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. ABSTRACT
Three experiments were conducredlro study the effects of
’ anabolic agents on growth traitI‘ especiaily on liﬁear bone
.-grewth in cattle and’pigs. |
In the first experiment thrrty—ﬁwo cull cows aged one
.to 13 years were allocated to five age groups. Half of the
cows within’ each group wvere 1mplanted w1th 36‘mg zeranol.
Thefcows were fed 1nd1v1dually for 82 days, then
slaughtered. Bone growth was monitored by oxytetracycline
’\Qlabelling ofvrhe epiphyseal growth plates. Zeranol had no
51gn1f1cant\effect on average dally ga1n feed efficiency or
backfat -thickness, .but caused a decrease in radio-ulna mass
(P<0.03). Rate of bone gnowth at the distal end.of the
radic~ulna decreased with increasing age and was zero at .4-5
years. | J o , | . i )
The second experimeht wasﬁgerformedpdn forty—eighti
steers and bu%Ws startlng at an average welght of 200 kg to
look for<¢he effects of zeranol for a tr1al period of 183

-

days. Cattle treated with zeranol showed higher average-
daily gain thanrc;nrrols (R<0.05Y. There‘was no significant
interaction between gender and treatment. Castraticd
increased carcass fatnesé (P<0.01) and decreased dressing
percentage (P<0.01), ribeye area (P<0.01), shank puscle
(P<6T577\aﬁd\§§anﬁ muscle:bone ra;io (P<0.0i)h,1mplantation
~with zeranol had no effect on che carcass traits.,The
weights of the radio-ulna, metacarpal and metatarsal bones

‘ PR
were* not significantly affected by gender or treatment.

¢
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& ) ; , » ‘
Grow%?%@f the radius at the distal end during the last two ,

month# of the:experiment was significantly less in treated

cattgr than in controls (P<0.01) and in steers than in bulls

‘ / o . S )
(%§0.01). Treatment with zeranol resulted in larger pelvic

‘szg'

(P<0.05) in treated bulls.

nings'(§ﬁ0.01) in bulls and steers and reduced libido

fn/the last experiment the e%fects of estradiol-17g,
testosterone and casﬁration were studied in male pigs, from
girth to six months of age. Treatment had no effect'on
average daily gain,'feed.efﬁiciency or backfat ﬁhickness
(P>0;05);‘The grow£h coefficients of individual organs
relative to body weigﬁt or carcass weight were also not
affécted by treatment. Weights of limb bones (radio-ulna,
~ humerus, scapula, tibio—fibula, pateila, femur and pelvis)
did not differ signifitan%ly among the treatment groups. A
.similar trend was noticed in the length measurements of the
radio-~ulna, humerus, tibio-fibula and femur}_The boars had
thicker (P<0.05) radio-ulna bones as compared to the other.
three treatment groups. Treatment did not influence the rate
: of growth at the epiphysegl growth plates of the radius,
humerus, tibia andvfemur as determined by oxytetracycline

. 5]
infusion or the rate of

glycosaminoglycah synthesis in the
epiphyseal growth cartilage of the distal radius and
prbiﬁmal tibia as aetermined by °*S0, inCQrporétion.

It is concluded from the three experiments that of the -

anabolic agents used in this work only zeranol increased the

rate of'growth.in male cattle; zeranol had negative effect

vi



on linear bone growth in cattle.
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GENERAL ' INTRODUCTION |

The efficient production\of'lean meat is a majer goalb
of the livestock industry;‘Animal growtn, particularly the
rate and efficiency"of weight\gain and the compqsiti%n of
the animal or;carcass,‘is_a critfeai component'of this goal.
The use of gtowth promoting‘agents can have a profound
1nf1uence on the eff1c1ency of meat production. .New
substances are constantly entering the livestock inaustry,
‘thougntln many cases their mode of action and 1n£1nence on

\

body composition is not ‘clear.

The substances used in meat animals (animals ralseé for-
the production of meat) to 1ncrease grewth rates and
eff1c1ency of productlon can be divided into two broad
eiasses according to the mode eﬁ'action. One class‘aets to
increase the quantity or quality of nntrients made available
eto the animal tlSSUES (biostimulators) The second 1ncreases
the eff1c1ency w1th which nutrlents reachlng the an1ma1
tissue are utlllzed for productive purposes (anabolic
agents). |

‘The endoerine_system is known to regulate animal
metatolism| but the manner tn which hormones interrelate to
control the eff1c1ency of meat productlon is not fully
understood. The dlfferences in growth rate and mature body

size of male and female animals suggest that sex hormones

play an important role in-the control of growth,



The prgéise mechanism by/which estrogens influence
~§keletal muscle metobolism is unclear, and funaamentai
;tudies of_their'actions,have not been conducted in farm

\\énimaISf‘However,a number of theqries to eiﬁlain the mode
of éctfbn of estrogens have been proposed on thézbasis of
changés in the weiéhts of endocrine glands, concentration of
plasma hormones and métabolites 6otedbin animalAg;owth
trials (Wiggins et al., 1976). One widely held hypothesis
,éugqgsts that estrogens act primarily on the hypothalamus or

“anterior pituitary to increase growth hormone (Somatotropin)
secretion ana'that this hormone is resbonsible for the
growth' response. Somatomedin and'statostétin\are now
considereq'mdre important Ehanisomatqtropih in thi§ fégard
(Spencer, ?984). A

| The actual mechgnism By which aﬁdrogens<increase net‘
muscle prbtein'syﬁthesis has been the subject of. debate. One
school of workers (Michel and Baulieu, 1976) favours the
concept that fibres are the direct target of androgens in.
skeietal musclsf, where_théy act by binding onto specific
cytosol receptors, to‘increase pfotein synthesis. Aﬁ
altérnatevhyédthesis has been proposed by Mayef and Rosen

(1977) that androgens inhibit’the binding of,glucocortiﬁoids

to their specific recéptors in muscle cytosol. Some ,

‘glucocqrticoidsrexéft a catabolic effect on mUsclerprotein."ig
In cultured myoblasts, testosterone produces a modest

’stimuiation of‘mitotiq proliféraﬁion, ahd reduces the fime

spent by the myoblast in the G, phase (phasé’of DNA



synthesis) of‘mitosis (Powers and Florini, 1975)

Fears have been expressed to the llkellhOOd of
consumers being affected by traces of anabolic agents
remaining in the edible carcass. In the case of
estradiol—17é and testosterone, convincing eviderice has been
presented,'that'following recommended tfeatments and based
on the tissue-hormone levelsgmeasurabie, no differentiation
could be made at the time of slaughter between treated and
untreated animals. Thus a re51due problem does not é"%t and
no questions in respect to public health have to-be answered
(Hoffmannﬁ,1984). As-regar & zeranol, Heitzmap et a%{-(1984)
have shown the presence o{d§esidues throughont and beyond
“the recommende@ w1thorawal period. However,‘from results
'concernlng afflnlty_for DNA, zeranol appears to be a non
genotoxic compound (RICF and Sacaze, 1984) .

The use of anabolic agents in human beings is malnly
therapeutic. They are used to improve nitrogen balance in
debilitating diseases and old age, in hypogenital men in an
aim to restore or of}ng to normal male secondary sexual
characteristics and male sexual behaviour and to mimic the
hormonal effects on somatic developement. Anabolic agents
are also used by athletes in a belief that they would
improve their athletic performance. The most commonly used
anabollc agents for thlS purpose are the der1vat1ves of

, testosterone (Gribbin and Matts, 1976) .

&

Wilson and Griffin (1980) suggested that the effect of

'anabolic agents in undernourished, aebilitated, or elderly



.individuals was probably due to enhanced éppetite as in
controlled studies,:there was no effect on weight and
strength following treatment. According t& Wynn (1968)
androgens have proved disappointing as therapeut{% aids to
promote anabolis% in acute illness, contaihing trauma, and
chronic illness associated with protein depletion. ° \
-Theiadministration of androgens to'hypogonadal'men
induces‘éﬁpetardation in urinary excre;ion of nitrogen and
causes aﬂééi&:inAweight. In contrast, in normal men given
exogendﬁs and;bgén retent'ion is,only half that‘of
hypogonadai men (Wilson and Gr;ffin} 1980). In man muscles
-ofithe pectoral and shoulder rééﬁon were most responsive,
Histologically, the»enlafgement of the responsgve muscles
was due"to an increase‘in the diameter of muscle fibers and
fibrils (Szirﬁai, 1962); |
Any positive”effggf of anabolic agents on lean body
mass and muscular growth is presumea to be benefiéiql to
atheletic perférmances. There is still controversy wﬁether
or not anabolic steroids increase muscle size|and sﬁrength
~:in athletes (Hill et al., 1983). According to RYaﬁ (1981)
. anabolic agents did not contribute significantly to gain in
muscle strength. -
The use of the anabolic agent zeranol is widespread in'

~

beef cattle production but not in pork production. Zeranol
is derived from the comp§und zearalenone produced by the
‘maize mold Gibberella zea (Stob et al., 1962). The efficacy

of zeranol has been reviewed by Sharp and Dyer (1971). These



. A
workers demonstrated stimulation of live weight gain in

‘heifers and steers. Zeranol has lkittle application:in the
swine industry since it causes an estrogenic syndrdme i.e.
hypertrophy of vulva, vaginal eversion, .and interruption of
estrus in sows and gilts and mammary hyperplasia and \
testicular atrophy in boaré and barrows (KieSsling, 1982).

The substances most commonly used as érowth promotants
in pigs are antibiotics. These substances are not classified
as anabqlic agents. The ahabolic agents used (only in
experimental trials) in pigs are the estrogens énd
testosterone (sex steroids). Repo;ts regarding the effects
of steroid hormones in pigs are ;onfusing and so far there
are no clear recommendations which can be made from the
literature available. The effect of estrogens and
testosterone in pigs is slightly different from that in
cattle. The principal effect in pigs is an increase in the
lean:}at tissue raéﬂo. Backfat thickness is reduced and
carcass quality %mproved in f5v9ﬁr of larger hamsland loins
(van Weerden énd Gradadam, 1976). in castrated male pigs

either a combination of trenbolone acetate

receivin

(synthetlic androgen) and estradiol or oral administration of
: . 2 .

LR

trenbolone acetate plus diethylestradiol.

The bone tissue constitutes a frame on which,théﬁb&her*

body tissues are supported. Little work has been done in

farm animals regarding the effect of anabolic agentsf@@@fbe
grow of this tissue, ‘although there is voluminous

lite ature in which the effects of sex steroids on bone
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growth have pgen‘studied in laboratory animals

The individual constituents éf the skeleton begin as
mesenchymal condensations during the embryonic period. These
mesenchYmal cells are derived from the primary germ layers,
usually under the mechanical or chemqpactic influence of
other tissue structures. Some of theéé cellular
condensations'ossify directly to form the membfane;derived
or intramembranous bones. However, the rest of the skeleton
is derived from cartilage models maiﬁly by endochondral
ossification, Th?s consists of two discrete processes: (1)

’ ' 1
the formation of a primary osseous collar and subsequent

vascular invasion to form the primaré.ossification center,
whiéh,will‘become thé diaphysis and metaphyses, and (2) a
later (usually.postnatal) vascularly mediated ossifidation ,
in the epiphysis to form the secondary ossification center
(Figure 1), Particular areas of cartilage, termed growth
plates, capable of rapid growth longitudinally ana |
latitudinally, are left between the primary and secondary
centres (Matthews., 1980). |

The effects of estrogens on the skeléton héve been
reviewed by Silberberg and Silberberg (1971). Estrogens
‘promote maturational changes in the epiphyseél growth
plates, and thus modify the pacevof linear bone growth. The
skeletal responses to the hormone appear stronély doSe'and
species dependent. It has been shown that large doses
inhibit the bone growth,‘while small doses resulted in

increased growth in chicks (Budy et al., 1952; Qégulesco and

T



-

- The material involved has been removed because of unavailability /
of copyright permission. The material contained:

Figure 1. The development of long bonesﬁ'

(a) cartilaginous model, (b) appearance of subperiosteal

bone, (c) appearance of primary ossification centre,

(3) extension of the latter towards the epiphysis,

(e) appearance of secondary ossificatioﬁ centres{

(f) ossification complete except the epaphyseal plates,
(g) disappearance o{ ‘the latter, |

(Taken from Hafez, E.S.E. and Dyer, 1.A. 1§69. Animel'Grovth

and Nutrition. Lea and Febiger. Philadelphia.)



Kossler, 1978).
Testosterone, ;n the epiphyseal growth plates, also
increases maturatiomal changes which lead to
epiphyseal-diaphyseal union. These chanhges include
spimulation of age changes\in the cells to promote the
.. formation Qf‘hypertrophdc c\ondrocytes (Howard, 1962?. In
castrated animais, the period of longitudinal growth of bone
is ihcreased'due to delayed maturation of the‘epiphyses and
the skeleton a%ja whole (Silberberg ahd Silberberg, 1971).
.The‘retarﬁation %f maturationél chandes in the cartilage and
bone of gonadectomized ra&s is due to diminished
glycosaminoglycan synthesis (Kowalewski and Gouws, 1957).
These maturational changes can be reinitiated and even
accelerated by testosterone therapy (Salémon et al., 1973).
In the present work the effects of castration and the
anabolic agents zeranol, estraaiol-176, and testosterone as

implants on the growth?ﬁparticularly on the growth of long

bones, were explored in cattle and swine.



1. EFFECT§ OF ZERANOL ON SKELETAL GROWTH OF CULL COWS AND

HEIFERS

INTRODUCTION

~Body growth is a function of bone, muscle and fat
growth; a superior carcass being one with maximum muscle,
minimum bone and optimum fat for the particular market being
supplied. Zeranol, a resorcylic acid lactone used
commercially as a growth stimulant, has been found to have
no influence on carcass muscle and fat characteristics of
cows (Price and Makarechian, 1982). It has however been
suggested by Staigmiller et al. (1983) that the substance
may increase the pelvic opening in heifers, suggesting an
influence on bone growth. This would have commercial
importance by changing the ratio of edible to non-edigle
portion in the carcass. The following experiment
inves£igated the effect of zeranol in the form\of the
commercial implant Ralgroe (I.M.C.: Terre Haute, Indiana.i
on the growth of the radio-ulna bonesubf five groups of cull
cows ranging in age from one to 13 yr. to study'thé nature

and extent of any influence of zeranol on skeletal growth.

MATERIALS AND METHODS
A total of 32 April and May born cull cows and heifers
from the University of Alberta herd were used in‘this
. ) et

experiment. 6 one year old and 8 twollyear old heifers were

selected at random. Older females wer® seledted from those
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which had bqen culled for inferior reproductive performance
(failure to become pregnant, difficult birth, mammary gland
problems) . Cows were categorized as beef-type or dairy-type,
and subjectively scored for fétness by an experienced ‘
cattleman through physical palpation of the subcutaneous fat
at the brisket, flank and tailhead. They were then divided
into five age groups: less than two, two to thfee, ghree to
four, four to five and greater than 5 yr (see Table 1.1).
Within each age group they were balanced with respect to the
numbers of beef (which are early maturing cattle having
small frames) and dairy-types (which are late ﬁaturing
cattle haviné large frames), and the fattest and_thinnest
cows were excluded.

Half the cows in each age group were Qmplanted
subcutaneously at the base of the ear with 36 mg of zeranol
(in the form of three 12 mg pellets of Ralgrow)&gN a
specially designed trocar and canula and all ogﬁthe cCows
were infused intravenously with oxytetracycline (Terramycine
100 mg/ml, Pfizer Co. Ltd.). The oxytetracycline was diluted
4 times with sterile normal saline and was administered as a
single injection (15 mg/kg body weight) on day 1 of the
experiment to label the calcifying zone at the epiphyseal
growth plates and subsequently to measure the rate of
longitudinal bone growth (Graham and Price, 1981). The cows
were placed in individual pens and fed-a hrgﬁ én diet
containing 60% grain, (rolled barley:rolled oats, 3:1), 35%

hay, and 5% of a protein-vitamin-mineral supplement at the
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rate of 120 gm feed/kg° '' of body weight (metabolic size of
the animal). This feeding regime which is close to the
appetite'of the cattle (Webstsr, 1980) was preferred
because: (i) if the animals were fed ad libitum those having
smalfer appetites would have been at a disadvantage, and
(ii) if the animals were fed on the basis of body weight
(W') the smaller animals who have greater maintenance
requirement per unit body weight would have been at a
disadvantage (Parks, 1982). Basal metabolism has been
measured for animals of different sizes, and from such data
two ﬁacts Hg;e been established. Firstly the basal heat
production is affected by the weight of the animal, and
secondly'the metabolism of the smaller animals is greater
than that of large animals per unit of body weight.
Theoretical considerations suggest that heat loss may be
related to the surface area of the‘body.“If the heat losses
were affected by radiation, the surface area might be a
factor, and the 2/3 power of body weight is a better index
of surface than is wédght to the first power. However, it
must be noted that the exterior body surface is not constant
in living animals, nor cah 1t be measured satisfactorily.
Furthermore, the causal factors of heat production, and
hence of basal heat loss, are not dependent on external body
surface. Basal metabolism data for adult animals of species
ranging from mice to elephant were plotﬁed on log-log paper

and the regression fitted by the method of least squares. If

weight (W) is in kg and metabolism (C) in Kcal. The slogi\ii?

/
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the.curve proved to be 0.73, and the value of b, the ratio
‘C/W°-’°( was 70.5 (Crampton and Harris, 196§l

The cows were weighed and feed allowance recalculated
‘weekly Following 82 days of feeding the cows were trucked
to a commercial packing plant 150 km/anay in Edmonton for
slaughter. After the routine procedures of killing, dressing
‘and grading by Agriculture Canada/personnel at the packing
plant both fore- shanks were removed by a cut above the elbow
(radio-ulna to humerus) joint and taken to the meat research
laboratory where the shanks were trimmed of tissue distal
and proximal to the radio-ulna and then dissected under the
'superv151on of the laboratory technician to record the-
amount of muscle, fat, and bone. Lengt@,:c;rcumference and
specific gravity of thelradio—ulnae were also recorded.
Bength’measurments were\fhe greatest distance between two
parallel lines.at the proximal and distal’points'of‘each
bone'(Plate I.1). The circumference was measured at the
. isthmus of the‘bones (Plate F.2). For calculating the
specific.gravlt; the bones weregweighed in air and their
volume was measured‘(Plate I.3)’by water dlsplacement in a
<ﬁe§§§§ing cylinderd(Jones et al.,'1978). The . bones were then
split longitudinally and photographed under ultraviolet
llght to measure 11near growth during the 82 days since
oxytetracycllne 1nfu51on. Oxytetracycllne, commonly used as
Fan antibiotic, when 1n3ected into anlmal s body 1is absorbed:
by newly form1né}bone tlssue. Bone which is formed w1th1n 12

hours, the time duration which oxytetracycllne remains in

S
5.5
&
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Plate 1.4. Photograph of distal extremity of radius>showing

' yellow fluorescent band
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the body (Milch et al., 1957), will be "labelled" and all

. bone form%d éubsequently‘will appear normal. The label can
be easily detected as a yellow fluorescent band when
examined under ultraviolet light (Plate I.4). The growth of
bone can thus be recorded by measuring the distance between
the fluorescent band formed at the time of infusion and the’
currenﬁ‘position of the growth plat?. The ultraviolet lamp
used was long wave'u.v. lamp 366 nm, 7,000 uw/cm?-at 38cm.
Kodacolor ASA 400 film was used fof taking piétures of the
bones. A medium yellow filter to block ?isible blue light
emmitted by the lamp was fitted to the camera. A 1 cm scale
was placed on each bone at the time of exposure. After
proceésing the slides were'ptojectéd and the distance
between the growth plate and fluorescent band developed dug
to absorptioh of oxytétracycline in_phe calcifying matrix of
the bone was measured at three different places.iData were
analyzed for the effects of treatment, age and their
interaction by least squares ‘analysis of va:fance for
uneqpal'subclass numbers (HarVey, 1976).'Accepted level of

significance was P<0,05.

RESULTS
Zéranél implantation had no significant effect on .
average daily gaih, feed efficiency (kg of feed required.to
>fgéin 1 kg live weight), or backfat thickness (Tablé I.&).

There was no effect of age on average daily gain-and feed

efficiency. The 1-2 year old heifers had less backfat-
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Plate 1.5. Photograph of distal end of radius of three years
old cow exposed under ultraviolet light (The epiphyseal

'—groch cartilage 1s about to ossify)



Plate 1.6. Photograph of distal end of radius of

four years
old cow exposed under ultraviolet light (The epiphyseal

growth cartilage is replaced by bone)
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(P=0.01) than the féur older age groups.

The amount of muscle, bone, and fat dissected from the
shank and muscle:bone ratio was not affeéted by zeranol
treatment,iThere was a significant increase in both muscle
and bone weight with age. The heifers (1-2 yr) had less
dissectable fat (PQO.OS) than the oldest cows. The
muscle:bone ratio of the shank was not affected by age
(Table I1.1).

The radio-ulrae of zefaﬁol treated cattle were shorter
(Table I.1) than the controls (P<0.01). There was no
significant effect of zeranol‘implantation on the rate of
growth at the distal end of thé radius in the 82 days prior
to slaughter, in circumferéﬁce or specific gravity 6f
radio-ulnae. .

The length, circumference, growth rate at the diétal
end of radius, and speEific gravity of the radio-ulna were
all affected by the age (P<0.,01). The significant increase
in the length of the bone ftopped at the age of 3-4 years
(Plates I.5,1.6). R |

No significant treatment x age interaction was found

for any of the traits analysed.

DISCUSSION
Zeranol had no 51gn1f1cant effect on averége daily
welght ga1n (Table I.1). This agrees with the results of
Pripe and Makarechian (1982)q though they reported an

interaction between age-and zeranol treatment for average

g
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‘1

daily gain. There was no effect of zeranol on feed
efficiency or backfat thickness. Age had a variable effect
on growth and efficiency. The 1-2 year old heifers had 7-9
mm backfat which was less (P<0.05) than the 14.5uﬁm average
of the older cows. The shank dissection indicated that the
zeranol had no significant effect (P>0.05) on the amount of
muscle, bone, and fat dissected fgo% the sh;nk or on £he '
shank muscle:bone ratio. However, the oldest cows (>5 yr)
had mofe dissectable fat (P<0.05) than the heifers (1-2 yr).
There was no effect of age on shank nmuscle to bone ratio,
but there was a significant -increase in boLh muscIehand bone
weight with age.

The length of the radio-ulna was -less (P<0.05) in
zeranol treated cattle than in controls kfable I.1).:
However, no significant_effect of zeranol treatment on
growth rate of the béﬁevduring the 82 days before slaughter
could be detected by the‘oxytetracycline method. The bone
growth at this epiphyseai plate during the trial beriod of
82 days could have been too small to detect significant
différenbés among the treatments or the growth mfght have
been occuring in the hyaline articular cartilage at the ends
of the bones. Zeranol had no effect on thé circumference or -
specific gravity of the radio-ulnae. The tréatment
differences in bone length may have been caused by zeranol
binding with the estrogen receptors in the epiphyseal growth

plates and invoking a similar response to that of naturdlly

occurring estrogens as suggested by Katzenellenbogen et al.
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(1979). 1t is known that estrogens reduce linear bone growth
and hasten closure of epiphyseal growth plates (Silberberg
and Silberberg 1971).

The length and circumference of the radio-ulna were
affected by age (P<0.01) up to 3-4 yr (Table 1.1{, after
which no difference in length was evident. The rate of
growth detected at the diétal end of the radius confirmed
that active growth was occurring in the 1-2 and 2-3 yr old
females, that some growth was occurring in the 3-4 yr old.
group and that no growth was occurring at this site in the
two oldest groups. The radio-ulna grows at four separate
epiphyseal plates, correspénding to one plate each at the
distal and proximal end of the radius and the ulna. The
distal radius plate was reported by Sisson and Grossman
(1964) to ossify at approximately 39 to 48 mo of- age wﬁich
corresponds to the results of the present study. The rates
of growth found at the distal radius in the present
experiment also confirm those reported by Graham and Price
(1981). The specific gravity of the radio-ulna bones was
_significantly leés in the youngest group than in the three
oldest groups. Jones et al. (1978) reported an increase in
bovine radio-ulna density during the first two years. Field
et al. (1974) indicated that increase in density with age
was due to gradual de%ydration, presumably as a result of an
increase in fat and agh in bones.

It 1s concluded that zeranol has an inhibitory effect

on the growth of the radio-ulna bone in young cows, but that
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II. EFFECTS OF ZERANOL ON CARCASS TRAITS AND IN PARTICULAR
BONE GROWTH IN STEERS AND BULLS
‘ ity
INTRODUCTION

Zeranol, in the commercial form Ralgroe (IMC:Terre
Haute), is used as a growthlsgdmulant for feedlot cattle
(Perry et al., 1970; Price and Makarechian, 1982: Ford and
Gregory, 1983). Although its effects on muscle and fat
deposition have been studied (Ford and Gregory,‘1983),
little is known of its effects on bone growth. It was
reported in thé previous chapter that zeranol-treated culled
cows had significantly shorter radio-ulna bones than
untreated cows. Staigmiller et al. (1983) reported that
zeranol increased the pelvic openings in a group of heifers.

It has been suggested by wiggihs et'al. (1979) that
zeranol may reduce thyroid function and hence metabolh:’
rate. If this is true, it could be anticipated that the
substance would reduce the level of physical activity in
implanted animals. In the present’experimént the effect of
zeranol on linear bone growth, size of pelvic opening and
physical activities such asrfighting, bunting, mounting,

rd
flehmen and libido were studied in steers and bulls.

MATERIALS AND METHODS
Forty eight male Hereford crossbred calves from The
University of Alberta ranch at Kinsella, Alberta were used

for this study. They were weaned in October 1982 at 5-6

25
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months of age, were fed on long hay and gradually
(concentrate dietvwas supplemented to hay in 1:5 ratio and
then concentrate portion of the diet was increased 20% every
4 days) introduced to a diet of 64% barley, 21% oats, 10%
pelléted dehydrated alfalfa hax and 5% of a
protein/mineral/vitamin supplement, until after about three
weeks, it was being offered ad libitum. The animals were
ranked for body weight and each four animals with the least
‘weight differgnées were randomly allocated to 4 groups of 12
calves each. On day 1 (1982 11 10), animals in two of the
groups (24 of the calves), were castrated, and one group of
bulls and one group of steers was implanted with 36 mg
zeranol (one steer was mistakenly implanted instead of a
bull). They were allocated to 4 pens (Plate II.1), one for
each gender x treatment combination. The animals were
weighed monthly.

The implanted cattle were reimplante@.on day 62 of the
experiment as the blood levels of the compound start
dropping after 2 months (Sharp and Dyer, 1972). All the
cattle were infused with oxytetracycline (20 mg/kg body
weight) 64 days before slaughter to monitor linear bone
growth as described in chapter 1.

| One month before slaugh;erfthe internal horizontal and
vertical diameters of the pelvic openings were measured
through rectum using a Rice pelvimeter (Figure II.1) as
described by Wiltbank and LeFever (1961) and at the same

time scrotal circumferences were measured at the widest part

¥
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of the testes and‘the bulls were scored for libido from
minimum 0 (no interest) to maximum 10 (two services and
continued interest). |
Pelvic measurements v
The Rice pelvimeter, developed at the Animal Science
Department of CoioradoHState University, consisted of two
cast aluminum arms and a stainless‘steel‘ecale graduated in
cm. The measurements were read on the inside of the |
'measuring arm marked with an arrow (see Figure II.1).
Two measurements were made via the rectum,'a vertical
_measurement and\a horizontal measurement. The vertical
: meaeurement was taken by holding the pelvimeter in a
vertical'posrtion, spreading thetjaws slewly while ﬁlacing
"the end of one jaw on the synphysis pubis and the cher jaw
on the sacral vertebrae (Figure II.2). The horizontal
measurement was taken at the level of pso?s tubercles. The
psoas tubercles form a depre551on p01nt in the shaft of the
111um
Scrotal CircuﬁferenCe
The serotal circumference was measured by a scrotal tape
(Figure II.3a) made from a vinyl-coated‘fiberglass tape,
'formed into a sliding loop. The slider (S) in Figure I1.3a
trwas made fnom a rectangular piece of cork (slightly wider
than the tape) and nylon—relnforced strapplng tape.
Before measuring the4scrotal‘circumference'@he scrotal

contents were thoroughly palpated and the testes were

brought into the lower part of scrotum so that they were
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side by side and wrinkles were eliminated. The fingers and
thumb of one hand were then placed on the sides of the
scrotum so as to cradle the testes (Figure iI.3b). The
scrotal tape was next slipped over the testes-scrotum and
contractea around the largest circumference. Tension oﬁ the
sliding tape with»the thumb was placed until moderate
resistence was‘met and the ciréumference in mm was recorded.
Libido Scoring ,

For libido scoring, tgg@reaction bf each'bull, to cows in
estrus restrained by the head in the corner of a pen, for a
period of 15 minutes was“obsefved'(Chenoweth, 1981). The

following scoring system was adopted:

0 = bull showed no sexual interest,
1 = sexual interest (e.g. flehmen) showed only once.
2 = positive sexual interest in female .on more than one

occasion.
3 = active pursuit of female with persistent sexual

interest.

4 = one mount 6r mounting attempt. No service.

5 = two mounts, or mounting attempts; No service.

6 = more than two mounts or mounting attempts, No service.

7 = one service followed by no further sexual interest.

8 = one service followed by sexual interest including mounts

or mounting attempts.
9 = two services followed by no further sexual interest.

10 = two services followed by sexual'interest, including

mounts, mounting attempts or further services, o

.-
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Figure I1.3b. Method of measuring the scrotal circumference

7
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Sexual_and Agressive Behaviour

The bulls were observed for 15 min in their pens on
each of gg consecutivé evenings during the last month of the
trial; threé_classes of béhavioun:ggre recorded: flehmen (a
lip-curl response, precedéd by licking or smelling the urine
of another animal), mounting another animal and bunting
(hitting any part of another animal with the head). In
addition the tétal time involved in head to head bunting and
pushing was recorded as figh%ing (Tennessen, 1983).

‘At the end of the trial period (day 183) the cattle
were trucked to a commercial packing plant 150 km away in
Edmonton for slaughter. After slauéhter the left fore and
hind feet wefé cut off aﬁfthe knee and-hock respecti&ely and
brought fo the meat laboratory. The metacarpal and
metatarsal bones were dissthed out, weighed and length-
measured. w |

| After dressing and overnight chilling at the packing
plant the carcasses were graded by Agriculture Canada
personnel and the left fore shank was removed’with~a cut
above the 'elbow' (humefdg to.radio—ulna) joint. The shank
was trimmed to include only the rgdio—ulna,’its associated
flexbr‘ana extensor muscles-and fat, and then diésected into
bone, muscle and fat. The léngth, the minimum circumference
and the density of each radio-ulna were recorded és
described in chapter 1. They were'then split ldngitddinally
and their distal extremities were.photographed under

ultraviolet light to expose the oxytetrahycline fluorescence
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and record longitudinal growth (chapter 1).

All data were analyzed'by least sguares analysis of
‘variance (Harvey, 1976). The behaviour data'wére transformed
before statistical analysis to more closely approximaté.a
normal distribution. The log transformation was used for the
fighting and bunting data (after adding 1.0 to allow the
transformation of;scorés = 0); the sqguare root
transformation was useé for the mounting,;nd flehmen data

(Steel and Torrie, 1980).

RESULTS
There were no significant gender x treatment in£eraction
effects for any of the traits shown in Table II.1. Average
daily gain (ADG) , estimatea by the linear regression‘of
liveweight on time did not differ between genéefs (P>0.05).
It was greater (P=0.01) in the zeranol treated catpkg than

i

in the-controls. The backfat thickness of the carcass at the

grading poéition (minimum fat thickness at the lateral
14

guarter of longissimus dorsi, between,11th‘and 12th ribs)
was greater (P<0.01) in éteers”than in bulls, and dressing
percentage and the longissimus dorsi}aréa were greater
(P<0.01) in bulls than in steers. Neither of the two traits
were significantly influenced by zeranol treatment. The
fore-shank aissection showed that bulls had more muécle
(P<0.01), less fat (P<0.05) and a higher muscle to bone

ratio (P<0.01) in this region than steers, but zeranol

implantation had no significant effect on these traits. The
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)

weights 'of the radio-ulna, metacarpal and metatarsal bones
were not influenced by either castration or zeranol
treatment,

Radio-ulna length was not significantly affectea by
castration (Table II.2), but its circumference and density
were both greater (P<0.01) in bulls than in steers. Noné of
these traits was significantly influenced by zeranol
treatment. There was; however, a significant.interaction
between gender and zeranol freatment for bone density
(P=0.05). Treatment resulted in an increased bone density in
steers and decreased bone density in bulls. Neither gender
nor zeranol treatment had any significant effect on the
lengths of the metacarpal or metatarsal bones.

Growth at the distal end of the radius during the last
64>dqys of the experiment (from about 10 months to one year
of age) was significantly greater in bulls than in steers
(P<0.01) and in controi than 1n zeranol treated cattle
(é<0.01). There was also a significant interaction (P=0.02)
between gender andvtreatment for this-trait. Thé linear bone
growth was affected more-in steer§ (22.4%) than bglls
(4.5%). Zeranol treated cattle had significantly larger
horizontal (P<0.01) pélvic diameters than control (Table
I1.2). Castration had no significant effect on belvic
diameters. |

Libido among the bulls was significantly (P<0.01)
reduced by zerénol treatment (Taﬁae I1.3) but treatment had

no significant effect on the other sex related behaviour
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traitg recorded, or on scrotal circumference.
oy

DISCUSSION

‘Castration had no significang effect on average daily
gain in this trial as compared to 17% normally reported
(Field, 1971). This was$ probably due to the fact tﬁat
animals were relatively young and the the effects of
castration on growth are not fully exhibited before puberty
(Price and Yeates, 1969).

The positive effect of zeranol on.growth in male cattle
of both gender§ is well known (Perry et al., 1970;
Greathouse et al., 1983), Although the gender x treatment
interaction was not statistically significant (P=0.09), the
effect of zeranol was greater in steers (17.4%) than in
bulls (3.1%). Price et al. (1983) and Perry et al. (1970)
have reported that zeranol implanted bulls gain 5-10% faster
than controls. Zeranol implantation had no effect on backfat
thickness, dressing percentage or longissimus dorsi area
(Table 1I.1), which is in agreement with previous reports
(Greathouse et al., 1983; Price et al., 1983).

Shank muscle to\bone ratlo was greater in bulls than in
steers (P<0.01), a phenomenon which was associated with an
incr;ase in shank muscle weighf rather than a decrease in
radio-ulna weight. The increase in shank mugcle to bone
ratio is likely to correspond to a greater muscle to bone

ratio in the carcass as a whole (Butterfield, 1965). The

greater muscularity of entire males is well known (Field,
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1971).

The thicker (P<0.01) and denser (P<0.01) radio-ulnae of
the bulls (Table 11.2) are attributed to testicular
androgens which are known to stimdlate matrix formation, and
to promote calcium retention and positive nitrogen balance
in the skeleton (Simmons, 197{). Jones et al. (1978)
observed no effect of castration on the density of
radio-ulnae but they reported denser femurs in bulls than
stéers. Silberberg and Silberberg (1971) reported thicker
bones in intact males than in ‘castrates in all the mammals
they studiéd.

Bone growth at the distal epiphyseal cartilage plate of
the radius was significantly less than éontrol (P<0.01) 1in
zeranol treated animals (Table I1.2). An explanation for
this obsérvation’haé been suggeSted by-Katzehellenbogen et
al. (1979) that zearalenones (zerénol is a derivative of
zearalenone) bind with estrogen receptors and evoke an
estrogenic response. It has/been reported that estrogens
retard linear bone growth by interfering with chondrocytic
proliferation and matrix synthesis in the epiphyseal growth
plates (Simmons, 1971). Linear bone growth was more (P=0.01)
in bulls than in steers. Androgens have been showh to
étimulate bone growth in many species of mammals, including
man (Silberberg and Silberbera, 1971). | |

Ralston (1978) reported that zeranol,'implanted at
birth or at 90Ways, retarded the development of masculine

characteristics such as curly hair on the neck and head,
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width of head, and crest development in cittle. In the
present experiment pelvic diameters were sigpificantly
larger in zeranol treated animals, which is presumed to be a
feminine characteristic. It has been reported thaE spaying
in female animals results in smaller pelvic diameters and
exogenous estrogens cause pubic relaxation (Silberberg and
Silberberg, 1971)., Staigmiller et al. (1983) observed a
significant increase in "pelvic area" (vertical x horizontal
diameter) in zefanol treated yearling’heifers.

Zeranol significantly (P=0.01) lewered the libido
scores in treated bulls. This contrasts with the study by
Price et al. (1983) which reported no difference in the
libido of zeranol treated and control bulls. In the present
study all the bulls showed low level of libido but this is
normal among such young and inexperienced bulls (Chenoweth,
i981).‘Scrotal circumference in bulls was not affe;teﬁ by
zeranol which is in agreement with Price et al."(4983> for
bulls implanted at about puberty. There is considerable
evidence that implanting before puberty will inhibit sexual
development (O'Lamhna and Roche, 1984),

Although bulls produce beef more efficiently than
steers (Price and Yeates, 1969; Field, 1971), one
disadvantage of bulls is their aggressive behaviour and thé
cénsequent‘increase in incidence of dark, firm, dry (DFD)
meat compared to steers (Price et al., 1983). It has been
suggested by Wiggins et al. (1979) that zeranol implantation

would reduce the secretion of thyroid hormones and hence may
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)

‘reduce the metabolic rate and‘physical ectivity. Zeranol has

also been claimed as a-tranquilizing agent in cattle (Brown

et al., 1975). Hence, it mlght be ant1c1pated that zeranol
1mplantat1on would reduce the phy51cal act1v1ty in bulls. In

th;svstudy zeranol had no effect on behavioural traits,

“other thanilibido, which confirms the report of Price et al.

(1983) who found no significant effect of zeranol

implantation on behaviour traits of bulls which had been

mixed together from several pens.

It‘is conciuded from this work that zeranol implanted-
9

‘_at weanlng has a negatlve effect on bone growth but

1ncreases pelv1c dlameters in steers and bulls and reduces

-~ libido in bulls. It does not appear to have any other

influence on feedlot behaviour.

5
2



I11. EFFECTS OF CASTRATION AND SEX STEROIDS ON GAIN, FEED

EFFICIENCY, CARCASS TRAITS, AND BONE GROWTH IN PIGS ©

INTRODUCTION

The endocrine system plays a fundamental folé in
grbwth;;ghe endocrinelglandsAsécrete horﬁénes that influen;e
metaBoli; activities and most hormones, directly orf
'indi:ectly, affe the growth processes.

Androgens in the male and estrogens and progesterone in_
the féﬁalg are the principal steroid‘secretiohs‘from the.
gonads. Steroids are organic molecules which haée in common
a pe;hydroxy—cyclo;penténo-phénan-threne@hucléus.‘Théy are
so némed because they are relatéd to, and“in most cases
iderived’from, sterols which are found abundantly ih nétufé,
“usually in the non-saponifiable fraction,of animal and plant
'fats'(ApplezQeig, 1962). The adrénal cortex also produ&gf
‘limited guéntities of and}ogens} estrogehs and progesterone
(McDonalé, 1980) .-

Hormdnes'(both endogenous and exogenous) are
transported to the target organ% through the Elooa stream;
In the target organs'they attach»té}the_receptor‘sites and
accelerate, or decelerate normal biochemical processes (Roth

. o
et al., 1979).

2]

The influence of endogenous sex steroids on the body
can be studied by castrating the male animal or spaying the
female'animgl, and comparing them with intact animals. One

‘effect of the removal of the gonads is a marked reduction in

[
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secretion and subsequent low blood levels §f androgens and
estrogens‘in males énd females respectively. Compargtive
‘studies of growth and body composition of entire and
castrated male and female animals are.therefore an
indication of the action\ofréndrogens and estrogens on the\
rate 6f growth and body, composition.

A few-workefs (Dinusson et al., 1950; Robertson et al.,
1969;'Wise and Ferrel, 1984) have examined the effects of
spaying female animals (geifers) but the pfocedurebshowed no
imprgvement in tﬂ g{g@fh't&@its studied.

One of the effects of androgens is to increase the
synthesis of pfoteins in the muscles. This is mediated by
androgen réreptors in the muscle fiber cytosol (Michel and
-Baulieu, “1976; Snochowski et al., ]981). Estrogens also
increase muséie growth, not by deposition of @uscle protein
but perhaps due to changes'ig ghﬁ#secretion of ‘other ‘
hormones (Rabkin and Frantz,§ﬁ965; Davis et al., 1977).

In the @iphyseal cartilage of bonés,’teétoste;one
increases maturational chamges which lead to
epiphyséal~diaphyséal fusion. These changes include
stimulation of’age chqnges in the cells to promote the
fdfmatiﬁn of hypertrophic chdndfocyteé (Howard, 1963). The
esirogens also promote maturétional changes (changes leading
to epiphyseal-diaphyseaijunion) in the epiphyseal growth

apparatus (Simmons, 1963).

Gain and Carcass Traits .
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Numerous studies have shown that entire males of all
~species of farm animals grow moregrapidly, utilize feed more
efficiently and pr?dgce a high i.ding carcass with less
fat than castratedfmqﬁés (Turton, 1969; Fieid, 1971; ‘
Seideman et al., 1982). The disadvantages of thgﬁintact male
to the farmer and consumer include aggressive behaviour

(bulls and boars) and occassionlly undesirable odors (boars)
‘due to the presence of androstemone |
(Sa;a;drost-16-éne—3-one) in the fat (Patterson,»1968).

A great deal of Qofk'has‘been undertaken to fully
elucidate the differences in production characteristics and
body composition between boars and castrat?s but certain;
quant%tative’aspects rémain>unclear. According to délbraith
and Topps (1981), "unlike cattle, when entire and castra%ed
male pigs are compared under conditions of ad-iibitum
feeding the latter tend to grow more.quiqkly mainly because
they eat more feed. If feed is{restricted however, the
reVersé trend may be seen. Irrespective of level of
nutrition, boars are more gfficient thah castrates in .
converting feed to live weight and the difference is even
greater if fhe efficiency of proauction of lean meat is
considered"”, | |

Most workers studyihg growth‘characteristics of male
~and castrate pigs, héve ignored bone growth. In the present

work an éttempt has been made to address this neglected

aspect ‘of growth.
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_ The development ‘of synthetic estrogenic compoﬁnds
(Dodds et al., 1938) resulted in their use for growth
promotion in poultry (Lorenz, 1943), beef (Dinusson et al.,
1948), lamb (Andrews et al., 1949) and pig production
(Braude, 1947), Howevef, the potential health hazards
associated with the use of some synthetic eStroégnic
gubstances, especially diethylstilbestrol, were(recognized
and during the 1970s several coyntries banned the use of
this drug. This resulted in an }ntensiVe search for
alternatives “ | |
, Estrogenic compounds e.g. hexoestrol, dienoestrol
(Perfy et ali., 1954), estraaiol—17ﬁ (Hale and Ray, 1973),
polydiethylstilbestrol .phosphate (Angéo and Gassner, 1966),
and stilbene (Preston et al., 1975)\Hav¢ been Successfully
used as feed additives_and implants in improving liveweight
gain and feed efficiency in fuminants.' \

Much of the information regarding the use of sex
steroids on growth-and{feed coﬁversion efficiency in pigs is
conflicting and inconciusivé. Braude (1947) first reported
that feediég 50 mg of diethylstilbestrol daily .to young
castrated male pigs produced a slight increase in growth
rate. Later in?estigation also indicated a small improvement
in liveweight gain dug Q@xdiethylstilbestrol feeding (Beeson
-et al., 1955; Séwéll et ai., 1957). The subcutaﬁeous |
implantaﬁion of stilbestrol either as a single implant

(Dinusson et al., 1951; Murphree et al., 1951} Gorrill et

al., 1964) or as more than one implant (Woehling et al.,
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‘j951;_Pearson et al., 1952) dia'not~incréase rate of gain in
) # - .
barrows or gilts. .Sleeth.et éi.‘(1953) studied the effect of
weekly intramuscular injections for 6 weeks of estradiol
benzoate on the growth‘rate of barrows and gilts. This

(%)

treatment, likewise, did not significantly affect average
dailf gain. Heitzman and Clegg (1357), Beacbm (1963)Tané
Cahill et al. (1960) have indicated that greéter production
efficiency (ké of weight gained pef}kg of feed consumed) and
leaner carcasses“may be obtained by the use of this
compound. Elliot and Fowler (1974) démonstrated that oral
diethylstilbestrol and ethylestradiol stimuiated the growth
df lean tissue by 3 percent and 11 percent respectively.

As regards the effect of androgens on gain and feed
efficiency some stﬁdies have shown that oral treatment
(Norland and Burris,'1956; Per;y et‘al.,,1954), sqbcutaneous
implanting (Woehling et al.,1951; Bratzler’'et al.,1954) or °
injection (Sleeth et al., 19535 of testoSteronevpropionate
had no effect on growth or carcass characteristics of
fémales or castrated males. Howeyer, Beeson et al. (1955)
while recording variable effects on growth, noticedlan
increase in the percentage of lean cuts (hams, Loiné,
picnics, and boston butts) and a reauction in thé percentage
of fat éuts (fat backs, bellies, and jowls) through the oral
administration of 20 mg of methyltestosterone daily; Other
workers have a;so dgmonsttated an increase in the leanv

content of pig carcasses following treatment with oral

methyltestosterone (Elliot and Fowler, 1974; Whiteker et
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al., 1959; Thrasher et al., 1959; Fowler et al., 1978) while
obtaining either small or zero effects on live‘weighf gain,
Robinson and Singleton (1966) reported that‘céstrated male
pigs given§a basal diet containing 12 percent crude protein
and incorporating ‘the anabolic steroid norbolethone had
faster growth rates”and leaner carcasses than pigs fed on'a
diet éontaining 18 percent crude:protein, although live
weight\waé depressed, In contrast, Williams and Dunkin
(1975) observed that treatment of gilts and barrows with
injections at 4 weekly intervals of the anaboiic steroid
17-B—hydroxyestr—4—en43—ene—4 methyl bicyclo (2.2.2)
oct-2-ene-1-carboxylate (RS-3268-R) feéulted in less
backfat, but only in pigs fed on a diet high in crude
protein. i‘ |

- The effects of‘égstration on weighf gain,-feed
efficiency and carcass traits have recentl; been reviewed by
Seideman et al. (1982). These authors have concluded that

1

differences in growth rate‘@etween boars and barrows are not
\ A

great. Differences in feed éfficiency are also small, but
boars are more efficient. Si&&een of the research papers
quoted by Walstra and Kroeskexﬁ1968) stated that boars grew

féster thén‘barrows but in. twelve cases the diffebenées wefg\
not significant. Nine referenceS\show increased gains inl
barrows. » .E
. ! , ,
In all of the studies regardfn@\the effect of anabolic
steroids on’growth and carcass comeéfiion of sWinevthg

substances were used as injections, Bsed additives or élQQ
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release subcutaneous implants. Injections of steroids
provide neither a suitable treatment regime nor stable blood
© levels. The effect of implants in the form of.pellets is of
short duration (Schake et al., 1979) and the absorption by
the animal is variable over time (Utley et al., 1980). ‘

Silastic rubber impléhts either impregnafed or filled
with steroids deliver'a‘goﬁétant and predictable dos; of
hormone (Stratton et 51;, 1973). The effects of testosterone
and estrq?iol—17ﬁ in thé form of:siiastié beber implénts

A

have not bgén\explored eXténsively_in pigs.

 Bone Growth R . : B /

Bone growth consists bfbtwo parts; increase in length
and increase in cross sectio;. In the limb bones increase in
length takes place at the epiphyseal cartilage plates,and
growfh ceases when these plates ossify! continued increase
iﬁ*cross section, however, appears to be a life long
possibility (Garn, 1981).

The rigid nature of skéletal tissue makes its
interstitial growth impossible, and invall situatYons
increase in the s;ze of a bone is brought about by the
"deposition of new tiséug on an existing surface (McLeén and
Budy, 1964). ( :

Thé formation of bone is the function of spec&alized
cells, the osteoblasts. In situations such as thg/périosteal

: i
region of the diaphysis in long bones these cells form bone

by surface accretion, while at the ends.of'the/shaft they

/

/
/

” /
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form bone on a scaffolding provided by the continuous
proliferation of the cartilaginous epiphyseal plate. The
first type of bone formation is known as membranous
ossification and the second as endochondral ossification
(Sissons, 1971).

In the mammalian'skelefoﬂ}vendochondral ossification
consists of a coordinated sequence of cellular processes.
These are the multiplication, growth, and degeneration of
the cartilage cells in the cartilage plate; the invasion of
the hypertrophic cartilage by blood vessels and connective
'tissue from theAadjacent shaft of the bone; the formation of
a network of bone tfabeculae on the framework of unresorbed
éartilage by the ingrowing connective tissue cells; and
ffnally the remodelling, or progressive structural
modif'ication of the bony tissue (Figure IiI.1). Under normal
circumstances all of these proceed in equilibrium,'with the
result that the trabeculée of the metaphysis extend
gontinuously into a receeding zone of hypertrophic
cartilage, thus extending the length of the bony shaft
(Ogden, 1980). o

Long bone growth in.most species of mammals and birds
1s inhibited by estrogens, but their effects vary
considerably depending upon a number of modifying factors,
and the individual bone under investigatién. | |

Exogenous estrogen administration results in the
suppression of longitudinal bone growth and premature aging

of cartilage in gquinea pigs, mice, and rats (Silberberg and
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A

The material involved has been removed because of unavailability
of copyright permission. The material contained:

ri§ire lil.l. Schematic of the zones of the growth plate
concerned witfx longitudinal lnd‘latitudinal ossification.
?C-pe??chondrium, PO=periosteum, M=undifferentiated
mesenchymal tissue, ORL=ossification ring.
(Teken from Urist, M.R. 1980. Fundamental and Ciinical Bone

Physiplogy. J.B. Lippincott Company. Philadelphia.)
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Silberberg, 1939, 1941a, 1941b). The latter report also
indicated that under the influencé of a moderate dose (not
described) of estrogen the growth inhibition was transitory
followed by thickening of the epiphyseal blates associated
with an increased proliferation of chondrocytes in guinea
pigs, which was not true with rats and mice. Administratioq‘
of 12.5 ugm es£radiol every day for 8-10 days caused
significant advance in the skeletal age of female but not of
male, rats (Talbot, 1939).

Prolonged subcutaneous administration of 10,000-20,000
1.u. estradiol benzoage per week for 5-6 months caused
inhibition of the growth of the skeleton and earlier closure
of epiphyseal growth plates of proximal humerus, femur and.
tibia in dogs (Sutro and Pomerantz, 1942).'Befntsen (1968)
Observed a reduction in bone growth of rabbits (4 females
and 2 males) by injecting 2-5 mg of estradiol monobenzoate
every other day for 30 days.

Linear growth of the femur was increased in
orchidectomized and ovariectomized (at 2-3 months of age)
mice given smallvdoses (0.2-20 ug) of estrogen (Suzuki,
1958). There was no effect.of small doses‘(2-10yg) of
estrogen on the tail and boay length of hypopituitary mice.
However, higher doses (50ug) administered with grow£h
" hormone resulted in reduced tail.length as compared to mice
treated with growth hormone alone (Holder et al., 1983).

¢ A

Budy et al. (1952) reported that with large doses

(4mg/week) of estrogen the growth of the long bones was
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greatly retarded in rats, but with thoderate doses
(2mg/week), the long bones were only slightly shorter than
the controls and the metaphyses were elongated‘to four times
the length of those in nontreated rats. In the same study it
was observed that 2 compared to the méuse, the rat appeared
to be more resistant to the skeletal effects of estrogen.

| According to Noback et al. (1949) new-born rats treated
from the day of Birth were more resistant to' the skeletal
effects of estrogen than were weanling rats.

Negulesco and Kossler (1978) showed that the
administration of daily estrone levels of 0.4 mg for 14 days
to chicks resulted 1in 5 significant depression of growth in
the thickness of the hypertrophic cartilage zone of the
distal radius. The mean thickness of the‘remaihing zones
(resting, proliferating, and calcified cartilage) and all
cartilage zones of the distal epiphyses of chicks receiving
hormonal levels of 0.2 mg were similar to controls. Daily
administration of 0.2 mg estrone resulted in a significantly
increased growth in height of the resting and hypertrophic
cartilage zones of the proximal epipHiSésg |

It has also been shown by Gardne{f(f§43)”th§t the
effect of estrogen varies from one part. of éhe skeleton to
another. Studieé with human beings have indicated ﬁhat
estrogen treatment of excessively tall girlsk(van den Bbsch
et al., 1981) énd boys (van den Bosch et al., 1982) can curb

the linear growth.

g

1
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Little research has been conducted into fhé effects of
estrogens or androgens on various aspects of bone growth in
farm animals, particularly pigs. |

Sobel et al. (1956) have éeported that exogenous
testosterone stimuiates linear growth only .in hypogenital
boys. Simpson et al. (1944) observed'the.same effect in
hypophysectomized and castrated rats. According to Bergstand
(1950) growth of long bones was inhibi£ed in rabbits by
exogenous androgens. Howard (1963) ﬁas shown that androgens
enhgnce skeletal age in mice%&ﬁll these reports suggest that
adequate testosterone levels are essential for optimum
skeletal growth of the Qpecies studied.

There are a few recent reports regarding thekeffect of
castration on bone growth, In cattle, castration delays
closure of the‘epiphyseai plates, which is most noticeable
in the distal bones of the legs and in the vertebral column
(Swatland, 1984). It is reported in chapt;r 1 of this
writing that‘the long bones were thinner and the rate of
growth at the distal end of the radius was less in steers
than in bulls. Work with rodents hHas indicated that the body
length, tail lengtﬁ, and body weight was less in rats
castrated just after birth (van Wagenen, 1928) compared to
late castrated ones. Tang (1941) observea that on the
'average normal male albino rats had 2% longer tibiae and 5%

longer femurs than their castrated"litter mates.

a

The epiphyseal growth plate demonstrates a highly

organized pattern of cellular orientation. Proximally,

&)

i
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beneath a zone of more or less randomly organized cells, the
cartilage Eells of the growth plate become lined up in
narrow, well separated columns. The upper most cells of each
column, by a process of continual cell division, are-:
responsible for longitudinal growth of the bone (Kember,
1960). Toward the lower (more metaphyseal) énds of the
columns. the cells become progressively larger, contain
increasing améunts of glycogen and alkaline phosphatase, and
are presumably concerned, in a manrer as yet not completely
undegstood, with matrix mineralization (Neuman, 1980).
Throughout their lifespén both of these groups of
specialized cells synthesize a matrix composed primarily of |
collagen and protein-polysaccharide (Shatton and Schubert,
1954; Guri et al., 1965).

Ekogenous sulfur, as a sulfate, through‘ester linkages,
is incorporated in the mucopolysacchrides of the ground‘
substance of cartiléges and bones (Rang, 1969). The
radicnuclide °*SO, has proved useful as a tracer el%ment in
studying this incorporation. It has been shown by Greer et
al. (1968) that the amount of *3*SO, incorporated in vitro is
directly proportional to the rate of protein-polysaccharide
synthesis by thechondrocytes.

There are a few reports in the literature about the
effects of ster&ids on cartilage formation using *°*S0,
incorporation to study protein-polysacchrides o
(proteoglycans) synthesis. Most of the work in this field

has been doné on laboratory animals, particularly rodents,
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and the cartilages used were the articular cartilages. It is
known th;t physical‘composition and metabolic activify of
the epibhyseal caftiiage differs in many respects from
articular or ;Sspa; cartilage e.gw’collégen content of
epiphyseal.caftilage is lower than that ofT§6stpl cartilage
and chondroitin*sulfqte is considerably highef (Greer et
aié, 1968). Burnetf and Redi (1983) have reéorted th;;
'estrqgens in ébmbination Qith progesterone did nbt infiuénce
‘sglfate incopporatioh into profgg%lycans. Holder et al.
(1983) have éhpwn no effect of éstfogen on theyhptake of
3380, b§ proteoglycéns in-dwarf mice. Priest et al. (1960)
and‘He;baﬁv(1971) d:ﬁonStrated ésgrogen Eﬁduced{inhibition
of sulfate incorporation ip vivo inga%ﬁé.‘Kowalewski‘(1958)1f
observed that‘17—étHyl—19—nortestosterone promoted the
uptéke of *®50, by growinglpone.;ﬁ chiéks; Salmon et al.
(1963) reported that castration did ﬁot significanfly qffect
sulfate‘uptéké by the cartilage and adﬁini;tration of
tésfosterdne‘ppopionaﬁe had a'sl;ghtly'positive effect on

sulfate uptake.

‘ In the preéept\experimpnt fhe.effecﬁs.of casfration,
estradiol-178 andutéstostérone on the growth, pa:ticuléﬁly
linear bone growth and rate'of'¥SSOrmincd§boration ih tH&ﬂ

- epiphyseal gro&th cartilage‘of selected long bones of pigs . -

Jere studied.
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MATERIALS AND METHODS
(, For this experiment sixty newborn, crossbred (Yorksﬁire
x Landrace) male pigs were'selgcted at random out of 15
litters between 1984 04 07 and 1984 04 13. The pigs were
ranked for birth’weight and starting from the top of the
list each four ‘animals were randomly allocated to foﬁr
treatment g?eups (fifteenmanimals pet treatment).
‘Treatment ;,— Surglcally castrated on day 1 (1984 04

.14) and 1mplanted subcutaneously on the left side of the
3Tn” just behlnﬁ the base of the ear with a silastic rubber
HQpQEEUCt wh1ch gave a sustained release of estradlol-17ﬁ The
- product’ used vas Compudose@ manufactured by Elanco Products
D}VlSlon of Eli LlllyACo.4The 1mplant§$were 3 cm long and
4.76 mm~in-q3ameter and centaiQ€§524‘mg of estradiol.

‘ Treatment 2 - Alse surgically cast:ated on day 1 and
vsimiiarly implaﬁted'subeutaneously with testosteronebpacked

"in silastic capsules, at the same site as the estradlol-176

1mplants4.The testost

e implants were prepared by tightly

filling 3 cm lengg‘ Qélastic tubfhg (DOW Corning) having

’

3.35 mm inside.diame};} and 4.65 mm outside'diameter with

crystalline testosterone (Sigma Chemical Co. Louis, Mo.)and

sealing both ends” with silastic adhesive type A. Since all

¢

capsules were of similar size the dose rate was expected to -
be constant (Legan et alat 1975). All the capsules were

"incubated for thirty mlnutesfln water at 21° C just before

BEERY

1nsertlon to minimize the peak in c1rculat1ng testosterone.

The implants were inserted through a sterile trocar and



| unyilw102 days of experiment when they were placed on a

R 59

) ,j\l-.g I’E i“!'
canula. ' , o

‘Treatment 3 - Surgically castrated on day 1.

1

Treatment 4 - Uncastrated controls,

2
"

Each treatment group was divided randomly into three

subgroups (five animals per ‘subgroup). Each subgroup was"
allocated to one pen. The animal from different treatment
treatments were not mixed because of the behavioural

[} ) ‘ .

problems amongst genders. The pens (Plate III.1) were built

indoors, and were well ventilated. The floor of the pens was

. ‘( . O
.made of concrete. Adequate straw bedding was provided. N

Drinking water was provided through an éutomatic watering
. : \

system 24 hours a day. 4 ' J

GaibwandrCarcass Traits
. The pigs were weaned at 17 days of experiment and were S

given a starter diet (Table III.1) until 52 days when they

- were trgnsfered to a‘grower diet. They remained on that

finisher -diet. The changing of diet is a commercial practice
which was féilowed in this experiment. One subgroup per |
treafmeﬁt was killed between 1984 06 04 and 1984 06 18
(slaughtér group 1), a second subgroup between 198% 08 06
and 1984 08 20~(stUghter group 2?; and the last sﬁbgrbup
between 1984 10 03 and 1984 10 17 (slaughter group 3).

'Féed intake on a.pen basis and weighf of individual
animals were recorded on day 1, 52, 102 and 167 of

expériment. Backfat fhickneés/of slaughter group 3 animals
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was measured at ‘the tenth rib ultrason1cally by Scanogram
_model 722 Ittaca, New York). The backfat measurements were
taken on day +122, 143, and 164 of exper1ment This
measurement’ could only be takéh on slaughter g@oup 3 pigs,
since only they had sufficient fat to be measured
ultrasonlcally.

v

" The basis of the ultrasonic method is that high
“ytequency sound waves are generated by a trasducer on the
animal's back. Since the velocity of the waves thrbugh the .
tissue is unknown, the time taken for the echoes to retarn
from tissue boundary layers can be used to determine their
depth. Strong echoes are rethtnedvfrom the muscle-fat
boundary over the longissimus dorsi muscle, but other echoes
are also.retuned from connective tissue septa in the\i
subcutaneous adlpose tissue and from the axial skeleton
‘ventral the longissimus dor51.vBy moving the transducer in
an arc over the animal's back, depth measurements can be
assembeled into a map of the carcass section. Wallace et al.
(1977) reported that ultrasonic fat thickaess_measurements
were highly cdrrelated with their corresponding carcass

measurements and the repeatability was high (Campbell and

Herve, 1971).

Bone Growth
Slaughter group 3 was infused with oxytetracyclipe (100

mg/ml) at the rate of 20 mg per kg body weight

intramuscularly at the lateral aspect of neck, using
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hypodermic syringe with gauge 18 needle. This loperation was

done 16-26 days before]slaughter to label the aléifying
zone of the epiphyses and subsequently to measuke the rate
of linear growth in selected long bones (Graham @nd Price,
1981). The pigs were slaughtered by stunning wit‘ a captive
bolt pistol and cutting the throat (jugular veins aﬁd
carotid arteries were severed). The head and viscera wefe
then removed'and wei%ged."The carcass.was then split in the
middle lbﬁgitudinal,; by a hand saw. |
From the right side of the carcasses the radiotulnae
and tibié—fibﬁlae we 2 removed aseptically (the skin| was
thoroughly cleaned and s:erilized with absolute ethanol and
sterile instruments were usedj to dissécﬁ out the dié{al
radial and proximal tibial growth plates.hAseptic
precautions were taken to prevent possible bacferial
contamination of culture medium. For dissecting Qutvthe
grqwthvplates all the periosteum and non-growth plate
cartilage that was'contiguousqwith'q}0wth plate was removed

with scalpel. At this poin% in the dissection, the sppcimen

consisted of metaphyseal and epiphyseal bone with a™late of

cartilage betweenvthem. The‘tip of the scalpel was

.

inserted under ohg edge of the growth plate on the

hen

metaphyseal side and the knife was twisted so that the
epiphysis with the growth plate popped off. In-the older .
animals this process was repeated several times at different

places. The fracture line ran along the border between the

N

hypertrophic zone of calcifying cartilage. The epiphyseal



4. . ) ' .
growth plates were then brought to the laboratory in cold

-y
. !

cartilage cut into one mm slices was incubated\in Eagle's
medium containing 15 microcuries of *°SO,(obtained ffom\ﬁgk\\J“
England Nuclear)/per ml, 100 i.u. pénicillin peg\ml; and.
100ugvstreptomycin per ml for twenty four hours at 37° C,
. A
The cartilage was then soaked in a saturated solufion of
sodium sulfate for four hours and washed in runniné\tap
water at room temperature for twenty four hours. The
cartilage was then blotted on[filt&';‘)aper, weighed and
hydrolyzed in 23N formic acid for ten to fifteen minutés. An
aliguot of 0.2 ml was added to ten ml of Aguasol (New
England Nuclear) shaken well, allowed to cool for more than
four hours and counted in a li@uid scintillation counter.
After cooling, the left sides of the carcasses were
*dissected to record the total_muscle, fat, and bone. Length
and circumference measuréments were méde on the humerus,
radiofulna, femur,and tibio-fibula. Length_meésurements were
the greatest distance between proximal and distal points of
each bone. These bones from slaughteg group 3 were split-
%%ngitudinally on a th saw and photographed under
,Jitravoilet light as described in Chapter 1 to record the

—

growth at each end‘of the bones.

The data were anéleed by least squares analysis of

“

variance (Harvey, 1976).
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*

One pig from treatment 1 and two from treatment 2 died

»
during the experiment. Their data were not included in the
anélysis.;

>

RESULTS

Gain and Carcass Traits
Average daily weight gain and feed efficiency of the

pigs during both the periods when they were on the starter

- ~and grower diets, were not affected by the treatments (Table

S TI11.2).
&

" The backfat thickness measured ultrasonically on day

122, 143, and 164 of the experiment was not significantly

affeéfed by the treatment. : ~

Thé treatment did not affect the growtﬁ coefficients (b
in the 3110metric equation y = ax?) of individual tissues
and qrgans rélative to body weight or carcass weight. (Table
III.35. The -weights of limb bones i.e. radid—ulna, humerus,
tibio-fibula, patella, femur and pelvis were not influenced

by the treatment. There was also no effect of treatment on

" the length measurements of the radio-ulna, humerus,

tibio-fibula and femur (Table I111.4). The circumfgrencédof
the radio-ulna was significantly (P<0.05) larger in boars
than in implanted and non-implanted barrows.

All of the traits studied in this experiment‘were

v

significantly (P<0.05) affected by age (Tables II1.3,1II.4).
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Bone Growth

The rate of growth at the eplphyseag*plates of the lapg

i i
bones as, measured by the oxytetracycllne 1nﬁuﬁﬁwn technlque i
O, B N LW !
during the last 16-26 days of the expérxmént wasyno¥~**“f; R

‘:&, )
affected by castration, estradlol-l7ﬁ br }estoéterqnex
t 1 g o

I'mplantation (Table III. 5).»@he growth reoordedu

' r’--!. " f LA
w , '(»

proximal radlus

st

The treatment did not infl{’

proteoglycans synthesis as dete?mined by radno sulfate*

[ «\g s . N
incorporation into the prox1malutgkqa and’dlstal radlal
"( ?‘x az) . ot ) e

“Gain

3‘\fl$6jTyﬂQelghtéga1n (estimate&

”:;q‘ ho 1@ {.} E

#

e .v‘w;{;f
treatment groups. The feed eff1c1ency (kg body wegghtugalp

per kg feed) during this period was also not affect&ﬁ bffuﬂm

treatments (Table III 2). RS . %k

)

4

*

This is in agreement with the findings of Dlnusson et

al. (1951) and Gorrill et al. (1964) who reported no effect
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of impl%pting stilbestrol in barrows and gilts. Woehling et
b} .
.al. (1951) and Bratzler et al. (1954) demonstrated no effect
. \ ‘ v
of testosterone implants on growth and carcass traits of

pigs.

The effects of castration oneweight gain, feeoffk\kyﬁ/ﬂsa\
efficiency and carcass traits have'recently been reviewed
Seideman et al. (1982) These authors have concluded that
dlfference in growth rate between boars-and barrows is not
great. leference in feed eff1c1ency are also small, but
'boars are more efficient. ~ : -
Table TII.2 also shows back fat thlckness measured
ultrasonlcally on day 122, 143, and“164 of the experiment.
Nelther implantation nor-castration had any-significant
,effect on thisitrait; This is in agreement with Beacom
) (1963), who reported no effect of hormonal (estrogen or
’ﬁespaéteréné) treatment on backfat thicﬁness.‘
fhe growthvcoefficients of the head, alimentary trattl
- .liver, spleen kidneys, heart, 'and lungs relative‘to body
> wéight are given in Table III.3. None of these traits were
51gn1f1cantly a@ffected by treatment
. The growth coeff1c1ents of the side muscle, slde fat,
side bone and . 51de tendon relatlve to the carcass welght

P
were alsornot s1gn1ﬁ1cantly affected (p>0. 05) by treatment
(TablehIR}.3); ’

There are numerous contradicting reports about the

effect of estradiol and testosterone‘on‘the"érowth of .

-muscle, bone and‘fatiin:pigs:.Heitzman‘andrclegg (1957),



71

Beacom (1963), Cahill et al. (1960);"and Elliot and Fowler
(1974) have reported that treatment with diethylstilbestrol
producés leaner carcasses in castrabed_pigsi Dinusson et al.
(1951)‘and Woehling et al. (1951) however, noticed no
-impronment in carcass quality as a result of treatment with-
estrogenic comoounds. Robinson and Singleton (1966) and
will;ams and Duhkin (1975) observed that androgen treatment
resulted in aﬂsignificant imorovement in the lean content of
pork carcasses. One of the most marked effects of castration
;is its effect on fatness .of the carcass. Barrows have é
thicker backfat than boars (anton 1969'.Carroll et al.,.
1979) The present study eonf;rms those reports

The welgh€¥ of raélo ulna humerus, scapula} | o '\,
tibiOﬁflbula, patella, ﬁemqr{ and pelvis»were(not;affected'n‘
by any of the treatmentsq(éable I1I. 4) “but it was observed
that all of the bones, were non51gn1f1cantly heavier in
testosterone treatéd and entire male pigs than in the_other
two groupst This &s in aﬁreehent with Martin‘41969) who has
reported é% heavier bones‘in boars thanlin barrows. Most of
the bones in estradiol treated pigs were nonvsignifioantly
lighter than‘the other”three treatment oroups.dThe same
itrend was noticed jﬁ the iength measnrment of raoio-ulna,
_humerus7 tibio—fibula, and femur. The length of radio—uina

{3

was more sensitive to treatment than any of the other bones.

o

The dio- ulna was not 51gn1f1cantly longer (P=0. 08 in
(&3

testosterone 1mplanted and intact pigs. -

e ‘ °



Silberberg and Silberberqg (1971) have reviewed the

effébt.of eStrogens‘on skeletal growth, particularly in

rodents. ‘They oafcluded tha/,estrogens 1nhbp/t the "’ growth of
long and flat bones. However, in contrast//WOehllng et al.

4

(1951) reported no effect of stllbestrol on femur growth in ¥
growlng fattenlng pigs. Sggﬁkl (1958) notlced that femurs.

were longer in estrogen treated male or orchidectomized

rats. Recent studies of van den Bosch, et al. 41981vand'1982)
have oonfirmed most of the earlier reports'regarding the
.action of estrogens on skeletal growth in humans. These
authors treated excessively tall girls and.boyé with
"estrogen and were sucessful in reducing the growth rate of"
long bones in both sexes. In the present study with pigs
estrogen implanted caetrated males had slight;y Shorter

bones than the other three groups. Lo 7

The.influence ofrandrogens{ mainly testosterone ‘and its
esters, on bone growth-has.been studied repeatedly,-
especially in rodents. The reeults h0wever vary
con51derably r',It: has been shown .that admlnlstrat1on of
androgens to young castrated or normal anlmals 1nh1b1ts
llnear“growth (RUblnStEIH and-Solonon, 1941a; Slmpso% et
al., 1944;: Reiss et al. 1946f§ In other experiments g
androgens have stimulated growth (ﬁubtnstein and Solomon,
1941b; van Wagenen, 1949; Sobel et al. 1956; Velle, 1977).
,Others have found no effect (Turner et al 1941; WOehling
’et al., 1951). These dlvergent results mlght be due to

. L, . . . -
species varlation, dpse, route of adm1n1stratlon, or
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¥

duration of treatment. .In most of. the reports large doses

1nh1b1t€d the growth, whlle small doses stlmulated the

growth. The rats were more sensltlve to the treatment

.

compared to other species of animals studied.
There is no specific study regarding the effect of sex
: A ol

steroids and castration.on the development of the radio-ulna

in pigs. Turton (19692’reportea that development.of the fore

'leg was significantly greater in boars tharf barrows.

A
7

Brannang (1971) has shown that castration causes a marked

v o ?

.decreaSe)ln growth of the 3capula i cattle.

The c1rcumfi§?ﬂcg ‘of the radlo ulna‘zas 51gn1f1cantly

rf

larger (P=0.03 ?ﬁ boars than in estradlol implanted,

testosterone 1mplanted And non implanted barrows “This

tra1t was not 51gn1f1c%ﬁq§% affected by any of the

‘treatments in the other bones studied. H0wever, the leng

bones tended to be thicker>in boars and testosterone treated

anima}s. " . | o _ v
{ . +
Bone Growth a
The rete of growth at the epiphyseal plates ot“the long
bones during the last 16- 26 days of the experimentVWas not
affected by treatment (Table III 5). ' | 7
In this experlment the magh1tude of growth" at the

epiphyses may have been too smallggoadetect significant

differences among treatments, although the growth

‘retardation.effect of estrogen is well documented

(Josimovich et al., 1967). The fact. that estrogen is capable

I
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of slowing growth while the epiphyses remain open, yet acts
to enhance growth hormone secretion, constituted a paradox
noterSolved until the late 19605' Salmon and Daughad;;f
(1957) demonstrated that serum from normal anlmalsutontalns
a f&ttor differing .from growth hormone that stimulates the
uptake of sulfate by the sensitive cartilage obtained from
young hypophysébtemized rats. They called this substance
sulfation factor, and noted thatlit is almost absent from
the serum after‘removal of the pitnitary but was restored
after -treatment with growth hormone.’The exact role of
sulfatlon factor was described by Laron et al. (1866),and
'Daughaday et al. (1969) while explalnlng "Laron's dwarflsm"
This is the familial syndrome in which children have the
phenotype of growth_hormone deficiency yet exhibit high
levels of plasma -growth hormone and'feit*to respond to
‘exogenous horhone. It is now understood that Leron i@ \\\'
dwarflsm 1s a genetlcally determined failure on the part of
the affected child to respond to growth hormone by |, @
elaboration of sulfation factor (somatomedin).
Wiedemann and Schwartz (1972y/are credited with finally
. elucidating how estrogen,'while‘elevating'piasma growth
’hormone‘conoentraﬁaon, oould curb longitudinel growth' of
lohg bones. Working with acromegalics, they showed that
elevated serum levels of sulfation factor, but not of growth
hormone, fell when estrogen wae glven and rose égain when

estrogen therapy was dlscont1nued They also noted that in

growth hormone def1c1ent 1nd1v1duals, estrogen aborted the

/
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abrupt\fise in Somatomedin that otherwise regularly followed
treatment with growth hormone.

With regard to aﬁdrogens[}Silberbe:g and Silperberg
(1971) have indicated that testosterone promotes all phases
of endochondral osgification, but stimulation of
proliferation of. the chondrocytes is usually less
conéipicuous than the intensification of hypertrophy,
calcification, and’ossification.'The latter changes

predominate particularly after administration of large doses

of hormone. N 4 .
In the present study it was found (Tablenig;:;) that
‘ gfowth was greatest (163.um/day) at the proximal tibia,

followed by theé distal femur (158 um/day), proximal humerus

(129 um/day),ndisf@%ﬁgadf’ s igm/days;’proximalvfemuﬁ1(96
.uﬁ/day),idiétéiA££@%£](75ﬁ_ '“H_,Adistathumerus (34
um/da?),‘gnd proximal”;qaiﬁg?gﬁ uﬁ/dayf. Abcdrdiﬂg té
MOss—Salehtijn (7974) there iq;geheréi{S;rEemeﬁt fha& in

. . - B - . .'
mammals the proximal end of the humerus and'the distal end

of the radius grow at a more rapid ;ate'gﬁgn the other ends -
‘of thezéame bénes.AIn the hind'limbi the plates of the
4distal"gnd of'the.femuf and the prd%imalﬂend.oquﬂfifibié
grow more répidly than the'pléées at the oﬁhef/énds. Thig
was cbnfirmed in the present expgriment. | |

The rate of synthesis g}'proteoglycéns as determined by
radiosUlféte incorporatioh into the proximal ﬁggial‘and

qgstal’radial_grbwth cartilage (Table III.4) was not

influenced by any of the treatments. There:are cbnfiictipg

a

Lo
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reoorts regarding sulfate incorporation into the

" proteoglycans of cartilage. This variation may be-due the
amount.of steroid administered, the:duration of the"
treatment, or the route of'administration.‘According to
Burnett and Redi (1983),‘estr%gens do.not influence eulfate
incorporation Prlest et al (1960) however, stated that
'estrogen in large amounts reduces the 1ncorporat10n of»
sulfate into the cartilage. Berntsen (1968) observed that

| uptake of sulfate was depressed in theAepiphyseal cartilage
»f rabbits Herbai- (1971) found that Sulfate incorporatidn

1nto oostal q;itrlage was inhibited in the presence of

estrogen in t ”1ncubat1on medium..

" The capaslty of grow1ng bones to b1nd l

e treated cocke

LB

§l958) Salmon et al* ¢
g,

a sllght effects bf testesterdﬁg on . sulfate'uptake by'

{1n 17~ ethyl—19 nor t&stosteron

‘1ntreased @R@walewskl

'observed

3

costal, nasal and x1ph018 cartllage 1n rats. They also

reported“noreffect of castratlon on. sulfate uptake N

It 1s concluded *f rom thls experlment that’ 1mplantat10ne

.A’*

of pigs Wlth estradéol—l76 and testosterone had no.

51gn1f1cant effect on é;erage dally galn feed .efficiency,

4

~backfat thlckness, carcass traits and bone growth. Boars had

leaner carcasses than implanted and non—implanted barrows. .
' 5, ‘--'q"-ﬁ,_\., co T

In conclu51on the growth tralbs ~carcass

»

characteristics, and llnear growth of llmb bones 1s not

¥

affected by castratlon and exogenous estradlol—17ﬁ and

testosterone 1mplantatlon 1n,male plgs from b1rth to 6
: o €

. B v . ki . PR
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IV. CONCLUSIONS
It is concluded from these three experiments, in wﬁich the
~effects of commonly used anabolié agents (zeranol in cattle;
estradiol-178 and testosterone in pigs) were observed on tﬁe
3rowth traéts in cattle and male pigs, that:

/

Y, Zeranol had little effect on avé;age'daily@gafﬂ %n cull

o

e

ows aged 1~ 13 years, however, it increased averaéé daily‘
Zhin in mgle catﬁle. This effect was greater in steers than
bulls. In boars implanfation with es;;adiol-17ﬁ and |
testbsterone has mo effect on ADG. Eé@%re cattle,ggihed-more
weight per day than castrates, whe%ggg"the_rafé of gain was

not so clearly affected by castratign in pigs.
‘ ! : 2

%
Tréapment had no effect“qh@bﬁckfat thickness or- the
weight of fat dissected fronm thg‘shank in cull cows.
Similarly this trait was not affected in ejﬁpegdgéﬁ§@¥7oﬁ
male cattle by zeranol impléntation.‘ln boars backfat
thickﬁeés and thé weight bf fat dissected. from the.half
carcass Qas n&t igfluenced by tﬁe exogenous hormonal |
tréatmént. Entire males of.bofh species were leaner than
.castrates. : , I . : ’
Qone'groﬁth was significantly affected by zeranol
"implantation both ih young cull cows and bovine males as
’4réflecped bi;shorﬁer radio-ulnae in‘the cull cows, reduced
linear bone growth at.the distal epiphyseal growth blate of
radiushand enlarged pelvic openihgs.in steers and bullS._

Estradiol-178 and testosterone treatment had no significant

teffect on fhe growth of proximal limb bones (radio-ulna,

78"
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humerus, tibio-fibula and femur) in barrows. Castration

»

S

reduced linear bone growth at the distal radius in cattle as
determined by the oxytetracycline infusion method, whereas
it had no effect on the gfowth of any of the epiphyses of
the proximal limb bones of pigs.

It is ‘also concluded from this study that zeranol
decreased libido in bulls implanted at about puberty.

In young actively growing bigs in this experiment the
hormone level had no effect on growth traits préﬁably
because as they approach puberty the hormohe fedeptors'could
matu;e enough to respond to the respective hormone, but
before puberty they were too immature to have any réspdnSe.
Since the pigs were slaughtered at about puberty, ”
stimulation of growth by exogénous hormone adﬁinistration ié

unlikely to be successful.
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