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ABSTl:ACT 

A method has been developed for measuring plasma testosterone 

in sheep using competitive protein binding (CPB) techniques. 

iii 

The procedure requires column chromatography on I.3-20 Sephadex gel 

of a methylene chloride extrc::ct of plasma, and final determination 

of pl�sma testosterone by the CPB technique using salt precipitation 

of the protein bound fraction. The sensitivity of the assay has 

allm-ved. npplication to the mec:surement of plasma testosterone levels 

in nonnal male, norraal feaale, Klinefelter and freemartin sheep. 

It has also enabled the monitoring of the effect of stimulation -

with intravenous pregnnnt mare sermn gonadotrophin and human 

chorionic gon2dotrophin (HCG) on the plasmG testosterone levels 

of norraal male and Klinefelter sheep. A modification to the method, 

borohydride reduction of the initial methylene chloride extract, has 

enabled the plasma androstenedione levels to be determined, 

simultD.neously with plasma testosterone, in t-.;.To of the HCG 

stimulation studies. 
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Trivial nrunes hnve been u sed throughout the text for mo s t  

steroids. These trivid nomes together �;rith the sys tematic nClllles 

according to the I nternat iond Union of Pure .::nd App l i ed Chemi s try -

I. U. P ,/�.,c. see Biocheraistry (\!ash, ) 8, 2227 ( 1969) are l isted 

in t he sec t i on on terminology ana abbreviat ions. 

CPB 

TLC 

PC 

cc 

TPNH 

PHSG 

HCG 

FSH 

1., 
r. 

17-ketosteroid 

CP!:l ( cpm) 

l U  

ng 

corepe t itive p rotein bindi ng 

testos terone-�H, tritiated testos terone 

thin lc7er chromatography 

poper chromotography 

col umn chrom�tography 

triphosphop yr i di ne nuc l eotide , reduced fonn 

pregnnnt mare serum gonadotrophin 

human chorionic gonadotrophin 

fol l i c l e  s t imulat ing hormone 

l uteinising hormone 

steroid l>lith n ketone on carbon-17 

count s  per minute 

international units 

nanogram 

microgram 



Trivid �Jrune 

Androst2nediol 

Androstenedione 

/mdrosterone 

Choleste:col 

DehydroepianCrosterone (DHEA) 

Dihycrote stosterone 

Estrac.iol-17� 

l7a-hyC:roxyprcgnenolonc 

Lanosterol 

Pregnenolone 

Progesterone 

Sr;udene 

TestosteYone 

V 

Systematic Nme 

5a-Androstcm-W, 17 � -diol 

�-Ancrostcn-3, 17-dione 

5a-Androstan-3a-ol-17-onc 

5-Cholesten-3�-ol 

W-Hydroxy-5-androsten-17-one 

17�-Hydroxy-Sa-androstane-3-one 

1,3,5(10)-cstratrien-3,17�-diol 

3�, 17a-Dihycro��y-5-pregnen-20-one 

Sa-Lanost�-6,24-dien-3�-ol 

3�-Hydroxy-5-pregnen-20-one 

4-Pregnene-3,20-dione 

2,6,10,15,19,23-Hexamethyl-2,6, 

10,14,1e,22-tetracosehexane 
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Chapter 1 

INTRODUCTORY REVIEW 

The purpose of this research i s  threefold: 

1. To set up a competitive protein binding technique for 

assaying pl asma androgen l evel s in sheep. 

2. To apply the technique to the study of the circulating 

pl asma t estosterone l evel s in four cl inical groups of 

sheep (normal ewes, Kl inefelter rrons, freemartin sheep 

and normal rams ) . 

3. To study the effects of gonadotrophin stimulation on 

androgen secretion in normal rams and Klinefel ter rams 

using the circul ating plasma androgen level s as the index . 

It is hoped that this research will provide some insight into 

the effect the clinical syndromes have on circulating plasma 

testosterone l evels and the response to androgen st imulation by 

gonadotrophins . 

1.1 The Role of Androgens in Sheep 

1 

The mal e  and female gonads, the adrenal cortex and the placenta 

pro duce steroidal hormones which influence the devel opment and 

maintenance of the structures directl y  and indirectl y associated 

with reproduction. Of the three principal types of hormones 
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involved• the androgens have distinct roles in the reproductive 

physiology of the male and the estrogens and progestogens comparable 

roles in the female. 

1 .1.1 The structure and function of androgens 

In general naturally occurring steroidal sex hormones are 

considered derivatives of the saturated tetracyclic hydrocarbon 

perhydro-13,14- cyclopentanophenanthrene (Fig 1.1a). The structure 

of the androgens is based on the hydrocarbon androstane (Fig 1 . 1 b) 

and this structure is common to all androgens. The numbering of 

the steroid skeleton is outlined in figure 1 . 1 .  

The androgens, exemplified by testosterone (Fig 1.1c) are mainly 

concerned with the development and maintenance of the secondary male 

sex characters, increasing virility and libido. They also increase 

n itrogen and water retention and stimulate skeletal growth. Other 

examples of androgens are androstenedione (Fig 1 .1 d) , androsterone 

(Fig 1.1e) and dehydroepiandrosterone (Fig. 1.1f). 

1.1 . 2 Androgen biosynthesis and secretion 

The biosynthetic pathway for androgen synthesis is outlined in 

figure 1. 2 .  Detailed discussions of the control of androgen 

biosynthesis Forchielli �!l (1969) and in vitro synthesis and 

conversion of androgens Tamaoki � � (1969) are documented. In 

resume, all steroids can arise from cholesterol with pregnenolone n� 

intermediate, cholesterol itself is synthesised from squalene via 

lanosterol. The biosynthetic steps involved are an initial 

hydroxylation, a cleavage reaction with the enzyme desmolase, and 

then a number of hydroxylations by a mechanism involving molecular 

oxygen directly (Eq. 1.1). 
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FIG 1.1 Steroid Structure 
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Eq . 1 . 1  0 + TPNH + H 
+ + 0 2 

The mechanisms contro l l ing the s ecretary func tion o f  the t e s t is 

are not very wel l understoo d ,  al though three majo r areas o f  control 

have been '11el l de fined: S t imul i from the hypothal amus in the form 

o f  releas ing f actors impi nge upon the anterio r  p ituitary to  rel ease  

gonadotrophins which s t imul ate the t e s t is to  secre t e  steroid hormone s .  

The s teroid  hormone s in turn, by vi rtue o f  their bl ood l evel s,  exert 

control on the hypothal amus and pituitary via negative fee dback . 

Thus there i s  a homeo static mechanism which can be used to control 

p ro duction o f  androgens .  A third form o f  control concerns the 

direct ac tion of stero id hormone s in the v.:,rious enzyme systems 

invol ved in stero i dogene s is . 

Lindner (19 6 9 )  has shown that environment al factors such as  

foo d intake and s eason markedl y affected t e s t i cul ar androgen 

s ecretion in the ram. 

1.1.3 Natural ly occurring ovine androgenic steroids 

Testo s terone has been identified by Lincner ( 1969)  in the 

spermatic vein bl ood of the ram, accompaniec by sma l l  amounts o f  

andro s tenedione . The se t'-10 androgens are the major natural l y  

occurring androgenic s teroids in sheep . The l evel s for both are 

documented for HCG treated rams by L in dner (1963) for spermatic 

vein bl ood, the r e spective l evel s being testos terone 54 . 1  - 90 . 1  

3 3 
p. g/ 1 00 cm o f  p l asma, and androstenedione 3 . L} • 1 0 . 0  p.g/ 100 cm 

o f  p l a sma . I t  is not e d  that no comp arab l e  l evel s o f  andro s tene dione 

in untreate d  rams are avail abl e, howeve r  p l asma testosterone l evel s 

o f  spermatic vein blood were 3 . 6  to 8.7 �g/ 100 cm
3 

p l asma in the 

unt reated rams. 
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Level s o f  the two androgens in peripheral pl asma have no t been 

repo rted, though Lindner doe s  stat e  that pl nsma testo s terone l evel s 

3 
in p eripheral p l asma are l es s  than 1. 5 �g/ 100 cm these l evel s 

being bel ow the measurab l e  s ensitivity o f  hi s method .  

1.1.4 Physiol ogical rol e  of androgens in sheep 

The general anabol ic action of testos terone (and perhap s al so 

of andro stenedione) is bound to be of physiologic al s i gnific anc e .  

Thi s  action mus t  make the earl y androgen sec retion o f  the te s t i s  an 

impo rtant factor augmenting the growth rate o f  animal s during infancy, 

In mal e l ambs it coul d be shown, L indner (1969), that app rec i abl e 

amo unts o f  t e s t o s terone (0 . 3 - 0 . 5  mg/ day) Here secreted into the 

spe rmatic vein b l ood at the e arly age o f  3% �onths (body weight 

33-42 kg) . L indner has shown a dec rea s ing proportion o f  

andro stenedione in the testicul ar secretion o f  the bul l wi th 

advancing maturation . I t  remains to b e  exmnined �;rhether the shift 

from andro stene dione to testo sterone p ro duc tion during pubescence is 

limited to the bul l or whether it is o f  more general signifi cance. 

The re was no preponderance of andro st ene dione in the spermatic 

venous blood o f  l amb s at the age o f  3� months but the se animal s 

may have attaine d a mo re advanced state o f  maturity than bul l 

c al ve s at the same age . 

For the purpo se of  this research t he shi ft was as sumed to b e  

gene ral , and that the important androgen in mature rams is 

t e s t o s terone rather than andro stenedione . As a consequence the 

maj o rity of the r e search is directed towards study o f  testo sterone 

l eve l s .  



1 . 2  l�urement o f  Androgens by Compe ti�ive Protein Binding 

5 

Testos terone may be measure d by any o f  n number o f  me tho d s ,  

incl uding the doubl e isotope derivative t echnique, gas l iquid 

chroracto gr.:::phy, micro f l uorometry and competitive p ro tein binding 

(CPB) Qn&l y sis. Of the se techniques ,  C PB o ffers the mo st attractiv2 

solution to the p robl CLlS as sociated with test osterone ceterminc:tion, 

It hns the advantage o f  being both faster and easier to use than the 

other technique s mentioned and in addition is ext reme l y  sens itive, 

al l owing measurements in the p icogr3m range . Andros tenedione i s  

mea s ur e d  b y  exten s ion o f  the testostero ne assay. 

1. 2.1 Theory o f  compe titive pro tein binding as say 

The theory dep ends on the reversib l e  binc:'_ng o f  the steroid 

(testo sterone) to a binding gl obul in with estcbl ishment o f  equil ibriuo 

between free and b ound s teroid . In practice the binding gl obul in is 

just saturated with rcdio active steroid, so that al l the binding s ites 

are occupied , to give a binding globul in-radioactive ste roid comp l ex 

in s olution. I f  this sol ution is then e quilibrated with non-radio-

active s tero id , s ince exchange with bound steroid occurs free l y, sowc 

o f the non-radio active steroid wil l rep l ace radioactive st eroid 

al re a dy as sociate d  with the gl obul in in the binding complex sol u t ion . 

The nnount o f  displ acement is a func t ion o f  the total amount of 

steroid present, the rel ative contributio n  o f  the non-radio active 

s t eroid depending on the ratio o f  non-radioactive s teroid to 

radioactive s t eroid.  Once equil ibration has occurred separation 

o f  the bound and free s te roid must be effected so that an e s t imat io n  

o f  the degree o f  displ acement o f  the radioactive stero id from the 

binding gl obul in can be made . 



S eparation o f  the bound and free steroid can be e f fected by 

several methods incl uding the use o f  dextran-coate d charcoal , 

Fl uorisil and Ful l er's earth which acsorb only the fre e  s teroid 

6 

from sol ution. Al ternativel y  use may b� rnaJe of sal t precipitation 

to precipitate the gl obulin-bound steroid out o f  sol ution. U s ing 

the l atter metho d o f  protein precipitation estimation o f  the 

dis pl acement is ob tained by centrifuging the sampl e and counting 

the radioac tive steroid in the supernatant, which repre sents t he 

radio active stero id displ aced f rom the bincing gl obul in.  Comparison 

o f  this figure with a count of the total rn�ioac tive steroid before 

sal t  precipitation wil l give the percentage of unbound ra dio active 

stero id .  B y  al l o wing a number of  dif ferent concentrations o f  

non-radioactive steroiJ to equil ibrate �•i th the binding compl ex 

solution a standard curve can be obtained. Thi s involve s  pl o tting 

the percent unbound radioactive steroid agGinst the anount o f  

non-radioac tive s te roid added for e quil ibration (Fig 1 . 3 ) .  

By equil ibrating n SL:.-:�pl e, with an unkno�m concentration o f  

s t eroid, with the b inding compl ex sol ution, i t  is po s s ibl e  to ceteroinc 

the percentage o f  unbound radioactive s tero i �. Re�ding this percentage 

o f f  the standard curve gives the conc entra t i on o f  s teroid in the sampl e .  

�fter correcting for l o sses during the extraction and purification o f  

the s ampl e a final c o ncentration of  s tero ic in the original sampl e c an 

be obtained. 

This provide s a broad outl ine of the theory behind CPB metho ds: 

for further reference the Karo l inska Sympo s ia on S teroid As s ay by 

Protein Binding ( 1970) give s a ful l er insight into the actual methods 

used, for assay o f  various stero ids incl uding testo s terone . 
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1.2.2 Testosterone binding globulin 

S tudies by Kato and Horton ( 1968a) and more recentl y by Murphy 

( 19 70a) have impl i c ated a binding gl o bul in fo r testosterone and 

sho vm that it  i s  no t spec i f i c  for tos t o s te�2n0. The se group s have 

es tabl i shed many features of the stero id ccnfiguration neces sary for 

binding to the s ingl e globul in uhich app ears to be p r i mari l y  responsi b L ... 

for bo th androgen and est rogen binding in hunan bl o o d .  The binding 

appears to be highl y stereo -specific  requiring s ome form o f  the bas ic 

s tero i d  skel eton ( Fi g  1 . 4a) and an absol ute requirement for an 

unhindered 17�-hydroxyl group . Dihydrot e stos terone ( Fig 1 . 4b) and 

andro s tanecliol ( Fi g  1 . lfc) both have a hi gh.:;r affinity for the bindinz 

gl obul in than tes t o s terone. These stero i ds are bo th s i gni f icantl y  

an<lrogenic anr\ have been i mpl ic ated a s  ac t i ve fo rms o f  testos terone. 

E s tradiol  1 7  � ( Fig 1 . 4d) dso causes sign i ficant displ acement o f  

testosterone from the binding gl obul in , but not as much as testos terone 

i t sel f .  The binding globul in i s  generally obt.:!ined from l ate p regn.:mc:; 

human p l asma or pl asmn fror:1 normal humans U!l>�ergo ing es t rogen t ren tment. 

1 . 2 . 3  Compet it ive protein binding methoCs for pl asma testosterone 

An excel l ent review o f  the current CPB ti"!i2thoc!s for determinat ion 

o f  p l asma testosterone is p rovided in a p ap:;r by Nugent and Hnyes 

( 19 70 ) . The techniques are summnrised in Taul e 1 o f  thei r paper, 

which is repro duced, wi th the a ddition of the method used in this 

research, in Tabl e  1.1. It must be noted that these methods are f o r  

human plasma, whil e  i n  thi s research sheep p l asma is studied. As 

seen in Table 1.1 the basic technique is in •�ost cases very similar, 

although several modifications are utiliseG by the different groups. 

For example, the present method is the only one to utilise column 

chromatography for purification. The other aspects of the present 
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Table 1 .1 

Techniques for competitive protein binding as say for plasma testosterone . 

Authors 

Horton et al. (1967) 

Frick & Kincl (1969) 

August et al . (1969) 

Rosenfield et al . (1969) 

Maeda et al. (1969) 

Kato & Horton (1968) 

Mayes & Nugent (1968) 

This p aper (1971) 

Extraction and Puri fication* 

Plasma + NaOH, ether extract, 
water wash 
Plasma + NaOH, ether extract, 
TLC X 2 
Pl£lsrnn + N110H, ether extract, 
TLC X 2 
Plasma + NaOH, ether extract, 
H20 •rash X 2, TLC developed 
X 2 
Plasma, methylene chloride 
extract, NaOH and H20 wash,PC 
Plasma + NaOH, NaOH and 
H20 wash, PC 

Plasm2 + NaOH, H2o wash X 2 ,  
PC, TLC 
Plasma, methylene chloride 
extract, NaOH and H20 wash, 
cc 

Protein 
Binder Source 

Pregnancy plasma 

Estrogen treated 
castrated man 
Preenc:ncy plasma 

Pregnancy plasma 

Estrogen treated 
women 
(NH4)2so4 precipitate of 
pregnancy plasma 
Pregnancy plasma 

Late pregnancy 
plasma 

* TLC = thin l ayer chromatography. PC = paper chromatography . 
CC = column chromatography . f:. sheep plasma. 

Bound-free 
Separation 

Dextran coated 
charcoal 
Flori s il  

Flori sil 

Charcoal 
in 20/a C:extran 

(NH4)2S04 

Sephadex column 

(NH4)2so4 

(NH4)2S04 

Plasma (ml) 
Women Men 

2 

2-3 

2 

1-2 

5 

2 

4-S:f:. 

4-5 
1 

0.5 

0.1-0.2 

0.5-1.0 

0. 2 

4-S:f:. 
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method are mo de l l ed along s imil ar l i ne s to Eaeda ll al (1969) except 

for the source o f  binding p l a sma . Al l t he uetho ds remove estrogens 

by t he use o f  NaOH either a dded to the p l a sma before extracticn o r  

use d  t o  wash the p l asma ext rac t .  

Wide variat io n  in extraction and purificatio n  o ccurs, the 

extremes be i ng Ho rton et al ( 196 7) who us e s  no pur i f i cation o ther --

than a water was h  after ether extrac tion, anJ Maye s and Nugent ( 1968) 

who do no t extrac t the pl asma but simp l y  wash and sep arate the p l a sma 

s te roids by p aper chromatography (PC) and thin l ayer chromatograp hy 

(TLC) before tre atment with the bindi ng c omp l 2x sol ution. The 

s ep a ration of the bound and free st ero i ds is effected by several 

me tho ds incl udi ng Sephadex col umns, Fl uo r isil , dextran-charco al and 

runmonium sulphat e  (s alt)  precipitation of protein. 

Co ncerning the metho d  used i n  thi s rese arch , the use o f  co l umn 

chromatography wi th LH-20 S ephadex gel avo i c� the maj o r  probl em o f  

high bl anks asso c i ated with TL C and PC . The runmo ni um sulphate s al t  

precip i tation o f  bound stero i d  i s  effective nnc s imp l e, and the 

extrac tion and washing i s  as efficient as thnt in any of the other 

metho d s .  A ful l er discus s io n  o f  the other methods i s  contained in 

Nugent and Maye s ( 19 70 )  paper.  

1. 2 . 4  Androstenedione assay 

Since androstenedione does not cause signific ant displ ac ement o f  

testosterone from the binding globul in (no 176 -hydroxy group) a 

direct determination by competitive protein bindi ng is not practical. 

Instead, for CPB analysis,  the androstenedione has to be converted to 

testosterone . this can be done enzymatically,  us i ng the 17� -hydroxy-

steroid dehydrogenase, Rosenfield (1969b) or chemical ly,  using 
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borohydride reduction, Hoshang .tl_ al ( 1970) . The latter method, 

because of its ease and rapidity has been favoured in this research. 

1. 3 Action of Gonadotrophic Hormones on Ancrogen Secretion 

Gonadotrophic honnones are the hormones "tThich stimulate the 

growth anc normal functioning of the gonads and the secretion of 

sex hormones in both men an(1 women. Gonadotrophins are secreted by 

the anterior lobe of the pituitary gland and are also produced by the 

placenta and the endometrium during pregnancy. · Five different 

preparations (three of non-pituitary origin) of gonadotrophic hormones 

are currently in common use. Follicle stimulnting horm�ne ( FSH) and 

luteinising hormone (LH) are directly prepared from pituitary tissue. 

A gonadotrophin with predominantly luteinising properties is obtained 

from the urine of pregnant women (human chorionic gonadotrophin, HCG) 

and one with predominantly follicle-stimulating properties is obtained 

from the urine of post-menopausal women (hume.n menopausal gonadotrophin, 

Ht1G). A gonadotrophin with predominantly follicle-stimulating 

properties is also obtained from the serum of pregnant mares (pregnant 

mare serum gonadotrophin, PMSG) . 

In men, the follicle-stimulating hormone induces the germinal 

epithelium of the seminiferous tubules to spermatogenesis but does not 

induce the secretion of androgens. The and.rogens are formed in the 
--

interstitial cells of Leydig under the influence of luteinising 

hormone. Published work in this field is very limited, particularly 

in relation to sheep, the species studied in this research. As a 

consequence where no specific information on sheep is available 

comparisons with other species, such as the dog, are made. 
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1 . 3 . 1  Pregnant mare serum gonadotrophin 

PHSG  appears to sho�7 both FSH-like and LII-like activity with 

the emphasis on the f�rner.  Eik-Nes nnd I-l::!ll ( 1 9 6 5 )  have sh.Jwn 

Pl1SG to increase the secretion of  testo s terone anc the incorporc.tion 

f 1 
1 4

c . 
14

c h rl- . • 1 • 1 o acetate- - 1nto testosterone- H en n UI..,J..n1 s tere c. 1ntr.::1venous y 

to anaes thetized dogs . Lindner ( 1 96 1 a) h<. s  sho-vm PIJSG inj ected 

intravenously at .:1 dose representing 1 1 1U/l:c FSH-l ike activity and 

2 1U/kg LH activity to be ef fective in s ti�ul c.tine androgen secretion 

by the col £ testis , the rate doubling ,.,ithin forty five minutes of 

inj ection . In both cases the research w2 s carried out by monitoring 

the spermatic vein blood of anaesthetized  cr.i�al s . In the present 

resenrch periphernl b l oo c� uns as sayed and the nnimnl s ,,.ere not under 

anaesthetic during the experiment s .  

1 . 3 . 2  Human chorionic gon�cotrophin 

Intrnvenous infusion o f  HCG of total co se 2-5 1U/kg shown by 

Lindner ( 1 9 6 1  a anc b) to bring about a prm.1p t  increase in the rate 

of androgen secretion into the spernatic vcnouc bloo d  of al l four 

species examine ·.! , that is in the bul l ,  rar.1, joar and stal l ion. The 

early response in mature bul l s  is not accm�panied by an increased blood 

flov1 through the testis  nor does it depenc tc a major extent on rel ease 

of preformed hormone from the gl and .  I t  uns sho�m that increased  

testosterone output was attended by a rise in the testosterone content 

of the testis, and, in general high rates of testosterone rel ease 

tend to b e  as sociated with a high concentr&tion of testosterone in 

the testicul ar tis sue, Lindner (1969) . The conclusion reached by 

Lindner is  that HCG b rings about an immediate increase in androgen 

synthesis , pos sibly  at first from a steroid p recursor in the gland. 
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Thi s may be fol l owed b y  a n  i ncreased synthe s i s  of  enzyme protein.  

E ik-Nes ( 1 9 6 7 )  has  obs erve d an even faster re s ponse to HCG ( wi thin 

seven minute s )  by the dog te s ti s ,  and thi s  ef fect of HCG was mimi cke d 

by i nfusion o f  l arge amounts o f  3 ' , 5 ' -AMP . 

Direct re ference to she e p  i s  obtaine d from work by L i ndner ( 196 3)  

in which HCG i s  used to s timul ate the secretion o f  androgens in  rams 

so that measurements coul d b e  made o f  l ympth and pl a sma l evel s .  

Treatment with 1000 1U HCG/ 2 4  hours intramuscul arl y  for eight days 

e l ev ate d the pl asma te sto ste rone l evel s in spermati c vein blood  i nto 

the range 54. 1 to 90 . 1  )J. g/ 100ml , from untreat e d  l eve l s in  the range 

3 . 6  to 8 .  7 )J. g/ 100ml . In the experiments carried  out by Lindner the 

te s to sterone l evel s  o f  peri pheral pl asma befo re HCG s timul ation were 

below the l imit o f  sensi tivi ty o f  the assay ::lQ tho d use . After 

trea tment onl y  three of the HCG tre ated rams �ad a l evel of te s tosterone 

in arterial b l o o d  high enough for prec i s e determination ( 6 . 1  to 7 . 9  

Furthermore , the l e s s  sens itive 2 s s ay metho ds used by 

L i ndner require d  the study o f  s permati c ve in, rather than peri pheral 

b l o o d ,  and the consequent u s e  o f  anaest heti z e d  animal s .  

1 . 4 Cl inical S igni fic anc e  o f  Pathol ogical Ent i ti e s  Studied 

S tudy o f  androgen l evel s in intersex sheep and rams wi th te sticul ar 

hypo p l a s i a  provi des info rmati on on how the se c l inical conditions e f fect 

androgen l evel s .  The geneti c and phys ical characte ri s ti c s  o f  the se 

two c l inical conditions , a s  c ompare d to those o f  normal ewe s and rams , 

enab l e s  a study o f  pl asma androgen l evel s ,  in particul ar tes to s terone , 

under a wi de range o f  te s t  c onditions . 
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1 . 4. 1  Klinefelter rams 

Test icular hypoplasia is not uncommon in the ram. B ruere � al 

( 1 969a) considered that the aetiology of testicular hypoplasia in 

some rams was probably analogous to chromatin-positive Klinefelter ' s  

syndrome i n  man. In Kli nefelter ' s  syndrome , the number of chromosomes 

is increased by the addition of an extra X chromosome, that is , the 

chromosome number is 47 instea d of the normal diplo id number of 46 . 

Klinefelter ' s  syndrome in rams results in an XXY chromosome 

complex, the extra X chromosome producing the characteristic 

micro-orchidism (reduced testicular size) and associ ated testicular 

pa thology ( including testicular hypopl asia , azo osperm i a  and apparent 

aspermatogenesis) . The chromatin-positive characteristic of the 

syndrome is due to the presence of a sex-chromatin body which can be 

seen in rest i ng somatic cell nuclei , and whi ch represents the extra 

but ' inactivated ' X chromosome of the karyotype. 

1. 4 . 2  Freemartin sheep 

Freemart in sheep are o form of intersex sheep characterized by 

permanent white blood cell chimaeri sm. Two factors are essential 

for development of freemartin sheep. Firstly, the pregnancy must 

be of mixed sexes and secondly an early placental vascular anastomosis 

must develop between the opposed sexes. The male-type freemartin 

has been reported occassionally in sheep, Bruere � !!  ( 1 969b) . 

The se mal e-type freemartin sheep have ambiguous external genital i a  

and testicul ar gonads , but always have XX ( that is � female) sex 

chromosomes in tis sues o ther than b l ood and bone marrow, which show 

XX/XY sex-chromosome mo s ai c i sm. The sex-chromo some mosaicism is 

the resul t o f  intrauterine transpl acental exchange o f  bl ood between 

opposite sexed foetuse s during pregnancy. 
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HATE RIAL S  AND EXPERIMENTAL HETHODS 

2 . 1  Materi al s 

Andro s tenedione ( S i gma Chemi c al Company , St.  Loui s ,  U . S .A . ) was 

store d without further repuri f i c ation at a concentration o f  

0 . 2  mg/ cm
3 

i n  re di s til l e d  ethano l .  

3 3 
Te sto sterone-! , 2 - H ( T· H) , s pecific  activi ty 44. 6  Ci /mmol 

(The Rad iochemical Centre , lunersham, Engl and) >:as used  after 

repuri f i cation by thin l ayer chromatography . 

Non-radioactive te stosterone (Mann Re search L r>.boratori e s .  Inc . , 

New York ,  U . S .A. ) was store d  wi thout further repuri fication at a 

concentration o f  4�g/cm
3 

in re di s ti l l e d ethanol . 

Organi c  solvents: al l o rganic s olvents were redisti l l e d  before use 

i rre s pe c tive of  source . 

Sol utio n  o f  ammonium sulphate: 50 grams o f  �onium s ul phate was 

di s solved in 100 cm
3 

o f  di s ti l l e d  water. 

Sephadex-LH- 20 ( l i po phi l ic )  obtained from S i gma and P harmaci a ,  

U ppsal a ,  Sweden . Particl e s i z e  25-100� . 

1 3  

P l a sma as a s ource of tes to s tero ne-binding protein was o btained from 

blo o d  s ampl e s  from women in l ate pregnancy at Palmerston North Publ ic 

Ho s pi tal . 
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Charcoal suspension:  charcoal repuri ficd before use by  boil ing with 

dil ute HC1 , after reactivating made up as a 4mg/cm3 solution in 

pH 7 . 8  pho sphate buffer . 

Liquid  scinti l l ation fluid: 6gm PPO ( 2 , 5-diphenyloxaz o l )  and 

0 . 5  gm POPOP (p-b i s ( 2� ( 5 -phenyloxazo l ) benzene )] were added to 1000 cm3 

o f  redi sti l led  S-free-toluenc . 

Pregnant mare serum gonadotrophin (Sigrna) the samp l e  of PMSG 

containing 10 ,000 1U mace up in a 0 . 9% sal ine solution to give a 
3 concentration o f  50 1U/cm • After steri l i z ation with a mi l l ipore 

fi l ter the stock sol ution was s tored at 5°C .  

Human chorionic gonadotrophin ( Park Davi s anG Company, Detro i t ,  U . S .A. ) 

Antuitrin "S" , chorionic gonado trophin o f  hunan origin was obtained in 

a steri l e  kit .  3 vllien the ki t was made up it consisted o f  a 1 0  cm 
3 solution containing 500 1U/cm • This  was stored at 5°C and used 

within ninety days . 

Sodium borohydride ( B . D. H. Chemical Divi sion , Pool e ,  Engl and) , 

0 . 005  gm made up to 25 cm3 with redi stil l ed methanol to give an 

0 . 0 2% solution o f  NaBH4 in methanol . 

Thin l ayer chromatography pl ates :  these were pre-prepared silica gel 

plates ( Riedel-De Haen, Hannover) . After act ivation by heating at 
0 1 10 C for one hour they were washed for 24 hours in benzene : ethyl acetate 

( 2  : 1 )  before use . 

2 . 2  Experimental Sheep 

Al l experimental animal s were obtained through the department o f  

Veterinary Cl inical Sciences,  Mas sey University .  The work with these 

animals was supervised by Dr. A. N .  Bruere . 
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2 . 2 . 1  Nonnal sheep 

The nonnal rams and ewes  in thi s study v1ere obtained from flocks 

maintained for the Veterinary Cl inical Sciences ; in particular 

experimental animal s used by Mr . A .  Rhodes and His s  H .  Chapman. 

2 . 2 . 2  Kl inefel ter raos 

Thc:se rams were a flock of six maintain•ocl by Dr . Bruere , and were 

obtained from genetic screening of rams \vith nicro-orchi di sm, sent in 

from veterinary p ractices .  Al l six have an XXY sex chromosome and 

exhibit the characteri stics of the Kl inefel tcr syndrome . 

2 . 2 . 3 Freer;Lartin sheep 

These are al so a fl ock maintained by Dr. Bruere, being confinaed 

freemartins from suspected  animal s sent in f rom veterinary pract ices . 

They have nomal XX female sex chromosome in al l tis sues except b l ood 

and bone marrm·l which have XX/XY sex chromosooc mosaicism. 

2 . 3  Col l ection and Preservation o f  Samples 

2 . 3 . 1  Col l ect ion 

Samples  were col l ec teG from ei ther j ugul ar vein into 10 cm
3 

vacutainer tubes  using a No 20 needle .  

heparin as an anticoagul ant . 

The vacutainer tubes  contained 

2 . 3 . 2  Treatment and s torage 

The samples  were retained in the vacutainer tubes for varying 

p eriods at 5°C and then centrifuged. The resultant pl asma samp l e s  

were stored a t  5°C until  ready for a s say .  

not l onger than 2 t o  3 days,  usual ly  l es s . 

The storage period was 



2 . l�  Purif ication o f  Binding Pl asma 
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Late pregnancy human p l asma wns strippec of  endogenous stero id  

by heating t o  45°C for two minutes with an ec ;ual volume o f  charcoal 

suspension . After centri fu8ntion and fil tration ( twice) through 
0 

Hhatman No l..c 2  f i l ter p aper,  the 50°/. p l asma solution vlaS store ·� at 5 C 

( for immediate use) or at - 20°C ( for l ate r  use) . 

2 . 5  Preparation of Bincins Compl ex Sol ution 

The binding complex solution consi st s  of the binding globul in 
" 

(o f  the uincling pl asn<'. solution) and the T-JII bound to i t, in solution . 

A knmm amount of the T-3H in eth.::mo l ic solution p lus a knovm amount 

o f  col d testo s terone in ethano l ic solution \v.:: s ev.:1pornted dovm in a 

50 cm
3 conical fl ask. The puri fied binding pl ;::sma was dil uted wi th 

di s t il l ed water to the required concentration, then added and gent ly  

mi xe d . The mixture was freshly preparec� for each experiment .  For 

routine study the mixture wn s made up to givc a concentration o f  
3 ') 

approximately 50 , 000 cpm/ cr.l of  T--'H ( l ess t��n 0 . 0 1ng testo sterone) 
3 and 0 . 002  � g/oJ of col d  t e stosterone , so th2t approximately  5 , 000 cpm 

in the final counting vial . 

wi thin two days . 

2 . 6 Standard Curve 

The solution wc s stored at 5°C and used 

Dupl icate tubes s et up containing a ranee of s tandards and a 

control . For the l ater experiments the standards used were 0 ,  o . s ,  

1 ,  2 ,  4 and 8 ng o f  col d t estosterone along with a control containing 

no a dded col d  testosterone . Each sample  was evapo rated to drynes s  
3 under dry nitrogen, then 0 . 5  cm of  the binding complex solution 
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added t o  e ach tube and gent l y  mixe d with a vortex mixer.  The tubes 

3 
were equi l i brated fo r 20 minutes at room tanperature and then 1 . 5  cm 

o f  ammonium sul phate sol ution added to al l tub e s  excep t the control . 

3 
1 . 5  cm o f  di stil l ed wat er was adde d to the cont rol . After gent l e  

mixing the tube s were l ef t  f o r  1 0  minutes then c entrifuged for 

20 minute s  ( at ful l  spee d  on bench centri fuge s) . A 0 . 5  cm3 a l iquo t 

o f  the sup e rnatant was t rans ferred to a counting vial containing 8 cm
3 

o f  scinti l l ation fl uid, and then counted for tri t i um  in a Packard 3375  

( Tri-carb Liqui d  Scinti l l ation Spectrometer) . The unbound fraction o f  

3 
T- H was expres sed as a p ercent age o f  the to tal radio ac t ivity added 

( contro l )  to each tube . 

2 .  7 Extrac tion o f  Pl a sma Neutral Stero i c!s 

3 3 
5 cm s amples o f  p l a sma were pl aced in 50 cm s topp ered s ep arat ing 

3 f unnel s and approximatel y 5 , 000 cpm o f  T- H acced to each samp l e  ( and a 

s t andard count ing vi2l ) for recovery purposes . A sho rt t ime was 

al l owed for equi l i bration of the T-
3

H with the p l asma and then the 

3 
sampl es '"ere extracted by vigourous shaking with 5 cm o f  methyl ene 

chloride .  After set t l ing, the methyl ene chloride phase was s ep arated 

o f f  and washed once wi th 1 cm
3 

o f  D . 1N NaOH and once with 1 cm
3 

o f  

di stil l ed wat er .  The methyl ene chl oride phase was then centri fuged 

and transferred to cl ean t ubes for evaporation to dryne s s .  

2 . 8  Chromatographic Puri fi cation of Testos terone 

Three gram quant i t i e s  of LH-20 S ephadex gel were al l owed to swel l 

i n  the col umn el uant, benz ene : methanol ( 85 : 15 ) , t hen p acked by gravity 

into 8 mm i nternal diameter col umn s  in the el uant . The p repared 

c o l umns had an app roximat e  height o f  S ephadex of 20 cm .  The methylene 
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3 
chl o r i de extrac t was re su spende d i n  1 03 o f  the el uant and put onto 

a co l umn .  On e l u t i o n  \oJi th 3 X 6 er} al i quo t s  o f  the s ame el uant , 

3 
frac t i on tHo ( 7- 1 2  cru ) v.rn s  co l l ec te d  as the ·;: e s t o s t erone containing 

frac t i o n .  

2 . 9  Rec overy o f  Adde d Tracer 

The b enz ene : me thanol frac t i o n  col l e c t e L;  from the c o l ur:m  wa s b l m-m 

dmm un der ni trogen , then re s u s p enced in 1 er} of me thano l . 

o f  the s amp l e ( 0 . 2  cm
3

) •:-re s  p l c c e c  in n counting vial , dri e d , 

scintil l an t  acued and count e d  f o r  r a d i o ac t ivi t y .  

2 . 1 0 Al L _ . uo t s  for the S t andc. r c  C urve 

Two - t enths 

Dup l i c a t e  0 . 2 er} al i c_uo t s  o f  the re su spen(ed s a!np l e accuratel y 

p i p e t t e d  i n t o  the a s s ay tub e s  and p ro c e s s e d  in the manner de scribed 

for the s t andarc curve . 

2 . 11 D i spl acement due to the Non- spe c i f i c  " J l ank" 

Thi s  -vm s p rep a r e d  by >vc shing 5 cn3 of me thyl ene chl o ri de vn th 

3 3 1 cm o f  0 . 1N NaOH , 1 en o f  c i s t i l l e d  wnt er , then t reat i ng in an 

i dent i c al manner to the samp l e s  �vi t h  the exc ep t i on o f  the r ecovery 

step . Th i s  provi de s  a "me tho d" b l ank due to non- spec i f i c  di sp l ac enent 

of a smal l amount of t r i t i ate.J t e s t o s t erone . Thi s b l ank val ue i s  

subtracted f rom the s emp l e  val ue s ,  determi ne ( fro;n the s t ancard 

curve , b e f o r e  calcul a t ing the l evel s of t e s t o s t erone . 

2 . 1 2 Cal cul a t i on 

On each s amp l e  the ratio A/ ( B+C) was det e nnined t-rhere !1 rep res ent s 

the c o unt s in the sup e rnat ant ; B+C the to t al count in the a s s ay tube 
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which i s  made up  o f  B the counts added as  testosterone-binding 

p rotein comp l ex ;  and C the counts o f  tracer testosterone recovered i n  

the estimation for correction o f  l o s ses . Froc the value o f  thi s  
3 ratio ,  which g ives a measure o f  the ar.1ount of  unbounc� testo s terone- H 

i 1 . ( 1 . 1 i h i b 1 00/ 1 
. h �, b d T 3H) n so ut1on mu t1p y ng t e r2t o y g1ves t c � un oun - , 

the unknown testosterone in the totcl extract is  esti�ated from the 

st<mdard curve . After a l l owing for the bl .:ml: ,  the amount o f  

testosterone i s  correcterJ for recovery and ti1e final pl asma testosterone 
3 i s  expressed in  � / 1 00 cm • A samp l e  cal cul ation i s  provided in 

appendix I .  

2 . 1 3 Andros tenedione Assay 

Dupl icate 5 cm_) samp l es of pl asr.;a , �vi th tr.?.cer added for recovery 
3 purposes ,  were extractc � with 5 cm of  oethyl ene chlori de .  One 

extrect was puri fieG and ass2yed for pl asma testo sterone , the o ther 

extract Has evaporatec down under dry nitrogen and tre nted as fol l ows : 

3 The dried extract was coo led  in iced water anc 0 . 1 5 cw o f  0 . 0 2% 

N aBH4 ( sodium borohydri de ) in wethanol added nns mixeG . After an 

interval o f  f i f teen minutes ten drops  o f  gl 2ci nl acetic were added 

and mixed to de stroy the reagent and stop the reaction. A further 

addition o f  1 .5 cm3 of di sti l leo  water was fol lowed by extraction 
3 with 5 cm o f  methylene chlori de . Thi s second methylene chloride 

extract was purified and assayed for pl asma testosterone . 

2 . 1 4 Gonadotrophin Stimul ation S tudie s  

2 . 1 4 . 1 Pregnant mare serum gonadotrophin stimul ation o f  
androgen secretion 

The experimental animal s were shaved in the region of the j ugul ar 
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vein ( in the neck) to f ac i l i tate b l ood samp l ing . After t aking an 

3 
initinl ( z e ro t ime) b l o o d  samp l e  o f  approxir.1<:te l y  20 cm ( two 

vacut aincr tubes) , 1 0  cm
3 

of PMS G sol ution was inj ected int ravenously 

into the j ugul ar vei n .  Further b l ood samp l e s  were col l ected a t  

given t ime interval s a f t e r  inj ection o f  the PHS G  sol ution,  that i s  

after 1 ,  2 ,  3 and 4 hours . Al l b l o o d  samp l es Here centri fuge d 

inunedi atel y and the p l asma as saye d for testos terone wi thin 24 hours . 

2 . 1 4 . 2 Human chorionic gonado trophin stimul. '"ltion of androgen 

sec ret ion 

The exp erimental sheep we re p rep ared in the s ame way as in 

s e c t i on 2 . 1 4 . 1 .  
3 

The HCG was a dmini s tered 2 s  an 0 . 3  cm intravenous 

3 
inj ection into the j ugul ar vein after the ini t i al 20 cm b l o o d  samp l e  

h a d  been col l ected . Further b l o o d  samples  uere col l ected  a t  interval s 

o f  0 . 5 ,  1 ,  2 and 4 hours a fter a dmini stration of  the HCG . Al l the 

b l o o d  samp l e s  v1e re centri f uge d irmnediately c:.fter  col l ection and the 

p l a sma a s s ayed for testo s t e rone wi thin 24 hou�s ( in mo s t  c a s e s ) . 



Chapter 3 

DISCUSSION OF l'1ETHOD DEVELOP! EPT 

Though the CPD anal ys i s  i s  a faster an� easier techni que than 

o thers avail abl e ,  it requi re s a great deal of trial and error in 

s e t ting the metho d up . l:iany probl ems c an .?.ri se in devel op ing the 

method and the se are discu s s e d  under the rel evant sect ions of the 

me tho d .  Howeve r ,  onc e the t echni que has been s t andardi sed the 

2 1  

opera t i on become s rout ine and very r.:1p i d ,  s <:>mpl c s  bei ng taken through 

the me tho c1 in about 10 - 12 hours . The ma j o r  sect ion o f  thi s the s i s  

,.,ri th r e spect t o  the tine spent o n  it has been the s e t t ing up o f  the 

metho d .  Once thi s had been achieved i t  wa s s imply a mat ter o f  

appl i c at ion t o  the sys tems s tudied.  

3 . 1  S zmpl e Treatment 

Every effort was made to c entri fuge the blood s amp l e s  as soon as 

po s s ib l e after col l ect ion to avo i d  p ro l o nge d contac t wi th the 

erythro cyt e s .  Consequent l y  the s amp l e s  were stored a s  p l a sma 

rather than as who l e  bloo d .  The reason that contac t wi th 

eryt hrocytes is avoi ded is b e c ause of the erythrocyti c  enzyme 

pecul i ar to ruminant s ,  1 7 � -hydroxy-c
1 9 - s teroid dehydrogenas e ,  

L indner ( 1965) . Immedi at e  centri fugation was technical l y  p o s s ibl e 

onl y wi th the gonadotrophin s tu di e s ,  and o ther s amp l e s  were o f ten 
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l eft for a period o f  several hours a s  who l e  b l o o d  b efore centri fugation.  

S inc e the s ampl e s  were hep arini sed no  c l o t t ing o ccurred b ut enzyme 

action may have had some effect . 

Pl asma s amp l e s  ¥Tere nonnal l y  ns saye d wi thin 24 hours o f  

p reparation,  al though occass ional l y  thi s t ime had t o  b e  ext ende d in 

some of the l arger exp eriments t,Thich were l imited by the amount o f  

e quipment avai l abl e .  

3 . 2  Rea sons for Puri f i cat ion o f  Binding Pl c:.sma 

Thi s  s t ep ensure s t hat the maximum number o f  b inding s i tes are 

avai l ab l e  for the b in(ing and displ acement o: testos terone . The 

source of  b inding gl obul in (pl asm<:!) , l a te presnancy human b l oo d ,  i s  

high i n  endogenous stero i ds ( in part icul ar estrogens) as wel l  as 

binding protein.  S ince the b in�ing gl obul in is  no t spec i f i c  for 

testos terone but al so binC:s other s t ero i ds \ -i th the 1 7- o. hydroxyl 

group , for exampl e e s t radiol 1 7  �' the se stero i ds have to be remove d 

before the b inding p l a sma can be used.  The :r,1o s t  prac t ical  metho d 

avai l ab l e  i s  the use o f  charco nl acsorp tion . Thi s  metho d i s  s imp l e  

and effici en t  and i s  b a s e d  on preferent ial a{ sorp tion o f  the stero i ds 

t o  charco al which i s  then r�nove d from the system by centri fugat ion 

and fil tration. The adsorp t i on is has tene d by t rans ient heating of 

0 
the sys tem to  45 C fo r two minute s ,  which al so  speeds the di s soci ation 

o f  the stero i d-protein comp l e x .  Use o f  equol vo l ume s  o f  b inding 

p l asma and charcoal s o l u t ion p rovi des a s tocl� sol ution of puri fied, 

5 0% binding p l asma sol ution .  The mo s t  sui t abl e c oncentration o f  

c harcoal was found t o  b e  4 mg/ crn
3 

in pH 7.8 phosphate buf fer,  

( personal c ommunication - staff o f  the Po s tgraduat e  School o f  

Ob stetrics and Gynaecol o gy ,  National Womens Ho sp i t al , Auckl an�) . 



3 . 3  Dependence o f  Range o f  S tandard Curve on Prepa r a t i on o f  

B i nding Compl ex So l u t i on 
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The metho d  of p reparat i o n  i s s imp l e . A known amount o f  h i gh-

s p ec i f i c -activi ty T-3H i s  e qu i l ibrated with a given d i l ut i on o f  the 

puri f i e d  b inding p l e sma s o l u t i on .  The rel a � ive p ro p o rtion o f  the s e  

govern the shap e and r:mge o f  the s t andard curve . T he s hap e wi l l  

b e  c on s i dere� mo re ful l y  in the next s ec t i on . A su i t abl e r ange i s  

requ i r e d  t o  f i t  t he exp e r iment al me asurements to b e  ma de. The range 

o f  the s t andard curve i s  di r e c t l y  dependent on the di l ution o f  b i nding 

pl a sma . 1\Ti th re fe r�nc e to Maeda et � ( 1 96S ) a 25% s o l ut ion o f  the 

o r i g inal b inding p l asma s o l u t i o n  gives a range o f  0 to 40 ng , whi l e  

an 0 . 5% s o l u t i o n  gives a range o f  0 t o  0 . 6  r:3 . For the purpo s e  o f  

exp e r imental resul t s  i t  H a s  found that a '? '/., s cl u t i on o f  the o r i ginal 

b i ndint:; p l a swn s o l ut ion gave a eoo d  �-1o rk ing curve in t he range 0 to 4 ng ; 

whi c h  was i deel l y  suited to the range in wh1.ch Dea suremen t s  we r e  made . 

3 . 4  Fac tors AffectinE_!he Shape o f  the Stznc2rd Curve 

The f i r s t s t ep in deve l o p ing the s t andar d curve was to sel e c t  a 

me tho d for s ep arat i ng bound and f ree te s to s t erone . After in i t i al 

l i t e r a ture surveys i t  wa s dec i de ci  to fo l l m·1 th12 p ro c e dure o f  Maeda � El 

( 1 969)  and u s e  &�onium sulpha t e  p recip i t a t i o n .  Thi s metho d p rec ip i t at e s  

t h e  p r o t e i n  bound stero i d �  l e aving the free stero i d  i n  s o l ution . I t  

has many advantages in p ar t i cu l ar the e a s e  and sho rt t ime requ i r e d  and 

the ab i l i ty to operate at room t emp e rature . 

The second s t ep �va s  to control the s hape of the s t andard c urve 

over the working range requi r e d .  The shape o f  the s t andard curve 

i s  dep endent on the degree o f  s aturation o r  the b inding s i t e s . 

Early s t andard curves had a f l at ini t i al s ect ion� whe r e  added 

t e s t o s t e rone was oc cupying the s t i l l - avai l ab l e  b inding s i t e s . 
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No e f fective di spl acement wa s occurring until  thes e  s i te s  were 

ful l y  satura t e d .  Ful l  s a t uration p rovi des bet ter di spl ac ement a t  

l ow l evel s o f  added testo s t e rone and can be nchieved by ei ther 

di l uting the b inding pl a sQ� or increasing the amount of radioactive 

t e s t o sterone ( anc the amount of testost erone) , or by s imp l y  a dding 

3 
col d testo�t e rone ( to l ower the effect ive spec i fi c-activity of T- H) . 

S inc e the range of  the s t andard curve i s  directly dependent on the 

di l u t ion of p l a sma , di l ut i on o f  p l asma canno t be used as a variabl e .  

The next al ternat ive was t o  increase the nUQber o f  coun t s ,  however 

the speci fic ac t ivity o f  the T-3H was such that even a 5-fo l d  increase 

in t he number o f  counts di8 no t increase the testo s t erone l evel 

enough to ful l y  s atura te the b inding s i tes . 

The probl em was final l y  solve::.! by addint:; a knmm ar.tount o f  col d 
'l 

t e s t o s terone to  the T- �H b e fo re equi l ibration wi th t he b i nding pl a sma . 

The e f fect of  thi s  was to mo re ful l y  s aturate �he b in ding s i tes  and 

move the curve in Fig 3 . 1 to the corre spondinG p o s i t i on in Fig  3 . 2 ,  

s ucces s ful l y  removing the f l at ini t i al secticn o f  the curve . I t  

vm s found that wi th a 3% binc',ing pl a sma solut ion , app roximatel y 50 , 000 

3 
cpm and Lf ng col d testos terone per en o f  bir,.::ing pl asr.1a sol ution, 

gave a vm rking curve in the range of  0 to  L,. ng of a dded t e s t o s t erone . 

3 . 5  Background to the F inal Extract ion Metho c 

The extraction presente d  few p robl ems in the metho d devel opraent . 

Any p robl ems ari s ing general l y  came as artifacts o f  the ext raction,  

and were not apparent until  l ater in the metho d .  The p rocedure 

used ini t i al l y  was a methyl ene chl or i de extraction, a water wash of 

the extrac t ,  then puri fication by TLC .  When TL C  was imp l i cated as 

the major p rob l em  wi th the b l ank ( se e  section 3 . 8) the metho d was 
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FIG 3. 1 Inferi or S tandard C urve 
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mo di fied to incl ude a NaOH wa s h  b e f o re t h e  '·mter wa sh . The aim o f  

the NaOH wa s h  ��a s to remove mo s t  o f  the estrogens be fore the wat er 

wash and col ��n chromatc graphy . In an e f f o rt to keep t he reagent 

contribution to the b l ank as l ow as p o s s i b l e ,  me thyl ene chl o ri de 

was u s e d  f o r  the ext rac tion i n s t e a d  o f  ether as in nany o ther metho ds , 

3 
nnd the vo l ume was kep t low ( 5cm ) • In a d�i tion the washe s were 

3 
l imi t e d  to 1 cm vo l ur,1e s .  

3 . 6  S t e ro i d  S eparat i on by Chromatography 

3 . 6 . 1  C o l umn chromatogr �phy 

The u s e  o f  a 1 ip ophi l i c  gel , LH- 20 S ephc.��c:� , f o r  separat i ng 

s t ero i c}s by c o l umn chromcto c;raphy i s  a rec ent i nnova t i o n ,  s ome work 

b e ing pub l i s h e d  by Murp hy ( 1 9 70b ) . The u s e  o f  an 8 � int e rnal 

di ameter c o l umn wi th 3 g  o f  LH- 20 S ephadex p rovi de s , n f t e r  swe l l ing, 

a c o l umn app ro xina t e l y  20 ems in l c.mg t h .  Th� gel  w a s  al l owe d to swe l l  

f o r  severa l hours i n  the e l uant ( benz ene : me th6no l 85 : 1 5 )  be f o re the 

co l umns ue re p acke d .  The e l u t i o n  p ro f il e ob tnincd wi th the s e 

sp eci f i c a t i o n s  ( F i g s  3 . 3  an d 3 . 4) p l a c e s  the ma j o r i t y  o f  the 

3 t e s to s t e rone c oming o f f  in the 7 th t o  1 2 th ci·,-: o f  el uant through the 

col umn ,  a f ter the s m�p l e  had been put on.  The s nme p a t t e rn  >va s 

obtaine d �Jhethe r testos terone \-Ta::; a s s ayed by i t s  ab £o rbance at 250 nm 

( Fi g  3 . 3) o r  by counting o f  T-
3

H ( Fi g  3 . 4) .  The sharpe r  e l ut ion 

p rofil e wi th the trace� studi e s  is exp ec t e d  c s  the high spec i f ic 

3 
ac t ivi ty T- H do e s no t overload the co l umn . 

The elution pro f i l e  obtained p e rmi t t ec s ep aration o f  mo re polar 

or  l e s s  pol ar s t ero i ds f rom testo s t e rone . For examp l e ,  p ro ge s t erone 

i s  eluted o f f  by the f i r s t  six cm
3 

o f  e l uant .  The onl y o ther 

s t ero i ds wh i c h  e l ute o ff with te s t o s t e rone in the s econd six cm
3 

of 
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eluant are andro s tenedione and DHEA, nei ther o f  whi ch c an c ause  

s i gni ficant d i s p l acement of  testosterone f rom b inding p ro t ein , 

parti cul arl y at  l evel s l ikely to be  p re s ent . The s tero i ds l ikel y  

to c ause displ ac ement , e s t radiol - 1 7 �  and 5 n -Andro stane-3 n , 1 7 � dial , 

because o f  the i r  1 7 �  hydroxyl group are wel l  separate d  f rom t e s t o s t erone 

because of the i r  greater pol ari ty (both dial s ) , or by NaOH wash ( e s t radi o \ J  

3 . 6 . 2 Thin l ayer chromatography 

Thin l ayer chromato graphy provi de s an e f f i ci ent metho d o f  

sep arating s t ero i ds ,  however,  due to the necess ity for mixture s o f  

o rganic solvent s and re s i due s from the TL C p i ates themselve s ,  a TLC 

s t ep can affect the non-sp eci fic bl ank i n  CPB anal ys i �  Vermeul en � � 

( 1 9 70) . Thi s i s  discu s s e d  mo re ful l y  i n  section 3 . 8  which deal s 

spe c i fical l y  wi th the prob l ems ari s ing wi th the b l ank . Extens i ve 

prepuri fication o f  the TL C pl ates i s  requ i re d  before they can be used 

in CPB anal ys i s .  In thi s research the TLC pl ates  were washed for  

24 hours in  benz ene : ethyl acetate ( 2 : 1 )  b e fore u s e ,  however, thi s di d 

no t l ower the b l ank suf f i c i ently an8 the TLC step was accordingl y 

omi t te d  from the metho d .  

3 . 7  Reasons f o r  the Rec overy Determinations 

In order to  c ompens ate for l o s s e s  o f  testosterone in the early 

3 
stages o f  sampl e p roces s ing a known amount o f  T- H was added t o  

each s ampl e b e f o r e  extrac t ion . One source o f  l o s s  i s  no t 

comp ensated for i n  thi s way . I f  the s amp l e s  are l eft  dry f o r  

t o o  l ong then s ome breakdown o f  testo s t e rone c an occur , and s ince 

the breakdown product s  remain in the system LO di f ference in 

recovery is seen . The net e f fect i s  t o  give a l ower testos te rone 
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l evel than expected b ecause the breakdown of  the testos t e rone i s  

no t al l owed for in the recovery . Thi s p robl em ari s e s  f rom the 

need to evaporate down the samp l e s  at several stages in the metho d, 

p arti cul arly in the l a� t  step b ef o re adcit ion o f  the b inding comp l ex 

'< 
solution (b i nding pl asma-T-�H) . I t  becam� ar-parent when s amp l e s  

were l e f t  t o  evaporate down in a i r �  when they may b e  dry f o r  several 

hours before addi tion of the binding comp l ex s0lution . The effect 

was no t no t i c e d  when '! '.Tapo rati on under dry ni tr ogen \-lClS used  as the 

p roce s s  was more rap i u  and meant onl y a short peri o d  o f  dryness 

before equi l ibration with the binding compl e:c soluti on . 

There was cons i derab l e  vari a t i on in the percentage o f  t racer 

recovered ( 30-80%) . Whi l e  dep endent on severa_ s t ep s  in the 

proce s sine o f  the samp l e  thi s app ears main) �r C:ue to the ini t i al step 

o f  the ext raction. Because of  the l ikel ihoc d of emul s ions fo rming 

care mus t be taken when extrac t ing the pl asm, : samp l e  wi th me thyl ene 

chloride . I t  vms found that a fai rJ. y  vigou:�ous shaking f o r  2 - 3 

minute s  (wi th regul ar rel ease o f  pres sure) w, · s suf f i c i ent to give 

f inal recoveries  o f  the order 60 - 70%. However, smal l vari ation 

in the amount o f  shnking gave markedly di f ferent recoveri e s  in the 

range 30 - 80/ • •  One metho d of avo i ding thi s p�ob l em woul d be the 

use of automatic shaker s ,  but the s e  woul d be :�ather time consuming 

and coul d s t i l l  l ead to emul s i ons . 

3 . 8  Contributin_g Fac tors in the Non-specific "Bl ank" 

Many o f  the probl ems ari sing in CPB metho ds are rel ated to the 

b l ank . For the purp o s e  of  these exp eriment s a "method" bl ank was 

used. Thi s p rovi des an estimation of the amouut of di spl acement 

caused by a b l ank p repared by t reating a pure methyl ene chl ori de 
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cont rol i dent i c al l y  to the me thyl er.::: chl o r i d e  extract o f  the s amp l e s . 

S ev eral fac t o r s  c an contribute to the b l ank , such as solvent , 

reagents and p reparat ion o f  gl assware and ndsorbent s .  The contribution 

from TLC -vm s such that thi � s t ep in the pur i f i c ation hnd to be omi t t e d .  

Fo r e xmnp l E: ,  ''rh e n  t-v1o e quival ent s ar:�pl e s  o f  tJ l c. r.I:lLl we re extrac t e d a ne! 

the f i r s t  puri f i e d  with TL C and CC , the second onl y with CC the 

re s ul ting bl <mks were : v:i th TL C 5 . 9 2 5ng , •-ri_ tho ut TL C 0 . 3 2ng . 

The contribution o f  TL C to the bl.:mk i s  obvir, us anc though a s irai l ar 

contribu t i o�1 to the snnp l c  mi ght b e e xp e c t C! d 1  using TLC mu s t  l e a d  to 

inaccurac i e s . TL C k.:l S o r i gi nd l y  int ende c to sep arat e andro st enedione 

and DHEA from t e s to s t erone , an<� a f t er c on s i ri e r- i.ng the imp l i c a t i o n s  o f  

the i r  l evel s i n  p l a sma anc1 e f f e c t s  on d i spl ncement o f  t e s t o s t e rone , the 

TL C s t ep 'iv-as omi t t e d ,  p rovi ding a much l m;er bl ank . 

Ano ther earl y p rob l em 'Hl:ich aro s e  >-ms ::l1e snc:l l di f f e r ence s  

b e tween the b l .::nl� and the s ::.;mp l •:.! S . Thi s g��e r i s e to a great deal 

of inaccurc-�cy nnC. \vn s overcorue by incrc a s i .1�: the s ar:1p l c  s i z e .  I n  the 
" 

e n r l y  e�cp c:dncn t s  n sm,tp l c  vo l ume o f  O . S  er:/ p l n sna >-m s u s e d ,  b u t  a f t e r  

several experiments i t  � m s  found that a nuch hi3her S <mlp l e vo l ume �va s  

requ i re d  to g e t  e s i gni f i c ant dif f erenc e  betwee� the b l ank an d the 

s aup l e s .  The s e..'tlp l c  vo l ume found t o  b e  rao s t  s a t i s factory, b o t h  in 

terms o f  col l ec t ion an' , hcmul ing, wc s a 5 er} vo l t.nne . However , thi s 

coul d be var i a 0  s l i ght l y  depending on the vo l ume avail ab l e .  

3 
Nonnal l y  a s amp l e  vo l ume o f  q or 5 cw u s e d .  

The rel at ive cont rib u t i o n  o f  s o l vent re s i cue s ( redi st i l l ed) 

to the bl ank i s  summari:.:e,l by Venueul cn � al. ( 1970) . Of the 

solvents t e s t e d  nethyl ene chl ori de had o ne of the l owe s t  value s and 

wa s ac co rdingl y u s e d  for the extraction . A ful l er di scus s ion o f  

some aspects o f  the b l ank prob l em i s  p rovi de 0 by Venneul e n .  



3 . 9  Devel opment o f  the Andro stenedi one As s ay 

A metho� for det e rmination o f  pl asma androstenedione was 

devi s e d  from the t e s t o s terone as s ay by ut i l i s ing the conversion o f  

andro s tene dione to t e s tost erone . Hi th re ference to Uo shang � .!!. 

( 1 9 70)  the conversion was carr i e d  cut by bo rohydri de re duc tion o f  
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the dri e d  methyl ene chl o ri de ext ract before ruri f ication and as say . 

The el eva t ion o f  t e s t o s terone l evel fol l owine the convers ion was 

measure d by determining the p l a sma testo s t erone l evel s before and 

after re duction, the i ncrease b e ing due to tt3 andro s t ene dione 

convert e d  to testo s t e rone . 

The spec i f icity o f  the bo rohydri de reduc t ion in hydroxyl ating 

the 1 7-keto croup p rovi ·ies the b a s i s  for an 2ccurate me asurement o f  

andro s t enedione , any o ther compounds l ikely t o  interfere w·ith the 

competi t ive protein binding di spl acement be ing remove d in the 

puri fication step s  f ol l owing the reduction.  

3 . 10 Determinat ion o f  Do se L evel and S ru�pl ing T ime s for 

Gonadotrophin S tudi es  

3 . 10 . 1 Act ion o f  pregnant mare serum gona co trophin 

The do se rate was det ermined by fol l owins Lindner ( 1969) . 

Lindner uses  a do se o f  PHS G rep re senting 1 1  l U/l�g FSH-l ike ac tivity 

3 
and 2 lU/kg LH ac t ivi t y ,  admini s tered in a 1 0  cm intravenous 

injection to an immature cal f . I t  was a ss ��e d  that the act ivi ty 

exp re s s e d  by Sigma a s  "10, 000 l U" i s  the comb i ned FSH-l ike and 

LH-l ike activi ty, and that the p roportions o f  the two components 

are of the order exp re s sed by L indner, that is 2 lU LH activi ty and 

11 l U  FSH-l ike ac tivi ty in every 1 3 lU. 



30 

Us ing thi s a s sumption and the evi dence of Lindner the �iSG 

3 
S wl71p l e  o f  " 1 0 , 000 lU" nade up in the sal ine solution to give 50 lU/cm , 

that i s ,  
3 

so a 10 cm sol ution contained 500 l U .  Admini s t ration of  

a 10  cm
3 

intrav enous inj ection to a 50 kl; r am  vmul d t hen b e  equival ent 

to a do se o f  10 lU/kg. 

The s anp l i ng time s we r e  mo del l e d on the Hork by L indner ( 1969)  

on the immature cal f .  S ince thes e  exp e riment s p erforoed on  mature 

rams the response i s  expected to be nor e  pronounced and Lindner ' s 

samp l ing time s ,  o f  z ero time and 45 minute s  nfter inj ection, ext ended 

to hourly s amp l ing for a four hour peri o d  after the i ni t i al s amp l e  

ancl inj ection o f  PMSG. 

3 . 1 0 . 2  Action o f  human cho rionic gonadotrophin 

Again the do se rate cetennine d by fol l o-vling L i ndner ( 1969) . 

In thi s case the do s e  rate u s e �  in the four species s tudi e d  

( incl ucline rams ) \vn s  2 c; - .J lU/lcg . S ince the prep nre c HCG solut ion 

contains 500 1U/cm3 i t  "ms c'.ec i ded to acl:lini s ter a do s e  o f  150 l U  as 

an 0 . 3  cu
3 

intravenous inj ec t i on ,  so that 2 50 kg rrum woul d receive 

a do se o f  � lU/ks.  

The sampl ing time s were mo del l e d  o n  L incner ( 1969) , who studied 

the ac t ion of  HCG on the mD t ure bul l . The response "ith HCG i s  

expected  t o  be more rap ic than wi th �1SG (because o f  i t s  mo re 

spec i f i c  action) , hence s amp l ing t ime s o f  0 . 5 , 1, 2 and 4 hours 

after initial s amp l e  anC: HCG injection used.  The s e  t imes were 

based on the PMSG studies and the 0 ,  25 , 45 and 90 minute sampl i ng 

t ime s o f  Lindner .  
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E XPE RIHENTAL AND RE SULT S  

4 . 1  Characteri z at ion o f  Compe t i t ive Pro t e in Binding Netho d 

B e fore any exp eriment al metho d  can be usec i t  mus t  first be 

3 1 

tested  for accuracy and rep ro duc eabil i ty .  Thi s involve s  estimat ing 

the recovery o f  a dde d stero i d ,  checking the e ffects o f  al iquo t s i z e s  

for t he standard curve and inve s t igating the stati s tical signi ficance 

of me asurement s made wi th the metho d .  

4 . 1 . 1  Recovery o f  adde d te s to s terone 

Two dupl icate 0 . 5  cm
3 p l asma samp l es were p l aced in a 50 cm

3 

separat ing funnel and T- 3
H a dded to both in t racer amounts for recovery 

purpo s e s . Samp l e  � was ext racted wi thout further a ddi t ion, whil e 

samp l e �  had 8 ng o f  col d testo s terone adde d to it before extrac tion . 

Both s amp l e s  were then proce s se d  and a s s aye d fo r te sto s t erone . The 

l eve l s  of plasma t e s t o s t erone ob taine d were : 

A = 
3 

0 . 425 �g/ 100 cm , B = 1 .  79 �g/ 1 00 
3 

cm 

3 
Thi s  means that an increase o f  1 . 265 �g/ 100 cm of  pl a sma testo s t erone . 

Now 8 ng o f  co l d  

3 
1 . 6  �g/ 100 cm • 

3 
t e s t o s t e rone a dde d to 0 . 5  cm o f  pl a sma represents 

3 
S ince the experiment has detected 1 . 265 �g/ 1 00 cm 

of  added testoste rone , t hen 7 9% o f  testo s t e rone adde d has been 

recovered. 



I t  mus t  be noted that for the main body o f  the experimental 

work samp l e  s i zes o f  5 cm
3 

rather than 0 . 5  c;} were used, and the 
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s t andard curve was bet ter devel op e d  ( the ini t i al f l a t  region remove d) . 

S ince thi s recovery exp eriment was carri ed o ut be fore the s e  mo di ficat ion>. 

were incorp o rated,  the ac tual recovery may p robab l y  have been better 

than that shmm in the experiment ( s ee sect ion 4- . 1 . 4) .  

4 . 1 .  2 Check on al iguo t s i z e  for the stan :ar c  curve 

Thi s  is neces sary to  confir.n that the al i quo t s i z e  for the 

s t andard curve is no t a f fect ing the measurerac::nt of pl asma testo s terone . 

I t  i s  re l a tec1 to the fac t that the assay "bl ank" e f fect may vary �·Tith 

�if ferent al i quo t s i z e s . 1 .  0 2  3 ' 0 4  
3 1 '  f Dup l.Cete • cm an:.: • cm a 1 quo t s  o a 

2 . 0 cm3 sol ution of  p ro c e s s e d  rar.1 p l asma (Br20) were a s s ay(, d  for 

< 3 
t e stosterone al ong wi th 0 . 2  cm_, and 0 . 4  cm bl anks . 

') 

The p l a sma 

testost erone l evel s ob t ained were : Fo r the 0 . 2  cm.J samp l e  0 . 0 79 
� 3 3 f.!. g/ 100 cm-\ anc fo r the 0 . 4  cm s amp l e  0 . 087 lJ.g/ 100 cr,1 • The s e  

re sul t s  give a mean o f  0 . 0�3 �/ 100 �m3 and � s t andard deviation o f  

0 . 004 ll g/ 100 3 
cm • Th.:! dif ference b e tween s mnp l e s  i s  very smal l ,  so 

it can be as sune 0 that the al i quo t s i z e  i s  no t affecting the overal l 

p l asma testo s t erone l evel . However, for the sake o f  uni formity, a 

0 . 2  cm
3 

al i quo t s i z e  from a 1 . 0 cm
3 

sol ution was used in all  assays . 

4 . 1 . 3  Repro duceabil i ty o f  s ampl e s  

The variation i n  p l a sma testo s terone l evel s between as s ays o f  

s amp l e s  from the same animal was determined.  U sing the val ue s for  

ram Br20 obtained in di f f erent a s s ays , the fol l owing data  was obtaine d :  

E xperiment A ( 20 / 7 / 7 1 )  0 . 083 llg/ 100 
3 

cm ; exp e r iment B ( 28 / 7 / 7 1) 

0 . 085 tJ.g/ 100 
3 cm ; 3 

and e xp eriment C ( 10/9/ 7 1 )  0 . 091 f.!. g/ 100 cm • 
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Thes e  three independent determinations o f  p l csma tes to s terone for 

3 
r&u Br20 give a mean 0 . 0863 �g/ 100 cm and n s tandard deviation o f  

3 
0 . 00 346 �g/ 100 cm • These resul t s  are in goo c agreement , and t aking 

into consi deration the clo sene s s  o f  the two 6-c terminations that were 

3 
onl y a week ap art , that i s  0 . 083 and 0 . 0 85 �g/ 100 cm , the rep ro duc e-

ab i l i ty is shown to be fairly accurate . The higher l evel ob t aine d 

3 
after an interval o f  s i x  weeks ( 0 . 09 1  �/ 100 c� ) coul d easily b e  

exp l ained b y  vari ation i n  diet  and behaviour . 

4 . 1 . 4 Recovery o f  adde d  andro stene dione 

3 3 
Two dupl icate  5 cm p l asma s&up l es were pl ace d  i n  50 cm sep arat ing 

funne l s .  
3 

To the first s amp l e tracer T - H a jde d for recovery, whil e  to 

3 
the second the recovery tracer T- H � 3 ng o f  col d  andro s tenedione 

adde d . Both s amp l es were s ub j ected to bo rohydri ue reduc tion and 

sub s e quent assay for pl asma t e s t o s terone . The re sul t ing values fo r 

pl asma testo stero ne give �� the pl asma testost erone p l u s  andro s t ene dione 

befo re addition o f  col d andro s tenedione and �' the p l a sma testo s t erone 

p l us andro stenedione after addi t ion of col d andro s tenedi one . The 

val ue s ob t:1ine d: A = 0 . 066 � g/ 100 cm
3 

am� B = 0 . 1 2 3  1-Lg/ 100 
3 cm 

give an increase o f  0 . 057 � g/ 100 cm3 , whi ch i s  due to the added col d 

andro s tenedione . 
3 

Thi s increase i s  equival ent to 2 . 85 ng/ 5  cm p l a sma , 

3 
that i s ,  since 3 ng/ 5  cm o f  col d  andro s tenedione was actual l y  a dded, 

then 95% of  adde d  andro stenedione had been recovere d .  A further 

te st gave an average recovery o f  2 . 80 ng, that i s  9 3% .  

Compari son o f  thi s  recovery with tha t  f o r  added te s to s te rone 

( section 4. 1 . 1 ) s hows a marke d improvement, probab l y  due to the 

inc re as e d  accuracy with the l a rger s ampl e s i z e  and improved s tandard 

curve . 



4 . 2  Determinat ion o f  Pl asma Testosterone 
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The p l asma testo s t e rone l evel s \'lere determine d in four different 

group s of sheep , di stineuishec b o th geneticel l y  and physiol o gical l y .  

The four groups (normal ewe s , Kl inefel ter rClr:ls , freemartin sheep and 

no rmal rams) provi de a spectrum o f  cl inical con�i tions for studying 

p l asma testo sterone . 

4 . 2 . 1  Normal ev1e s 

The p l asma testo st erone l evel s for s i x  no rmal cv1e s were determineC: . 

3 3 5 cm s amp l e s  from each ewe t-Tere proces sed an( resuspendec in 1 . 0  cm 

o f  methano l .  0 . 2 3 dupl icates  were then e s s aye d for p l a sma cm 

testostero ne . The re sul ts ob tained from the indivi dual ewe s we re : 

Ewe I 0 . 049 11g/ 100 
3 cm 
') 

I I  0 . 0 3 9  11 g/ 100 
...J 

cm 

I l l  0 . 1 1 5  11g/ 100 3 cm 

IV 0 . 04 2 118/ 100 
3 

cm 

V 0 . 0 59 11g/ 100 
3 

cm 

VI 0 . 05 8  11g/ 100 3 cr.1 

These resul ts  give of 0 . 060 11 g/ 100 cr.1 
3 

a s t andard deviation a mean , 

o f  0 . 025 11g/ 100 cm3 and a range o f  0 . 039 to 0 . 1 15 118/ 100 cm3 , for a 

test  popul ation o f  six . 

4 . 2 . 2  Kl ine fel ter r�s 

The p l asma testo s t erone l evel s for f ive o f  the s ix Kl inefel ter 

rams were de termined.  3 4 cm p l a sma samp l e s  f rom each ram were 
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proce s sed and a s s aye d for testo sterone . Re sult ing l evel s were: 

Ram 1 8  0 . 0 7 6  }l g/ 100 
3 

Br cm 

20 0 . 0 85 ).L g/ 100 
3 

Br CD 

Br A1 14 0 . 0 75 ).L g/ 100 
3 cm 

Br 1 30 0 . 109 ).L g/ 100 
3 

cm 

Br 1 8 2  0 . 0 7 4  ll g/ 100 
3 

cm 

'{ 
The s e  re sul ts  give a mean o f  0 . 0 84 ).Lg/ 100 CT.l ' a st andard devi ation 

o f  0 . 0 1 36 ).Lg/ 1 00 cm 
3 

and a o f  0 . 0 74 0 . 109 ).Lg/ 100 
3 

range to cm • 

�: The l evel of the s ixth K.l inefel ter rmn, Br 146 , obtained 

f rom the p reinfusion l evel i n  the HCG s tudie s 1vas found to be 

3 0 . 0 7 2 ).Lg/ 100 cm • Thi s val ue i s  in c l o se agreement (wi thin one 

s t andard deviation) wi th the mean obtained for the group o f  five . 

It  i s  onl y l ef t  out o f  the group to show thc:t <m in depenC:ent 

me a surement o f  a Kl inefel t e r  rnr.1 f i t s  in t-ri th the raean obt ained for 

the group . I f  the val ue for Br 1 46 i s  incl uced in the group the 

mean and stancard deviation change s l i ghtly to 0 . 0 8 3  ).1.8/ 100 cm
3 

and 

0 . 0 1 3  ).Lg/ 100 cm
3 

respective l y ,  for a test popul ation of s i x .  

4 . 2 . 3  Freem2rtin sheep 

The pl asma testo sterone l evel s for five f reemartin sheep were 

3 
ob t ained by p roces s ing and assaying 4 cm saBples  o f  p l a sma . The 

resul ting l eve l s were : 

Sheep No . 14 0 . 064 ).Lg/ 100 
3 

cm 

144 0 . 10 7  ll g/ 100 
3 

cm 

1 9 7  0 . 05 6  ll g/ 100 
3 cm 

198 0 . 200 tJ. g/ 100 3 cm 

196 0 . 06 7  tJ. g / 100 
3 cm 
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The s e  re sul t s  g ive a mean o f  0 . 09 8  �g/ 100 
3 cm ' a s t andard dev i a t i on 

3 3 
o f  0 . 0 5 3  �g / 1 00 cm , and a range o f  0 . 0 5 6  to J . 200 �g/ 100 cm , f o r  a 

t e s t  p o pul a t ion o f  five . 

4 . 2 . 4  No rmal rams 

The p l asma t e s to s t e rone l evel s of s i x  no rmal rams were de termined 

3 
by p ro c e s s ing and a s s aying 5 cm s amp l e s o f  p l a sma . The resul t ing 

l eve l s were : 

Ram No . 1 2  0 . 1 1 0  �g / 1 0 0  3 cm 

2 4  0 . 1 70 �g / 1 00 
3 

cm 

5 3  0 . 250 �g/ 1 00 
3 

cm 

7 4  0 . 200 �g / 1 00 
3 

cm 

7 6  0 . 290 �g/ 1 00 
3 C!i: 

7 7  o .  2 1 1  �g/ 1 0 0  
3 Cr:l 

') 
The se f i gure s give a mean o f  0 . 205 � g / 100 er,;-' ,  a s t andard dev i a t i on 

o f  0 . 05 7  �g/ 1 00 
3 

and range of 0 . 1 10 
3 

for a ern <! to 0 . 290 �g/ 100 cm , 

test p opul ation o f  s i x .  

Ano ther normal ram ( R25 3 )  a s s ayed indep endent l y  gave a value o f  

0 . 24 �g/ 100 cm
3 

whi ch i s  wi thin one s t andard deviation o f  the me an 

ob t ained for the group o f  s i x .  

4 . 3 Ac ti on o f  Pregnant Hare Serum Gonado trophin 

The act i on o f  PMSG in s t imul ating andro gen secre t i on 'va s s tu di e d  

in one normal ram ( R285) and one Kl ine fe l t e r  r am  (Br146 ) . The 

t ime d s amp l e s  were p ro ce s s e d  and as s ayed for p l a�a t e s t o s t erone , 

the re sul t s  be ing e xp r e s s e d  in t ab l e  4 . 1 .  
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T ab l e  4 . 1 

Re sponse t o  PliSG S t imul ation 

T ime ( hours ) 0 1 2 3 4 

Plasae Nomal ( R2 B 5 )  o . o ao o . os4 o . o 4 7  o . o 9 6  0 . 1 2 1  

t e s t o s t e rone 1 

( I 
1 I Kl i nefel t e r  ( 3 r 1 lf6 ) 0 . 0 60 0 . 0 5 1  0 . 0 4 7  0 . 0 7 6 0 . 0 8f. tJ.g 1 00 Cl:l-- ) 

Onl y  one t r i al wa s per fo rme d  vli th PliSG s ince i t  i s  no t as spec i f i c  

a s  HCG i n  s t inul a t ing androgen p ro duc t i on . The re sul t ant s t imul a t i ons 

are p l o t t c �  zgain s t t ime i n  f i gure 4 .1 . 

L: . •  Lf i.c t i on o f  Hur.1e.n Cho r i o ni c Gona do t roph in 

The e f fe c t  of HCG was s tu d i e �  wi th r e sp e c t  to bo t h  the natural l y  

o ccur ri ng Qndro gen s ,  ( t e s to s t e rone and Gndro s t cncdione ) .  

4 . 4 . 1 2 f f e c t  o f  h1.1!".1an cho r i o n i c go nado t rophin o n  pl a sma t e s t o s t e rone 

The c: c t i o n  o f  HCG \vas s t u di c c� in two nonnd r mns : R25 3 and 

R195 / 6 9 ; anG in three Kl i ne f e l t e r  raos : B r20 , n r 1 46 and B r 1 8 2  ( twi ce) . 

S amp l e s  t aken at 0 . 5 ,  1 ,  2 and L�. hour i n t e rval s a f t e r  i nfus ion o f  HCG 

we re p r o c e s s e 8  and a s s aye G for p l asma t e s to s terone , al ong wi th a 

p r e i n fu s ion contro l . The resul t s  are summarized i n  t ab l e  4 . 2 .  



Tab l e  4 . 2 

Re sponse to HCG S t imul a t i o n  ( te s t o s t erone ) 

l' L:.1e ( hour s )  0 0 . 5 

No rr.1al ( R25 3 ) *  0 . 135  

Uon-:1�1 ( ':'..1 9 �  /6 s )fo 0 . 1 2 0  0 . 1 1 7 

PlaSE1C. 
ICl ine f el t e r  (Br1L;6) 0 . 0 7 2  0 . 0 7 7  

t e s t o s t e rone 

( 1-Lg/ 100 
:J Cr!l ) Kl i ne fel t e r  Ur1:' 2a) 0 . 0 5 6  O . G 7 C  

K l  i ne :f e l  t e r  (3r 1 � 2b) 0 . 0 60 O . O ' Y  

K l  irw fel  ter (Br20) 0 . 0 9 1  0 . 1 L:-3 

* the z e ro t i;-:1e ( p r e i n fu s i on) s nnp l e  \Ia s  l o s t .  

1 

0 . 2 1 

0 . 1 1 2  

0 . 1 4 1 

0 . 0 2 1 

0 . 099 

o . 204 

2 

0 . 31 2  

0 . 2 1 5  

0 . 1 9 6  

0 . 0 83 

0 . 0 7 8 

0 . 20 n 

f the HCG >Jas no t i n j ec t c c:  intraveno u s l y  ( s ec s e c t i o n  5 . 5 . 2 ) . 

The s e  r e s ul t s  are graphe c in f i gure 4 . 2 .  
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L:. 

0 . 2 2 7 

0 .  6 1 L:. 

0 . 1 3l:. 

0 . 0(3{;. 

0 . 0 39 

0 . 2 26 

E f fect o f  hunan cho r i o n i c  gonado t rophin on pl csm2 anGro s t ene dione 

The <:ct ion of HCG on p l a sma <mdro s t ene d i o ne \va s  s tudi e d  s imul t aneous l y  

with p l a sma t e s t o s t e ro ne i n  one no nnal r am  ( R1 9 5 / 6 9 )  and one Kl ine fel ter 

ram ( B r 1 8 2b ) . D i th re fe renc e t o  s ec t i on 2 . 1 . 3 the andro s t enedione was 

a s s aye d by conve r s i on t o  te s to s t erone by bo rohydri de re duc tion and 

sub sequent detennination of the increase in t e s to s terone . The resul t s  

are s�aarized in t ab l e  4 . 3 .  
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The se resul t s  are grephc� i n  f i &ure 4 . 3 

0 . 5 1 

0 . 0 [. 7 0 . 048 

0 . 0 3 1 0 . 0 2 2  

39 
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o . oss 

0 . 004 

No t e : lTo ��e t e c t ub l e l eve l o f  andro s t ene ci onc 2 f t c r  four hour s , 

L;. 

prob&� l 'l  Juc to the l eve l s f al l ing �elou the sens i t iv i ty o f  the metho d .  

I 
I 
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5 . 1 A s s ay Metho �  

Chapt e r  5 

D I S CU S S I ON 

The dcvel opnent o f  the �e tho rl ha s been d i s c u s s e d  ful l y  in 

40 

Chap t e r 3 .  Hm·reve r , a b r i e f  c'c s c ri p t i o n  o f  bl ank l evel s ,  p rec i s i o n ,  

accurncy 1:m: s en s i t i v i t y ,  a s  conp c r e cl to o t her me tho ds , gives further 

i n s i ght into the metho d u s e � i n  thi s re s e arch .  

5 . 1 . 1  .Bl enk 
-

The h i ehe s t  !:JL :nks do cu:-.<ent e -' in CPB t echni .::_ues in u s e  f o r  

p l .:u;mn t e s t o s t e rone a s s �y s  ,·1 re tho s e  b y  Au;;u s t  � al ( 1 9 6 9 )  

3 3 ( 0 . 1 3  ± 0 . 0 -� np, / cD ) ::nd Keto <m· � Horton ( 1 9 6 B) ( 0 . 2 1  ± 0 . 1 6 ng/ cm ) .  

l.!any o f  the ne thoc1 s  tenci t o  re�an: bl ank s  r a ther vc.guel y , Naye s anc� 

Nugent ( 1 963) tvhi l e  qua l i fying tnnt the i r water bl ank i s  very l oH do 

no t subtrc.ct i t  f rom the i r  s ar:1p l e s , and He.eda et d ( 1 969) �!o e s  no t 

even mention a bl ank . The bl cnk equival ent in the p re s ent e xp e r iment s 

3 
t·la s o f  the o r c e r  0 . 10 ± O . Olf ng/cm , whi c h  though an imp rovement on 

tho s e  pr ev i ou s l y ment ioned, i s  s t i l l rather high . Hmveve r ,  the 

a s s ay vlaS devel op e d  t-li thin a l imi t e d  t ime , and the b l ank coul d 

pos sibly have been reduced i f  more t i8e had been ava i l abl e .  

I t  has been n o t e d  b y  Barden �nd L i p s e t t  ( 1967) that the b l ank 

i s  rel ated to p l a sma vo l ume anc recovery. The bl ank is l owe re d, 
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nl though no t l inenrl y ,  wit h  l .:lrger p l n sn� vol une s ;:>.ne.'. inc reased 

re coveri es . This e ffec t  �.;n s not e c� 1:hen the s �rap l c  vo l ur:J.e wns 

3 3 i ncre c:: s C' �� froa 0 .  5 c1;1 to 5 era • !mo ther L<.!ctor Hhi ch c oul d have 

b een contr ibut ing to the v nrietion in the b l ank was the di s t i l l e d  

v.reter u s e c�  t o  wash the uethyl enc chl o r i de ext r ac t . This was one 

o f  the fe•·J v.::!rinb l. c s  in the cw s ay and coul c': al so h ave been 

cont:dbut inz to the l-:i zh b l anks ob t cine c.� , a s  ;:: s ini l nr effe c t  of 

c: i s t i l l e cl  ��<. t e r on CF:U b l nnks has b e en ob servec.' ( p ersonnl 

commun i c n t i on - s t n f f  o f  the Po s t srnduntc S chool o f  Ob s t e t rics nnu 

Gynaecol ogy , National i:Jonen s Ho s p i t al , AuckL m d) . The c.is til l e c1 

wa t er wn s no t ::;l c.::: s r:�i s t i l l e :' ,  .::ne'. un s s to re d �ne pip e d  to the 

l ::bo rato ry . P e rhap s any cont ri but i on to the bl ank f rom the 

C i s t i l l c l! \•T<: t C ::  COUl 1 be r e ·-�uc e ci by USin� g l c: S S  di s t i l l e r� ,  ceion i z e d  

Fat e r .  

Since the ma i n  i n t e r e s t  o f  the exp e riment s l 2.y i n  the comp arison 

b etFeen the p l c: s1:�n tes t o s t e rone l evel s o f  the c l in i c a l  group s , r.::Jthcr 

t h::-.n the exact l evel s ,  t h e  bl .:mk ,�i C:. no t p ro duc e  2 :nnj o r  p robl em , 

thou3h i t  mu s t  be no t e c  t�1nt i t  nay hnve l e d to s l i�ht disc repancies 

in the re sul t s . 

5 . 1 .  2 Preci s ion an� accuracy 

Preci sion nnc nccuracy are dc fine c  by Dicz fal u s y  ( 1 9 5 7 )  ns 

v.:u:i.:1tion within rep l ic a te ::: nnd c l o s ene s s  of rt1easurement s  to the 

t rue vnlue s re spective l y .  In the s e  experiments the prec i s i on for 

three s ?mp l e s  from one ram ( Br20) gave a vari etion of ± 0 . 00 346 

3 � 
tJg/ 100 cr.< f ror.1 the r1ean o f  0 . 0 863 lJ.g/ 100 cr:1.; , that i s  a v�riation 

Hi th respect to the accuracy , a s s ey of a dde d t e s t o s t e rone 

gave a 79% r ecovery , whi l e  two a s s ay s  of acde,l andro s t enedione gave 
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9 3% and 95% recoveri e s . I t  mus t  be noted that the t e s t o s t erone 

exp e riment llas carri ed out in the e arl y stag� s of metho d de7el opment , 

when a smel l scrrap l e  s i z e  ( 0 . 5 c,:;
3

) and inferior s t nnr:ard curve 

( an ini t i d  fl nt reeion) uere b eing us e tl . The recoveri e s  wi th 

3 
andro stenecione are l.<i th a smnp l e  s i z e  o f  5 cm 2nc the imp roved 

s t anc�rc! curve ( see s e c t i o n  3 . 4.) . Hhi l e  thi s eccuracy i s  no t 

exceptional i t  i s  suf f i cient fo r the se experiments .  

5 . 1 .  3 Sen s i t ivi ty 

Sensit ivity i s  rle fined L\ S  the smal l e st <n.uount vlhich di f fers 

s i cn i ficantl y f rom z e ro . In the s e  exp eriments the bl cnk range J 

f roD 0 . 3  to 0 . 6 ng .a spL :: c ement C ·:jui·Jnl ent on the s t .:m dard curve . 

The l oue st . � i fference b etv!cen b i nnk <:me! samp l e  us e · �  v?a s 0 . 3  ng , that 

i s ,  a 50 - 100% incre a s e  over the bl ank . Thi s g�ve s Q sen s i t ivity 

o f  0 . 3 ng cmc: conse �u,�nt l y  no v1.1lues Here '�e termined f o r  s a.11p l e s  

showing l e s ::; than n 5�% increase over the ol ank . 

S . l . L;  Al i quo t size  for the st <:mcnrc.: curve 

Bec�use of the P. f fcct o f  the non- speci fic bl anlc , the increase in 

b l cmk cause-�: by increa s ing the nl i -:-;uot s i z e  I!lay no t be l ine ar . In 

t he s e  experiment s the clet e rminnt ion o f  the same srunp l e , us ing di f ferent 

3 
al i quo t s i z e s , gave .::1 ne an o f  0 . 083 �g/ 1 00 cm anc! a s t andcrc: devintion 

3 
o f  0 . 004. ').l.g/ 100 cm • The val ues obtained nre suffic ient l y  c l o se to 

al l ow the a s sump t i on that the rel at i o nship is l i near to ho l d  for 

the s e  experiment s .  To al l eviete the ituportance o f  thi s as sumpt ion 

the s ame al i quo t sizC' �•as usec1 f o r  nl l the samp l e s  3nd b l anks 

detennine d. 



5 . 2  Pl � smn T e s t o s t erone L eve l s 

Four c l i n i c al group s o f  sheep were s tudi e d  

Kl in e fe l t er rc.ms , fre ema r t i n sheep anc: no nnal rams . 

normal e;.;e s ,  

The means and 

s t an �ard cl evi a t i ons f o r  the group s  p l a sma t e s t o s t erone l evel s we re :  

nom.al 0 . 060 + 0 . 0 2 5  ').J.g/ 1 00 3 
(N 6) C\'lC S cm = 

') 
Kl ine fe l t e r  0 . 0 8 3  + 0 . 0 1 3  w:;/ 100 

� (N 5) rams cm = 

Freemar t i n  sheep 0 . 090 + 0 . 053  w:) 100 
3 

( N  5 )  cm = 

tlo nnnl 0 . 205 + 0 . 0 5 7  ).l.g/ 100 3 (N 6)  rams cm = 

The ci s t ribution for each e rou� i s  p l o t t e d  in f i gure 5.1. 

I t  c an b e  s een fron the s e  re sul t s  th2t the normal ewes and 

Kl i n e f c l ter r<.'.Els !:l o th p rovi c:e fairly conp ac t group s ( l ow s t an dard 
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dev i c.tion s )  Hhi l e  the freemn rtins an._: no :rnal ::..·a'7ls shm-1 so re dive r s i t y 

(higher s t 2n �arJ 1evi at ions ) . The no mal e1.-1C s  shm-1ed l i t tl e var i at ion 

in l evel s ,  in f.:::c t ,  :1p art from one eHe �;i th a � l a sma t e s t o s t e rone l evel 

of 0 . 1 1 5  f.l. g/ 100 cm3 they l i e in a r nnr;e of 0 . 8 2 \lg/ 100 cm
3 

( 0 . 039 to 

') 
0 . 0 59 ).l.g/ 1 00 cmJ) . The Kl i n e f e l t e r s  are even mo re uni f o rm ,  ap art 

3 from one ram with <1 l evel o f  0 . 109 ').J. g/ 100 cm , they l i e in a range o f  

0 . 0 1 3  ).l.g/ 100 cu3 ( 0 . 0 7 2  t o  O . O C5 'llg/ 100 cm
3

) .  

No re vari at i on i s  app a rent wi th t he freemar tins , a s  s e en by the 

h i gh s t andar d dev i a t i on ( 0 . 05 3  'll g/ 100 cm3) , but thi s i s  probab l y  

exp e c t e d  ( s e e  s e c t i on 5 . 3 .1) . The no rr,·,al rnr.1s shm·1 a very wi de 

sp r e a d  with the i r  high s t andarc deviation ( 0 . 05 7  ;1g/ 100 cn
3

) .  The 

normal rans shm-1 an almo s t  p at t e rned sp read f rom the cal cul ated mean, 

o ccurri ng at fairly evenly s p aced interval s from 0 . 1 1 0  t o  0 . 290 

').J. g/ 100 3 
cm • The renson f o r  the �·1i de spread with the normal ram 

p l asma tes t o s t erone l evel s is unc er t ai n ,  s ince they were all kep t 

un der the s ame condi tions i t canno t b e  attributed t o  the di e t . 
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Unfortun.!!tel y no real c onp ar i s on \Ji th o ther �vo rk i s  p o s s ib l e 

as the onl y clocumente( l evel s o f  t e s to s t erone in sheep have been fo r 

s p e r1.1a t i c  v e i n  b l oo d  (L indner , 1 963) . The l evel s i n p e r i phe r�l 

b l o o C  <·Te re shovm t o  b e  b el ow the l imi t s  o f  s ens i t ivi ty o f  L i ndner ' 5 

e s s ay me tho � an� hi e onl y ment ion o f  p e� i pher2l pl a sma l eve l s wa s 

tb::t they e�re l e s s  than 1 . 5  ).J.g/ 100 er} . However , i t  i s  s i gni f i c ant 

that the rat io o f  the neans f o r  no n,1nl mal e s  to no r:-:1al fcmn l e s  o f  

3 to 4 f o r  sheep , founc' in the se c�:p erir.1ent s , i s  si;-:1i l nr t o  that 

founc: in hura.ans . 

5 . 3 Re l Q t i on o f  Pl a sma Tes to s t e rone to the Cl inical Syndrome 

In ['_ .:c' i t i on to nc t'iil<Jl EJ.al e s  c.r:d fenal e s  tHo o ther c l i n i c al 

ent i t i e s  h.::ve o e e·:: stu ,' i e : ,  the f reem.:: r t in typ e  she ep ;.mcl the 

Kl ine f e l  t e r  s_.eep . I t  i s  mo re than co inci dence that tha more 

s t r i c t l y  ccnt ro l l e �  :ro up , the Kl i ne f ei t ers , bed the l e a s t vari a t i on 

in p l a snn t e s to s t e rone l evel s Hi thin the group , Hhi l e  the r:1o r e  

random group ing o f  th e freen;:::rtins showe(' '"i �er v.o,r i n t i o n .  

5 . 3 .1 F r een:1 r t i n  sheep 

The freemartins a s  a group Here s el ect e ,:.". fron s he ep suspecte d 

o f  be ing fre emartins s ent in f ror.1 ve terinary p ractic e s . B y  

defini t i on a free."!l;J.rtin i e  n n  intersex sheep wi th tl1e f eaal e (XX) 

sex chrorao s ome in e1l l t i s -sues exc ep t b l o o d  and bone r.Hlrrov7 v1hich 

have XX/X:Y s elt chromo s ome rao s a i c i sr.1 . The devel opment o f  the 

f reemart in i s  dependent on an earl y p l acent al vnscul ar anas t o�o s i s  

bett'le en opp o s e d  sexes and can exhib i t  varying cegre e s  o f  

mascul ini z a t i on� 



L i l l i e  ( 19 1 7) and Chap in ( 19 1 7) showed that the degree o f  

mascul i n i z n t i o n  o f  the po tent i nl l y femal e gonnc� w1:1s cep endent on 

the stage at 1vh i c h  .:mn s tomo £ i s  o c curred b e tween the p l acent ae . 

Thu s , the earl i e r  the ana s tomo s i s , the rnore marked uas the 

na s c ul i n i z <:! t ion o f  the feual e gona cl . Wil l i er ( 1 9 2 1 )  showe d th�t 

45 

in ndci t i on to the freeBnrtin gonaC: exh i b i t in£ n s e r i e s  of gradntions 

between "near f emal e" anr} "nen:::- mol e0 the degree o f tr2ns f o rma t i on o f  

the geni t al o rgans (vas de fe yens , s eminal ve s i c l e s  and uterus ) was 

correl a t e d  Hi th t he same r ;:mge forn i n  bovine spec i e s . 

Thi s intro cuc t o ry b ack;;round c o ul C: p rovi r.2e c. b a s i s  for 

specul a t i on , wi th r e s p e c t  to interpre t a t i on of the resul t s  for the 

frcemar t i ns . Houever , the var i a t i on b e tween S iJ8p l e s , end the srual l  

nrn1b er o f  nniBc:l s t e s t e d , rul e  out 2ny p o s s ibl e co rre l a t ions . The 

one f nc t  ene rrin[ f rom the experiment s i s  t he l ack of correl a t i on 

b e tween the i evel o f  c i rcul a t ing pl nsma t e s t o s t erone an� the degree 

o f  iila s cul ini z ;: t ion , s eeui ng to rul e out any connec t i o n  b e tue en t he s e  

tvlO f ac tors . P re s ent 1 ine s c· f thought t e n c'. t mJa r c� s  2 h\.lr.lo ral 

sub s t ance ( inducto r) , tran s f erred i n  the b l o o d  duri ng the anas toco s i s ,  

acting on the n i n (�i f f e rent" gonad o f  the femal e foetus to ma s cul ini z e  

i t ,  W i t s chi ( 19 34) . Sho rt � El ( 1 969) nl so supports thi s i de a . 

The now nascul i ni z e d  gonad ,  p r o duc e s  i t s  o�nn andro3cn and i s  re spon s ibl e 

for the devel opmen t  o f  the s econcary mal e sex  characteristics  in the 

femal e f re �art i n . The t ime o f  anastomo s i s  i s  s t i l l  po s sibly 

important in the degree o f  mascul ini z ation devel oped, but over a 

very short t ime ( a  r.:1atter o f  minutes ) . The main contributing factor 

now be ing the amount o f  humoral substance trans ferre d rather than t he 

t ime at  vrhich the trans fer occurs . The degree of  m�scul ini z ation 

wil l  al so depend on the respon s e  of  the indivi dual gonad . 
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The resul t s  shm-r a wi de range o f  p l n sr:�a te s to s t ero ne val ues for 

the freemnrt i n .  Three o f  the f ive fre er.1nr tins tes tecl. shmv l evel s  

( 0 . 06 4 ,  0 . 0 5 6  ;:m(� 0 . 06 7  118/ 1 00 cm
3 ) cl o s e  to the mean for no rmd ewe s 

3 ( 0 . 060 11 ?,/ 1 00 cm ) • The fourth f r e emartin h a s  nn interr:1e d i c t e  l evel 

( 0 . 1 0 7  11 8/ 1 00 cn3) t,.rhi l e  the f i :C th hns a l evel ( 0 . 200 11c,/ 1 00 cm3 ) 
3 

wh ich i s  very c l o s e  to the mean for no n11al nwl e s  ( 0 . 20 5  11 g/ 100 cm ) • 

A curs ory phy s i cal exani n :1 t ion o f  the externcl geni tal i n  o f  t he 

freer.wrt ins has shown that the l evel o f  circuL:�t ing pl asma t e s t o s t e rone 

i s  no t rel ated to the degree of mc. s cul i ni z a t i on .  Hm-reve r , n more 

tho rough exmnina t i on Hhen the o:mimd s a re ki l l e c: co ub� p rov i de mo re 

i nfo mnti on . 

5 . 3 . 2 Kl inefel ter rems 

The Kl ine f e l ter r3ffis uere s e l c c te G from cl i ni c al r· e f errc.l f rm:1 

veterin�ry p r ac t i c e s . The sub j ec t s  • re re e f f e c t ivel y  sc reene \i so 

thct the final group of s i x  al l ha� the ��y s e x  chromo s ome and as a 

group shm1e c1. un i fo rru  b i l at er<:l t e s t i cul c.r hypop l nsi <'. . As a co n s e quenc e , 

t hey lJoul O. be e :{p e c t e d  to h2ve f e i r l y  uni fo rm p l asnn testo s t e rone l evel s .  

Thi s i s  shovm t o  b e  so a s  the vnri e t i on 1-ri thin the group i s  onl y 

3 3 + 0 . 0 1 3  1J.g/ 1JJ cr.1 L ::om the mec:m o f  0 . 0 03 11 £/ 100 cr.1 • Furthe mo re , 

f ive o f  the group l i e \vi t �1in 0 . 0 1 3  118 o f  each o the r ,  in the range 

0 . 0 7 2  to 0 . 0 8 5  �g/ 1 00 
3 Cr:l • 

From the re sul t s  i t  i s  apparent that the extrc. X chromo some 

has mark e dl y f emini z e d  the Kl ine fel t er rams anc by some mechani sm 

ha s l mvered the pl asma testos terone l evel s to a l evel cl o se r  t o  norm.::1l 

females  than to  nonnal mal e s . The re sp ect ive l evel s for normal 

ewes ( 0 . 0 60 �g/ 1 00 cm
3) , Kl inefel ter rams ( 0 . 0 8 3  

3 
g/ 1 00 cm ) an d 

normal rams ( 0 . 205 11g/ 1 00 cm3) compare favourabl y  wi th the rel ative 
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c onc ent r n t ions in s imi l ar hunan group s s tuci e d  femnl e 0 . 0 8 t o  

3 
0 . 1 0 t-t g/ 1 0C c'El

3
, Kl inef e l t e r  Q . 28 t-tg/ 100 c;} , no rr_-,d mal e 0 . 6 7 11g/ 1 00 en • 

A !Llo re tho rough < �i scussi on o f  the coruparison -.;;i t h  hu!iwns i s  p rovided in 

s e c t i on 5 . L: . •  1 .  

5 . 4 Co�p:2 r i son of the Kl inefcltcr Syn drOI!lC in Hun1nn and 

Ov ine Spe c i es 

The Kl inefeltcr �yndrorae HE:c s s tu ·' ied in sheep b o th \·Ji th r e sp ect t o  

c i rcul n t i ng p l. �s�.1n. te sto s t e rone l evel s anc: r e sp o n s e  t o  gon�co t rophin 

s t imul 2 t i o n .  S ince there ;ore n o  , ' o c umentec', re s ul t s  for sheep , the 

re s ul t s  1.10re cor:1p c.re c� Hi t!l. t ho s e  f ound in hur.1nns by P 2ul s en .£!;_ � ( 1968) . 

5 . 4 . 1 C i rcul c. t i nG pl a sma t e s to s t e rone 

The uer:n l e'JCl of p ! C: SDC. te sto s t erone in non'1nl r .::-;.1s \vas founc 

3 
to b e  0 . 205 lJ. E/ 100 c:.1 nn�-� the.! rcnse o f  va l ue s fror.1 0 . 1 1 0  to 0 .290 

The corre s p o n c.' i n� l evel in nc n.1nl hur.i.::n u.:1l e s  w2.s 
3 

0 . 6 7 118/ 1 00 cr.::.
J 

<::n-.: the r 2ngc o f  ·..rcl ue s fron 0 . 2 2- to 1 . lr6, 11 8/ 1 00 cr.l • 

In the Kl i n e f el t e r- rer.1s the ;ae nn value fc :-: pl o.snw t e sto s t erone I<Jns 

" 

O . O e4 118/ 100 cm- an� the r nngc f ron 0 . 07 2  to 0 . 109 11G/ 1 00 cm
3 

whi l e  

3 
in the hurnnn Kl inefel t c r  nnl cs  the menn was 0 . 2 G 11g/ 1 00 cm and t he 

3 
range fror!l 0 . 0 3  to O . GC 11 g/ 1 00 cr:1 • 

comp ari s on in t nbl e 5 . 1 . 

The me an vnlues e re l i s t e d  for 
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Tab l e  5 . 1  

3 
11e an p l a sma t e s to s te rone ( �g/ 100 cm ) in art e r i a l  b l oo d 

�� es Huraan Ov i ne Rat i o  ./ 
Co -......._ Human/ Ov ine l"Jo.t� I t.t 01"] 

I 
No rmal 0 . 6 7  

I 0 . 205 3 . 2 I 
I 

Kl ine f e l t er 0 . 2 8 O o C C 2  3 . 2  

�7 . .::: t i o  
i 

I I l�o r;aal /Kl ine f  el t e r  2 . �  2 .  {f 
i ! 

The r a t i o  o f  t he me an s o f  no rmal to Kl i n e f e ! t e r  i s  2 . 4 fo r b o th 

ovine an d hillnan sp e c i e s ,  in addi t i o n  the r3t io o f  the means o f  human 

t o  ovine p l a sma t e s t o s t e rone in normal mal es  o f  3 . 2 i s  al s o  appl i c ab l e  

t o  t he Kl inefe l t e r  condi t i on . The conc l u s i on reached from t h e s e  

f i gures i s  that t h e  Kl ine fel ter syndrome has a s imi l ar e f f ec t  on 

p l a sma t e s t o s t e rone in b o t h  human and ovine s p e c i e s . 

5 . 4 . 2  Gonado t rophi c  s t imul a t i on 

The rep o r t s of the e f f e c t  of HCG s t imul a t i o n  on p l asma t e s t o s t erone 

l eve l s  i n  human Kl ine f e l t e r  mal es are rather confl i c t ing . Hudson e t  al - -

( 1 9 6 5 ) , B r i e f e r  � al ( 1965)  and L i p s e t t  � � ( 1965)  have conc l uded 

that p l asma t e s t o s t e rone l evel s do not s i gn i f i c ant l y  increase when 

HCG i s  admini s t ered to p a t i ents wi th Kl i ne f e l t e r ' s  s yndrome 
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sugge s t i ng that the L eydig ce l l s  of the se pat i ents may already be 

maximal l y  s t imul a t e d by endogenous gonado t rop hin .  These obs e rvat ions 

however , are at v a r i ance vJi th tho s e  of L e ach e t  al ( 1 956) , L eo n  � � 
( 1 959)  .Jnd Paul s en ( 1 965)  T,;rho demo n s t ra t e d  e i ther incre a s e d  sexual 

dev e l o pmen t ,  i nc rea s e d 1 7 - ke to - s te ro i d e xcret ion , incre a s e d  urinary 

e s t rogen e::cre t i on o r  mi to t i c activity of L eydi[; c e l l s  a ft er l ong term 

HCG G�ini s t ra t ion . Thus Paul sen � i!l_ ( 196C) has be en l e d to c oncl ude 

that the L eydig c e l l s  in p a t i ent s vli th Kl ine fel ter ' s  syndrome c an 

r e s p o n a  to HCG bu t have a l imi t e d  r e s e rve . 

T he s i tuat i on Hi th ovine spec i e s  i s  no l e s s comp l i c a t e d  and i t  

uoul d app e a r  that the data ob tained supp o r t s  bot� s choo l s  o f  t hought 

Hi th hum<m Kl i n e f .; l  t er s . Of the three Kl i n e f e l ter rams s t u ji e d  w i t h  

H C G  s t imul � t i o n ,  two shovJe d 2. m i l d response ( as compare d to normal rams ) 

an d one showe d a n egl i g ibl e re spons e . The l at ter animal vJa s re -e xamine d 

wi t h  further HCG s t imu l a t i o n  and vas s t i l l  found to have a ne gl i g i bl e 

r e s p o n s e .  A s  a c o n s e qu enc e , the conc l u s i on re ached by Paul s en wi t h  

human Kl inefel t e r s  s e ems to "jc t h e  mo s t  p l ausibl e ,  that i s ,  in t h e  

Kl ine f el t e r  ram the Leydig c e l l s c an re spon d to HCG b u t  have a l im i t e d  

re � e rve . In some c a :> e s ,  a s  ui th the ram -.;.Ti th negl i gi b l e respons e ,  

the r e s e rv e s  may h e  ext reme l y l imi t e d ,  that i s ,  al most s aturat e d  by 

endogenous gonado t rophin . 

5 . 5 Re sponse to Gona do t rophins 

Three aspec t s  of gona do t rophin s t imul at ion were s t u di e d  in the 

pres ent research : The ac t ion o f  Pl'\S G  on p l asma tes t o s t erone l eve l s i n  

o n e  no rmal and o n e  Kl inefel t e r  r am .  T h e  action of HCG on p l a sma 

testo s t e rone l evel s in two no rmal and three Kl i nefel ter rams ; and 

the a c t ion of HCG on the p l a sma andro s t ene dione l evel s in one no rmal 



5 0  

and one Kl inefel ter ram. E ach aspect p rovi de s insight into the 

act i on o f  the gonado t rophins in s t imul at ing androgen sec retion . 

5 . 5 . 1  Ac tion o f  pr:2gn<:nt mzre se run gonwdot rophin 

L i t t l e  is kno\-m about the e f f e ct PHSG has on stero i d  pro du c t i on 

by the t e s t i s . PHS G  app ears t o  sho� b o t �  FSH- l i:(e cm<.: LH-l ike 

activity v.ri th t:w g;:eater erapha s i s  on the f o rmer. The onl y repo r t s  

o f  the action o f  PtiSG upon the p ro duc tion o f  t e st o s t erone by the 

test i s  c oncern a s ingle oj servat ion by L indner ( 1 9 6 1 a) in a "poo rl y 

devel op e d  thre e month o l  cl Fri e s i .:m c::l f" where the admini s t ration o f  

fllSG resul t e d  i n  incre a s e d  s ecretion o f  t e s t o stcrone 9 and a s tudy 

by E ik-Nes .:md !-:all ( 1965 )  uhich chai re d PI:1SG to increase the s ec r e t i on 

1 /f 
o f  test o s t erone and t�c incorp o r e t i on o f  e c e t a t c- 1 - C into 

1 L· 
t es to s terone- - 'c in do g s  invivo and in s l i c e s  o f  re.bb i t  t e s t i s  

invitro . 

The p r e s ent rese .::!rch h.o,s stuc�i ed  the e f fe c t  o f  PhS G  st imuL1 t i on 

o f  testo s t erone secre t ion in a normal ancl a Kl i nefel ter r am .  The 

resul ts  support the s t imul 2to:ry 2c t ion o f  PLS G , an overal l increa s e 

o f  about 50% occurrine in the p l a sna testos terone o f  b o th animal s 

� 
studi e d  (norme.l 0 . 030 to 0 . 1 2 1  IJ. g / 100 cr.1-· , Kl incfel ter 0 . 0 60 to 

It -.;.;ra s no t abl e that in b o th c a s e s  an initial 

drop in the pl a sma t e s t o s t e rone l evel s occurred in the f i r s t  two 

3 
hours a f t er inj ection o f  Pi':iSG , t o  a l evel o f  0 . 0 47 )..L g/ 100 cm • 

The response after thi s Drop was mo re marked in the normal 

3 ( an increa s e  o f  0 . 074 IJ.g/ 1 00 cm in the next tNo hours )  than in 

the Kl ine fel ter ( 0 . 04 1  )..Lg/ 1 00 cm
3

/ 2  hours ) .  Hm-1ever, the overal l 

p icture s e eQs to be o f  a s imi l ar rel ative response in the normal 

and the Kl inefel tcr rams , that i s ,  a s imi l ar overal l perc entage 
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i ncrea s e ,  even though the actu�l increment i s  higher i n  the normal 

� 3 (+0 . 041 ).lg/ 100 cm� / 4 hours)  thnn in th0 Kl inc f cl tc:::- (+0.0 28 ').tg/ 1 00 er;: I 

4 hom· s ) . 

!:. c or:1p n!' i son •d th the :rc �ul t s  o f  L i n�ner (100"/. inc rea s e in 45 minutes ) 

nnc! E il,-IJc s :.m�1 Hal l ( 600"/o incre a s e  in 60 uinu t c s ) i s  no t compl e te l y  

val i c'. s i nce t he i r  ne n s ur er.1ents Here on spe:rr.wtir.. venous b l o o d. S ince 

the i r  exp e r iment s ,  and tho s e  in thi s re s ecrch , were c arri e d  out on the 

in tac t .:::nim�l , p a:::-ti c ip at i o�1 of the anir:wl s ovm p i tui t ary in the 

re sponse canno t be e xc l u de ? .  I n  a ddi t i on both the group s mentionc c 

have their re ::;ul ts further corc<pl i c 2 t e d by the p o s s ibil ity o f  

inte::-act i on \·n th anae s t h e t i c  af fec t ing the re spons e ,  s ince the animc:l s 

b e ing exp e r iment e d  on arc un ,ler c:mae s the s i .:: during the i r  exp e r iment s .  

The work i n  thi s rc se .:: rch � i �  no t ent a i l  the u s e  o f  anae s the t i c and 

hence thi o fac to r do e s  no t ne e d  to be co n s i dere d . 

The c omp ar i s ons o b t c-line J ,  as exp ec t e d , shm1 that the response i n  

the G i) e rna t i c  ve i n b l o o c: i s  ::lUch ;·.1o r e  rap i c'. and marked than that i n  

the p er ipheral b l oo ,:: a s  mec: sure:: in these exp eriment s . Thi s  wou l d  

b e  exp e c t e d  a s  the na in route o f  rel e a s e o f  t e s t o s t e rone t o  the 

periphe ral b l o o d  i s  vi a the sperr�a t i c  veno us ol ooc . 

5 . 5 . 2 i�c t ion o f  hun.;;.n clwrionic gonado trophin on pl asma 

t e s t o s terone l cvel n 

More evi dence i s  avai l abl e for HCG studi e s  than there i s  for 

PllSG st udi e s . In p a r t i cu l a r  L indner ( 1 969) has reported the 

fol l mving resul t for work in sheep : That intravenous infu s i o n  

o f  HCG ( total do se 2 5 lU/ke) b ro ugh t about a promp t increase in 

the androgen s ecret ion into the spermatic venous blood  of rams 

( and bul l s ,  s t al l ions and boars ) . In addi t ion Lindner ( 1 963) 
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al so document s the l evel s o f  pl as�u t e s t o s t e rone in r�as in r e sponse 

to prol onged HCG treatr.1ent ( 1 000 lU HCG/ 2lf hour s ,  intr.:nnuscul arl y 

In untreat e c  r;:,r:J.S the p l a sma t e s t o s t e rone l evel s i n  

3 
sp e ma ti c venous b l o o c  range f ror:l 3 . 6  to e .  7 11g/ 100 cc • In s ar"'!lpl e s  

t aken tHo hours a f t e r  the l ::: s t  in j e c t i on o f  HCG i n  trea t e d  rams , the 

l evel s hnc ri s en t o - 5 L: . 1  to 90 . 1  J.l.g / 100 er,/ . Though no l evel s are 

3, 
given for pe:t:iphcrd p l a sma in unt re a t ed nuns ( l e s s  th.:.n 1 . 5  ll- g / 1 00 en J 

3 
the l eve l s in HCG treatec" rar.1s va s 6 . 7  to 7 . 9  11g/ 100 en ( the l eve l 

onl y ro s e  t o  mee surabl e l evel s in 3 out o f  the 5 rcn:1s tree1ted >vi th HCG) . 

In the s e  experiment s the ac tual l evel s o f  st imul a t i on we re 

secondc.ry to the coup .:.ri s o n  of the e ff ec t of s t imul ation in no n.1al anc' 

Kl inefel ter roms . HovJevc r , the ttvo no n1al r8:.JS , e f ter- t r e c tr,1ent ·.vi t h  

1 5 0  lU o f  i:ICG sho>ve l: a 200% anu 500% i nc re c::s e in the l evel o f  

c i rcul ating pl a �ila t e s t o s t e rone i n  four hours . Though the f in a l  

l ev e l s are nowh e re near tho s e  ob tc.ined by LinC:ner,  i t  mus t  b e  rene�bereL. 

t h a t  he n c.1in i s t e re c: 1000 lU HCG/ 24 hours , intrauuscul arl y f o r  ei ght 

days b e f o re t e sting the p eripheral p l a s�a testos terone l eve l s .  In 

thi s res e crch a singl e 150 lU do s e of HCG i s  inj ec te d int raveno u s l y  

into the f i r s t r.::rr:1 an.._' subcut aneously i n t o  the seconc ram ( i t  was 

i nj ected around , rather than into , the vein by mi s t ake ) . I t  i s  

evi l�ent from the s e resul t s  thnt HCG h a s  <2 nwrke �: e f f e c t  on the l eve l s 

o f  c i rcul a t i ng p l a sr.1a t e s t o s terone l ev el s in nonaal rams . 

5 . 5 . 3  E f fe c t  o f  h�an cho rionic gonadot rophi n  o n  pl affiJa 

nndro s t enedione l �vel s 

Onl y one s tudy wa s c arried out , comparing the respon s e  in a 

Kl inefel ter and a normal ram. L incl.n e r  (1963) has shown that HCG 

a c�ini s t ration incre a s e d  pl a sma andro s t enedione to the measurab l e  
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l evel o f  3 . 4 t o  10 . 0  �e/ 100 
3 

cm in sp eLT.u2t i c venous b l o o d  ( a s  �omp ared 

to e l ev a t i o n  of p l a s�.1a te s to s t eron e l 2vel s f;:ora J . 6  3 3 . 7 � g/ 100 cm 

to SL; . •  1 - 90 . 1  )lg/ 100 T!:li s resec.:cch ho s sho�m t hat al though 

o s l i ght i nc rea s e occurre� in the p l asu� 2n �ro s t ene�ione l evel in 

p eriplwr<'11 bloo"'. o f  t h e  no rr.wl r r.m , i t  ":111 5 no t re2l l y  :.> i gni f i c ant 

2.n(� t�1e ::-e sponse in both the Kl i n e f d  ter and the no mal r ar:-. wa s dee"1e c  

t o  b e  ne gl i 8ibl e . ?ur the mo re , the l evel o f  anc�ro s t en e d i one ac tunl l y  

s e ene-::0 t o  -Jecre2 s e ,  the e f fect "u e ing >Jore ' . .  w.�r;.� c c  �n the �\.1 inefel ter 

r Clr.l s t ur.� i e c: . This supports  the o r i gin2l i dee thet in the nature 

rnm t e s to s t erone rn t!w:c th2n .::n �:ro s t encc:ione i s  the i:.:p o r t ant nn(1rogen 

( see s ect i o n  1 . 1 . 4) . The �ec�o c. s e  i s  p o s s i j l y  rel a t e d  t o  c onve rs i on 

o f  c.ndro s t ene dione to t e s t o s terone , to incre c s e  the t e s t o s t erone 

l eve l s , uncer the s t r e s s  o f  gonc co t rophi n s t iluuL 1 t i o n .  N o re ext ens ive 

s tuc .�y vTOul c: be requ i re <. to Sltb s t en t i nte thi s po s s ib i l i ty . 

s . s . t:- Conpc.Jri sor. of P!. �SG .:.mL ECG act i on 

:C: ik-i�e s  ( 1 962)  h 2 s  shoun that 1 - 2  lU Pi_:iSG/kg b o dy \vc i 3ht 

acJ-.1ini s t e r e (l int rcvenous l :,· to c: �oe p revent c c  the c.�c c l ine in the 

s e c r e t i on o f  t e s to s t e rone ur.ual l y  s een in the �n3e s the t i z e d do g .  

The s e  re spo nse s are cor:1p crab l e  t o  tho s e  repo �t � c for 1- 2 lU H CG/kg 

bol1y uei ght (5rinck-John s cr.. anc2 E ik-Ncs , 1 S57 )  suf,:ge s t ing that i n  the 

co g the t'.;ro hor:noncs nre of cpp roximntely ec;ud ac t ivi t y ,  uni t  f o r  

uni t .  Al s o  the t ime course o f  the response t o  PiiS G invivo and the 

do !:: e ( expressed in lU) re, ·ui rec: to p ro �uce maximal s t imul at ion o f  

testos te rone s ecret i on are in gene ral s imi l ar t o  tho s e p revious l y  

repo rted f o r  HCG . L incncr (1 969) though not making direct refe rence 

to the rel a t ive act ivi t i e s  uses 2 - 5  lU HCG/ke and ( 1 1  lU FSH,  

2 lU LH) PliSG/kg , suggest ing that the rel ative activi t i e s  o f  PMSG 
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anc HCG c.rz (.ependent on the LH ac t ivi t y ,  a l o gical as sump t io n  s ince 

i t  is t�1e LH uhich a f f e c t s  the L eydi g cel l s ,  vJhich are the s i te o f  

t e s t i cul er t e s t o s t erone p ro �uction . 

In the p r e s ent re s e : rc� � lU HCG/ks en: 1C lU �lSG/kg are used 

respect ive l y . The re spons e s  'Jb t a i ne C:  in nomal rams we re f a r  

gre .::t er ui th HCG ( 200 - 500% :.nc re a s e s  i n  four ho urs ) th.::n �.;i th 

Pt--1SG ( 50% in c reas e  in four ho ur s ) . T h i s  woul d ten� to supp o r t  

L i n c�ne r ,  s i nce i t  i s  a s st.lr:!c< thnt t he cc t ivi ty o f  Pi�SG ( 1 0 l U )  i s  

the coub i nc c..� FSH-l ilw e.n c LH- l H:e nc t ivi t y .  F rom L inune r ' s rat i o  

o f  FSli : L:l o f  1 1  : 2 ,  the 1 0  l U  o f  PJ:iSG n c:X,1ini s t e r e d  -vm ul d have 

npp roxioa t e l y  1 . 5  lU LH/ka . Thus the rel � t ive respon s e s  o f  200 -

500% for 3 1 U HCG/ks �m r_' 50/:, for 1 .  5 1 U LH /kg , c:o hcve s ane cegree 

o f  correl ation,  s ince the e f f ec t  of nn increas ing do se  of gonado t rophin 

on t e s t o s t erone s 2cret i on i s  not nec e s s a ri l y  l ine.::r . 
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T h e  research c arri e d  o u t  h a s  p rovi d e d  info rma t i o n  o n  p l a sma 

andro gens in she ep , which a t  t he t ime of wri t ine , coul d no t be 

found document e d  e l sewhe�e . The l evel s o f  c i rcul a t i ng p l a sma 

t e s t o s t e rone prov i de comp a r i s on s  b etween the c l ini c a l  s yndrome s ,  

but b e c ause o f  the smal l t e s t  popul ations the ove ra l l  p i c t ure i s  

by no means c l e a r . However , i n  p ar t , the re sul t s  o b t a ined c an 

l e a d  t o  further under s t anding in conjunc t i on with re s ul t s  o f  o ther 

group s ,  when and if the se a r e  documente d .  Hith r e s p e c t  to 

c i rcul a t ins p l a sma t e s t o s t ero ne l evel s the normal r ams and no rmal 

ewe s s how l evel s '"h ich 2pp ro ximate tho s e  exp e c t e d ,  and the 

Kl ine fel ter rams showed the exp ec t e d  e f f e c t  of femini z ation on 

the mal e sex hormone l eve l s .  The l evel s o f  c i rcul a t i ng p l a sma 

t e s t o s t e rone in the freemart in sheep do not p rov i de any out s t anding 

infonnat i on ap a r t  f rom the r andomne s s  of the l eve l s .  More 

informa t i on on the s yndrome s t h ems elves and the a s s o c i a t e d  p l a sma 

t e s t o s t erone l evel s is requi r e d  to sub s t an t i at e  t he p r e s ent r e s ul t s .  

Hith regard to the gonado t rophin s t u d i e s  a s im i l ar s i tua t i o n  
. 

ari s e s ,  in that s t udi e s  on a smal l numb e r  o f  experimental animal s 

are f a r  from conc l u s ive . Even where resul ts  arc wel l  documente d, 

for examp l e ,  HCG s t u di e s  in no rmal and Kl inefel ter human mal e s ,  

the evi dence f rom different group s i s  confl icting . Cons equentl y  

the val ue o f  the p resetrt resul t s  l i es  i n  l imited indica tions 

requi r i ng study o f  more cas e s . 



In conc l us i o n ,  the metho d set up has p rovi de d  a techni que f o r  

as s a y i ng p l a sma t e s to s t e rone a n d  p l a sma anGro s t enedione at l ow 

l evel s .  Further r e f inement s ,  such a s  l o,.le ring the b l ank even 

56 

mo re , coul d l e a d  to a n  ext remel y use ful t o o l  for s t udy i ng andro gen s ,  

app l i c ab l e  t o  many di f ferent spec i e s .  
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Appendix I 

CALCULAT I ON 

S everal c a l cul at ions are rec!u i re d  i n  detenni n i ng the f inal 

p l a sma t e s t o s t e rone concent r a t i o n  ir. �g/ 100 cm
3 

of the ini t i a l  

p l a sma samp l e .  

60 

a) Recovery by a d ding l abel l e c  t e s t o s terone and coun t i ng the 

re - i s o l a t e d  s t e ro i d  a de termi n a t i on o f  how much of the o r i ginal 

s a'1lp l e  t e s t o s t e rone is l e f t  c nn be made . E ach s map l e  i s  correc t e d  

f o r  b a ckgroun d ,  a n d  i n  a ddi t i o n  the s amp l e  i s  co rre c t e d  f o r  the 

al i quo t count e d .  

f o r  examp l e :  Background CPM 

Counts a dcle d 

Recovered s amp l e  

c
1/ s al iquo t )  

then t h e  p e rcent age recovery i s : 

b)  

3 22 , 2  X 5 
5 6 9 7 . 1  

S t andard curve and bl ank 

X 

= 

= 

1 5 . 7 

5 7 1 2 . 8  

3 3 7 . 9  

100 
1 

co rrec t e d  val ue 

569 7 . 1  

3 2 2 . 2 ( x5 ) 

= 2 8 . 27% 

the C�1 in the sup ernatant after 

addi t i on of the b inding compl ex solut ion to the standard is corrected 

for b ackground ( total CPM) . The CPM in the sup ernat ant o f  each 



s amp l e  i s  corre c t e d  for b ackgrounG. ; then divi ded by the t o t al CPM 

and mul tipl i e o  b y  
1 00 / 1 to g ive the p er c ent age o f  unbound T -

3
H .  

6 1  

B ackgrounc CPE = 1 5 . 7  c o rrected val ue s % unb o un d T-
3

H 

S t andard ( no p p tn) = 6 2 1 1 . 1  6 1 9 5 . 4  

� 
= 241 3 . 3 239 7 . 6 3 8 . 70 

"" = 25 1 6 . 05 2501 . 15 40 . 3 7 
nanograms o f  col d � 

= 2 76 8 . 6 5  2 75 2 . 95 44 . 43 
t e s t o s t e rone adde d < 

� 
3 6 29 . [; 36 74 . 1 5 9 . 30 

to e ach a s s ay t ub e  
= L:. 1 5 C .  9 4 1 4 3 . 2  66 . 8 7 

= 460 1 . 3  4586 . 1  74 . 0 2 

B l ank* = 2359 . 7  2 5 2Lf . 1 40 . 74 

* the b l ank i s  the nonsp ec i f i c  di s p l acement c aus e d  by s o l vent r e s i oue s .  

The p o i n t s  are p l o t t e d  i n  f i gure I ,  and the b l ank val ue rea d o f f .  

c )  S ampl e  the p e rcent nge unbound T -
3

H in the s amp l e  mus t  make 

al l or.-mnc e for the a C.cle d l ab e l l e d  t e s to s t e rone . Thi s  i s  done by 

us ing the r a t i o  A/ (B+C) r.-1he r e  A repre s e n t s the corr e c t e d  count s i n  

the sup ernatant ; B+C the t o t al coun t s  i n  the a s s ay t ub e  wh i c h  i s  made 

up o f  .£. the corrected. count s acded in the bi nding p r o t e i n  c omp l e x 

so l u t i on; and C the co rrec t e d  coun t s  o f  the tracer ( a dded l ab e l l e d 

t e s to s t e rone) r e c overe d . Mul tipl ying t h i s  r a t io by 
100/ 1 gives the 

3 
p er cent age o f  unbo und T- H in the s amp l e .  

Fo r ram No . 74 A = 3033 . 35 

B = 6 1 9 5 . 4  

c = 3 22 . 2  

3 
then % unb o un d  T- H for No . 74 303 3 . 35 = 

( 6195 . 4  + 3 2 2 . 2)  

= 46 . 54% 

100 X -
1 
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02  

d) T e s t o s t e rone in s ampl e f rom the s t andar d  curve the b l ank h a s  

the e quival ent o f  0 . 6 0 ng t e s to s t e rone and samp l e  No . 74 has the 

e qu i v a l ent of 1 . 1 8 ng t e s t o s t e rone , that i s ,  s amp l e  No . 7 4  ac tual l y  

con t a i ns 0 . 5 8 n g  t e s to s t e rone . 

e )  
3 

Conversion to ug/ 1 00 cm t he fol l owing f ac to r s  mu s t  b e  

al l owed f o r :  

( i )  

( i i )  

( i i i )  

3 
Al l m·ranc e f o r  al i .1uo t  o f  extract as s ay e d , i . e .  0 . 2 cm 

f rom a to t al extract vo l tm1e o f  1 . 0 cm
3 

( i . e .  x 5 )  

Correction f o r  i ncomp l e t e  recovery ( i . e .  x 100/ 28 . 2 7 )  

Scal ing o f  o r i g i n 2 l  p l � sma s amp l e vol ume o f  5 cm
3 

t o  

3 100 cm ( i . e .  x 20) 

( iv) Conve r s i on of ng to �C ( i . e .  X 0 . 00 1 )  

the n ,  t he amo unt o f  t e s t o s t e rone i n  t h e  i n i t i 2l s amp l e o f  p l a sma i s :  

No . 7 4  = 0 . 5 Q X 5 X 1 00 / 2 8 . 2 7  X 20 X 0 . 00 1 

o .  20 f.!. g / 1 00 
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