
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Forsyth at the University of Reading, Shinfield, U.K.

Samples_pfﬁnoh;pregnant uterus from three muskoxen were

‘used as controls.

_ Lactpgenic activity is listed in Table 3. Placental

lactogen was found in all 7 pregnant samples assayed.



. Appendix II, Table 3. Placental lacto sen from placental
- : ' . - : tlssue extractlons.

f | s ' TOTAL LACTOSENIC ACTIVITY
“g/ml - we/ng oag/g

S?ECIMEﬁ_ . DISSUE extract protein wet wt,
© 78-12 Fetal cotyledon %13 0. 589 20.8
: 78-13 Fetal.cotyledon 1.5% 0.269 . ?;2
| 78-27 ' Fetal cotyledon. 2.40 0.314. 12,0
N 78-32 Fetal cotyledon 20.2 2.268 iOl.#-
78-37 Fetal cotyledon 14,1 1.79 T0.1
73-3% Fetal cotyledon 8.58 0.831 4.7
78-40 Fetal cotyledon 2.27 0.377 11.3
CONTRQGLS
77-19 . Uterine horn £.075 ' 0.008" C.37
78-31 Uverine horn . .01 .0C1 .03
78=33 Uverine horn G.020 0.003 C.1l0
) Y






