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INTRODUCTI ON

“His bones are as strong aa pieces of brass; o
his bones are like bars of iron®

01d Testament

Although cattle have been utilized extensively as
exparimental animals for sooncmic reasons such as milk and beef | ' |
produwetion, their use for anbryological studies has received .
little attention, The ralative sase of chiaining embryoes fram
abattoirs and an aoccurate method of ageing embryos and faetuses -
from kmown stages of pregnancy has made it possible to uge
cattile for embryclogical research.

Few studies have been undertoken on the nature and oause of
sonpgenital defecta in caitle, Review of the literature revealsa
that cne-third of the bovine congenital def'ects involve the
skeletal system, either the entire skeleton or localized regions,
Congenital defects of the appendicular skeleton in man are
regerded az significant and cre carefully documented while those
in gattle with few exceptions, are sparsely documented, |

Although dsvelopmental studies of mammals have been a major

ares Tor the past 75 yeara, thoere is little information on



skalotal development of limba particularly in cattle, Most
studies on those important structures are confined to man, but
some information is available on horses, a fow small mammals,
and amphibians, Because of this lack of knowledge and as a
basis for pathogenetic studies of congenital defects of the
havine appendicular skeleton, the present study was undertakan
in Zebu embryos and fetuses to determine changes geourring in
developing limbs and at what stage of embryonic and fetal
devaelopment these changes occur,
The objectives of the study were to determine:
1, Incidence of pregnenoy wastuge in Zebu cows at slaughter,
2, Parsmetars for sgeing Zebu embryos and fetuses,
3. External features in the developing Zebu fetus.
4, Devolopment of ossification oentera in the Zebu
appendicular skeleton,

5. Compositim of tho humerus in the developing Zebu fotus,

:



PART 1

REVIEW OF LIPERAIURE



Agging Bovine wmbryos and Fetuses

Prencatal ageing of cattle has been recorded for over a
hundred years, Tetal length ags a basis has been investigated
by several warkers (Gurit, 1860; Bergmann, 1922; Winters gt al.,
1942; Paimans, 1927), Paimans {1927) considered fetal length
correlated bettsr with age than weight,

Bergmann {1922) steted that by exemining hair eruptiom,
weighing the fetus and uterus measuring the amount of fetal
fluids, including a desoription of certain parta of the
maternal genital tract, and the length of {he fetus, it was
possible to determine the age within a me manth,

Investigatims carried out by Winters et al., {1942) _w
included a study of development of various argans and
negsurement of length and breadth of the head mnd extremities,
Thay used X-rays tod etermine the presence of ossified bone
aind developing teeth, Oggification wasz first seen al 59 days
and tooth development at 110 days., They found that bone
measurement s correlated betier with age than fetal length.

Sweet ot al,, (1948) included other fetal proportians in
their investigaitions and concluded that none gave a sure basis

far determining fetal age.



Postma (1947) found the best correlstion between fetal
age and lengbh up to age 32 # L woeks, Halr eruption and
development were studied, =nd when considered togeiher with
severs)l other parameters, t ¢ error could be reduwed to 1-2
weeks,

Meneely (1952), in a eneral survey, stressed tlie neod
for o standard technique for ~zeing and with ~sdell (1946), wes
skeptic about breed differences relative to age in young
fetuses,

Individual variabtion iu amount of fetal fluids was found
to be too great to give any useful information (Jakobsen 1958),
fhe same author (1959) deasonsirated a significant correlation
beiween age and the circumference and diameter of the fetal
hecd, These mecsurements cannot, however, be carried out on
mummi f'ied fetuses wmnd in vhiese cases he proposed measwring
extremities "with ossiiied foundstion” and resgistering hair
eruption as supplewentary porcmeters (Jakobsen 1962),

Gotze (1960) summed up siudies in the horse and stated
en error of & 2 - I, weeks,

Rexroed et al., {1974 recorded crown-rump measurements
on 229 purebred lolstein-lricsian fetuses of known gestation

age and produced a graph o’ Llo royression oi crown-rump length



for the day of gestation, He concluded that a single
rogressian line of 34 to 270 days of gostation had
sipmificantly greatsr error of ostimate than regression lines
for two different age categories, 34 to 92 days and 98 %o 270
days, Furthermere, he believed the regressian of day on
crown=runp length could be vtilized for estimating fetal age,
e, 8., in the study of slaughtorhouse material,

Hirt (1969) ussd the number of somites present to
estimate fetuses in days 24 and 26 to ccmbat eyiticism of
crom-runp measuremnent varying with embryonie configuration,
especially at 24 to 26 days of gestotion age,

Gjesdal (1969) believed X~ray examinaticn of the fetal
heod wos the best basis for determining fetal ane after
comparing it with metacarpsl and metatarsal measurements, A-ray
photographs of tooth development, sequence of skeletal
ossification, and the sequence of body hair development and
eruption, He also believed that, by using the four paramcters
nentioned, age of a fatus could be determined within i 4-5

days,



Embryology of Bene

Cartilage is formed by mesenchyme oélls which begin to
proliferate, acquire a rounded shape (chondroblasts), and form
a compaot, cell-rich tissue koown as precartilage, The inter-
collular spaces of precartilapge contain collasamous fibers
erbedded in a homogenous basophilic substance, the so-called
groud substance with further development, the intercellular
material or the cartilage matrix, becomes so veluminous that
the cells are pushed apart, According to the type of matrix, I.
three different kinds of cartilage are distinguishable: (1) |
hyeline cartilage found on articular surfaces of bones in
synovial joints and containsg an intercellular substance with
fine collagenous fibrils embedded in a large amount of ground
substance; (2) fibrous cartilage found in intervertebral discs
and contains many heavy fibers embedded in a lesser amount of
ground substance:; and (3) slastic cartilage containing |
branching yellow elascic fibers in sddition to collagenous

fibersg,
Done Formatim

A,  Membranous Ossification



In areas where membrenous bones sre famed, mesenchyme
cells proliferate and gradually become irregularly polyhedral
o cuboidal. Fhe newly~lormed ¢ells osteoblasts have &
basophilic cytoplasnm snd an sceentrically located pucleus
(Lourne, 1956).

The osteoblasts are initially arranged in irrsgular
fashion; later they are arremged in rows and setrete an
acidophilic collegenous macerial known as osteoid. This
material gives the tlcosue o menbranous appearance and this
type of ossification is called membranous ossification, At
some distance from the costeoblusts, The osteold is transformed
into bone matrix which subseguently caleifies, Caleification
is believed Lo result from release of the enzyme phosphatase
wirich is produced by ostecvlasts {Gardner, 1956). The newly-
formed bone is slways separsted from the ostecblasis by a thin
layer oi osteoid, A few osteoblasts, however, betome trapped
in the bone itself aind form the bone cslls or osteccytes, With
time, = number of needle~like bone spicules are formed which
progressively radiave from ths primary ossification centers
toward the periphery.

Yhen ossification of the primary center is developing, the

encire primordiun is surrouwnded by dense mesenchyme which forms



the periosteum., On the inner surface of this layer, the
masenchymal ¢ ells differentiate into osteoblasts, which
depogit parallel bony plates on the surface of the primary
ossification center, These parallel plates of bone formed by
the poricsteun are known as periocsteal or compact bone,

With esch new layer of bonc edded to the surface, some
ostecblasts are trapped to beoome osteocytes. These cells are
located in small lacunge and are in contact with each other by
means of small canals, tle canaliculi. Osteoblasts so lost
ars continously replaced by new ones formed by thec periosteum,

In postnatal life membranous bones, as found in the
oranium, enlarge by apposition of new layers on the outer
surface and by simultaneouws osateoclastic resorpiion from the

inside (Hancox, 1956}.
B, JBndochondral Ossiticotion

By the 7th week of development, long bones of the
extremities are represented by hyaline cartiloge "models" or
anlazes surrounded by a layer of dense vescular mesenchyme,
This mesenchyme initially forms the perichandrium but lster
develops into the periostesunm.

Som a vascular bud invades the center of the cartilage



model and around the erosion sites the cartilage cells respond
in swh a manner that aventually four zones can be recognized,
Each zone represents a specific stage in the farmation of the
endochondral bone tissue: (1) a zone of active grovth region in
whioh the cartilage cells have abundant mitoses; (2) a zone of
cell hypertrophy: (3) a zone where cells die and the inter-
oullar matrix becomes impregnated with calcium salts; and (4)

a zone of invading capillaries which occupy the lacunae left by
the dead cartilage cells,

Accompanying the invading capillaries are specialised
mesenchymal cells, the osteoclasts, which break down the
caleified matrix, and cause the initial small lacunae to fuse,
Other specialized mesenchyme cells, the osteoblasts, arrange
thanselves along the remaining caleified cartilaginous
spicules, This process, known as endochondral ossificatim,
gives rise to bone~coated cartilage spicules (mixed spicules),

Shartly after their farmation, a great number of the
cantrally located spicules are broken down by osteoclasts,
leaving only the lateral ones intact to reinforce the walls of
the bone, As a result of this resorption, a broad marrow

appears in the center of the bone,



From the primary ossification center in the shaft o
diaphysis of the bone, endochondral cssification progrosses
gradually towarda the ends of the cartilaginous model, Although
the cartilage cells close to the marrow cavity are swollen,
those farther away are small and crowded and multiply actively,
thus forming a region of active growth at cach end of the
mafrow oavity, | |

At birth, the diaphysis of the bone is usually completely
os8sifiad but the two extremifies known as epiphyses, are still
ecartilaginous, Shortly thereafter, however, oasificatimm
eenters srise in the epiphysas, and the endochondral
osgilication proceeds in a mamnaer similar teo that in the
diaphysis, Finally, the epiphyses are composed of spongy bone
covered by a cartilaginous shell,

4 cartilage plate remains taemporarily between the
disphyseal and epiphyseal ossification centers. This plate,
knom as the epiphyseal plate, plays an important role in the
vortical growth of the bane, On both =mides of the epiphyssal
plate endochondral ossification proceeds rapidly on the
diaphyseal aide and very slowly on the epiphyseal side. When
the bone has acquired its full length, the epiphyseal plates

Gisappear and the epiphyses unite with the diaphysis,



In long bones, an epiphyseal plate is found at each
extremity., In smaller bones, such as phelanges, an epiphyseal
plate is present only at one extremity, and in irregular bones,
such as vertebrae, onc or more primary centers of ossification
and usually several secondary centers are found (Leblond, 1956).

Whereas growth in length tokes place at the spiphyseal
plates, growth in thickness is more complicated. In the
straight part of the shaft, the bone growa by deposition of
new layers of periosteal bone on the outer surface, and by
simultaneous osteoclastic rescrption on the inside or endosteal
surface. As a result, the outer as well as, the inner diameter
of the shaft incresses, In ihe epiphyseal region, growth in
thickness is caused by a radial expansian of the cartilaginous
shell and by progressive endochondral ossification on the inside,
Since the increase in size in the epiphyseal region is greater
then that in the shaft, the two extremities of the shaft bhecome |
funnel=-shaped. In these regions, growth in thickness is entirely
different as new bane is deposited an ths endosteal surface,
while raesorption tekes place on the outer surface (Pritchard,

1956).



Dsbcogenesis
Historical

Throughout the ages, the origin of bcm.e. ﬁas been and still
is one of the most fascinating problems facing not omly
biologista, but slso philesophers and even theologians,

However, the scientific study of bone, both as a tissue and a3
an orgen, did not begin until Compton Havers in 1691 described
the canals in bone which bear his name. The next important
contribution was made by Stephen Hales (1727), when he published
the experiment with bone markings which demonstrated that the
long bonea grow in length only at their extremities, Next
followed the outatanding work of Henry Duhamel de Momcegu, In
1742 he postulated that bone growth was similar to that of a
tree and congidered that bone formation depended on the
poriosteun, In plesing a circle of silver wire subperiosteslly
against the cortex of a living animal, he performed the
experiment which, even more than that of Hales, may te
considered the basis of experimental osteclogy, OSubsequently,
he found the ring embedded in the shaft of the bone and ¢oncluded
that long bones grow in thickness by apposition. Unfortunately

he thought this to be the mly genesis of bone, Duhamel's



thapey was Leph alivelduring the 19th century and remained
almost unchallanged until Mgollwen published his mastespiece in
1912, in which, probably for the first time, aseptic procedurss
ware employed, |

Coantrary to the epinion of Dvhamel, Vor Haller (1763) and
John Hunter {1835) attributed & prominent part in the process
of bhone formation to the blood vessels, It was unfortunate
that neither seemsd to have used experimential methods {9
suppert their views on the vasewlar grigin of bang, £Endochondral
ossification in growing bones was apparently not menticned
wtil 1836 when Migscher mada the first substantial refgrencg
to this basic mechanism of the grogil nrosgss, The earlisst
complete account of the growth plate was that of Todd and
Bownan {1845), which was som followed by the painsstaking
study by Sharpey (1848), the notes and referenges of Leldy
(1849), and the extensive study of Tomes and Pe Morgan (1853),
Howover, it was not until 1855, when Muller published his now
classic work on the machanism of epiphyseal cartilage
caloification, that the first full account of the basio
mechanism of growth was published, 1In the twenty years
following publication of Muller's work, the detailed anatomy and

fupnction of the epiphyseal cartilage became nearly as welleknown



p7 %
aﬁ they are today., In some respects such as those referring to
the part played by the vasculature adjacent to the spiphyseal
cartilage, authors of past generations seem to have colleoted
more information than is usually found today, The main reason
for this i= probably the rarity, in present day studies, of
vascular perfusion before sectioning for microscopic examinatimm,
a technique which was well-kmown to the workers of the 15th
ocentury,

A remexrkablie step forward was the .ﬁ_rst.refarance to the
beane~forning cells by Goodsir and Goodsir (1845) , followed by
Yirohow's desoription {1853) of osteocid or caleifiable matrix
elaborated by ostoogenetic cells, In 18&4, Gegenbaur coined
the now universally accepted name of osteoblast and finally,
MaoBwen (1912) demolished what remained of Duhamel's theory of
the exclusiveness of the periosteum as bone forming tissue,

Meanwhile, great interest was shom in the origin of the
osteoblast and it wes almost impossible Yo find a writer on
osteology who did not sir his views on the matter, Some
authors thought the osteoblast was derived from cartilage cells
(Kolliker, 1853; Muller, 1858; Waldeyer, 1865: Gegenbaur, 1867),
Several workers believed that the ostoogenotic cells origineted

from white blood cells (Wolff, 1870; Schaffer, 1888; Kazszander,



1900; Jerusalem, 1901; Denis and Doxinel, 1965), However, the
most widely held belief has been that the osteoblast ococcurs by
metaplasia of mesenchymal or connective~tissue cells. Among
the large number of suppartors of this view only a few will he
mentioned (Renaut, 1886; Klotg, 1916; Maximow end Bloom, 1957).
Leniche and Policard (1926) thought that osteoblasts were
aimple unspecific fibrocytes, end Pritchard (1956) considered,
as did the great majority of cantemporary euthors, that the
osteoblast had characteristics almogt identical with_thosa of
commective tissue fibroblastas.

In the past, some observers suspected that osteoblasta
might originate from the lining of the marrow vessels or that,
at least, bone formation was closely dependent on the prasencs -
of blood vessels, Minot (1898) gave the first acourate
desoription of vascular sinusoida in several organs but did not
deseribe the bone sinusoids until 1912, Keolliker (1835)
mentioned them but gave no account of their characteristics,

In Minot's concopt, the sinusoid is a large capillary with
a single ¢ell wall, These vascular lining cells were considered -,
by Aschoff (1902, 1924), to be histiocytes, and Maximow (1928) |
pointed out the considerable potential of these cells for

metaplasia and phagocytosis, and it is this characteristic that
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forms the basis of the reticulo-endothelial system of Aachoff,

which has been related to immunity and other defense mechaniams,
Nature and Crigin of the Chondroblagt and Osteoblast

The growth, maturation anéd decay of the mammalian skeletan
may be aseribed in the fingl anslysis to the behavior of two
cells: the chondroblagt and osteoblast, both related members

of the mesenchymal family of tissue cells,

A, Chondroblast

The origin and characteristics of the chondroblast are
better known than those of the csteoblast and consegquently,
subject to less debate, It is recognized that the chondro-
blast results from adaptation of a mesenchymal tissue cell to
certain conditions accompanying local ischemia, The chondro-
c¢yte can survive ischemis within its immediate vicinity
without loging its reproductive capacity, provided regular
intermittent compression helps the progression of tissue fluids
to and from the eoll, The adaptation of this cell to ischenmie
conditions is such that a rich blood flow in its neighbarhoeod
may seriously impair its survival. Anerobic glycolysis allows

chandroblasts to survive and wmultiply in the absence of oxygen,
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One of the most important characteristics of the
chandrocyte 18 its ability to reproduce wnder conditios which
would jnhibit the reproductive capacity of other cells
requiring & richer supply of transudates from blood,

The chmdroblast forms a matrix of collagan and
mucopolysaccharides which, under certain canditions, becomes
caleified, The callagen fibrils close te the cell are the
finest and often arranged radially to the chondrocyte
(Zelander, 1959).

The greatest wegknegs of' the chondrocyte is its lack of
cytoplasmic processes to link one with snother, which explaines
why, as Soon a8 caloification of the matrix takes place, the
¢ells become walled in, degenerate and die, Ultrastructure
studies of chomdrocytes revealed short cytoplasmic processes
that penetrate the cell capsule but do not cannect with
processes of other cells (Zelander, 1959), Under optimum local
conditions some cartilage cells may remain capable of active
division for an unspecifisd period of time,

" The fact that the chondrocyte is almost a vegetative csll
expleins its unique capacity to withstand lang periods of fluid
stagnation, Precisely how long a chondrocyte may remain alive
after being totally cut off from its nutrients is unknown, The

difficulty is due to lack of a reliable teshnique to detest coll
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death before signs of decompsition are preéént, Trueta (1955)_
congiders about 150 hours are required to kill a chondrocyte

when its normal nutrients are not available,

B, Ostecblast

Any cell with the property of being able to lay down &
matrix which caleifies, without dying in the proceas, is an
ostecblast. While not differing basically from the chondro-
tlast in its ability to produce, or better retain, cytoplasmic
processes which link esach cell to its neighbor, the osteoblast
becomes sn osteocyte and remains slive following caleificatian
of the matrix, Leidy {1849) noted that bone canaliculi formed
during calcification as he found no trace of canaliculi on the
vncglcilied side of bone cella, The intercellular expansioms
rm inside the canalicular sgystem which, it is believed, allows
passage of nutrients rouwnd coll expansions, In summary, an

osteccyte is really an osteoblast trapped by caleifisd matrix,

Vasculaxr Kole in Osteogenesis

By whatever method the osteogenetic process is studied,
the proximity of blood vessels to areas of bone formation is

obvious, However, there is no clear understanding of the real
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vascular role in osteogenesis, The mare tempting assumptian is
that bone formation requires a rich supply of metabolities which
could explain the increased vascularity in the vicinity, Von
Eggeling (1911) working with long bones of amphibia, found that
the esarly cartilaginous anlapge began to ossify from the peri-
ehmdriun and was replaced by a rough-~fibered laminated bons,
Later, vascular buds ercded their way into this shell of
preliminary bone and around the newly~formed vascular

channels, the Haversian system of concentric lamellae, thus
placing the vascular system as the basis of osteogenesis,
MaoEwen (1912) repeatedly expressed his supposition that an
intimate connection existed between blood vessels and
osteogenasis, The following are quotations from his work:

"It was also obvious that the bone cells were deposited
sbundantly where the capillaries were numerous, —- Some of the
capillary vessels became surrounded by bone formetion, their
lumen being gradually narrovwed by the ingrowth of osteoblasts
80 as to resemble "Haversian Canals" Herzog (1922), in his
study of vascular cells in pathology, considered that endo-
thelial cells might be transformed into histocytes, smooth
muscle, or osteoblasts, Keith (1927) supported the view that

the cells which assumed a bane forming role were derived from
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the capillary system, endothelium or reticulo-endothelium. He
zlasc believed that the first condition leading to bone
formation was the presence of a substance or tissue which, in

some way, stimulated the ncighboring capillaries.
Osteoblests in Woven and Lamells Bone

Two types of bone are generally described: woven,
fibrous, rough provisional bone and lamellar, Haversian mature

bone,

A, Voven Bone

This oeccurs as a preliminary stage to Haversian end
Jameller bone in the early caleciiication of the anlage narly
in fracture healing and on occasions, in heterotopic
ossification suwh as myositis ossificams or ossificaticen of
renal tissue, Sacerdotti and Frattin (1902) found that by
tying the renal vessels on me side in young rabbits,
calcification of the necrotic tissue occurrsd and that bone——
woven bone-~-~ appearsd adjacent to the calcium deposzits three
months later, Liek (1908) reparted that he was able to obtain
bone 16 to 20 days after ligating the renal ertery whan the
kidney was wrapped in omentum to secure a free circulation,

Since then considerable afforts have been made to determine the
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nature of the stimulus for ossification but so far they have
been unsuccessful,

Osteoblasts in weven bone vary in éhapa and size and are
irregularly located to form a mesaic structure within the
caleified matrix, Collagen is laid dom without any predominant
direction to form a dense texture which explains why this type
of bone is called {ibrous or rough, The resulting calcification
gcours in a scatbered, irregular mammer, Blood vessels are
found in the neighborhood but not necesserily closely attached
to the bone, Woven bone contains acid mucopolysaccharides even
when included in trabeculas of lamellar bone, Ostecblasts
cannot be demonstrated in lamellar bone exoept in cement lines

(Curran and Collins, 1957).

B, Lamellar Bone

In 1845, Todd and Bowman mede the observation that while
soveral types of bone can be recognized, only one could be
called true bone substance and that this laid within a network
of blood vessala, Nevertheless, the way in which true tone
differs from other types of bone has not been made clear,
Howsver, it may be assumed ithat true bone has a bone marrow,

It seems probable that the early authors believed in the

existence of two types of hones, one of vascular origin and the

1
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other unrelated, at least directly, to the vascular system,

Ogteoblasts appear in rows of strikingly uniform, flat or
cuboidal cells, closely and regulerly applied against a rigid
wall of caleified tigsue of varying nature such as bone
trabecula, Haversien bone, calcified cartilage, etc, The
collagen fibers are laid down parallel to the rigid woll
against which the osteoblast rests., The fact that osteoblasts
in lamellar bone line up against a rigid wall has been
recognized since Robin (1849) pointed out that caleification
is a prerequisite to osteogenesis, Barth (1895) postulated
that caleium is a stimilus to bono formation, These views were
supported by other workers and were summarized by Wells (1$10-11),
who concurrad with the belief that preliminary calecification, even
in neerotic tissue, is required for osteoblasts to appear, He
thought the calcium stimwlus was not chemical but tactile,

To sum up, the osteoblasts of both woven and lamellar bane
have two foatures in common: ability to lay down e caleificable
matrix and to form a syncytium with other ostsogenetic cells,
They differ, however, in their relationship to blood vessels,
Voven bone is formed away from the vesssl walls whersas lamellar

and Haversisn bone occurs in close praximity to blood vessels.
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Function of the Ostecblast

While the origin of the bone-forming cell was still being
discussed, its function was better understood, After Virchow
(1853) described the calcifisble bone matrix and ocalled it
ostacid, the ability of osteoblasts to lay down a matrix of
collagen and mucopolysaccharides was suspected and later,
firmly established,

The cell-dependence of matrix is such that ance the cell
is dead, the matrix mey remain unchanged forever, provided
there are no circulating fluide in its neighborhood, Ilsaacs
et al., (1963) found no appreciable changea in the collagen
of fossilized hone 200 million years old. )

Very little is known of what stimulates osteoblasts to
form bone matrix, Neither is it clear how osteoblasts are
directed by the parathyroid or thyroid to form new bone, Ifram
what is knom at present, it appears probeble that, in c¢ertain
circumstances, bone cells in their osteogenetic phase lay domm
caleifiable matrix and form bone, whereas under another set of
conditions, it reversas its constructive activity into one of

bone demoiitian.

Cytoplasmic Processsa

4 It has been stated already that cytoplesmic processes are
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responsible for survival of osteoblasts cnee their matrix has
calcified, Consequently, & marrow cell becames an active
osteoblast after it has established a powerful web, anchoring
its processes like o spider on a rigid wall of ecalcified
tisane. This is what gives active osteoblasts their ocuboidal
or polygonal shape, in contrast te the flattened appearance of
inactive osteoblasts, Once stablized by its processes, the
eell lays down the collagen - mucopelysaccharide matrix, If
the processes only comnectoed the osteoblast to the rigid wall
and to neighboring osteoblasts, its life would be ephemeral as
impregnation of the matrix by hydroxyapatite crystala would
have caused osteoblastic necrosis as it does to cells of the
hypertrophic layer of growth cartilage, To prevent this, the
osteoblast needs to be connected with the cells preceding it in
the ohain of cell division, 8y linkage of the protoplasmic
processes, a syncytium of at least three cells, osteocyte-
csteoblast~precurser cell, is formed, When the cytoplasmie
oconnections are damaged as in micro-fractures occurring in
osteoparotic bone, osteocytes beyond the crack die.

In histological preparations, shrinkage of cells is such
that not even the processes of osteocytes are preserved, which

explains why workers like Maximow and Bloom (1957) and



Goldhaber (1961) believed that cytoplasmic proesses
penatrated bone canaliculi and do not precede them, Hem
{1957) thought that bone canaliculi were empty, the coll

expansions having rotracted after the canaliculi formed,

Mechanism of Bone Resorptim

Bone resorption and bone reamoval were mentioned by John
Hunter but it was not until Tomes and de Morgan (1853) referred
to remodelling that interest in the mechanism of bone
resorption was aroused and hes not abated since,

Robin {1849) apparently was the first to diatiﬁguish the
nultinuclear bone ¢slls now named osteoclasts from the giant
cell of the bone marrow, DBassini (1872) gave one of the
earliest accounts of bone resorption and considered the
osteoclast responsible, Iinally, Kolliker {1873} gave the
name of osteoclast to the polynuclear cell which appears close
to areas of bone resarption and thought it was responsible fax
bane removal. Kolliker (1853) thought that osteoblasts and
cateoclasts were genelfically-reluted, o view held also by
Howell (1890) who thought that the ostecclast was formed by
fusion of osteacblasts, Arey (1920) studied the possible origin
of osteoclasts and concluded that they must arise from old

osteoblasts and osteocytes coalescing because of thoir
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syneytial arrangement, He also believed that, in early stages,
osteoclasts might arise from mesenchymal or reticular cells of
the marrow, These multinuclear cells appeared when bone metrix
was altered so that orystals of hydroxyaspatite melted awsy, -
Pindings of Trueta (1953) coincided with those of Arey. Micro-
photographs have been obtained showing ogteocytes still
connected by their cytoplasmic oxpansions to adjacent
osteoclasts, With electron microscopy and labelling of marrcw
cells by tritiated thymidine, ample evidence in favor of
nulticellularity of the oateoclast has been collected,

Creiser gt gl., (1958) found rapid bone resorption in
rabbits by limb immobilization, either by partial resectian of
the tendon calcaneus or by a plaster cest., At the time of
gréatar bone resorptim, bone marrow vessels wore extremely
dilatated which suggested that immobilization caused changes
in the intraosseocus circulation and in the local pH and 02--002
ratio that would affect bone cells, Later wark favored the
view that immobilizatian, like parathormene, causes an S o
increase in intracellular citric acid and possibly othsr acids
of the Krebs cycle {Walker, 1961), Lehman et al. {1959) founa"
that a subgtantial incrcase in citric acid tended to break the
phosphorus-calcium asscciation and favored demineralizatiom,

Under altered local conditions, osteccytes secrete the pro-
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teolytic enzymes isolated by Vaes {1964), such as collaginases,
which act on the vulnerable matrix, The changed 02--002
relationship helps to elabarate and release collagenolytic
enzymes swh as the lysosomes which Woods and Nichola (1963)
suggested may be contained in subcelluler organelles, Delmger
and Migikoveky (1963) found protease activity was related to
the presence of more mature osteccytes, It is kmown that :
parathormone enhances the proteolytic activity of osteocytas.
That the activity of bone cells is, in some way, related
to the amount of available oxygen was domonstrated by Goldhaber
(196&) when he cpused bone resorption in tissue cultuwre by
keeping the oxygen fluid concentration at 20 per cent or more,
He thought, that this high oxygen concentration stimulated
osteoclasts into attacking bone but did not consider the
possibility that the osteotlast in his illustration was not
penetrating bone by sending processes into it, but was
actually coaleseing with and incorparating another osteocyte,
These findings suggested thai the bone cell, in losing its
roproductive capacity under unfavorable environmentsl
influences, acquired the ability to elaborate matrix degi‘ading
substances., These local factors are clegely associated with

vascular changes,
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T4 was found by use of tritiated thymidine that nuclei of
osteoclasts belonged to different cells since ene nucleus may |
become labelled, indicating that it alone entered the
prophase of coll division {(Tonna, 1960; Young, 1963, - This
would nover happan if 21l the nuclel were part of a single

cell,

Current Concepts of Bene Osteogenasis

Osteogenesis begins in the center of the shaft of long
bones {Fell, 1925), Noback {1943) described three periods in
morphogenesis: (1) period of differentistion during which
ossification centers appear (influenced by sex, heritable
tendancies, nutrition, species, pathology, and parity; the
ganeral arder of appearance is diaphyses of the two proximal
segments of the extremities, tharax, hand, pelvis, and foot);
(2) peoriod of proliferation which occurs at a constant rate and
does not reach definite proportians until birth; and (3) period
of construction during which each bone is re-~arganized and
grows in length, The time of appearance mﬁy not he regular a,sl
Noback {1544} found some time asymmetry in sppearance of

bilateral ossification,
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Amang the earlier studies of skelotal development of the
bovine fetus wers those of Retterer (1884), Lesbre {(1897),
Popowa (1913), and Bruni (1933). These workers based their
observations on dissection or histological examination of a
small number of specimens of unspecified breeds, Xupfer and
Sohinz (1923), using a relatively limited number of specimens,
made the first radiographic study of the bovine appendicular
skeleton, Lstimated ages of their specimens ranged from six
weeks to about nine months, They recorded appearanoce of many
of the primary and sscondary centers of ossification of the
appendicular skeleton but did not include the ogsawcoxarun,
No indication of brecd or type of cattle was given., Later,
Winter et al., (1942) in 2 goneral study of the development
of the prenatal bovine, included a sestion on X-ray studies
giving a brief account of the radiographic appearance of the
bovine fetus, Their specimens - ons per given age- were
fetuses of 59, 70, 30, 100, 120, 130, 170, 185, and 200 days,
respectively, from grade cows of mixed breeding. They
redoarded some of the primary centers of ossification present
in the appendicular skeleton in theso age groups. Fedrigoe
(1957), in & combined radiographic and dissection study, used

seven fetuses with ages said to have been calculated from the
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date of fertilizatiom, The ages, however, were given rather
broadly in months, the youngest being three months, Although
neither breed nor method of fetal recovery was specified, the
author reported the number and times of appearance of the
primary and gecondary centers of ossification but did not
include any referenco to the transient elements of the
developing bovine appendicular skeletan. FPatton et al,. (1966)
investigated prenatal skeletal development in dwarf bovine
fetuses aged 60 and 90 days, Abrosimova (1958) studied six
fetuses of the Kholmogor breed, aged three, five and nine
months, #As none of these earlier atudies presented a complete
survey of the prenatal bovine appendicular skeleton, Lindsay
(1969a) collected 650 pregnant bovine uteri from the Glasgow
abattoixr, These specimens were predominantly from Ayrshire
oattle, but included some iriesian, lrish cross cattle, Short-
horns and a few Aberdeen Angus and Galloway, His investigation
was made into number, times of appearance and chronological
order of the loel of ossification in the prenatal and neonatal
bovine appendiculer skeleton including the ossa coxarum by
histological, radicgraphical and staining by alizarin red 8
methods, Loci were identified in general at carlier egtimated

ages then previously recorded, The siudy included loci of the



transiant elements and rocorded for the firat time, a2 locus
for the clavicle, All specimens used in Lindsay's study had a
cepbalic index within 48-60, o

The adult bovine sternum is described in the standard
veterinary textbooks as congisting invariably of seven
sternebrae, Little inflormation on the prenatal bovine
sternum is available. Montane and Bourdelie (1917) stated
that eeseh of the seven stermebrae develops from two lateral
loci of ossification, which wnite with on¢ another in seriocs
from before backwards, Sisson and Grossman {1959) stated that
most of the seven stermebras develop from twe latersl centars,
Cottereau (1952), in a study of the ossification of the lumbar
vertebrae of the calf, rcoorded that in a fetal calf about cne
and & half months old (estimated age), the sternum had a
longitudinal fissure and at two manths, the sternal fissure was
closed, Winters gt al., (1942) in their X-ray study of the -
prenatal bovine, noted that at an estimated age of 90 days,
the sternebrae had ossified to some extent., Lindsay (1569b) in
his study of neomatal and postnatal cattle found that at a‘noﬁt
50 days of gestation, the bovine sternum originated as
bilateral cores of cartilage which fused to form a median,

continuous cartilaginous precursor, This synchamdrosis occurred
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in a cranio~gcaudal direction and was completed about day 65
of prematal life, Osdification commenced by day 75 and typically
the locus for the seventh sternal segment appeared first and
that the first sternal segment appeared last, Lxception to this
order of appearance involved mainly the sixth locus in the six
fetuses of Type I in which this locus was much smaller than the
others and was therefore possibly the last to appear, Typically,
the looi were unpaired and median in positim. In 120 nemnatal
calves aged aie to eipght weeks, a similar variation in number
of loci was found and again, the three sternal types were
resognized, In only one calf of Type 3 a sub-type was
identified, i.e. sub-type 3 a/b with absence of the fifth locus
and coalescence of loci six and seven, It was observed in
these oalves that, although comparable sterna did not vary
notieeably in length, the loci of Type I were the smallest and
those of Type 3 the largest,

In 124 specimens from cattle age 18-30 moanths and over,

the same three types cocurred as in the prenatal and neonatal
groups. Morphologically sub-type 2, in which there was no
evidence ol coslescence and loci five or six absent, was
identified, OSub-type 2 b was identified in those specimens in

which coalescence of loei six and seven was deduced to have
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occurred because of the marked increase in length of the
appropriate segment. As expcoted, in the specimens of' 30
manths and over, the percentage incidence of the three sternal
types decreased as the sternal segments became increasingly
synostogsed until in cattle of four years and clder, all
stemebrae, except the first, may be synostosed.

Limited studies of the ossificatia program of the
prenatal and neonatal bovine vertebral column are recorded.
Winters et al. (1942) in their X-ray studies mede brief
reference to the ossification of the prenatal bovine axial
skeleton, Sisson and Grossman (1959) give a brief general
deseritpion of development of a vertebra and noted that in the
harse and ox, the body and arch are fused at birth or wmite
soon after, whereas in the pig, sheep and dog a neurocentral
synchondrosis persists during the first few manths of postnatal
life, Gjesdal (1969) in a table indicating ossification
sequence based upon X-rayed fetuses, indicated age at which
somc ossification was noted in the vertebral regions and in
the darsal spinous processes of thoracic vertebrae, Age of
fetuses studied varied between 55 and 145 days, Cotterecau
(1952) used gross dissection, injection and histological methods

and confined his ossification studies to the lumbar vertebrae



Pituitary

The early influence of the pitultary gland on growth was
demon strated by removins the pituitary primordius from chick
embryos at 33 to 38 hours of incubation, which inhibited growth
by retarding differentiation of the thyroid glands (Fugo, 1938),
Atwell (1926) found that the pituitary gland of chickens “
produced a thyrotrophic hormone probably earlier than the 11fh
day of incubation,

In the human embryo, the first pituitary acidophil cells
| a.re present from the third month when the epithelium of the
cells of Rothke's pouch sptively proliferates, while the
basophilic cells appear later (Atwell, 1926), Dandy and |
Reichert (1938) ademonstrated by radiographs of hypophysectomizéc:l
puppies that bony growth aid maturation {i,e. epiphysesl union)
were markedly retarded by pituitary ramoval, Dwarfism and . |
fallure of epiphyseal union were the main findings in a human |
skeleton in which a destructive lesion of the pituitary glend
was found at sutopsy (Erdheim, 1916), On the other hmd, '
repeated clinical cbservations of pituitary hyperfunction in
human giantism wers substontiated experimentally when Lwans and
Lang (1922) induced excessive growth in intact rats by o

administering crude anterior lobe extracts of the pituitary gland,



36

Other classie reparts have been cited in reviews (Simpson et al.

1950; Aaling et al., 1951; MoLean and Urist, 1955),

Growth Hormone

All endocrine glands have the gbility to influence each
other's activity in various and occasionally opposite ways,
but without any doubt the hormone secreted by the anterior
pituitary gland, known as H,G.H,, somatotrophic hormone or
sometrophin, does more so than my other,

Marie in 1886 described acrowegaly, and four years later
Massalangs (1892) described, for the first time, hyperactivity
of the pituitary gland, Since then, numerous reports have
appeared describing the activity of somatotrophic hormane and
culminated in isolation of growth hormone free of impurities
by i and Evans in 1933, Growth hormane is one of eight
hormones isolated from the mterior hypophysis, The work of
Evens and his collaborators on the effect of somatotrophic
hormone on growth was incorportated in a book an growth and
gmad stimulation by the anterior hyphophysis (1933) which is
o classic in this area,

The action of somatotrophin an growth is now fairly well

understoed even if some pecularities of activity or target cells



37

noed further claorification, Ample experimental evidence is
available o the changes that growbth hormone withdrawal causes
in epiphyseal cartilage but, so far, nothing on the cf'fect of
removal of the anterior hypophysis on the vasculature adjecent
to growth cartilage (Trueta, 1953). It is well established that
changzes caused in young laboratory animels by hypophysectomy
occur mainly in the germinal and proliferative zaues,
congequently cell columna become muoch sharter than normal
following mitotic inhibition and reduction of cell size,
Conourrently, vascularity of the metaphyseal side of the
growth cartilage is arrested (Truets, 1953).

A pevuliarity of growth hormone, which is not
satisfoctorily explained, iz that in tissue culture it doss not
causs eny appreciable effect upon its apparent target, the
rate of cell division being approdmetely the same as when the
lhormong is withdrawn, This phenomenon has been noted by many
investigators asince Fell (1955) first reported it, Ap other
impartant activity of growth hormone is related to carbohydrate
metobolism, Houssay (1947) found prolmged administration of
the hormone caused hyperglycemia and glycosemia; this effect
may &xplain, at least, scme changes in growth cartilage, =since
enchondral ossification is intimately related to glycogen

metabolism,



Thyroid Gland

By the 10th week, the human embryo has the thyroglossal
outgroth and by the 12th weck, definite follicles appear,

The full activity of the thyroid glend occurs between the
fourth and fifth month (Fox, 1908),

The function of the thyroid gland in the mammalian
embryo is not well understood even though it begins secreting
early in fetal life, In the pig fetus at 50 days, less than
half its gestational 1life, iodine is already detectable, On
occagions, cretinism is recognizable in uteroc. To retardation
of dkeletal development, Wilkins (1957) added epiphyseal
dysgenesig or "stippling" of developing epiphyseal centers to
the featurss to he expected with hypothyroidism., Permsnent
brain damage has been observed in fetal hypothyroidism,

A function hitherto unsuspected hos recently been
agsigned to the thyroid, The hormone calcitanin, described by
Copp (1961-62) as being produced by the pa:l'athyroid glands has
been shown by Hirsch gt al., (1963) and Foster st al., (1965}

to be produced by the thyroid,

Parathyroid Gland

In the human embryc by the fifth week, the parathyroids
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have well-differentiated "water clear" cells which suggests
early activify but no definite evidenc¢ is available as to
their function, at this stage, in initiating ossification
which begins in the human embryo before the end of the seventh
week,

The leck of parathyroid hormone causes severe motabolic
changes; phosphorus secrstion in urine decreases as serum
phosphorus level rises, and calcium secretion in urine
deorecases as does serum calcium level, Hyperparathyroidism
causes the same four metabolic changes, but in the opposite
direction, Albright ond Reifenstein (1948) believed that
serum phosphorus fell and rost as serum calcium rose and fell
in order to keep some solubility product constant., Thay
thought that the mechanism of action was as follows: para~
thyroid hormone affects phosphate dissolution in body fluids
and this increases renal excrstion of phosphate resulting in
hypophosphatemia; the bedy fluids become less saturated with
calcium and phosphorus resulting in increased resorpticn of
calcium~phosphate salts from bone, and serum calcium increases
vhile serum phosphate descreases, Subsequently, inereased
ronal exeretion of calcium occurs, which tends to further cause

undersaturation of body fluids, and easily brings about further



removal of bone caleium. Albright and Reifenstein {1948}
sugeested that this vicious cirele was accompanied by another
of osteoblastic activity. By removal of minerals, bones become
weaker and become subject to more changes by straesses and
strains,

Whatever the mecharism by which parathormone warks, there
is little doubt that its functian is to repgulste ealecium
metabolism and the caleium level in blaod, which are essential
for normal cardiac function, neuromuscular excitability, blood
coagulation, and cell membrane permeability. The information
of ealeium level in the blood is carried to the parathyroids
and the thyroid, When the blood with the secretod hormones,
caleitonin {thyroid) and parathormone (parathyroid), reaches
the row of osteogenic cells via the bone vessels, the cells aot
either by building or by demolishing bone,

The rols of parathommone, first reported by MacCallim and |
Vooglin (1909), has been repeatedly studied, but its mechanism
of action is still controversial, It is widely velieved that
parathromone acts directly on bone, and this is in keeping with
the fact thet it causes bone lysis in {tissue cultures and
induces staining changes around lacunae of osteocytes far away

fram the surface of lamellae, indicating bone resportiom
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(Heller-Steinber, 1951; Gaillend, 1961)., Newman and Newman
(1958) bolieved that parathormone nction on bone making ths
crystals melt away is closely related to the increase in intra=-
sellular eitric acid, A substantiol increase in citric acid
tends to break the phosphorus - célcium assceiation and favors
demineralization (Walker, 1961), Proteolytic enzymes, such as

collagenases, act ensily upon vulnerable matrix (Voes, 1965).

Gonads

Despite controversial views it seems likely that fetal
Yesbtous secrete androgens and that they may control develcpment
of the genital trsct of mammsls, Oco for, there is no evidence
that the mammalion fetal ovory secretes any hormones,

The sexual dimorphism of the akeleton is, in most aspects,
genetically determinad (Todd, 1933). However, certain features
become accentuated with appesrince of sax hormones, Many
observetims illustrate the inteoraction of geneti¢ and hormoneal
factors in skeletal development: sex differences in siructure
of tho human pelvis are prosent from the fifth month of
gestation (Fehling, 1876) and gradually increase thereaftor;
canters of ossification are botter developed in girls than in

boys (Hill, 1939); and epiphyseal closure follows essentially a



genetic patterm, but again in adolescent boys, epiphyseal
tloswe and skeletal age, in genersl, are more ¢losely related

to sexunl development {Francis, 1940),

Skeletal Bffects of Ovarian Deficiency

Skeletal changes have been studied in cases of primar'y' '
ovarien deficiency as occurs spontaneously in freemartin cattle
and in humans with ovarian agenesis or hypoplasia, and follow-
up therapéutic or experimental overiectomy, The bones are
delicate and thinner than usual, the epiphyseal growth zones
and oranial subures close later than normal, and apporance of
centersg of ossification are delayed, The pelvic di~meters are
shortened, horns continue to grow beyond their normal length,
and deercased staturc with disproportiocnately long sextremities
. are observed. In adults, ovarian deficiency fails to exert
noticeable skeletal effects (Kaijser, 1949). Proof that
ovarian deficiency is the cause of post-menopausal osteoporosis

is 8t111 lacking (Anderson, 1950).

Skeletal Effects of Bstrogen

Bone metabolism is intimately related to that of minerals.



43

Therefors, investigations of skeletal effects of aterolds have

boen concorned with their action on mineral metabolism,

Lerum Caleium

| The .llevels. of serum ¢alcium in untreated animals vary
considerably according to species, age, asx, degree of maturity,
and genorally on the amount of estrogen circulating in the
blood, Some of the diserepancies reported can be explained by
difference in methods of sampling blood and calcium detemina_.-
tion and in particular, pooling of bloed may fail to discloseJ
significant individual differences, Most investigators did
not distinguish boetween non-ultrafiltrable and ultrafiltrable
fraetions of serum caleium, However, in pigeons estrogens
increase primarily in the nop-ultrafiltrable fraction (McDonald
ot al,, 1545). In mammals, serum calcium responds to estrogen
lese congistently and less conspicuously than in birds, Slight
and temporary riées a8 woll as deadlines in the levels of serum
calcium have besn reported. Young enimals react more vigorously
to ¢strogen than older individuals (Day gt al., 1941).

Datn on the effects of estrogen on calcium and phosphorus
are few and contradictory. The negative calcium and phosphorusa
balance prevailing in older individuals reverted to positive

\

A
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after administration of estrogen (Albright et al,, 1941), while
in prepuberal girls estrogen caused the normally positive
balance to become negntive (Johnston, 1941).

The conflicting views on normal osteogenesis are reflected
in different interpretations of the effects of steroids on
formation and resorption of bone, Various answers have been
given to questions like the following: Is the excessive bone
seen aftor administration of estrogen identical with ordinary
bone and is it similarly formed? OSpecifically, do estrogens
couse deposition of caleium coarbonate or bicaleium phosphate
in unealeified matrix, and do they promote conversian of the
latter into tricalcium phosphate? Is the increase in bone
caused by estrogens reletive or absolute, and is this a primary
or secondary effect? The available data are often difficult
to integrate,not anly because of divergence of material tested,
but because different investigators used different methods of
standardization,

Ligtrogens increase tlic percentage of total bone ash in
animals of various species, Illowever, overmineralization is
not wniform throught the skeleton, and some bones such as the
o8 1l1li and symphysis pubis may actually undergo demineralization
(Gardner, 191;0). Radiosctive isotope studies confirmed that the

turnover of skeletal phosphorus was intensified after cstrogen
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administration and closely followed tim.f .of caloium (Dallemagne,
1950) ,

The chemicel nature of minersl dseposition under the
influence of estrogen has not been unequivocally eostablished.
The low Ca/P ratio in the bone suggested early deposition of
bicalcium phosphate which was supposed to be apeedily converted
into tricaloium phosphate (Ettori et al., 1942). However,
X-ray diffraction studies fuiled to demonstrate the pattem of
bicaloium phosphate {Dallemagne, 1950), and therefore, the
role of this mineral in estrogen - induced osteogenesis remainz
in doubt,

The significance of changes induced by estrogen in bone
ash may have been pgenerally overrated, while major changes in
- the nen-asheous components of bone were disregarded. In young
rats receiving estrogen, the water content and non-asheous
8olids of bone decreased progressively, If, however, the
values were corrected for body weight, the proportion of
asheous to non-agheous material was the same as in non~injeoted
animals (Lippman gt ol., 1942). The effect of estrogen
manifests itself in decreased formation of organic matrix, and
the apparent increase in the ash content constitutes

concentration of ash within o amaller volume of orgenic matrix
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rather than an absolute ineresse (Silberberg ond Silberbers,
1966). This interpretation appears to be the only one that
links the biochemical changes in long bones with inhibition of
linear growth by estrogens,

The close relationship of overmineralization of hone and
inhibition of linear growth is also indicated by the decreased
effectiveness of cstrogen in adult animalas, In old mice or
young hypcephysectonized mice given estrogen, bone ash
ingreased less than in growing mice treated correspondingly
(Ga.rdnar and Clouet, 1944, 19!4.5), Overmineralization i3, to a
large extent, due to the concentration of ash in a decrcased B
volume of organic matrix, Some of the excessive bene ash can

be accounted for by deoresssd resorption of cortical bone and

by secondary accretion of bhone,

Gross changes

Estrogen exerts three major effects on skeletal structure:
inhibition of linear growth, accelerated development, and ngeing
and cendensation of bone (5ilberberg and Silberberg, 1956). In
additian, estrogen may cause puble relaxation, In growing
individuals of all species investigated, estrogen inhibits

growth of long and flat bones (Lenz, 1913). Accelerated
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development s indicated by hastening epiphyseél closure and
by premature sppearance of ossification centeras,

Histeclogic changes

Growth of cartilage is inhibited, while hyalinization and
" ealeification of the ground substance sre intensified; erosion
by capillaries of the provisional cartilage is delnyed, and
the latter persists longer than normal (Silberberg and Silberberg,
1956). Provided the cartilage is not too badly damaged growth
may be resumed after cessation of lreatment, or even under
continued treatment, and the excessive spongiosa may also be
resorbed. In articular cartilage, estrogens render the

E ground substance resistant to breakdown and liquefaction, and
thus nmay counteract development of spontanecus osteoarthritis
and joint lesions induced by anterior hypophyseal hormone
(Silverberg and Silberberg, 1946).

There are some differences in the responge of avian and
mamnalian bones to estrogen., In birds, the increased medullary
. deposition of bone originates in the diaphysis, while in
. mammals the process begins in the metaphysis of' the long bones,
The tissue changes are complex and variegated (Silberberg and

- Bilberberg, 1946; Salomon et al., 1947). Therefore,it is
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understandakble that many investigators stressed variocus details
of somec observations and minimized others. The evaluation of
stabic microscopic pictures are renderad particularly difficult
by the rapid sucoessicn and intersction of osteogenic and
osteolytic processes. Emphasig has been placed on ostecblastic
proliferation, on damage to bone marrow by secondary deposition
of bone, and on inhibition of rosorption of previsional
cartilage and bone followed by acceretion of cssaous subsgtance,

#hile estrogen may increase the number of osteoblasts, it
is doubtful whether this is due to direct hormonal stimulation
or whether it is secondary to hormonal changes in the bane
marrow, Such early chanpges consist of hyperemia, stimulation
of hematopoiesis, and subsequent deposition of colliaganous
fibrils and osteoid. The latter undergees enlcification to
form trabeculae, The newly-formed spicules contain delicate
doubly refractile fibrils which are less serrated and regular
than those of pre-existent bone. The new bone does not form
lamelae end is not arranged according to mechanicel stresses as
in ordinary bone (Benoit gt sl., 1945),

In adult and old animals, there is no consistent effect
of estrogen on bone (S8ilberberg and Silberberg, 1941), In

young animals treated with estrogen, the spongicsa of flat
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bones, such as calvaria, vertebra.é, and ﬁlnandibles, nay widergo
osteoscleratic changes {Sternberg, 1896),
Because of its condensing effect on bong, estrogen has
been used for troating osteogenesis imperfecta. Decreased ..
fragility was noted during the period of treatment (Ropes at al.,
1946) ., No objective evidence has yet been put forward to
demonstrate a benefical effect of estrogen on the bone R
chunges of menopausal osteoporisis (Anderson, 1950) and its
effects on callus is oquivooal (Hills and Weinberg, 1941).
Estrogen cause gradual replacement of the symphyseal
cartilage by connective tissue (Jternberg, 1896), This
process in pelvic relsxation is distinguished from the effects

of relaxin, which rapidly disintergrates symphyseal cartilage,

TFactors Modifying the Skeletal Effects of Estrogen

The effects of estrogen vary considerably with the
conditions under which the hormone is tested, The modifying
factors may be exogenous and related to the hormone itself,
such as the type of estrogen, the duration of treatment, and
mode of administration; ar the modifiers may bo endogenous due
to species, strain, sex, age, and local conditions within

individual bones (Silberborg end Silberberg, 1941). Of the



50

numefous natural and synthetic; steroids, the benzoic and
propionic esters of estradiol as well as estrone and dige
thylstilbesterol elicit the most vigorous skeletal responss
(Urist et al., 1950). The relative potencies of these steroids
are difficult to establish because their effects vary, not only
in egree, but alsc in time of appearance and duration,

Steroids dissolved in sesame o0il are tho most stable

{Barnicot, 1951), A given amount is usually more effsctive if
administered in divided doges than if given at one time,
Estrogen have been administersd orglly, intraperitoneally,
subcutaneously, intramuscularly, percutaneously, topically, and
by implantatian, However, the rate of absorption, esterifica-
tion and excretion are more important in detemmining rcosults
than the estrogan’s mode of application (Folley, 1942), The
anount of bane deposited is usually proportionate to the

metabolized mmount of estrogen,

l.  Age

Skeletal susteptibility to estrogen decreases with age
(4ondek, 1936. Landauer and Zondek, 1944 : Silberberg and
Bilberberg, 1946: Salomou et al., 1947). However, growth

inhibition is less marked in neonatal than in prepuberal animals,
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This may be due to higher growth potential of cartilage of
neonates and thus harder to suppress than that of older animals,
which grow at & slower rate, Aped cartilage cannot respand to

further catrogenic activatio,

2. Bpecies

While exogenous estrogen inhibits growth in young animals
of all species, species differcnoes exist in regard %o bone
reactivity. The osteogenic response of pigeons and ducks
exceeds that of chickens; of mammalian bones, those of mice
react most vigorously tc estrogen, These differences may be
due to species dfferences in metebolic degradation of estrogen

or tissue susceptibility,

3. DBex

Sex difference in skeletal response to estrogen,
particularly conspicuous in mice, may be partly explained by
the higher physiological bone age of growing females compared
to that of males of the same age, Male mice of most strains
reaot more vigerously to esirogen than females, Howsver, in
05H strain mice estrogen exerted a more marked reaction in the

bones of femgles than males. Thig ig congidered to be due to
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antagonism between exogenous estrogen and endogenous androgen
present in the male, Numerous experiments (Landauer et al,,
1941; Budy gt al., 1952) have failed to establish unequivecally

the existence of androgen-estrogen antsgonism relative to the

skcleton,

Response of individual bones

The susceptibility of individusl bones to estrogen
decreases in the following o.i:der: lower femur, upper tibia,
upper femur, humerus, and cubitus {Urist ot al., 1948), The
rule that the younger a bone is physiologically at the
beginning of treatment, the more vigorous its reaction,
applies also to individual bones. The os ilii is
remarkable in that it actually undergoes resorptian under

ostrogenic influence (Gardner, 1936, Urist et al,, 1950},

Mechanism of Actian of Lstrogen

One of the major questions regarding the mode of estrogenic
action oan bone is, whether or not the hormone acts on the
skeleton directly or indirectly through mediation of other

andocrine glands, Several possibilities have been investigated.
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1, Role of Hypophysis

Changes in structure and function of the anterior
hypophysis following administration of estrogen suggests that
it exerts its skeletal effects by inactivaeting the former,

This is plausible since both estrogen and hypophysectomy
inhibit linear growth, IHowever, the microscopic changes in

the epiphyseal cartilage in the two conditions are distinctive:
hypophysectomy depresses growth, develcpment, and cssification
of the provisional cartilage bui estrogen intensifies
ossification and regressive changes, The latter ochuanges affect
the cartilage so severely that thuy may inhibit Jocal growth,
Lgtrogen , however, may act on both serum calciuwm and bone in L
the absence of the hypophysis (Gardner end Clovet, 1945; Riddle
and McDonald, 1945). The failure of estrogen to elicit
skeletal effects in hypophysectomized animals {Kibrick et al.,
1942) does not necessarily indicate an intermediary funotion

of' the hypophysis, Following hypophysectony, growth of
cartilage is maximally depregsed so thalb further inhibition

by estrogen is impossible, 3Similarly, bone formation is at a
minimum following hypophysectomy so that there is little or no
substratum for estrogen to act an, In canclusion, while it is

not disproven that estrogenic growth inhibition may, at least,
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be partly mediated through the hypophysis, the possibility is

alight,

2, Role of Parathyroids

Since the skeletal effects of estrogens can be aobserved
in the absence of parathyroids (Riddle and McP onald, 1945)
the latter may be disregardecd as a factor essential for
estrogenic action on bone, However, in some species,
ostrogen might stimulate the parathyroids (Riddle et al.,
1945), and parathyroid hormone may contribute to the peculiar

combination of formation and resorption of the resultant bone,

3. Hole of Nutritional Faciors

Estrogen did not accelerate repletion of body calcium
following calcium depletion (Duckworth and Ellinger, 1950).
The hormone exerted its effects on bane of animals kept on a
vitamin D deficient (‘Segaloi‘f and Cahill, 19&.5) or low calcium
diet (Benoit and Calvert, 1947). A low protein diet (Gardner
and Mahan, 1946) did not alter the skeletal response to
estrogen, and in guinea pigs estrogen was capable of acting in
the absence of vitamin €, while at the same time retarding

development of acute scorbutic lesions (Silbarbarg and Silberberg,
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1948), Estrogen slso exerted its effeots an long bones with
their nerve supply severed (Amstrang et al., 1945).

Baged on the observations described above, four major
theories have been advanced regarding the mode of actian of
estrogen on the skelaton:

(1) Estrogen stimulates primarily ostecblastic growth, This
view presupposes 4 primayy anabolic effect of estrogen o
ostecblasts (Gardner and Ffeifter, 191;.3). However, there is
no supporting evidence for an anabolic effect being exertad
by estrogen on any mesenchymsl tissueas,

The remaining threc hypotheses agrse on a primary
injurious effect being exeried on mesenchyme by estrogem,
gither on cells or the ground subatance, or both,

{(2) Estrogen induces hyalinization of the ground substance,
This change interferes with linear growth, vascularity, and
resorptive procesges during formation of new cgseous tissue,
The ensuing condensation of bone is primarily dus to decreased
resorption, and to a limited degree, deposition of new
material {Silberberg and Silberberg, 1939, 1943).

(3) Estrogen sauses ostecclasis and osteolysis associated
with or followed by excessive medullary bone formation (Pencit

~ and Calvert, 1943},
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(4 Estrogen injures reticulum cells of the bone marrow, and
the subsequent excessive bone formation constitutes a result
of cicatrization (Landauer and Zondek, 1944; Urist et al.,
1948), This last theory is more specific than the former in
rogards to the injurious effects of ostrogen, which are
supposed to be directed against cells rather than matrix, The
use of the term cicatrization for changes taking place in the
bone marrow is unfortunate as it denotes a permanent
pathological change,

In conclusion, more new factual material is needed to
agtablish the bagic skeletal reactions cauged by estrogen,
Probably the effect will turn out to be related to that

axerted by sstrogans on conneotive tissue in general,

Skeletal Effecots on Progesterane

The effect of progestafona on calcium. metaﬁolism and on
bone are not conspicuous and are of interest amly because of
their relation to the action of other hormones, Progesterone
hag no influence an ultimate body size (SoSa-~Gallardo and
Arias, 1941), It was unable to prevent the estrogen- induced
changes in the bones of mice {Gardner, 1936), In young guinea

pigs, progesterone slightly stimulated epiphyseal growth and
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temporarily retarded regressive changes and ossification of
cartilage (Silberberg and Silberberg, 1941l). The effect
regembles that seen at early stages following ovarisctomy and
may be due to inhibition of endogensous steroid that hasten

skeletal development,

Skeletal Effects of Testosterons

In the growing skeleton, effects of castration manifest
themselves in the tubular zad flat bone 5. and in such secondary
sexual oharacteristics as horn and antlers, Skeoletal
development is retarded and more so, the earlier in life
castration is performed (Tandler and Selheim, 1913), There is
delay in epiphyseal closure followed by a prolonged growth
period at subnormal rate, and hence a moderate degree of
stunting. The castrate skeleton has a disporportionate
inercase in the lmgth of those bones whose growth zones are
openn at the tine of castration., Castrate skoletuns, as a
whole, sre delicate and sometimes porotic (Hammond, 1932).

Microscopically, the growth zones of long bones of
castrates contain an inereased number of columbar cartilage
o@lls, while hypertrophy of these cella is delayed, Regressive

changes and replacement of provigimal cartilage by bone are
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retarded (Silberberg and Silberberg, 1914.6).

In adult individuals, deficiency of male sex hormecnes is
supposed to give rise to osteopcrosis and in old age, this is
belisved to beocome accentuated due to declining production of
androgens (Heller and Shipley, 1951), There is, however, in
aged patients overlapping effects of androgén-deficiency with
those of adrenal corticel stercoids so that def‘iﬁlite cenclusimns
should be withheld until adequate experimental data are
available, |

Testosterone in large doses suppresses proliferation of
cartilage, but intensifies hypertrophy, hyalinizotion,
caloification, and ossification (Silberberg and Silberberg,
1956), The hormone had no effect on bone repeir when tested
striotly under contrel conditions (Armstrong, 1942).

Like estrogen, the skeletal effeots of testosterone are
subject to a number of modifying influences, Among these
faotors, dose is important since it determines whether or not
growth will be stimwlated, Furthermore, susceptibility to
togtosterone changes with physioclogical sgo of the skeleton; a
maximum response is elicited shortly before puberty, while
nswborn and adult individuals have a decrsased reactionm or

none at all {Silberberg and Silberberg, 1956), Female mice
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respond more vigorously to the age-promoting action of testos-
terone than males (Silberberg, and Silberberg, 1956), Thie way
be due to the relatively old physiological age of females as
compared with males of corresponding age, In the physiologically
older female, the hormone merely accantuates a prevailing trend,
while in the physiologically younger male, the stercid has to

overcome such growth capacities atill present,

Skeletsl Effects of Adrenal Cortical Homaones

In adrenalectomized rats, growth of epiphysesl cartilage °
is arrested (Ingalls and Hayes, 1941), This effect is
apparently non-specific and caused by decreased food
congumption, In adrenalectomized animels maintained with
chlorides and desexycorticosterane, the long bones are somewhat
enlarged, This slight growth stimulation supposedly results
from elimination of growth inhibitors present in the adrenal

cortex,

1, Transplent of Adrensls

In mice, cortical secretions formed by grafted adrenals
counteracted the growth processes in articular cartilage and

thus decreased the incidence of degenerative joint diseass
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coused by anterior hypophyseal homecografts (Silberberg et al.,

1954) ,

2 17-Ketosteroids

The outputof 17-ketosteroids is inoreased under
pathological conditions associated with adrenal cortical
hyperplasia or benign or malignant cortical neoplasms (Hurxthal
and Musulin, 1953), The skeletal effects exerted by these
ketosteroids are identical with those by 17-ketostercids of

testicular origin,

b Minernlocorticoids

Administration of desoxycorticostercne or similar
mineralocorticoids slightly inhibited body growth of chicken

embryos (Stock gt al., 1951),

4. Glucocorticoids

Cortisone and presumably other sterocids of this group are
ineffective until the eight or tenth day of chick incubation
(Karnofsky et al., 1950). In voung rodents, cortisone
inhibited linear growth (/ells and Kendall, 1940) by interfering
with proliferation of the epiphyseal cartilage and with

production of cartilaginous matrix, The primary spicules were
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poorly ossified, inadequately resorbed, and may persist for
en abnormelly long period (Follis, 1951). In accordance with
the retarding effect of cortisone on growth of conneciive
tissue, callus formation is delayed (Blunt gt 8., 19%0).

Cortisone also increases the incidence of malformationa,
in particuwlar cleft palate in newborn mice whoss dams were
treated with high doses of homone during pregnancy (Fraser
and Fainstat, 1951}, It has been suggested that cleft palate
may result from regressive changes and resorption of tone by
cortiaone,

Experimental dats are either absent or scarce regarding
the effects of cortisone on adult bone. Glucocorticoids have
beon implicated as e cause of senile osteoporosis {Albright,
1947) and of osteoperosis associated with Cushing's syndrome
(Cushing, 1932), Cushing syndrome is characterized by over-
production of glucocorticeids. The anti-anasbolic gluco-
corticoids are supposed to prevent fomation of osssoug matrix,
and thus shift the balance between formation and resorption of
bone in favor of the latter. However, few microscopic studies
oarried out on bones of patients with Cuching's syndrome
revealed neither decreased osteogenesis nor increased

osteclysis (Follis, 1950), Lvidence is accumulating that



adrenal cortical steroids produce major changes in the ground
substance and fibrils of crdinary connective tissue (Miner and
Hechter, 1953), and it may be only a question of time before

such changes can be demonstrated in cartilage and bone,
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INTRODUCTION

A source of wastage well~regcognized by abatfoir personnel
but perhaps overlocked by stockowners, snimal scientists and
veterinarians is slaughter of pregnant cows, The wastage is of
concarn to the federal and atate govermments but the incidence
is unknown, The relationship of pregnancy eand ovarian status
of slaughtered cows to age, ssason and ocarcass weight are also
unknown, | |

During collection of Zebu embryos and fetuses for studying
development of the appendicular skeleton, records were kept of
pregnancy wastage encountercd in slaughter slabs around Zaria,

Reported here are the resulis of those observatioms,

MATERIALS AND METHODG

Loocation and Time: The study was oconducted at slaughter alabs
in Samaru, Saban Gari, and Z4aria City from September, 1975 to
Hovember, 1976, This period included the four seasons; pre-~dry S
(Octaber - December), dry (January - March), pre-rain (April -

May)} and rain or wet {June - September),
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Cows: Cows were randomly selected dwring daily visits (Monday
to Friday) to the three slaughter slabs and the breed recorded,
The cows originated from Sokoto, Katsina, Kano, Bornu, and Zaria,
Age: Age was estimated by examining the incisor teeth (Sissm
and Grossman, 1959). The cows were divided into three age
groups: young-- temporary teeth to 6-tooth (less than 3.5 years);
mature -- full-mouth with 1little wear (3.5 to 7 years); and old~-
moderate to excessive wear (greater than 7 years),

Pr oy St : Pregnancy was assessed visually and by
palpation of the exposed uterus after slaughter. Cows were
recarded as nan-pregnant or pregnant in first, second or third
trimester, Uteri were dissected to confirm early pregnancies,
The stage of pregnancy was estimated by fetal total cantour
length (nose to tip of the tail) and weight according to
criteria developed from known aged Zebu embryos and fetuses
removed by Caesarian section (Part III),

The ovarian status of non-pregnant cows was determined by
examining both ovaries for presence of corpora lutea and
developing follicles and was recorded as active or anestrus,
Carcags Weight: Cold carcass weight ("hot" or recently
slaughtered weight less three per cent) was recorded whenever

possible,



Herd History: Owners were interviewed to determine the main

regams for culling cows for slaughter, Qeustions included:
lactation status prior to slaughter, whether calvss had been
woaned within previous one to six months, was rectal palpation
used as an aid for culling, and grazing conditions in the state
of origin at the time of culling, |

Data Processing and Statistical Analysis: Herd and individual

cow data was recorded on punch cards and analysed by computer,
Differences in carcass welght between age, stage of pregnancy

and ovarian activity were assessed by student's "t" test,

RESULTS

Of the 7,94 cows cxamined, 4,041 (50,9 were pregnant whan

alaughtered, The incidence, maternal age, stage of pregnancy,
and seasonal relationship are given in Tables 1-3,

The breeds involved were Raheji {65%), Bunaji (3(06), and
Wadara (5%). R

The spproximate age of 6,3%24 of the cows was detemmined,
The age distribution was: 2~tooth 18 (0, 3), L~tooth 23 (0,4%),

6-tooth 402 (6, %), full-mouth without wear 992 (15,7%), full-
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mouth with scme wear 3,006 (47,5%), incisors well-worn 1,345
(21.?6), and incisors worn to the gumg 538 (8.96), Composite
- grouping revealed that 7.0 per cant of the cows were young,

63.2 per cent mature, and 29,8 per cent old,

 Prognant Cows

Age: Relationship of age to pregnancy (Table 2) was highly
significant betwesn young, mature, and aged cows (P<0, 005}, -
and highly significant between maturs plus aged ané young cOwS

(P«0,005),

Seggon and Stage of Pregnancy: The percentage of pregnant GOWé '. B

slaughtered did not vary significantly with the seasons (Table 1).
The relationship of season to stage of pregnancy was not B
significant (Table 3). Differences between the three stages of
pregnancy at slaughter were highly significant (P<€0,005); 67

per cent of the cows were in the second trimester, The highest
percentage in the first, second, and third trimesters were

found in pre-dry, pre-rain and rain seasons, respectively; the
lowest percentage in pre-rain, pre-dry, and dry seasons,
respectively.

Carcass Weight: The relationship of cold carcass weight to

stage of pregnancy, ovarian activity in non-pregnant cows, and

et = e e e
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age are given in Table 6, There was little difference in

carcass weight between the three age groups and the stage of

pregnancy.

Non-Pregnant Cows

The relationship of age and season to ovarian status is
siven in Tables 4 and 5,

There was no significant difference in ovarian status and
age, The incidence of anestrus increased with age,

Ovarian activity differod significantly between seasons
(P<0.05), being highest during the rain season, Differences
between rain season and the three drier seasons were highly
significant (P 0,01). The incidence of anestrus was highest
during the dry season and lowest during the rain (P< 0.01).

Anestrus cows and non-pregnant cows with active ovaries
had the lowest mean (135 + 41 kg) and the highest mean (170 + 43 kg
carcass weights, respectively (Table 6); the differences being
significant (P<0,01)., When age was considered together with
pregnancy and ovarian status, aged anestrus cows had the lowest
carcass weight (127 + 28 kg) and the mature cows with active
ovaries had the highest (180 + L7 kg).

The relationship of carcass weight to age of 4,229 cows is

outlined in Fig, 1.
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Herd Higtory: Interviews with the cattle owners wers un-

sotisfactory as the great msjority were buyers who had little
or no higtory of the herd or area of origin. None had cows
pregnency diagnosed prior to slaughter or knew of rectal
palipation being used as an aid for culling from the herds fram

which they purchased their cattle,

DISCUSSTION

Daily collection of fetuses quickly éonf‘irmed a problem of
pregnancy wastage in cattle, That almost 75 per cent of the
prognant cows slaughtered were in the second and third
trimesters is serious because these pregnsncies could have boen
s3imply and readily detected by rsotal palpatimm prior to sale
and/or slaughter, Dstection and retention of pregnant cows by
the original owners or by female resovery schemes would |
contribute considerably towards meeting the meat production

target far Nigeria, It is recommended that this source of

waatage of urgently needed mcat be reduéed by pregnancy diagnosia

being made readily available by the appropriate authorities,

The magnitude of the problem of pregnancy wastage in cattle



in Nigeria may be extrapolated from this study, The total
nunber of cattle slaughtered annually at the three slaughter
slabs of Zaris is approximately 24,000, Allowing for half being
females, then half or 6,000 would be ﬁregnant" It is roasonable
to deduct 2,000 for aged cows and other inescapable cullings.
This leoaves an annual wastage of 4,000 fetuses., This figure .
may not appear large but when multiplied by expected similar
results from other slaughter establishments around the Federation,
the potential wastage is a problem for major cancern and positive
actien, | | |
The finding that the maximum percentage of cows pregnant
in the first, second and third trimester occurred during October—
Dacember, January-ilarch, and June-September, respectively, is
in general agreement with previous findings in the northem
atates of Nigeria, that conceptions are highest during July and
August (Osori, 1976}, Jochle (1972) found that most Zebu cows
in the Mexican Gulf coast tended to conceive during the rainy
season (June~October), That less pregnant cows were slaughtered
during the third trimester suggests that owners and buyers were
With regards to carcass weight in relation to age per se,

the finding that carcass weight appoared to be highest in cows
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four to 8ix years-old diffecred with the results of Brinks et al,
(1962) in the U.8.A, who found that the weight of Hereford range
cows nursing calves increased up to eight years of age. The
obvious decrease in carcass weight after maturity of cows in
the present study is probably due te breed difference, poorer
monggenent snd harsher environmental conditiaus,

A higher pregnancy race in cattle in good condition is
expected (Donaldson gk al,, 1967); therefore, the apparent
inorease in carcass weight with advancing pregnancy during the
dry and pre-rain season, whan pastures were soarce and of
declining quality, was wnexpected, 1t was anticipated that cows
slaughtered during the last trimester of pregnancy would have
had decreased cargass weights,

Possibly the carcass weight differences associated with
pregnancy were attributaeble to the lactation status, which was
not recorded. However, in one extensive study in the southemm
U.5.A,, lactation was not necessarily assooiated with decreased
body weight (Pitzhugh et al., 1967); in fact, most cows were
found to gain weight from parturition to weaning and then lost
weight from weaning to parturition. |

Herd history was relatively meaningless as the owers were

recent buyers of the cattle. Some owners wore co-~operative and
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others not, and others refused to supply any information without
payment,

Finally, it should be emphnsised that studies involving
slaughter establishments in Nigeria are difficult for a number
of reasons: abtitude of slaughter personnel; methods of payment
of slaughtermen by by-products and ceriain crgans (often one of
the specimens required); method of slaughter:; difficulty of
arranging co-operation with all concerned; difficulty in
obtaining and maintaining co-operation for even 2 short period
of time; specimens increase in price until prohibitive:
inability to examine parts of the carcass, for example, udder
and at times, teeth; what you can do and obtain one day you may
not be able ta the next; continual fear that you may not be
able to complete collecting the minimum number of spsecimens
required for the study, etc, In this study, the lactatim
status of each cow could not be observed because the method of
slaughter and degree of co-operation; the age was determined by
examining the incisors in 79.0 per cent of the cows, and carcass
wolght was obtained in only slightly more than half tho cows
examined (53,%.). The above difficulties werc constant
handicaps in this study and thesge must be overcome befare

studies inveolving slaughter house specimens can become routine
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and meaningful to animal health and production in Nigerias,

SUMMARY

Of 7,941 Zebu cows examined at three Zaria slaughter slabs,
- 4,041 (50, 9%5) were pregnant whan slaughtcred, The breeds
involved were Rohaji (63%), Bunaji (30%), and Wadara (5%).
The age distribution was estimated by teeth examination to be
young -~ 7 per cent (less than 3.5 years); mature -- 63.2 per
cent (3.5 to 7 years), and old - 29.8 per cent {over 7 yoars),
Relationship of age to pregnancy was highly significant
between the three age groups and beiween mature plus aged and
young (P+'0,005), The relationship of season to the stage of
pregnancy was not significant. The differences betwasen the
three stagoes of pregnancy at which cows were slaughtered were
highly significant (P 0,005) ; the majority (674) being in the
second pemester, There was little differesnce in corcass weight
between the three age groups and the stages of pregnanocy,
Ovarian asctivity was highest during the rain season and
ancstrug highest during the dry season (P 0.01). Anestrus cows

and noan-pregnent cows with active ovaries had the lowest mean
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(135 + 41 xg) and the highest mean (170 + 43 kg) carcass weights,
rospectively, Aged snestrus cows had the lowest carcass weight
(127 + 28 kg).and mature cows with active ovaries had the
highest (180 + 47 kg).

The magnitude of the pregnancy wastage problem in cattle
in Nigeria was discussed and it was recommended that pregnancy
diagnosis per rectum be made available prior to culling or

slaughter in order to reduce this major source of meat loss,
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Table 1t Incidence of pregnenoy in Zebu cows slaughtered in

Zarie between Septamber, 1975 and November, 1976,

Cows
O agaon
No, No, Total

Pregnant Eppty Exemined Fregnant
Pre-dry 902 1,381 2,283 39.5
Dry .. 1,259 812 2,071 €0.8
Pro-rain 1,078 811 1,889 57.. 1
Rain B02 896 1,698 47.2
Total b, 041 3,900 7,941 51.1
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Table 2; Relationship of age to stage of pregnancy of <4ebu
cows slaughtered in Zaria between September, 1975

to November, 1976.

Stage of Pregnancy

Age Group* Pregnant cows
1-3mths 4 - 6 mths 7 - 9 mths  oxamined
No, % _?_1:0, % No, % No, %
Young 153 19.4 59  T5.4 41 5.2 788  19.5
Hature 498 25.9 1,342 69.9 81 4.2 1,921 L47.5
0l1a 399 30.0 772 57.9 161 12,1 1,332 33,0

-

Total 1,000 26,0 2,708 67.0 283 7.0 4,041

* Young ( < 3.5 yrs); Mature (3.5~7 yrs); and 01d (> 7 yrs).
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Table 3t Rolationship of seasun to stage of pregnancy in Zebu

cows slaughtered in Zaria batween Sepiember, 1975 to

November, 1976,

 Stage of Prognancy No, pregnant
Sensan cows examined
1-~3 mths L4~6 mths 7-9 mths
No, % No, % No, %
Pro-dry 336 37,3 486 539 B0 8.8 302
Dry 306 2.2 918 72,9 37 2.9 1,259
Pre-rain 168 15,6 865 80,2 L5 L 2 1,078
Rein 242 30,2 439 54,7 121 15,1 802
Total 1,050 26 2,708 67 283% 7 4,041




97

Table 4 Relationship of age to ovarian activity in non-
pregnant Zebu cows slaughtered in Zaria between

September, 1975 and November, 1976,

A Ovarian Status No., empty cows
Gge * examined
Toup Aotive Anestrus
No. % No, %
Young 355 71 nws 25 500
Mature 1,687 Th 593 26 2,280
014 661 59 159 41 1,120
Total 1,703 68 1,197 32 3,900

* Yomg (<3.5 yrs)
Mature (3,5-7 yrs)
01d  (>7 yrs)
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Table 5: OSeasonal relationship of ovarian activity in non-
pregnant “ebu cows sleughtered in Zaria between

September, 1975 and November, 1976,

Ovarian Status No. empty cows
Season examined
Active Anestrus
No, % No, %
Pre-dry 1,166 62 215 38 1,381
Dry 456 56 356 L, 812
Pre-rain 567 70 VIR 30 511
Rain 783 87 113 13 896
Total 2,972 70 928 30 3,900
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Pig. 1. Relatimship of carcass weight to age of 4,229

slaughtered Zebu cows,



Cold Carcass WT.(kg)

180

170 -

160

150

140 4

130 1

120

2T4T 6T FM FSW FXW FXWG
Approximate Age Groupings

2T—6T= 2 to 6 teeth erupted respectively

FM = Full mouth

FSW = Full mouth with some wear
FXW : FXWG= Excessivewear: Worn to gum
respectively



PART III

AGE DETERMINA(ION IN PRENATAL ZEBU
CATTLE OF NORTHERN NIGERIA
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- INTRODUCEION -

I% is remarkeble that there appears to be no literature on

ageing Bos indicug fetuses, [n general, data conserning
acourate ageing of Sos taurus owbryos and fetuses are sparse
(Bargmann, 1922; Winters gt gl., 1942; Nichols, 1%4k; Swett
ot al., 1948). Nichols (194k) and Swett et al, (1948) reported
- woights and body lengths of bovine fetuses, and Bergmenn

(1922) and Winters et al., (1942) included varigus measw ecments
in additieon to weight of developing fetuses, DBy atudying the
available literature, Jakobsen (1957) derived a method for
estimating fetal age fram weight, length and maturation 8ign 8.
By correlating fetal weight, body length and head
circumference Thomsan {1975) derived e mathematicel method for
calculating fetal age.

In recent ysars, attempts have been made to put this
important aspect of comparative embryology on a sounder basis
but owing tc shortage of suitable specimens much remains te be
dons (Gjesdal, 1969; Mancely, 1952; Rexroad et al., 1974;
Thomsen,1975), There are several reasons for the shortage

ineluding eeonomic and humsnitarien, Also, when specimens are

available, the service dates are usually not and although
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intermal parasites and sprayed with pﬁzmnz for ticks and then
routinely throughout the experimental period, The cattle were
identified by ear-tags. They werc kept in a large paddock and
were taken out to graze daily between 8,00 a,m, and 2,00 p,m,
During tho dry season they werc supplemented with hay and
1 kg guinea~corn per head daily, 4As the aim was to maintain
the herd under husbandry conditions similar to those of
Fulani herdsmen, feed was kept simple and the cattle fed
sufficiently to supply minimal body protein recquirements,

The Wulls ran with the cows, The cows were carefully

watched for signs of estrus which were recorded,

Fetuses

Twenty fetuses were collected by Caesarian section from
August, 1975 to December 1976: two per gestational month plus
an extra one for both the fourth snd fifth month., Fetal age
was determined from 6,00 p.m on the day of service to the
time Caesarian section was performed, All pregnancies were
confirmed by rectal palpation,

Fotuses were recovered by Caesarian section via a flank or

midline incision under local anesthesia with 2 per cent

2 Pfizer Products Ltd,, P.M,.B. 111, Ikeja, Nigeria,
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Versicaine” and the umbilical vessels tied off.

Fotal Messurements

Fetuses were weighed (WT) to the nearest 10 mg with a
Mottler bala.noab' after oxceas fluid was removed by paper towels,
Laoh fetus was stretehed out on a flat tray so that the nasal
bonss were at right angles to the long axis of the body, The
following fetal measurements to the nearest mm were recorded:
forehend = rump (FR)}, cranial length and width, cephelic index
(CI), total body contour length {TCL), length of femur (LF), '.
and length of humerus (LK), . '

Criteria for these fetai measurements were (Fig, 1): |
" FR - Most anterior part of the frontal bone to the space

between the last sacral and first coccygeal vertebras, .

CI - Caloulated from cranisl length (noge to base of the
pocipital bone) and cranial width (zygomatic arch to
zygomatic arch), |

TCL -~ ¥rom nose to tip of the tail,

L¥ -~ Length frum greater trochanter to lateral condyle of

3

Lignoocaine hydrochloride, Mey and Baker Ltd,, Dagenham,
Essex, England, N

b Models PL63N and P1CN, Mettler Instrument A.B,, Zurich,
Switzerland,



dissected femur,
LH - Length from head to latersl condyle of dissected humerus,

Sex, breed and season of collection of the 20 fetuses and

the 250 slaughter fetuses were also recorded,

Statistical Analysis
" The data collected were recorded on punch cards and
analysed by computer using regression , standerd least square

snalyses, and estimate of 95 per cent tolerance limit for

level of significance (P<0,05),

o RESULTS

Data of fetal measwremants, sex and season of the 20
Rahaji fetuses of known age recovered by Caesarian section are
summarised in Table 1, The correlation coefficients of the
seven variables were significant (P<0,05) except cephalis
:i'.ndax (Appendix, Fig, 1) which wes negatively correlated with
the other variables (P€0.05),

Correlations were linear between log WT and log FR, log ICL,
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log LF, long LH and Log Age (IFigs, 2-6). Rograession lines
were fram standard least square analyses,

These correlations (Appendix, Table 1) can bo expressed hy:

Y = Xb‘ q (1)

where b is the regression coefficient from the corresponding
log - log - plot {log Y = b.log X + log q) and g is o consbant,
Applying this regression equation to a growing Zebu fetus when
Y is a three-dimensional measure (e,g. WT) and X is a one-~
dimensional measure (e.g. length), b can be anticipated to have
a value of 3,

In this study, b = 2,67 + 0,08 which closely agreed with
expectation., Applying this teo the rolatianship between log WT
and Yog TCL (¥ig, 3), thc following equation emerged:

log WP = -2, 4286 + 2, 6746 log TCL (44)

With the other variables, the following equations were
gimilarly derived,

log WT = =3,1498 + 2,6319 log FR (1ii)

log WT = -1,3962 + 3, 1372 log OL (iv)
log WI' = .4 6276 + 1,3379 lang LF (v)
log WT' = ~3.1959 + 2.4993 long LH (vi)
log W' = -2,L9% + 3,1959 log Age {vid)
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The validity of these expressions was tested with the 20
Rahnji fetuses of known age, The regression equation for body-
weight and total body contour length wos the most accurate for
predicting body weight (P 0,05), Regression oquation for body
weight and fetal age was best for estimating age of a Zebu fetus
of known weight (P~ 0,01),

Thore was little chanpe in the cephalic index of the
| growing Rshaji fotus except for a distinct peak at thres months
(Fig. 7).

There was good correlation between FR and age (Fig, 8) in
the developing Rahaji fetus (P 0.05)., From this correlation a
scale was made for estimating gestational age (Fig. 9).

No sigaificant differences were found for the seven
variables due to sex or breed when ageing the 250 Zebu fatuses
obtained at slaughter (Appendix, Tables 2-18)., A significant
increass (P 0,05) was observed in fetal weight and length of

fomur and humerus during the wet seasan (Appendix, Table 11).

DISCUSSION

Pronatal development of farm animals, with the exception
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of the pig (Marrable and Ashdown, 1967) , has received little
attention, A more complete knowledge of this phase of intrau-
terine animal existence ig desirable not only to study normal
variations in development but also to establish a basgis for
studying factors causing deviations from normal development,
Befare the effects of nutrition, genetics and teratogens on
production of abnormal, dead or weakened nocnates can be
completely understood, a standard of normal development must
be established, COCtherwige it mipght he difficult to determine
the nature, pathogenesis and importance of any developmental
change,

From an economic stoandpoint, beef cattle reised for market
spend a good pertion of their lives in _1_;1;_9_3:_'9,. nearly one-third,
If mors were known abcut the prenatal phase of theixr existence,
perhaps soms of the problems that arise during extrauterine
life could We more ensily explained,

Thomsen {(1975) observed linear correlations betwesn log
maximum head ciroumference, log body length and log weight and
derived mathematical expressions concerming gestational age of
Bos tgurus fetuses, He found these relationships applicable for
re~oxamining data from earlior work by Bergmann (1922), Nichols
(1944}, and Jekobsen (1959), Bergmenn (1922) measured body

length from the mouth to tuber coxasl, Nichols (191;11.) from crown
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to rump, and Thomsen (1975) from nose to tailroot, and Jakobsan
(1959) defined maximum head ciroumference. Both Bergmann and
Thomsen used slaughter fetuses of unknown gostational age.

The least square analysecs of the Zebu fetuses compared
favourably with Thomsen's findings allowing for broesd
differencos except for cephalic index,

It i3 surprising that no statistical difference was
observed in the three breeds of Zebu cattle studied regarding
the variebles esapecially weight, Asdell (1946) stated that
breed has a dofinite effect on the birth weight. As ths three
Zobu breeds were similar in size and conformation, breed
dif'ferences had little effect during gestatiaon,

Although work on other domestic animals has revealed
confiicting observations on the effect of gex on weight and
body length measurements (Wrathallet al., 1974), no sex
di fferences wore observed in the fotal variables atudied., The
inorease in weipght observed during the wet season con be |
.explo.ined by better climetic conditions and adequate good
quality forege,

| The relative value of body length and weight to age is
worth clslonsidering. Inerease in length is due to increase of

cartilage and bone in a particular direction and tends to be
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more uniform than inoroase in weight over a similar period of
time, Irregular increase in weight has boen attributed to
differential growth rates of various organs and tiasues
(Wallace, 1945). He found in sheep that organs such as kidnay,
liver, lungs,urinary bledder, and brain made a greater .
proportion of their growth earlier in gestetian than other
organs, Apparently similar work has not been done in cettle,

| The aim of this study was to examine easily measureble
fet.a.l date which could correlate significantly with age and
from these relationships derive a me_th_od for caleulating
the age of Zebu fetuses for both experimental and field use,
The regression equation for body weight and body lemgth {TCL)
was found to be the most accurate for prediciting felal weight
and that body weight and fetal age was thé best for estimating
age of Zebu fetuses of known weight., From the noa-log
correlation betwsen body length (FR) and age of developing
Rahaji fetuses, a simple scale was devised for estimating

gestational age of fetuses in the field,

SUMMARY

Data on seven easily measured variables (WI, FR, TCL, LF,



111

LH, CI and Age) from 20 Rahaji embryos/fetuses rocovered by
Cassarian section and from 250 emoryos/fetuses collected from
slaughtered Rahaji, Bunaji and “adara cows are presented,

Data from the 20 Rahaji embryos/fetuses were used for
establishing a normal growth curve and linear correlations for
ageing the 250 slaughter fetuses, The correlations between
the variables were significent except for the cephalic index
(P€0,05), The regression equation for body weight and body
length (TCL) was found to be the most accurate for calculating
fetal weight and that body weight and fetal age was the best
for estimating age of “Zebu fetuses of known weight, From the
nan-log correlation between body length (FR) and age of
developing Rahaji fetuses, a simple ascale was devised for
estimating fetal age in the field, No significant differences
for sex or breed but a significant increase was found in body
waight and length of femur and humerus during the wet season

(P£0,05).
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Table 1: Fetal variables of 20 known age fetuses of Rahaji breed in

Nigeria,
No, WT FR(em) TCL{em) LH(dm) LF(em) CI{cm) Seasan Sex Age
{mths
1 3,00g 2.50  3.80 0,03 0,04 35 Vet M1
2 1.55 2.49  3.15 0,02 0.03 4.0 Dry F 1
3 15.00  8.60 10,50 0.80 0,8 36 Dry Foo2
4 15, 40 8,80 10.80 1,00 1.00 2,9 Vet F 2
5  110.00 15,30 20,60 1,80 2,00 4,7 Vet M 3
6 115,00 1h.98 319,40 .80 2,10 4.8 Dry F 3
7  475.00 24,01 35,50 3.00 3.30 2,6 Dry M L
8 492,00 24,50 39,00 3.00 3,20 2,8 Wet F 4
9  478.00 24.00 35.50 3.00 340 2,6 Dry P4
10 1.050kg 34,95 50,00 L. 20  8.50 2,2 Dry M 5
11 1,100 35.00 49,50 430 8,50 3.7 Vet M 5
-2 1,105 35,20 50,00 6,50 8.50 2,3 gt F 5
13 3.185 48,20 73.50 7.50 9,10 2.9  Dry F &6
1, 3,200 48,50 72,00 7.50 9.00 2,8 Vet F 6
15 9,500 63,50 86,00 8,60 11,00 2,9 Wet M7
14 9,200 63,01 84,75 8,80 10,60 2.9 Dry ¥ 7
17 12,205 80,20 105.00 13,00 10,80 3.1 Wet M 8
18 12,000 81,00 105,50 13,10 11,00 31  Dry M 8
19 20,500 99.00 117.60  17.50 16,20 30  Weat N9
20 22,200  97.50 115.50 17,00 17.50 2,9 Dry i 9




Fig, 1: Diagram illustrating landmarks for fetal

measuremcnts,






Fig, 2: Log of weight (W) plotted against log of

forehead-rump body length (FR),



= 29642857




Fig, 3, Log of weight (W) plotted against log of

total body length (TCL),
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fig, 6, Log of weight (W) plotted against log age.
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¥ig, 7. Cephalic index (CI) plotted ageinst fetal

age.
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Pig. 8, Correlation between forehead=rump length

and fetel age.,
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Fig. 9. A scale for estimating the age of developing

Zebu fetuses based on foreheed-rump length,
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PART IV

DEVELOPMENT OF HAIR AID OTHER EXTERNAL

VEATURES IN PRENATAL ZEBU CATTLE
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INTRODUCTION

Information ou hair development in the bovine i‘etﬁs is
restricted to Bgs tgurns breeds (Bergmann, 1922; Postma, 1947;
Goetze, 1960; Jakobsen, 1962). o

Borgnann (1922) obsgerved aair growth on the muzz.lle a.n&.
around the eyes of bovine fetuses by the end of the fourth:
month of gestation, and by the middle of the sixth month on the
eyelids, at and aroud the base of the horns and on the edges of
the ears, - ) ' |-

Postma (1947) gaVe. a general ascount of hair eruption in
bovine fetuses. Hair‘eruption was first observed at 15 woeks
on the upper and lower lips and on the eyebrows, The first
evelid ¢ilia (dorsal) were visible intraepithelially at 23
weeks and were erupting during the 2Lth week, On the tip of
the tail and along the edge of the ears hairs were srupting
 during the 26th week, At the same time hair eruption started
around the coronets and below the ventral commissure of the
vulva, Small intraepithelial zones of facial heirs and dense
hair growth on the inner surface of the ear occurred at 27
woeks, During the 28th week hair eruption was observed over ths

oxtremities and arogund the umbilical region, Short, diffuse



125

J

hairocoverwas present all over the body a2t 30 to 33 weeks, and
dense and full growth at 35 weeks, |

Gotze (1960) summed up the scquence of hair growth reported
by other investigators, and stated generally, that age
daotermination based on hair eruption was safer than measurements
and weights in "unusual casss”, J

Jakobasen {1962} described the length of individual hairs
on the upper lip of fetuses 122 to 229 days of age, and an the
eyelids of fetuses between 194 to 229 days. He observed
appearance of hair on the metacarpus and metatarsus in fetusas
at 163 and 173 days of age, respsctively, He described
further hair growth as follows: Hair occurred in the homm
regian al five to five and helf ronths of age, around the
external entrance to the ear at five and half months, arcund
the eyes at six to six and hsly months, and total hair cover
at seven and half months, As o conolusion of his investigatians
on hair growth and measurements of extromities and head, he
statod that hair patterns gave s reliable basis lor determining
fotal age bocause they were not influenced by mummificatian,

Schmaltz (1921) stated that hairs were loosensed and lost
during maceration, |

Reported hers are observations of hair development and other
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external features of Zebu fetuses collected from local slaughter

estoblishments,

MATERIALY AND METHODS

Fetuses

One hundred and fifty fetuses, 100 to 231 days of age,
from slaughtered Hahaji, Bunaji and 7adara cows were used for
studying hair development, and all 270 fetuses for investigating
the external features (Part 11I), All gross observations were

made within one to four hours postmortem,

Hair Growth

Obvservations of hair eruption and growth were made of
specific areas illustrated in Fig, 1. Intraepithelial hair
growth was assessed grossly aud microscopically in hematoxylin
and eosin stained sections, Records were kept of the first
observation of intraepithelial growth and up to 20 mm length

after eruption or day 190 of gestation,
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Other Ixternal ¥eatures

Sequential development of th: following extermal features
was recorded in developing 4ebu embryos and fetuses from day 24
to 230 gestation: limb buds, marmary ridge, olfactory pits,
eyes, eyelids, groove between digits, ear pinnae, facial cleft
closure, genital tubercle, teats, scrctum, testicular descent,
hoof formation, horn buds, teeth eruption, fusion of hard

palate, carpal and patella separation, and detection of meconium,

RESULLS

The sequence and rate of hair growth in selected body areas
of the developing Zebu fetus is summarized in Table 1, The

development sequence of other extermal features is given in

Table 2,

DIGCUESI (N

Localisation and pattern of hair growth on Bos taurus
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fetuses has been recommended for use in fetal ageing (Bergmann,
1922; Postma, 1947; Goetze, 1960; Jakobsen, 1962), Lack of
similar information in %ebu breeds prompted this study on the
appearance of external features including hair growth as a
possible adjunct for ageing Zebu fetuses.

The pattern and sequence of hair growth was found to be
indecisive as an aid for ageing Zebu fetuses and inferior to
the regression equation based on body weight and length (Part
III), Hair eruption and sequincse of appearance in different
roegions of the body is easily observed on fresh fetuses but
measuring length of individual hairs and differentiating between
intraepitheliel hair fomation and hairs in the process of
eruption may present some technical difficulties, This may
result in subjective appraisal even with fresh fetuses,

The initial appearance of external body featurss in Zebu
fetuses could serve as a guide especially in evaluating the age
of malformed fetuses. The following easily recognisable features
should be of value:

Day 25 C-shaped embryo,

2l Facial clefts closed,
50 Eyelids begin to cover eyes.

60 Eyolids closed, hooves forming, homm buds present,
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80 Teats present, hooves beginning to cornify,
83 Scrotum present.

150 Hairs on oyes and muzzle,

187 Hairs on coronets,

197 Eyelids scparated,

215 Legs covered with hair,

230 Body fully covered with hair,

It is obvious from the results reported here that more
observations on hair and oither extermal features of Zebu
fetuses are needed beforc mesningful comparisons caon be made
with the infomation published un dgs taurus breeds, Iinally,
the observations an the 150 fetuses will find usc as a rough but

quick method for ageing Zebu fetuses in the field,

SUMMARY

The sequence and rafte of hair growth was studied in 150
fetuses, 100 to 231 days of age, from slaughtered Haheji, Bunaji
and Jadara cows, Yequential development of the following
external features were observed in embryo and fetuses from day

24 to 230 gestation: limb buds, mamuary ridge, olfactory pitas,
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oyes, oyelids, facizl cleft cloaura; inifadigital grooves, ear
pinnae, genital tubercle, teats, scrotum, testicular descent,
hoof' formation, horn buds, teeth cruption, fusian of hard palate,
carpal snd patella separation, and meconium detection, Pattemn
of hair growth was found to be indecisive as an aid to ageling
4debu fotuses, Initial appearance of certain external features

could serve as a rough but gquick ageing guide,
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Sequenco and raie of hoir growth in selected body

areaxs of the doveloping Zebu fetus,

- - aE as ama & e el b

Lrea*

LA e ss m g . mn e s

1,

e

b

Hoir growth in mm

Visible intraopithelially
Eruption

3=5

6 -7

8 - 10

10 - 12

12 - 20

Visible intraepithelially
Eruptian

2«3

6 -7

8 - 10

10 - 12

12 ~ 20

Vigible intraepitielially
Eruption

l1-3

L -5

Vigible intraepitnolially
Eruptian

1-3

b -7

B L e e

- e

Gestational Day
100 - 115
116 - 123
125 - 40
U6 -~ 150
152 - 158
161 -~ 174

174

100 - 113
152 - 168
173 - 180
187 - 192

100 - 142

158 ~ 170
173 -~ 192
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Pable 1: Continued

- JRE———— PR Y p——— e i . et el el A

Area® Hair growth in mm Gestational Day
5. Visible intraepithelially 100
Epruption 113
2-3 123
3-5 130 - U
5 =8 W5 - 156
7 -10 160 -~ 169
10 - 12 170 - 175
12 - 15 176 - 180
16 - 20 180 - 187
20 190
6. Visible intrnapitholinlly 187
ELruption 205
7. Eruption over homm regiom 1%
8. Eyuption 175 - 180
23 180 - 185
3=-5 185 - 190
9. Visible intraepithclially 163
Eruption 170 - 178
Denge hairs 180
10, Eruption 160
2-3 165 - 174

3-5 175 - 185



Table 1: Continued

- - - D T I R R e e
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Arec” Hair growth in mm Gestationel Day

11 Lruption 158

2 -3 160 - 165

3«5 170 - 180

6 190

12, Vigible intraepithelially 200
13. % = 2 single heir

Eruption 130

2 -3 130 ~ 140

3=5 130 - 140

6 -8 140

8 - 12 170

U, Bye cleft opening 161

General body surface

Swnll zones of intraepitlially
developing h.irs 187 - 200
Zones of hair eruption 195 - 210

Dense short hoir covering the body 210 - 231

— - —

—— - - "

“ Outlined in Fig, 1,



Tavle 2: Sequentisl developuent of external features in

prenatal Zebu catile,
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R R - - a o, — o -

Geostational Lxternal feabures
age in days

-

. -——— -

. Bl e e Bl e e e B B e -~

2) Torelimb bud pres=mb,
25 Lmbryo is C-sli.ped: third branehial arch present,
27 ilindlimb bud c~nd maasory ridge present,
30 Olfactory pits farming optic cup eyes pigmented,
3L, Faeial clefts cloaed, groove between forelimb
digits appenrs,
38 Pinna preseni as ridge, genital tubercle and
grooves between hirdlimb digits,
50 Eyelids begin to cover the eyes,
56 Hard palate fused,
60 Eyelids closed, hoof formation beginning, horn
bud present,
80 Teats present, hoofs begin to cornify,
83 Scrotum present,
111 Tooth erupiion bezins (Incisor).
150 Hairs around eyes ond muzzle,
152 Descent of testes completed,
182 Horn bud covered with hairs,
187 Hzirs on coronet,
196 Meconium can Le obbcoined from anus,
197 Eyelids sepurated,
200 Carpal «od patell. bones discernible,
215 A1l four legs covered with hairs,
230 Body fully covercd with hair,

R I P ——




Fig, 1., Diagrom indicating arens observed for hoir

eruption and growth,






PART V

DEVELOPMENT OF 0LGIPICAITON CENTERS IN THE
APPENDI CULAR SKELETON OF PRENATAL ZEBU CATTLE
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INTRODUCTLON Jf
|
|

Initial osgificotion cantors in the skeleton during pre~
natal 1ife have been investigoted mainly by threc methods: (1)
digsection and clearing with or without subsequent staining;

(2) radiography with or without metallic intensification of
rodiopacity; and (3) histological examination of serial sections
with or without histochemical procedures (Mall, 1906; Noback
and Robertson, 1951), Clearing ond staining by Alizarin red $
process described by Dewson {1927) was found to be more

accurate and reliable than roentgenographic methods (Harmen
j

and Saffry, 1934).

The technique used, age of speocimens examined, use of
postnatal anhomalios to interprot prenatal normalities, and
inaccurate age determination of embryos and fetuses examined
ore the basis of most of the controversios in the literature,

Anong the earliecst studioes of skelstal development of the
bovine fetusos were those of Retterer (1884) , Lasbre (1897),
Popowa (1913), and Brumi (1933), Those warkers based thelr
obaértations on n small numbor of sgpecimens from unspecified
breeds, The estimated ages of their fetuses ranged from six

wecks to about nine months, Later Winters gt al. {1942) in a

|
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yaluable general study of prenatal bovine development used
fetuses from grande cCOWsS of mixed brceding. They recorded some
of the primary centers of ossification present in the appendi-
cular skeleton of fetuses nzed from 59 to 200 days, Lindsay
(1969) used 650 bovine fetuses collected from Glasgow abattoir
for studying the number, times of appearance and chronological
order of loci of ossification in the prenatal and neonatal
bovine appendicular skoleton including 0ssa coxarum, Methods
uscd by Lindsoy werc histological, radiographical and staining
by Alizorin red 8. Loci wore jdentified, in generzl, at
cerlier estimated ages bhan previously recorded, The study
included loci of transient eloments and recorded for the first
time a locus for the clavicle, A1l specimens used in the
study had a cephalic index within 48-60, The fetuses were
predominantly Ayrshires but included some Friesians, Irish-
eross cattle, Shorthorns, and an occasional Aberdeen-hngus or
Galloway.

As the above studies were confined to Bos tourus breeds,
the primary loci of ossification in the appendicular skeleton
of Zebu cattle were investigated by using Alizarin red S

stoining and the results arc reported here,
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MATERIALS AND METHODS J_-;_-

Fetuses E _ ' !

Seventy embryos/Fetuses were selected from the 270
described in Part IXI. 34 male md 36 female, Fifty-fivé
fetuses were Hohaji, 10 Bunaji ond 5 Wadara, Age of the
fotuses collected at slaughter were estimated by the methed
reported in Part ITL, For dayas between the estadblished forehead-
ramp (FR) lengths, an arbitary scale for daily growth increments
was derived by dividing the difference between successive FR
lengths by the number of intervening days. Threo to four

fotuses were studied for each pgestational age {Table 1},

Preparation of Fetuses for Staining

Fetuses were skinned, eviscerated, fixed in 70 per cent
othanol for one to two weeks depending an size, and then
dofatted in acetone for 24 hours. Fetuses and dissected limbs: 
wers cleared in 2-10 per cent potasszium hydroxide and then
bleached in a solution of ethanol and hydrogen peroxide (9
parts of 950 ethancl to 1 part of H,0,). Clearing took three
to four days for embryocs and small fatuszes and two to throe

weeks for near term fetuses,



Alizerin Red Staining
The oleared preparations were stained in O.I.l pe:f céaﬁt
Alizarin red S dissolved in one per cent potassium hydroxide
for 24 to 48 hours until the bohes were stained a doep red.
The stained preparationas were then dehydrated by passing
through a graded series of glycerol in one per cent potassium
hydraxide; 50 per cent for threo days, 70 per cent for twao
days, 90 per cont for two to three days, and finally 100 per |

gent glycerol,

RESULT'S

|

The earliest estimated observation of primary loci of
oscification in limbs of Zebu fetuses is outlined in Figa, 1
and 2, The farehcad-rump measurements and estimated agos of
the fetuses are given in (Table 1), 14gs. 3 to 8 illustrate
some of the Alizarin red S mained fotal preparatimla. .

The chronological order of appearance of loei of
osgification in the appendicular skeleton is given in Table 2,
Appearance of primary loci of ossification in the pectaral and

pclvic limbs are listed in Tables 3 and 4. ‘



| During the firast six weocks of prenatael life there was
little ossificatian activity, Disappearasnce of transient
elements of the appendicular skeletwn is indicated by oroas
points (Fig, 1 and 2}, During the 7th to 11th week of gestation
mony primary loci of ossification were laid down. From 1ith to
23rd woek, few new loci appsared but there was considerable
growth of existing ones, From 24th to 34Lth week, new loei
appeared snd there was intense growth of existing looi., After
238 deys gostetion, no further primery loci of ossification
were obaserved. o |

The earliest bsseéﬁs fepr.eéen‘bafive of the appendicular
primordin to appesr was the clavicles, first identified at
about 42 days, In the phalanges of digi#s three and four, the
looi of ossification of the distal phalanges appeared first,
followed by the proximal and then the middle phalanges. Loci
of ossificatian of the accessory digits sppeared later than
thosa of the weight bearing digita. In the adult Zebu the
fibule is represented by o vestigiel prodmal segment ond a
separate distal extremity kmown as the lateral malleolus,
Puring the second manth of fetal life, the cartilaginous fibula
exhibited a diaphyseal locus of osgification which regressed

leaving only a small proximal seogment, The distal segment locus
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of ossification appeared much later at aon estimated age of 220
doys, After appearance of pratinal sesamoids 2t estimated age
of 238 days, no further loci of primary ossification were

observed,

DISCUSSION

More than one hundred years ogo the early ossification loci
in the bovine werc studied vigorously and in a short time, the
subject was virtually closed, As thers was no recorded
informetion on the pattern of cssification in prenatal Zebu
cattle this study was undertaken, Alizorin red 5 is a specifio
stain for calcium salts {Cameron, 1930) and as calcium~
impregnated osseoid tissuc is bone, all prenatal bone is stained
rod in properly cleared znd stained preparations,

The period between day 49 and 77 gestation in prenatal
Zebu cattle when many prim.ry centers of ossification are laid
down coincides with the period of rapid development described by
Winters gt al. (1942), They commented that "After the 49th day
the length of the fetus and its component parts incrcase

rapidly”, In the tarsus a locus of ossification is formed for



both the central and fourth tarssl boanes and these bunes were

not fused until parturition, This ohservation is in accord
with that of Lesbre (1897), In the distal row of carpal bones
the second and third carpals. which are fused in the adu1|t,

show a singlo locus of ossification, : o i

Comparison of tinme of appearancs of loei of osaificetion |

found in Zobu fetuscs approximate closely with observatioslla Iin
Bos taurus breeds by Lindsay (19?2) but there were several
difforcnces with findings by Hirg {1969). For example, Hirst

identified some loci at earlier ages, Unfortunately, he did

not include the peramsters used for 'etal agoing which would

have helped in comparing resulis, o . i
. It is gonorally agzreed that weight of bovine fetuses of
the same gge but ol difforent breeds may differ cousidersbly,
Diffurences in forshead-rump length, however, are not so marked
and it is considersd that by selecting abattoir spaciméns]with
relative forchead-rump lengths, some degree of uniformity may
be provided with the debu oattle types used in this study.l

The factors which determine the time of ossii‘icatimlara
obsocure, 4 comparison of tarsal and carpal bonesg and to some

extent long bones suggests size is a factor as larger bones

comgence to ossify earlier., This however does not account for



thu early ossification of the clavicle, PFunctional and
morphological factors may be involved,

Various theories have, from time to time, been advanced to
account for the initial appearance of centers of ossification,
It has been suggested that the deposition of celcareous salts
in the first stages of endochondral ossification is n
degenerative change, This was based an the presumption that
there was a definite limit to the size which can be attained
by tissues such as cartilage which depends on its nutrients by
imbibition of fluid from the surrounding blood vessels. When
this limit is reached the central ells of the cartilage undergo
degeneration, This is accompenied by precipitation of calcareous
salts in the cartilaginous matrix, perhaps due to a local
increase in the acidity of the tissue fluids. The calcified
cartilage is then invaded by surrounding blood vessels and
removed like any other foreign-body. It can hardly be
maintained, however, that commencement of primary ossification
in cartilage is delayed until the latter has increased in size
up to its nutrional limits, At the time when they commence to
osaify, for instance, thc cartilaginous model of a phalanx is
incomparably smaller thean the cartilaginous model of the femur

et birth, On the other h:nd, the large cartilaginous epiphyses



[f s
in cattle are richly pemmented with véscular canals s}zometime
before ogsification commences, =0 that there is no reasm to
suppose that nutrition of the cartilage is in any way defeotive,
It is important to recognise that there i3 a clesr distinctiom
between simple caleificatian and ondochandral ossification,

The formor may be regarded as a degenerative process rslated
to a poor blood supply and breskdown of tissues but the latter
is an osctive growth process accompanied by a rich vascularization
and tisgue proliferatian, Some bovine cartilage undergoes
simple calcification with advancing age without necessarily
forming truc bone, e.g. thyroid cartilage. |

The onset of ossification has been thought to be dependent
on mechenical stimuli, particularly tensile forces and frictiomm.
Krompecher (1937) presented evidence that in healing of
fractures, bone formation was direetly promoted by tensional
- forces, On the other hand, pressure tends at first to initiate
cartilage formation and that with persistent pressure,
cartilege slso becomes repleced by bone, Thoma (1913)
considersd that practically =11 bune formation and bone growth,
both embryonic and postnabal, are directly dependent on the
response of osteogenic {issuzs to tensile and compression

forces, The gppearancg of centers of ossification in the
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membrancus bones of the vanlt of the skull, for example, 0o
speculatively relatoed to the tengile forces set WP by the
rapidly expanding prain, 1t was pointed out, however, that in
cases of anencephaly (a dcvelopmental anomaly characterised by
the almost complete absence of the cerebral hemispherea) the
membranous boncs are still ossified though their final shape is
a3 stored by the sbnormal conditions of development, It is also
the case thal the adjacent aprgzins of tWO aeull bonses slong &
sutural line may expand ol veory Aifferant growth rates though
presumably they are exposed to the same ficld of tensile
farces (Prichard gk al., 1956). ' |

1 observation and experiment suggest that, in certain
types of osgification, extraneous stimuli provide the
conditioning factors, it romeins certain that the normal
appearance of centers of ossification 18, to o large extent,
dependent on intrinsic growth factors, This has been
demonstrated DY go]1f-differentiation of bones in explanted
tissues entirely removed trom their usual environment. It
gpems evident thot the pattern of the adult skeleton is alroady
mepped out in the somatic mesoderm of the early embryo long
pefore ossification oCCurs. In other words, development of cach
element of the typical vertobrate skeleton has an intrinsio

morphological basis,



The asequence of appearance of the appondicular osgsification
centers during prenatal life showed varying degress gf conformity
to the “sequence” of cranio-caucal development (the slm-oalled Law
of anterioc-posterior development or law of developmental
direction), The regianal ordsr of appearance of primary
ossification centers in Figas, 1 and 2 is good evidence to
conclude that the time sequence of appearance of ossifieatiomm
centers of the distal, proximal and middie phalanges did not
conform to the law of anterio-posterior development,

The conservatiam of skeletal elements in evolutim is
clearly of great significance %o the comparative anatomist for
studying phylogenetio history. Ancegtral traits may be
recorded in the persistence of archaic features which have lost
theirfunctional significance, For example, the seoond and
fifth metspodials, as well as the clavicle bones, observed as
transient elements in this study. |

Some specimens in this study were preserved in 10 per cent
formalin and for a long time it was practically impossible ta
clear them in the ordinary way, Finslly in desperation, they
wore placed in 10 per cent solution of potassium hydroxide and
they began to clear at the end of a amonth, 3y further trestment,

it was found thal such embryos could be cleared perfectly, and



if the bones were not decaleified by formalin, excellent
preparations were obtained with tandons and other white fibrous

tissues tougher than in specimens treated with ethanol alone,

SUMMARY

The number, time of appearance, and chronological order of
the primary loci of ossification in limbs of the Zebu fetus
were investigated in 70 (Rahaji 55, Bunaji 10, and Vadara 5)
fetuses by Alizarin red S staining, The ossification pattem
observed was as follows: first six weeks little activity: 7

to 11 weeks ~ many primary loci laid down; 12~23 weeks ~ few

new loci but considerable growth of existing loci: 24-34 weeks
new loci appear together with intense growth of existing loci;

and affer 3L weeks no further primary loeci,
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Table 1: Torehead-rump loa;ths -nl estimated ages of the

Lebu fetuses,

. m— - - - . — R S S

Forchead-rump {cm) Egtimated fetal aze (days)
4. 10 40
L.13 42
5,70 50
5.90 52
B, 00 58

10, 00 68
1. 75 75
12,70 80
U, 52 88
22,80 116
40,63 163
43,67 170
49,50 183
52,00 188
53.00 130
58,00 200
59.50 203
61,00 206
62,50 209
66, 70 215
72,37 220

79.00 238
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Toble 2: Chronolosical orcer of appearance of primery loci of
ossification in (hc appendicular skeletan of orenatal
4edu cattle by Alisarin red S staining,

Cestational Pectoral ;imb -Pelvic Liwb

Loy

L2 1, Clavicle R
50 2, Humerus Femur
52 3. “capula Tibia: filula
52 hadius: ulna
58 . betacarpals; 2,35,4 & 5 Hetatarsals; 2,3,4,875
distal phalanges of distal phalanges of
digits 3 & L digits 3 & &4
58 Ilium
58 o Ischiun
68 5. Proximal phalanges of Proximel phalmges of
digits 3 & L digits 3 & 4
7% 6, Middle phalonges of Middle phalanges of
digits 3 & &4 digits 3 & 4
88 o Fibuler tarsal bone
116 R o Pubis
163 7. Ulnor: fourthearpal fibia: fourthtarsal
183 8, indial ond inter- L o
mediate crrp.ls
188 9, Second/third carpals L
190 o Central, second/shird
tarsals
209 10, #Accessory Carpal A
238 11, Proximal “esamoids Patella, {irst tarsal

Proxdmal sesamoids

— -

- -
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fable 3: Tine of appearance of primary loci of ossification
in the pectoral limb of prenatal Zebu cattle by
Alizarin red S staining,

B B T e I i i

Cane Day observed
Clavicle 42
Leapula 52
lumerus 50
Hadius 52
Ulna 52
Corpal, radial 183
Uorpal, intermedicte 183
Carpel, ulna 163
Aecessory Carpal 209
2/3rd Carpals 186
Fourth Carpal 163
Metacarpals 3 and & 58
Metacarpal 5 58
Metacarpel 2 58
Praximal phalonx 68
Middle phalenx 75
Distal phalanx 58

Proximel sesamoids 238

s - -~a




T'able 4 Time of appearance of primary loci of ossificatian
in the pelvic liwv of prenatal 4ebu eatile by
Alizarin red S sicining,

Bone Day observed
Iliun 58
1 schium 58
Pubis 116
Yemur 50
Tivia 52
Fipula 52
Patella 203
Tarsal, fibular 88
Tarsal, tibial 163
larsal, central 190
4th toersal 163
2/3rd tarsal 190
1st tarsal 206
Metatarsals 3 and & 58
Metatarsal 2 58

Metntarsal 5
Proximal phalonx
Hiddle phalanx
Distal phalanx
Proximal Sesancids 238

[ —

AT A4




¥ig, 1, The primery canters of ossification in the

pectoral limb of the developing “ebu fetus

detected by 4lizarin rid 5 steining.
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¥ig, 3, Alizarin red preparation of a Zebu fetus, /

Yig, k.

astimatod age 58 days, The fibula is visibla_
slong the posterior barder of the tibia and f
matacarpals 2 and 5 2long the posterior border

of meteoarals 3 and &, . (

]
|
|

Alizarin red preparation of a Cebu Petus,
‘estimated age 63 days, The distal phelanges

are present in the limbs and the fitula ia

fuged to the tibia,
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Fig, 5, Alizarin red prep.ration of o Zebu fetus,
estimated ago 73 ¢rys., Lhe proximal phalonges
are present as well as tho accessory

metacarpal and mcictersal bones,

Fig, 6, Alizarin red preprration of a Zebu fetus,
estimsted age 75 doys. All phalanges are

present in both the fare snd hindlimbs- -



Mg, 7.

¥ig, 8,

Alizerin red preparciion of a 4ebu fetus,
estimated age 72 doys. The calcaneous is the
first tarsal bone to appeer. The fifth

metacarpel and {ifth mctatarsal are reduced

to smell spurs,

Alizarin red preparation of a Zebu fetus,
estimated age 100 days, Tuberosities and
processes appear on individual bones as’ they

aoquire adult characteristics,



PART V1L

RADIOGRAPHIC STUDY OF THE PRIMARY LOGCI OF
GSSIFICATION IN THE LIMBS OF PRENATAL ZEBU
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INTRODUCTI ON

To the extent that progressive differentiation, growth and
maturation can be detected, =lmost any organ system of the body
may be used to assess development status, The skeleton, however,
offers unique advantages over other systems because of the ease
with which its series of developmental changes can be followed
quantitively and objectively by radiography, The sequence of
skeletal changes is similar for all normal individuals of the
species, irrespective of their body size or whether the changes
occur quickly or slowly in terms of chronological age., It is not
surprising that skeletal radiography is regarded by pediatricians
as one of the best means of determining development status in
children (Tanner, 1962) or that standards for human skeletal
changes have been defined by serial X-ray studies (Acheson, 1966),

In contrast to man, the bovine undergoes a much greater
proportion of its skeletal differentiation before birth and
therefare, skeletal radiography is more useful during fetal
development, Few studies on bovine skeletal development have
used radiographic methods and none have attempted to define
normal standards for skeletal growth and differentiation (Winters

et al,, 1942; Fedrigo, 1957; Lindsay, 1969), As no recard of
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skeletal studies in Zebu catile was found, a radiographic
investigation was undertaken, The objectives wore to improve
the accuracy of fetal ageing, to deviga a method for ageing
dead and mummified fetuses, and to compare radiography with
Alizarin red B staining for detecting primary loci of

ossification.

MATERIALS AND METHODS

Fetuses

| Pifty fefuses, aged 40 to 285 daya, were selected from the
remaining 200 fetuses to correspond as closely as possible to
those studied in Fart V, Thirty-five fetuses were Rehaji, 10
Bunaji, and 5 Wadara, and 23 were males and 27 were females.
Fetal age and the daily growth scale were estimated as described
in Part V, Two to three fetuses were studied for each gestation

age listed in Table 1,

Radiographic Examination

The right fore and hind limbs were J{-rayedl with the fetus

* Model Reentgen 301, Yatsonm X~ray Company, ¥ngland,
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lying on its left side and by using Agfa-Gevaert standard film,
With larger fetuses the limbs were removed and the lateral sidea
radiographed, ZExposure depended on fetal age and body density
and was adjusted to give an easy to read high contrast
radiographs, The anode to film distance was 90 cn,

The films wore developed manually for 5 minutes at 20% and
when dry, they were read in a darkroom using a cold light
illuminator, The radiographs were cxamined carefully for
ossification centers in the developing linbs, A locus of
oasificabion was assessed o3 a spob or ares of increased opacity

at an appropriate site,

RESULTS

The earliest estimated observation of primary loci of
ossification in limbs of Zebu fetuses radiographically is
outlined in Tigs 1 and 2, No observation of the clavicle was
made by this method, The forchead-rump measurements and
estimated fetal ages are given in Table 1, Table 2 lists in
chronolegical order the appearance of the primary loci of

ossification detected radiographically, The loci are enumerated
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dorso~ventrally in their order of appearance, Figs, 3 to 1l
illustrate some of the X-rayed limbs,

No cssification activity was revealed radic:graphicallyl
during the first eight weeks of intrauterine life {Pigs. 1-3) but
extensive ossificatiam was present by the ninath week, The
soapula, humerus, ulna and radius, and femur, fibula end tibia
were visible, Practically sl1l bones of the axial group had some
. ossification by day 70 (Fig. 4). Development had taken place in
the third and fourth metacarpals and metatarsals, in the distal
phelanges of both limbs, and in the ilium and ischium, No
depositim was observed in the carpal or tarsal bones. The third
and fourth metacarpal bones, although separste at 70 days, later
fuse into a gingle structure.

At day B2, the middle phalanges (Fig. 5) and pubis have
somu ossificatian, The first tarsal bone to revesl any
ossification was the fibular tarsal at day 100 (Fig. 6).

In the phalanges of digits three and four of beth fore and
hind limbg, the loci of ossification of the distel phalanges
appear first, followed by the proximals and lastly, the middle
phielanges, |

¥igs, 7-11 illustrate bone development é.t 120, 130, 170, 185
and 215 days, respectively, urther ossilication of the tarsal

banes was vigible at day 185 and day 200, the carpal and patella
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hones were dlsceymible,

DISCUSSION

Deposition of sufficient osteoid to be detocted radiographi-
cally occurs early in the fetal period, The early deposition is
zenerclised and takes place in both axial and appendicular
segnents, and is not limited to aither cartilaginous or
membranous banes, Radiographic techniques for determining the
tine of appearance of ossification centers are now generally
accepted (Lindsay, 1972). Noback end Robertson (1951), however,
considered the methods were not as reliable as staining for
detecting very early ossification centers and they found errors
up to five doys in human embryos. Alizarin red 5 staining was
found to be more efficient for debtermining the early loci of
ossification in Zebu fetuses (Part V), The retrogressive changes
obzerved in the formation of the Zebu foot was not detected
radiogrephically,

Hodges (1953) employed henvy metal impregnation to increase
rediologic density in fetal pigs bones. Wrathal et al. (1974)

gbserved that impregnation with heavy metallic salts resulied in
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cartilagix;ous precursors taking up the metal and appearing as
bone, For this reason, this method was not used in this study.
Rodiography was useful for determining the extent of ossification
in ¢lder embryos in whieh caleificatian had progressed far
encugh to render the bone adequately X-ray opaque,

Some degree of decalcification was observed in some of the
smaller specimens kept in formalin while awaiting X-ray |
. examination which may hove contributed to some of the irregulaf
results, This could have resulied from inadeguate buffering
of the formalin during preparatiom. It is recommended that
embryos and small fetuszses be praserved in 95 per cent ethanol
prior to X-raying, Harman snd Saffry (1934) cbserved some
decalcification in fetal bones of guinea pigs preservad in
Bouin's sclution and sttributed the decaloification to the
" pieric acid,

In this study with Zebu Petuses the cénters of ossification
in the limb bones were, in general, detected by radiography
saveral days laler than by Alizarin red 5 staining. Part of

this may have been due to the X-ray machine that was used.
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SUMMARY

The number, time of appearance, and chronological order of
the primary loci of ossification in the developing Zebu limbs
were investigated in 50 fetuses (llahaji 35, “unaji 10, and
iladara 5) by radiography. No ossification activity was observed
during the first eight weeks, by the ninth week a number of
primary loci were detected, and no primary loci were observed
after 210 days. Under the conditions of this investigation,
radiography was found to be less efficient than Alizarin red 5
staining for detecting the primary loci of ossification in the

appendicular skeleton of the Zebu fetus,
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Table 1,

Forehead-rump lengths and estimated fetal ages

of the 50 4ebu fetuses,

il e A s A s

rorehead-rump (cm)

4,10

4,13

5.50

5.90

8,20
10,43
12,70
14,98
18,00
24,10
27.76
L3.67
50.50
58,00
61,00
66, 70
72,37
79.00
98,70

e

B e A

—

170

bgtimated fetal age (days)

.- - -

40
L2
49
52
59
70
80
90
100
120
130
170
185
200
206
215
220
238
285
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Lable 2: Chronologicel order of cppecr-nece of the primary
loci of ossificntion in the appendicular skeleton
of prenstal Zebu eattle by radiogrephy.

Gestational Pecioral Limb Pelvic Limb

age (dnys) -

59 1. Humerus Yemr
61 2, Seapula Tibie and Fibula
Radius and ulna
70 3, Distal phalinges of Distal phaleonges of digits
digits 3 and 4 3 and &4
Ilium
Ischium
75 4, Praximel phal nes Proximal phalonges of
of digits 3 and 4 digits 3 and 4
82 5, Middle phalinges Middle phalconges
of digits 3 md 4
Pibular torsal
Pubis
61 6. Ulna carpal Tibia; fourth tarsals
190 7. Radial and inter- R
mediate carpals
200 8. Second/third carpals _____ .
Central, second/third tarsals
170 9. 4ccessory carpal e
210 Patella, first tarsal

..

-

- - - s s s mm,
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Table 3: Time of appearance of primary loci of ogsification

in the pectoral 1limb of prenatal Zebu cattle by

radiography,

RBane

Day observed

Seapula

Humerus

Ragius

Ulna

Carpal, radial
Carpal, intermediate
Carpal, ulna
Accessory Carpal
2nd/3rd Caxpal
Fourth Carpal
Metacarpals 3 and &
Proximal phalanx |
Middle phalsnx

Distal phalanx

61
59
61,
61
190
190
215
170
200
170
70
7%
82
70
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Table 4 Time of appsarance of primary looi of ossification

in the pelvic limb of prenatal Zebu ocattle by

radi cgraphy,
Bone Day observed
Tlium | 70
Ischium | | ' 70
Pubis S _ : 82
Femur | | | 59
Tibia | | ' 61
Fibule , | . 3
Patella . 210
Tarsal, fibule " 100
Tarsal, tibia o | 170
Tarsal central | ' 200
Lth tersal ' : 170
2nd/3rd tersel S N 215
1st tarsal o a5
Metatar=sal 3 and 4 | - 70
Proximal phalanx - 75
Middle phalanx | : 82

Diatel phalanx . 70




*‘ATTeoTydRaso TpBI pajoasep
snjey nqay futdoreAsp oy} JO QUTT Taa0308d

oy3 UT UOTJBOLITSEO JO SI93USD Lrswtad ayy ‘T *FTd



NOIlVIS3 9 40 sAVQ
ore orz [#le] 4 v} o9 orl [r24] rl=1} ae 09 oy o
T —T T T T u T
_‘\\l} | vingvos
_ — SnYINAH
—

\_ snIgvy

L wNIA

_ XNYIVHS  TvISIO

— yYP £ STINVIVIINW

]

_ TvdNvd Hi¥NDd

g WINY D ANOSSIIIV

— Trddvd TVIOVY

L IVINYI  FIVIOINYINT

| vewvo pf48
| Twaavs NN

ani? TwEOLI3d — SIYINIZ

_ XNVIVHd  TWIIXOud
XNVIVHd 300N

NOULYDIAISSO AUVHINd

r ..T_r__.'_..

SINOR

7Y 80434 40

8HMiT

LT



*L1TeoTydeado Tped poj0939p
grge nqep Furdoresep oyjy Jo QUIT otated

oy3 UT UWOT4UOTITSS0 Jo srejmwd Arwwrad eyy °2 9tq



L{5

Y S S |

PRIMARY OSSIFICATION

FIBULAR TARSAL h

MIDDLE PHALANX _

PROXIMAL PHALANX
DISTAL FHALANX
METATARSALS 344
ISCHIUM

TLIUM

CENTRES —— PELVIC LiMB

pusis |

FOURTH TARSAL ﬁ
TARSAL TiBIAL |

! rarsat ﬁ
$25" rarsar | |
PATELLA _

ﬁl]-[lllllll
CENTRAL TARSAL

_— - - —

r

L

_
_
_

FIBULA h

TiBlA _[

FEMUR r

| E—

20 40 50

80

DAYS

100

aF

AL
120

i 1 i " B
14C 160 180 200 220 240

GESTATION



Yig, 3. Radiograph of a Zebu fetus, estimated age

52 days, showing no ossification activity,
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Fig, 4. Radiograph of a Zebu fetus, estimated age 70
days, showing early ossification of the

axial and appendicular skeleton,






Fig, 5, Radiograph of a Zebu fetus, estimated age 82
days, showing ossification of the pelvis and

middle phalanges,






Pig, 6, Radiograph of a Zebu fetus, estimated age
100 days, showing early ossification of the

fibular tarsal bone,






Yig, 7. Radiograph of a Zebu fetus, estimated age
120 days, showing extensive ossification

activity.






I'ig, 8, Radiograph of a %ebu fetus, estimated age

130 days showing further bone formation,






Fig, 9, Radiograph of a Zebu fetus, estimated age
170 deays, showing acltive ossification

including stermabrae,






Fig, 10, Radiograph of a Zebu fetus, estimated age
185 days, showing early ossification of the

tarsal and carpal bones,






Tig, 11A, Radiograph of o “Zecbu fetus, estimated age
215 days, showing ossification of the

pectoral limb especially the carpal bones,






'ig, 11B, Radiograph of a Zebu fetus, estimated age
215 days, showin: ossification of the

pelvic limb especially the tarsal bones,






PART VII

COMPOSITION OI TIiE HUMERUL O THE

DEVELOPING ZEBU FETUS
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INTRODUCTION

Adult osseousg tissue of man freed from fatty marrow is
composed of organic material (mainly protein), water, and
minerals (Best and Taylor, 1966), No information was found on
the water, ash, arganic matter and fat content of fetal bcones
of cattle,

Reported here is a preliminary study of the composition of

the humerus of the developing Zebu f etus,

MATERTALS AND METHODS

I'etusges

Twelve Rahaji fetuses, aged 68 days to two dnys postpartum
at 20 day intervals, were selected from those of known ages in

Part III,

Preparation of Humeri

Each humerus was removed, carefully dissected to remove the

sof'lt tissues, macerated in water kept just below boiling point by
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means of an sutomatic thermostat to remove any remaining soft
tissue, The cleaned and air-dried bones were weighed an a

platform balancel te the nearest C,0lg,

Chomical Analysis

Water Content: Tho clean, dissected humeri were dried in an
ovean at 9400 for three to four days to a oanstant weight,
The differsnce in weight between air-dried end oven-dried humeri
wes taken as the water content, -
Fat: Tat was extracted frum cach oven-dried humerus in a
soxhlat a.ppa.ra.tusz with petroleum ether for 24 hours, The
extract was dried under vacuum in a clean, weighed regidue flask
end then weighed, The difference between the two wolghts being
the fat content, The humeri were dried in an oven at 91|.°C for
four to five doys until the weights were oconstant,
Six humeri were subjected to further defatting in acetaone
for 24 hours to check the efficiency of soxhlet extraction,
Little or no difference in bone weights were found efter
acetone~treated bones were dried and weighed, . I. ;
Ash: The fat-free humeri were ashed individually in a crucible |

in a muffle furnace’ at 600% for eight hours, Larger humsri were

1l Model P163N, Mettler Inatrument A,G., Zurich, Switzerland,

2 Model OV-062, Gallenkamp Co, Ltd,, Christopher treet, London
£.0.2, England,

3 Type 1500 Furnace, Thermolyne Corporation, Iowa, U,3.A,
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sawed in two when required, A&fter cooling, the crucible was
weighed and the difference before and after was recorded as the
welzht of bone ash,

Organic Mattey: The difference between the original weight and
the sum of the weight for water, fat and ash was regarded as the

organic material,

Degree of Calcificatiom
The ossified portion of the diaphysis of each humerus was

measured with a transparent plastic ruler to the nearest 0.2 wm,

RESULTS

The composition of tho humeri is given in Table 1 and
¥ig, 1,

The water content of the humerus changed rapidly during
fotal development: at 68 days it comprised 95 per cent of the
total bone weight, 92 per cent at 88 days, dropped to 75 per
cent by day 128, 62 per cent by day 248, and finally to 50 per
cent at birth, The decline in water content coineided with

increases in organic and inorganic matter (Fig. 1),
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The amount of organic material increased from 2,2 per cent
at day 68 to 1li per cent by day 128 and rose to 29,55 per cemnt
of the total humeral weight by two days postpartum. The most
rapid increases occurred during 68 to 88 days, The amount of
inorgenic material increcsed from 1,2 per cent on day 68 to 20
per cent by two days postpartum, the most rapid incresase

Qocurring during 68 to B8 days, Fat content did not increase

markedly like other solids, On day 68 the fat content was 1.6 -

par ¢emt but it dropped below one per cent for the other
measuring times, Although considerable fat was extracted from
the bones, the relative percentage continued to drop so that
by two days after birth fat congtituted less than one half of
one per cent of the net weight of the humerus,

Paralleling changes in bone composition, the percentage of
diaphyseal ossification changed accordingly (Table 2), At 68
daya the percentage of total length ossified was 38 and this
inoreased to 80 per cent by 260 days. At birth, diaphyseal
ossification was about 82 per cent of the total humeral length,
the remainder being cartilage with some bone being produced in

the epiphyses.
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DISCUSSION

Factors during intrauterine life Buch as age and nutritian
may affect the relative amounis of organic and inorganic
materials in developing bones. Changes in the physical and
chemical nature of the humerus of the developing Rlahaji fetus
were evident throughout gestation,

The percentage of water decreases as fetuses grow older,
This is in spite of the fact that the absolute amount of body
water increases with age, 1t is clear that the absoclute
increase in bone water is less rapid than that of other bone
constituents, and that bones undergo progressive dehydration as
they grow older, This phenomenon was reported by Hammett (1925)
and it is a generalised agec reaction not peculiar to the
osseous system, but involves the nervous system and other organs,

The decrease in water percentage is compensated by an
increase in the percentage of ash and organic matter, indicating
that they are continuously displacing water from the bones, The
most rapid increase in these constituents occurred between 68 to
B8 days which signifies thut the rate of ossification in the
humerus is most likely greatest during this period,

A possible source of ercor in the dry, fat-free weight
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deotermined in this study is the remains of non~osseous organic
materisl which can be demonstrated easily in the medullary
cavity when bones are sawed just before ashing. In small ﬁone
semples this has been removed by dissection {Baker, ot al.,
1946) and in larger samples by o constant boiling agueous
mixture of ethylene diamine in a soxhlet extractor (Williams
and Irvine, 1954). Nome of these maethods were applicable in .
this study since the aim was bto ash the whole bone, The effect
of the remaining non-csgseous organic material on the weight of
the dry, fat-free humerus was considered to be negligibdle,
This study was undertaken as a preliminary to a larger
investigation into the chemical differentiation, organic and

inorganie, of normal bone of d¢hu cattle during prenatal growth,

SUMMARY

The composition of the humerus of the Rahaji fetus was .
studied at 20 Qay intervals from day 68 to 2 days postpartum.
The water content changed rapidly from 95 per cent at day 68 to
50 per cent at birth, Organic matter increased from 2,2 per cent

at day 68 to 28 per cent by 2 days postpartum. Inorganic matter
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increased from 1,2 per cent on day 68 to 20 per cent by day 2
postpartum, The most rapid increases in organic and inorganic
matter occurred between day 68 to 88, the period of rapid
ossification in the humerus, Fat content decreased from 1,6
per cent on day 68 to less than half a per cent at day 2 post-
partum,

Increases in diaphyseal ossification coincided with changes
in bone composition, At day 68, 38 per cent of the total length
of the humerus was ossified; this increased to 82 per cent at

birth,
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Table 1: Water, fat, ash, and organic cantent of humeri studied

from prenatal Raheji cattle.

Gestational _ Yot

Day % Water % Fat % Ash % Organic at, (g)
68 95 1.6 1.20 2,20 0,04
88 92 0,98 3,00 4,02 0. 88
108 78 0. 60 2.8¢ 11. 66 2,80
128 75 0,60 10.40 14.00 5.07
W8 72 0. 60 11, 80 15, 60 8, 80
168 71 0. 60 12,20 16,20 12,50
188 ' 70 0., 60 12, 40 17.00 19,20
208 68 0. 60 12. 96 18,44 21.00
228 | 6l 0, 60 14,58 20. 82 22,20
248 62 0, 60 15, 40 22,00 23,10
268 . 55 0. 60 18,23 26,17 24,50
288 50 0.45 20,00  29.55 25, 60

[— s
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Table 2: Percentage of ossified humerus length in relation |

to days of gestation,

Day of Gestation Length of iumerus % Length of Humerus
in cm, oasified

68 1z 40

88 : 1,80 | 5
108 '- 2,52 14,8
128 3.10 53
148 4. 20 37
168 | 5,90 60
188 | 7. 60 65
208 8.50 69
228 11, 00 T4
248 " 13.20 78
268 16,52 8l

288 17.50 ' 82




Fig, 1., Drymatter, fat, organic and inarganic

composition of the developing Zebu humerus,
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PART VIII

DEVELOPMENT OF THE APPENDICULAR SKELETON IN

ZEBU CATTLE: GENERAL DISCUSSIQN
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Developmental research utilizes a variety of species witﬁ
diverse and often unique ontogenetic features, Any study
ccmcernling embryonic and fetal effects of metabolic or dietary
disturbances, teratogenic or mutagenic substances, radiatim or
viremia or otﬁer environmental factors such as temperature and
oxygen level or pressurs must rely om the normal pattern of .
development as a basis for comparison. Documentation of normal
ambryenic and fetal growth serves as a guide for undersatanding
_ the consequences of harmful influences at various stages of :
gestation,

The consistency of some fetal measurementa varied as
criteria for determining growth of the doveloping Zebu fetuas,
The standard ambryoclogical features observed end their time of
appearance were four to five d.ayé later than that of Bos faurus
breeds, Embryos and fetuses may have the same weight but
différent age or be in a different stage of development, This
_ was found not only in this study btut also by Winters and Feyffel
{1936) in a study of fetal shesp, .

The various regression equations established in this atudy
provide a basis for ageing Zebu fetuses -and hence open the way
for further experimental studies with Zsebu fetuses, The s¢ale

based on fetal length should be ugeful for eatimating fetal age

-
.
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in the field,

The pattern and sequence of hair growth was found to be
indecisive for ageing Zebu fetuses in cantrast to earlier
recommendaticns for Bos taurus breeds (Bergmann, 1922; Postwa,
1947; Jekobsen, 1962),

The sequential eppearance of primary loci of ossification
in the appendiculer skeleton in the Zebu was detected earlier
by Alizarin red 8 staining compared to radiographic examination,

Pathology, race, sex, nutrition and other factors have been
ghown to influence the time of the appearance of ossification.
To obtain' sufficient date to properly evaluate these factors,
conaglidation of data in the literature should be hslpful,
However, a short review of literature reveals the difficulty
of such consclidation because of omission of vital data and the
variety of fechniques employed in studying the prenatal skelaton,
The age of fetuses examined are often given but the method of
calculation or fetal dimensions are frequently omitted., Thse
sex, number, patheology and breed of fetuses examined are also
often omitted, In order to obtain an accurate ides concerning
the time range of appearance of ossification centers, the
absence of centers should be reported,

To accurately consolidate data, account must be taken of

the technique employed in observing the time of appearance of
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ossification centers, The time difference between the various
techniques employed should help in selecting the most accurate
technique,

Although the study on the composition of the fetal humerus
was anly preliminary, it appears to be the only record of bone
composition in the bovine fetus. If this ig so, then it is
pbvious that this area needs more intensive investigation,

The reproductive efficiency of cattle indigenous to Nigeria
is low (Lamorde and Weinman, 1972; Zemjanis, 1974; Oscri, 1976;
Nuru and Pennis, 1976)., The annual calf crop in Fulani herds is
spproximately 40 per cent {range 34.2 to 54.5 per cent). When -
the high pregnancy wastage detected in this study is taken into
consideration, the reproductive efficiency is actually higher -
probably an average of 50 per cent, Reducing this pregnancy
wastage in slaughter cows would help in meeting the meat
production targets in Nigeria. This could be accomplished by
Prognancy diasgnosis being mede available befors sale and
aslaughter by appropriate suthorities,

At this point it should be re-emphasised that studies
involving slaughter establishments in Nigeria are difficult and
unpredictable.. It is recommended that appropriate authoritiea
do all they can to facilitate work of livestock perscnnel in

slaughter establishments,
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It is hoped that the information gathersd in this thesis
will provide a solid foundation for further work on both normal
and abnormal developmenial problems in Zebu cattle, With time
and general process of skeletal development as depicted here,
muoh needed studies of the morphogenesis of muscle, nerves and
blood vessels of appendages can be underteken, Bffectg of B
radiation and drugs on appendage development have been observed
only after gross abnarmalities resulted, Part of this is due
to inadequate basic information on normel development. The
affects of drugs such as thalidomide should be determined as
affecting apical ectodemm, blastema, chondrification, ossifica~
tion, and growth rather than shortening of a limb or fusion of
& joint. Also, studies of other speciss should be made to
provide specific informaticn for each experimental animal and
by comparison possibly provide anaswers that were not available
during the present study. _

The effect of breed on nrenatal development was elusive in
this study., It would be of interest to know just when
differences in rate of dsvelopmant take place, for exanmpla,
botween Holstein-Friesians with calves weighing 70-125 1bs at
birth and Zebu breeds with calves weighing 40-70 lbs,

Pinelly, as a result of this investigation the following

studies are planned;
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Nationwide appraisal of pregnancy wastage in cattle and
its effect on the annual meat target,

Re~evaluation of the 35 to 40 per cent reproductive
efficiency of indigenous cattle in light of the present
finding that 50 per cent of cows slaughtered were
pregnant, " ' .

Effect of breed on fetal measurements as well as the
effect of sex on weighlt and beody length measurements,
More obmervations on hair gnd other external features of
Leby fetuses for meaningful comparisowns with information

published an Bos taurus breeds,

. Otudy of secondary loci of ossification occurring

rrenatally and postnatally as a useful adjunct for ageing
neonateg, weaners and yearlings whose birth histories are
unien owm,

Chemical differentiation of normal bone of Zebu cattle
during prenatal growth,

Development of other body organs in prematal Zebu cattle,
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Table 1: Correlation tzble of the six variebles in 20 Rahaji

fetuses of known ags.

FR TCL Wi Cc1 LF LH AGE

[y

FR 1,000 .98606 .9198 ~-,0969% 9622  ,8282 98611
TCL .98606 1,00 L9556 -, 07h52 L9642 .9287  .973
Wr L9198 .9256 1.000 -, 01669 93,96 ,9171 .869%L
I  ~,09699 -, 7hL52 -,01669 1,00 -, 0812 -, 1042 -, 1113
LF  0.9622  ,9642  ,93496 -,0812 1,00 L9171 L9304
LH  ,§282  .9287 .9171 -, 1042 9171 1,00 = ,528

AGE  ,98611  ,9734 8694 ~-,1115  ,9304  ,9228 1,00
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TPablc 2: Feotal measurements from 250 fetuses collected from
Rahaji, Bunaji and Vadara cows after slaughter in
Zaria,

" No, Sex WP(xg) CR{cm) TCL(cm) CI{om) LF(om) LH(cm)
1 F  2.450 L4400 62,50  17.00/7.50 8.50  6.50
5 M 1,050 35,50 50,00 1k.50/6,50 5.50 4. 20
3 F 0,8% 3,00 4600 12,50/6,00 5.00  4.00
L, M 0,500 25,60 37,00  11.50/4.50 k.00  3.00
§ ¥ 0,006 600 850 4.00/1,70 160 2,10
6 F 0.650 30.00 45.00  13.50/6,00 L.50  4.00
7 M 1,050 34,00 38.70 14.50/5.70 460 420
8§ M 0,560 268 37.00 12.50/4.00 3.40 3,00
9 M 0,005 45 7.00 3,70/1.10 0.06  0.50

30 F 0.30 23,20 3300 10,10/4.,30 3.50  3.00
11 P 0.925 3L40 47.00  1h40/5.50 5.30  4.20
12 M 1.125 36,50 50.00  15,00/6,00 6.00 4,50
13 M 1,650 37.00 54,00  17.50/5.50 5.20  6.50
W M 2,650 47,00 64,00  20,00/8,00 9.00 7,00
15 F 0.600 28.50 38.20 12.00/5,00 4,50  3.70
16 F 1,565 37.50 53.00 15,00/7.00 6.00  5.00
17 F 0,210 20,20 27.20 8,30/3.60 2.80 2,80
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35

Table 2: Cantinued
- No, Sex WI(kg) CR(em) TCL(cm) CI(cm) LF(cn) LH(cm)
18 M 0,775 29.80 31,70 12,70/4.70 5.20  3.50
19 M 1,575 42,20 59,20 17.00/6.00 6,60  5.50
20 F 2,150 39.00 53,20 17,00/6,50 6.30  5.90
22 M 1,075 3400 LB, 60  14.50/5,80 5,00 370
22 F 1,300 35,20 5420 15,30/7,10 5.60 5.50
23 F 0,050 12,00 17.00 6,10/3.00 1.50 2,00
2, F 1,550 37.50 5,00 @ 16,20/7,20 6,20 5,90
25 M 2,925 44,50 66,50 17.60/7.60 8,00 7.20
26 M 0,850 29.4 46,00  14,80/6,00 4,50 4,00
27 M 0,015 8.2 10.8 4.00/1.10 0.8  0.80
28 P L1450 3620 56.30  15.00/6.20 6.00 5,00
29 P 530 47.00 70,00 17.60/5.5 8,00 6,50
30 F 0,160 19.10 24,50 8.70/L.00 2.20 2,00
31 F 318 48,8 7350  20.10/7.00 9,10  1.50
32 F 1,275 37.00 51,50 15.80/6.20 5,80  7.50
33 F 0,825 33,50 50.70  14.50/5.,00 5.40 5,0
3 M 0,210 20,50 30.50 93.3 3,00 3,00
M 2,175 45.20 62,50  16.5/6.3 6.3 6.00
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Table 2: Continued

No, Sex WP(kg) CR(em) TCL{cm) CI{om) LF{cm) LH(cm)

36 M 1.700 39,50 58.60 17/6.8 6.00 5.3
37 M 2,600 4400 6420  19.5/7.5 7.4 6.6
38 M 0.140 14,50 21,50 7.5/3.2 1.5 2,0

39 M 0.270 19,50 30.00 9.2/l 3.5 3.3
50 M 1,30 35.50 53,00 15.5/5.3 6 5.5
31 ¥ 1.27% 33,70 52.00 15/6 5.00  5.00
b2 M 1.785 38,50 5500  15.%6 6.00 5
43 F 0,030 8,60 13.00 5.0/1.9 0.9 0.9
iy M 1,650 39.50 55 15.5/6.0 6.0 5
455 M 1,075 32.50 48,30  15/5.2 b, 2 5
% M 0,006 12,70 16,50 6.%/2,0 1.5 1.5
¥ F 247 13,50 63,00 17/5.2 6,00 5
4 F 3,225 50,00 78,00  20/5.5 9 7
49 M 3775 53,00 B8L50 20/6.5 9 - 8
50 F 1,050 33,00 48,00 13,5/6.0 b5 3.5
5. F 3.475 46,00 71,00  19.5/8 8 3
52 ¥ 3,275 50,00 7300 19.5/6 7.5 7.3
53 M 1,700 36,00 59.00 15/6 5 b |
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Table 2: Continued

No, SBex WI(kg) CR(om) 2CL({cm) CI{om) LF(om) LH(om)

5, F 1,025 30,00 46,00 1%4.2 5 b
55 M 0,430 2300 32,00 11/4.2 3.3 3,2
56 M 0,080 14,50 20,50 7.5/2.5 1.7 1.8
57 M 3,370 49.00 77.00  19.5/7 8.5 8.0
58 M 0,750 30,00 L4440  13.5/k.5 4.0 3.5
59 M 2,657 42,8 62,00 19,1/7.5 7.0 6.2
60 F 1,650 39,00 59.00 16.00/5.6 5.3 i, 8
1 M 0.5 2n5  35.5 10.5/4.0 3.3 3.0
62 M 0,110 153 20.6 7.0/1.5 2,0 1.8
63 F 0,110 25,2 32,2 7.0/2.5 1.8 1.9
6 M 0,33 21,5  30.00  10,5/h.5 3.4 3.0
M 0,260 20.00 30,00 9.0/2.5 3.2
66 M 0,354 27 35,00 1147 3.3 2.9
67 M 3,200 445 65,00 17.5/7.2 8.00 7.8
68 M 0,031 10 15.00 4,5/2,1 1.0 1.1
69 M 1,790 35,0 56,00 17/6 5.0 5.2
70 F 0,560 25.7 38.00 12,5/ 3.8 3.5
7. F 0,20 18,5  27.5 9%3.5 2.3 2.3



Table 2: Continued

No, Bex WI(cm) CR(cm) TCL(cm) CI(cm) LF{em) LH(cm)

72 P 2,510 4O 61, 00 18/6, 8 7 6.0

73 M 0,800 29,00 40.00 @ 14/4

7% P 1,375 37.50 52,00  16.5/15 5.0 5.0
75 F 1150 35 50 14/5.2 A 4.5
76 M 0,030 10 13 6.0/1.5

77 F 0,150 1B 22 9/2.5 2,2 20
78 F  0.310 24,5 29,5 11/ 3.2 3.0
79 M 0.925 30 by 13.5/5 .2 5.7
8 M 0.190 18.5 28 9/3.5 2.7 2.2
8L M 0,170 19,5  27.0 9.5/3.9 2,3 2,0
82 M 0,175 18,5 28,0 93 2,2 2,2
83 M L4k0 345  50.5 15.5/6 5.2 k.5
8, M 0.200 19 26.5 9/3.6 2.3 2.0
8 M 3210 53,00 77.60 19.2/6.5 9 8
86 M 2,860 L6.5 @ 68.60  17/13 8 6
87 M 0,990 30.00 45.30  13.5/5 %2 4.00
88 M 0,289 22,5 31.70 93 3.3 2.8
8 F 0,040 11.00 14,50 5.%1.5 1.3 1.2
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Table 2: Continued

No, Sex WP(kg) CR(em) TCL(em) CI(cm) LF(em) LH(cm)

90 M 0.37%5 25,3 370 10/h5 3.6 3.0
91 F 0,765 33.5 W50 13/6.5 b b 3.9
92 M 0.455 30,0  37.50 12/5 4.2 4.0
93 M 0.300 35.5 55. 00 14, 2/6 b b 4,2
9, F 3.825 59,5 73.8 20.6/11 9.2 7.3
95 M 0,010 7.00 9,00 3/1 0,6
96 M 0.930 34,00 49.50  15/5.5 5.2 k.5
97 M 0,160 19,00 28,00 9.5/3.2 2.3 2,0
98 M 2,400 L49.5 65,7 16.8/10 7.4 6.1
99 M 0,250 21,6 29,7 9.2/5.5 2.8 2.4
100 ¥ 0,049 14,1 18,00 5.6/3.4 1.5 1.3
101 M 0,0027 5.3 7.00 2.8/1.1 .07
102 M 0,180 20,4 29,00 9. 3/49 2.8 2,5
103 F  0.730 35.3 46,2 12,3/7.6 L. 3 3.8
10, F 1,600 43.6 57.7 16.8/10.6 6.0 5,k
105 F  0.550 29.00 42,50 12/.5/k 3.5 3.3
106 F 0,073 1.5  20.5 &3 1.8

107 M 2,787 48,50 65.50  18,50/6 7.5 6,50
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Table 2: Continued

No, Sex WI{kg) CR(em) TCL{em) CI{cm) L¥(om) Ll{om)
108 F 0,491 26,00 35.00  11.5/40 3.6 3.3
109 P  0.206 19.2 2.4 9,5/4. 6 2.7 2,4
110 F .250 22,6  27.6 11/6.1 3.3 2,8
111 M 290 23.5  33.2 10.5/4.0 3.1 3.0
112 F 700 29.2  43.8 12.7/5.6 4, 6 4,0
113 F  0.028 1L.4 16,8 5.9/2.7 1.3 1.2
W N1 275 3.2 52 1%.8/8.6 5.2 k.5
15 F 2500 43.2 674  19.6/95 7.2 6.3
116 M 1175 40,5 57 17/5.5 5.0 5.0
117 M 0,575 29.3 42,3 13.5/5.3 4.0 3.9
118 F 1,500 40,50 58,00 16, 0/5.2 5.0 5
119 M 1,300 39,00 5k 15.0/5.0 6.0 4.9
120 F 3625 11,50 17.00 6/2.3 L4 L3
122 F 0,190 24,7 30 9.3/3.7 2.8 2.6
122 ¥ 0,440  19.00 24,9 8. 3/h 2.2 2.2

123 M 3,175 50.30 72.00 8.3/L. 4 7.3 0.4
12, M 0.255 22.5 31,00 9/3 1,2 0.9

125 M 0,150 21.00 29,00 8.8/3.8 2.4 2,2
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Table 2: Continued

) |

No, Sex WI{kxg) CR{em) TCL{om) CI{om) LF(em) LH{cm)
126 M 1,700 42,5 58,2 17.3/7.3 6,0 5.8
127 P 2,100 45,5  63.2 21/7 6.1 5.9
1286 M 0.880 3,10 47.00  14,5/5.5 bl 5.2
129 F 0,100 17.50 24.20 8/3.3 2,1 2,1
130 M 7.885 48,00 70.50 20,4/6,6 7.0 7.0
F 1,492 26,50 39,00  12,00/4.30 3,2 2,5
132 F 0,995 33,0 435 14, 3/5.1 45 3.8
133 M 0.195 20,5 29,0 9/L 2,6 2.1
13 N 3,680 49 70.00  18,5/6.5 7.00 6.4
135 TF 0,08 16,2 22,00 7.5/3.0 2,0 1.5
136 F  8,2,0 78,00 114,00  28/1 W2 12,4
137 M 0,470 27.00 39.00  12/5 3,0 2.8
138 F 1,630 39 57.00  1&/6 b1 3.9
139 M 6,220 98 148 28/11 19.2 15,2
WO F L0200 32,20 4800 16,36 4.7 4.0
24l 1.015 & 7.00 2/1 .09 .06
W2 M 3520 51,2 2.2 22/7 7.% 6.5

W3 F 2,020 42,0 6L.00  17.7/5.5 6.2 5.8
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No, Sex Wo(kg) CR(cm) TCL({cm) CI{cm) LF(cm) LH(em)
U4 F o .078 W2 210 7/3.2 1,2 L1
5 B 0,700 3.0 45 13.5/4.7 4.0 3.5
W6 T 0.15 10,00 13.00 b 3/1.5 1,00 1,00
Wy T Lk 47 66 20.5/7.5 8 7.2
W8 M 0.700 30 42 12.5/4.5 4 3
1,9 F 2,850 50.5 70 22.5/6,00 8 6.8
150 ¥ 1,100 355 49 15/5 4.8 14O
151 M 0,250 22,00 28,5 9/3.7 2.6 2,2
152 F 0,250 23,0 33,00 9/3.5 3 2,5
153 M 0,575 34,00 50,00  15.0/5.8 4,7 3.5
1y F 0,105 17.00 24,00 8/3.5 1.9 1.7
155 F 1,200 85 118 25/13%

156 M 3,300 50 73.00 12,58

157 M 2,675 42 65 20/6.5 6 5.5
158 M 3,500 482 73 20/7.00

159 F 8, 200 LN 107

160 F 0,950 31,8 47.50  15/5 4.5 4.0
i61 M 2,050 40 57.00 6.2 5.0

16,8/6.8
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Table 2: Centinued

No, Sex Wr(kg) CR{cm) TCL(cm) CI{cm) L¥{(em) LH(om)

162 M 0,500 25,00 39,00  12,5/4.5 3.5 3.0
163 F 1,725 38,80 58,00 19.00/6.00 €,0

W6, F 0,725 30,20 46,20  14,00/5.00 4,5 ). 80
165 F 0,325 25,30 37.00 M5 WO
166 M 2,575 40,20 62,00 11549 3.2 2,6
167 F 1,225 31,00 47,00  19/7 5.6 4.9
168 M 0.525 26,00 37.5 15.3/6 bl 4.0
169 ¥ 1.685 38,20 57.20  11.5/5.5 5.0 L.5
170 M 1,500 37.5 50,40 15.2/5.6 b4 b1
171 F 1,225 32,10 57,00 14 5/4.5 4.8 4.0
172 ¥ 1,300 36,00 5450  15/5.5 4.5 %, 0
173 F 1,275 36,00 5450 15/5.5 4.7 4.0
17 M 0,011 8,5 1L.5 /2 0.5  0.40
175 F 2,775 49.20 75,00  26/6,9 5.4 6.0
176 F 1,900 34,00 55.00  18,00/5.5 6.3 5.00
177 M 2,575 40,00 63,00 17.5/6.5 6.5 5.5

178 M 1,700 32,50  49.00 15.00/5.5 4,5 i, 00
179 M 1,950 36.00  50.00  1h.00/6.5 5.5 5.00
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o, Sex WP(kg) CR(em} TCL(cm) CI{cm) L¥(cm) LH(cm)
180 F L0400 1800 58,00 15.5/6.00 5,8 5.3
181 M 2,050 32,4 50,00 145/5.5 5.0 k.3
182 M 2,055 39.00 57,00  16,00/7.00 5.5 4.5
183 M 0.725 32,3 46,6 W, 1/7.00 bk k,
18, F 2,000 37,00 5500 @ 15.3/6.L 5.9 4, 8
185 F 2,060 33,00 5300 16,7/7.3 5.8 4.7
186 F 2,573 2.8 6.8 13.00/7.8 6.4 5.5
187 F 500 25,8  3B,5 12,2/5,00 3.8 3.00
188 M 95 1.5 15.6 5.5/2.5 1.2 1.1
189 F 695 27.00 42,00 135 b 3.5
F 580 25,50 42,00  12.5/5 3.9 3.4
191 F 430 24,30 36,50  11/4.5 34 3,00
192 F B55 24,70 37.00  11.2/4.2 3.00 2,5
193 F 1,700 3410 52,00 15.7/5.6 56 4.1
9. M 6,12 6.20 9.0 3,2/1.,5 0.60 0,50
195 M 2100,0 L2.5 @ 63 17/6.5 6.0 5.1
196 F 775.0 29,00 42,50  13.5/% %9 k.1
M 425 25,00 38,00 10,3k 6 3.3 3.00



Tahble 2:

Continued

216

No, Sex WI(kg) CR(em) TCL{cm) CI(cm) LF(om) LH{cm)
i98 F 1,225 33,50 50.00 6. 00 6,00 4.5
199 F 150 15,00 21,2 7.5/3.2 2,2 1.9
200 M 1700 38,3 58,00  13,06/6.3 6,00 5,00
201 K 825 29.00 42,50 1345 4,5 3.5
202 F 825 29.00 44,50  13.5/4.0 4.5 k.0
203 F 525 27.00 39,00  12/L.5 4.00 3.3
204 M 225 20,50 29,00 9/3 3.00 2,6
205 F 725 28,50 43,60  14/4.5 4.5 3.8
206 F 25,00 13,00 18,50 6/2 1.8 1.6
207 M 1925 40,20 61,00  17.5/6.5 6.7 5.4
208 ¥ .75  35.50 53.00 16.5/5.5 5.00 k. 6
209 ¥ 00 36,4 55 17.2/6 5.5 5.00 |
210 F 850 32,0 46,00 14.5/h.5 4,2 5.7
211 F 3750 5L 8, 20/7 9,00  8.00
212 M 900  33.20 46,00  14/5.0 00 3,5
213 F 3100 30 55 19/6.5 - -
214 M 160 18.5 23,5 8.5/3.00 2.6 2.4
215 F 900 32,40 48.00  15/5.5 4,8 4.0
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Table 2: Continued

No, Sex WP(kg) CR(em) TCL(cm) CI(em) LF(cm) LH(cm)
206 F 1825 40,50 62,00 19/6 6.00 5.7
217 ¥ 220 18.6 28,5 9.4/3. 4 2.5 2.3
218 F 210 21,00 28,00 9.3/3.9 2.9 2,6
219 M 1275 35,00 53,00 15,5/5.7 5.5 4.7
220 F 1725 40,8 61,5 16.5/6.5 6.4 5.3
222 M 2900 46,00 70.00  20,0/7.0 7.5 6.8
222 M 2375 46,00 69,00 18/6,5 7.00 5.8
223 M 3650 52 75 20/7.0 8.00 6.5
22, M 1750 46 67.00  18/6,5 73 5.8
225 F 650 31,00 445 . 2/5.0 4.6 3.5
226 M 1648 39.2  60.00 17/6.3 6.2 5.1
227 M 1765 39.5 58,2 17.3/5.3 6.1 5.9
228 ¥ 750 30.% L4 8 14.00/5.00 4.4 4.0
229 F 700  29.00 42,00  13.9/4.7 b.5 4.1
230 M 1725 42,00 61,00 17.5/7 6.00 5.7
231 M 3.975 49 77 22,50/8,00 8.9 7.7
232 M 675gm 29 41 /5.0 4,00 3.5
233 F 4,026 51 80 23/17.0 10.20 8.5
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Table 2;: Continued

No, Sex WI(kg) CR(cm) TCL(cm) CI(em)  LF(cm) LH(cm)
2% F 4,100 59 89 2,/8 11,00 9.00
235 M 10 70 114.0 27/10 13.5 11,00
236 M 12,200 80,00 121,00 26/8,2 11,25 10.8

237 F 13,500 85.50 127,50 26.5/8.3 16,70 13.00
238 F 21,100 90,50 135.00  27/10 17.5 12,8

239 M 20,950 99,00 148,50  29,5/10,3 19.3  15.2

2,0 M 22,050 97.00 145.50  28/9.5 18.5 3

2,1 F 11,800 75,00 112,50  24/8 13,90 11,60
22 F 20,100 98.20 147.30 28,5/9.5 18,0 13,9

2,3 M 19,805 95.50 143.25  28/9.3 17.9 12,9

24 F 12,00 81,60 122,40  24.9/8,1 14 8 12,00
245 M 11,500 77,00 115,50  24,2/8 14,00 11,80
2,6 F 13,497 85,50 127,50 26,%8.3 16,65 13,2

247 F 21,095 90.30 135.45  27/9.5 17.40 12,7

248 M 21,150 92,90 139.35 27.9/9.3 17.60 12.8

2,9 M 22,205 99,00 WB.L0  30/10 19.2  15.3

250 F 21,000 89.50 134.25  27/10 17.20 12,50
WT = Petal weight CI = Cephalic index

FR = Forehead-rump length LF = Length of femur

TCL = Total body contour length LH Length of humerus
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Table 4: Analysis of veriance of WI' of slaughter fetuses by

breed,
Source D,F, Sum of Squares Mean Squares F
B.G. 2 24,2778, 3818 121389, 1309 .102
W.G, 113 135030169, 7561 1194957, 2545 NS
Total 115 135272948, 1379

Test for Homogeneity of Variances

Cochrans: 8 = Max, Var./Sun (Ar.) .3577, P = .678 (Approx.)
Bartlett-Box F = ,017, P = ,899

Max, Variance/Min, Variance = 1,187

Variance ratio

D.P. = Degree of freedom; ¥

BG = Between groups WG Within groups

Table 5: Analysis of variance of FR of slaughter fetuses by

breed,
Source D,F, Sum of Lquares Mean Squares F
B.G. 2 50, 6809 25, 3400, 149 NS
w,G, 113 19246,1511 170, 3199
Total 115 19296, 8320

Cochrans C = Max, Variance/Sum (Var,) = 4052, P = ,253% (Approx,)
BOIF = .930’ P = 0595
Maximum variance/Minimum variance = 1,529
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Table 6: Analysis of variance of TCL of slaughter fetuses by

breed,
Source D,F, Sum of Squares Mean Squares F
B.G, 2 106, 6548 53. 3274 L4
W.G, 113 L2775,45031 378. 434
Total 115 4,2882,0579

Chochrans C = Max, Variance/Sum (Var,) = 4074, P = ,239 (Approx,)
Bartlett-Box F = 1,031, P = ,357

Maxi. Variance/Minimum Variance = 1,562

Table 7: Analysis of variance of CI of slaughter fetuses by

breed,
Source D.F, Sum of Squares Mean Squares P
B, G, 2 1. 3549 L6775 2,439
W, G, 113 31, 3831 .277 NS
Total 115 32,7381

Cochrans C = Max, Variance/Sum (Var,) = 3833, P = 417 (Approx.)
Bartlett-Box F = ,534, P = ,587
Maximum Variance/Minimum Variance = 1,375
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Table 8: Analysis ol variance of LF of slaughter fetuses by

breed,
Source D, F, Sum of Squares Mean Squares P
B, G. 2 . 8454 4273 .Q70
W, G, 113 690,4975 L1106 NS
Total 115 691, 3521 |

Cochrans C = Max. Var,/Sum (Var,) 468, P = 037 (AppI‘OX.)

Bartlett-Box F = 2,196, P = ,112

1.215

Maximum Variance/Minimum Variance

Table 9: Analysis of variance of LH of slaughter fotuses by

breed,
Source D.F, Sum of Squares Mean Squares F
B, G, 2 2, 8177 1,9088 .538
W, G, 113 399.9568 3.539%
Total 115 403, 7745

Cochrans C = Max, Var,/Sum (Var.)

.3733, P = ,511 (Approx.)
Bartlett-Box F = ,174, P = ,840

Naximum Variance/Minimum Variance = 1,215

it
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Table 10: Analysis of variance of Age of slaughter fetuses

by breed.
Source D, F. Sum of Squares Mean Squares F
1.6, 2 . 7511 - L3155 . 245
W.G, 113 173.0806 1.5317 NS
Total 115 173.8317 |

1]

Cochrans C = Max. Var./Sur (Var, ) 378, P = 458

Barlett-Box F = 1,036, P = , 355

Maximum Variance/Minimum Variance = 1,495
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Table 14: Caleulations for analysis of variance of TCL of slaughter fetuses by breed,

Group No. Hean Deviaticm Error  Maximum. Minimum  95% Conf. interval for ¥eans
1 57 31,1404 11,9051 1.5769 59,5000 8. 6000 27.9815 ~ 34,2992
2 32 30,0187 1k, 7233 2, 6027 73,006 5, 3000 o2, 7104~ 35,3271
3 27 29,6407 13,2855 2,5568 43,5000 kK, 5000 . 24,3852 - 3,,8963
Potal 116 30,4819 ~ 73.5000 4.5000
Ungrouped Data 12,9337 1.2027 | L 28,0995 - 32,8643
Pixed effeots Model 13,0507  1.2117 i 28,1815 -~ 32.8825
Random " " | 8233 753 ’ 28,4367 ~ 32,5271
Group 1 = Rahaji
2 = wgm.hu.u [
N

3 = Wiadara
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The present study was undertaken in Zebu embryos and
fetuses to determine changes ococurxing in developing limbs
from the initial appearance of limb buds through' blastena
formation, chondrificatian, and ossification to birth, and to
determine at what stage of embryonic and fetal development |
these chanues occur,

Of 7,941 Zebu cows examined at three Zaria slaughter slabs,

“ﬁi 4,041 (50,%%) were pregnant when slaughtered, The breeds

involved were Rahaji (65%), Junaji (3&%), and Wadara {5%).
The age distribution was estimated by teeth examination to be
young — 7 per cent (less than 3.5 years); miture -- 63,2 per
cent (3.5 to 7 years), and old — 29,8 per cent (over 7 years).
Ralationship of age to pregnancy was highly significant
between the three ags groups snd bebwsen msiure plus aged and
young {(P<0,005), The relatianship of season to the stage of
pregunancy was nobt significent, The difference between the
three stages of pregnancy at which cows were slaughtered were
highly signiﬁoant (P<0,005): the majority (67%) veing in the
second semester, There was little difference in carcass weight
batween the three age groups and the stages of pregnancy,
Ovarian activity was highest during the rain season and
anestrus highest during the dry seasm (P 0,01). Anestrus cows

and non~pregnant cows with active ovaries had the lowest mean



(135 + 4l kg) and the highest mean (170 + 43 kg) ocarcass welghts,
: respectively, Aged anestrus cows had the lowest carcass weight
(127 + 28 kg) and mature cows with active ovaries had the
highest {180 + 47 kg).

The magnitude of the preghancy wastage problem in cattle
in Nigeria was discussed ond it was recommended that pregnancy
diagnosis per rectum be made available prior to culling or
slaughter in order to reduce this major socurce of meat loss,

Data on seven easily measured variables {WT,, FR, TCL, LF,
LH, CI, and Age) from 20 Rahaji embryos/fetuses recovered by
Caesarian- gection and from 250 embryos/fetuses collected from
slaughtered Rahaji, Bunaji and #adara cows are presented,

Dats from the 20 Rahaji embryos/fetuses were used for
establishing a normal growth curve and linear correlatioms for
ageing the 250 slaughtcer fetuses., 'The correletions bebween
the variables were gignificant except for the cephalic index
(P£0,05). The regression squatien for body weight and body
length {TCL) was found t& be the moat accurats for caleculating
fetal weight and that body weight and fetal age was the best
for estimating age of Zebu fetuses of known weight, From the
nan-log correlation between body length (FR) and age of
developing Rahaji fetuses, & mimple scale was devised for

estimating fetal age in the field. No gignificant differences



for sex or breed but a2 significant increase was found in 5ody
welsht and length of femur and humerus during the wet season
(< 0,05),

The sequence and rate of hair growth was studied in 150
fetuses, 100 to 231 deys of age, from slaughtered Rahaji,
Bunaji and Wadara cows, OSequentisl devalopment‘ of the fbllowing
externel features were observed in embryo and fetuses from day
2 to 230 gestation: 1limb buds, mammary ridge, olfactory pits,
cyes, eyelids, facial cleft closure, intradigital grooves, ear
pinnae, genital tubercle, teats, serotum, testicular degscent,
hoof formation, horn buds, teeth eruptioen, fusion of hard
palate, carpal and patella separation, and meconium detsction,
Pattern of hair growth was found to be indecisive as an aid to
ageing Zebu fetuses, Initial eppearence of certain external
features could serve as a rough but quick againg guide,

The number time of appearance, and chronological order of
the primary loci of ossification in limbs were investigated in
70 (Rahaji 55, Bunaji 10, Wadars 5) fetuses by Alizarin red S
staining, The gssification pattern ohbserved was as follows:
first six weeks 1little aetivity; 7 to 11 weeks - many primaxy
ioci laid down; 12-23 weeks - new loci appear together with
intense growth of existing loci; and after 3L weeks no further

primary laci,



The number, time of appearance, and chronological order of
the primary loci of ossification in developing limbs were
investigated in 50 fetuses (Rahaji 35, Bunaji 10, and Wadara 5)
by radiography. No ossification activity was observed during
the first eight weeks, by the ninth week a number of primary
loci were detected, and no primary loci were observed after
210 days. Under the conditions of this investigation, radio-
graphy was found to be less efficient than Alizarin red 5
staining for detecting the primary loci of ossification in the
appendicular skeleton of the Zebu fetus,

The composition of the humerus of the Rahaji fetus was
studied at 20 days intervals from day 68 to 2 days postpartum,
The water content changed rapidly froem 95 per cent at day 68 to
50 per cent at birth, Organic matter increased from 2,2 per
cent at day 68 to 28 per cent by 2 days postpartum, Inorganic
matter increesed from 1,2 per cent on day 68 to 20 per cent by
day 2 postpartum The most rapid increases in arganic and
inorganic matter occurred between day 68 to 88, the period of
rapid ossification in the humerus, Fat content decreased from
1,6 per cent on day 68 to less than half e per cent at day 2
postpartum,

Increases in diaphysesl ossification coincided with changes

in bone composition, At day 68, 38 per cent of the total length



of the humerus was cssified; this jncreased to 82 per cent at

bvirth,

The data cbtained on development of the appendicular

skeleton in prenatal Zebu cattle will provide a fimm basis

for further work on normel and abnormal skeletal development

and should open the way for siuvdies on the porphogene sis of

muscle, nerves and blood vessels of the appendages, -



