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Tbe � ot '' N.Z. a__, rame •aa � .,.._ 
btnb BD1 2'9 dl\Ya of' • Tbe � and h1ato1o§ � tbe teatta• 
of tbeae l.amba ..,. IStwU.ecl and coepa.re4 wltb thl biltoloaioal ob8qJea 
Id tho teatea ill 44. l'oetuaea lletwen that 88ft ot 42 4e.,yo OD4 b!a'th. 

Teat.ta � obanga4 ebal"p� to a �uter rate, from 10 . • 

o� age when the boc\Y •tsht 8lrONI\184 20 ldlosr-a. '1'b1e chMge in 
� l"ate wao aeaoo1ate4 With the OCI'i'UOJ1C ot �. 
The ocmple'Uon fd the ftret qvole of �tosen-1.1 clependaltt 
on the at�t or a teat.U at.. ot ,. � 1n a leut 
22 ka of sse. 

�& 1n the epltbelJ.um and boundary t1uue �the aex 

cords and �Wt\trous tubules were oloeol3 rela.tod to tbe <U..f'.ferent 

pbaooo � teatos • (J1"0'Wth. TOO eex cords \\'l'8rO p!<C&ent in the testio 

of the 1.2� foetal lamb, but did not show a definite boundar.v tusue 

until 5.3 dqs of foetal lU"e. Little variation in their development 
!IM apperent until tbe onaet of eporma�ia. The tronaltion ti'CID 

aez oot"da to aaminil'eroua tubuloe follcmed a sreater rate of 1ncre 

in tulNle.r �. The sODOOYtea Whto.h · more eentralll plaoe4 
in the eex cori.e than 11101e1 of the aupp� oella • bee .. 
� into �a beto tbltir 89CtluUMl to a4lal� etlm 
oeu. at the beuD u.... 141en ti.on in tbe � 
tubule wea oaaoomt.t.nt tb the oepleUOA 11 ell � ..... 

a4ftll084 ,.. • 

• 1Jinh ....... , u ... -�---.... N 

--· 1lbt.cb w ....... 1 wtaMt .......... 

�.U\llar 1flra' . . . W. �-



nQilowoellulv lever� tbe � oell.ul.ar �.the cute �U� 

lqtn" end the outer oellul.ar 1qara ,  beoeme apparent about the Ume 

IJ_perma�ta oOC11ruGnooi, and appeared to be Mq &mrlope4 1lh8n the 

t.l.Nt c.YOle ot ap81'1'Jlatogeneeia •e C0119letGcl. '!'be !mer non-oeUul• 

l.l\Yer became tb:l.m.er u tne outel" raon-oeUular ]4rer boo n1clent. 
�t their 4evelopaental phaaee t1'bJ:Iea ot el.Mt.t.o 

tlasuo were 41.tp•ae4 evenl3 1ri tb1D the two Mn-O.uular 1.-ra. 
1>ur1na puheJ"\Y l.ncna.aea to atul t pl"QPorUone were mon rapid lA tbe 

out..er ncm-oellule.r l•er. The atgnifioonce ot elastin 1n tbe 'bouw'tcal7 
Uaaue ot the sems.nt.tteroue tubuloe in t..lw ram could not be� 

TOO dene:lcy of 'the elastin component ea a � to ln4ioate the 

� or boattll"i 1'3 of the 'toatta at a ran was poatul..tlted. 



I wiah to thank mflr\1 people, wt thcut whan this tbeaia 

could not have been cCJApleted. &-atJ¥ to 1ll(l �1aore, 
»r. A.N. �. Reader, alld Protoasor E.D. Ftel n, Department 

of Vetert.nazy Clinical Scieno a, aoy Univoraiv, to 11h<D I 

am indebted tor their oontirued interest and valued adYice an1l 

GI'ICOUra6 nt given during this atw\J. I approoiate the 

f'aoili tie a � put at nq d1apO&Ll and th provialon ot sheep. 

'l'o the mans& nt of Long bum Free•� V1orka C. 'i' .s. 

L1m1 ted I gratet\ll for the proft&ion of toe tal l ba. 

l.t.f sinoerv thanks are extended to Prot'esaor R.E. 

lluntord tor hU amti�tanoe with the rtatistioal problGJiiB, 
Urs. J. Long and Jlr. D .P .J. �ard for technical ald.l.l in the 

prepm-ation of testis tissue for histological studies, ifir. D. 

Tcwlor for illustrations and a.esista.nce in tho preparation& of 

the figures, and :U.r. J. /\uatin �or his patience and ekUl in 

reproduoi� the � photoaraphq which form an integral part of 

this thesis. To the librazoy ataf'f', other colleaGue a and start 

members at Maaaey Un1 ratv, I am truly gratetul tor their 

adYio and praotioal aeaiatance. 

flnall¥ I wtah to extend apeoial tbanka to 88 Me¥ soo, 

a. JOf/ o, an4 .U. Diana, tor tba lllai!ID01� task ot 

inirt8 4rafta an t1Dal oaw with p u.c. 



· ·lodf:ementa 
Tabl of Contenta 

!�1st of Tables 

List of" �a 

I 'ROWCTION 

t.oxual lJ lopmsnt o!' thG 

The Groa1> Anatal\Y of the RaD Teatis 

The Ameala 

a. Poatnatal ammal.a 

b. ll'oetel ani.mola 
�nt of i'lnlma.le 

Seleotion c4 t.DiiMl tor Cutratico 

Treat&Dent ot .. . tea 

•• PostnaW lamba 

b. Pootal lamba 

o. J'ixat1Yea 

4. 'rla-.ao p 

•• Exatzd.natiOD fd U.-

POm.'UrAt HOW'nl GP 

Ll.tel'latulN 

.. 

1 

1 

4 

6 

6 

' 

6 

7 

7 
7 
7 
8 
e 

' 
9 

10 
10 

t2 
12 



b. �ta<l t&nti.oular g'l'OWth 

c. Stati.etical tftatmant of t aata 

ault.a 

e.. tnatal gt"'11th � 

t2 

t.3 

tl+ 

14 
b. Postnatal testicular grolttb 1 lt. 
Diacuaaion 23 

CY'l'O!A.CICA!:. DEVELOi-'i>iE.� OF 'J'!.f:. � .7:t:,Jl'F!ffi.OOS 'l'Ul.'ll!,ES 
nt Trm RAY 29 

a. The germ ce1ls and thoir derivati-.ea 

:'J.'� v;om ctlJI 

�getoaeeta 

SEUffl§;\2QYt:el 

·mmmYs 
'b. The supporting oelle and �vattvea 

bP911im C!lll 

9e1911 wl• 
OIJaiQPIPAUoa 

.. 1 obeeiwtlu. 

lt. Cell in ptepuberal p 

37 
37 



• 

Gtmem1 
§RJU!cat&tw QOJ.:\1 

D!souaion 

Ttt� D..:.Yl'.LOJ3JIE .. ffl' OF '71tS BCUND/:. , Y T!SSO"R 0 F '11ft; ''SMIN'!Fml.OOS 
'l'tTDUU: IN T':rk;; RA"' 

ObeerYatione 

b. c� 8 in the prepuberal phwse 

D1acues1on 

COtt::WSIONS 

I 

n 

m 

" 

n 

·�·· 
F'1bNa. 

lioti.t1e4 l'Ucbe1n 

JIJ:IltjLGft � � ·.r.�-. 

"' ..... 

61 

61 



T.A1ll..E II: 

TiillLE V: 

� vm: 

IX a 

I a 

ice on4 11,_.ight ot l.allba of at.tte:NDt 1lreeae 
at the time o-f appeo.ret10e of ape :to IIOG 1D 
the eJaoul,ate. 

Tbe ati.onahip of the U.te. wight with 
bo<\Y ii6J6ht and age of �.1 rame .  

Correlationa and regreasiona an the boc\Y woight 
am the S&Q (l) of the teatea weialft (Y) ot the 
Rerme.y ram. 

� of anal,yaia of var.ianco dote� the 
c\1tfel'()nco of the rogreestone ot teatee 1cht 
(Y) on bcK\v igbt and age (X) in Rctnnoy ram& 
be'tween birth and 10 diVa. 

s� of' anal3e1s or var1cnce detet"'!tin� the 
c:lif'f'erence& of the rearesaions of teatos vmight 
(r) on boc\Y we�ht and aae (.•:) in Romney rnma 
'between 81.. and 296 �e. 

Anal¥ is of covarianoe detormi� the 41tt'ereno 
of the regroB#iona ot the loeari tla of the 
te 'tia' 18ht (t) on the logaritte or too bodN 
-.tsbt {X) in th · betlaJ a birth ant\ 
10 ... t4 .and99-269&vac4 • 

� --

botb • 
cella ftM 

17 

18 

19 

20 

21 

22 

26 

27 



PIG. i .I 

Pm. 21 
FIG .  , , 

Fro .  4: 

PIG. 5: 

?!G. G: 

FIG .  7: 

Lntwal 'Yiew of tut.f.a. 

Cro1us aoc tion of t.Gett.a. 

Dody �t of rf.'Ul!B at oastrat-ion 
eompared i th the ee· n growth rate. 

Relft-tion �r ��stfts 1gM; to tige �r 
ram at two of �e.stration. 

Relation ot.' teste:: weitJht to boe\Y 
1m1t;ht of rur. at ttr...e of castration. 

itelation of teatea ·eigh:t in prop-ortion 
to body �ht with chafl[Sos in ae;e of 
ram "t. time of oastratiou. 

PIG. 8 : Tea to& "Height ( logari throic &oe.le) 
relative to body 1'18it;.ht (lo�arithmio 
acalo) o!' raL� at t.ime of caatration. 

�·:re.. 9: D1ffe.Nntiution o.f c;eru cells and 
6UltWlitG.�· oCJ.Ua in too 
aavelopiruJ te toe� 

Pm. 10: �'ostia of' a � tootus .. 
H. & B. X 160. 

PIG. 1t: Test.U oi' a 5� foetue. 
li. & :£. X 160. 

FIG .  12: Teetia ot 1 � toetua. 
U. & E. X 100. 

1'N .  1 3 r Teati of a 1-d.q lamb .. 
H. <l .&. X 160. 

Pm. tlt.c Toetu or a 42 
U. A E. z 320 

riG .. 15 : Teetia or • 1 
H. • X ;520. 

0) .  1': Teotia � a 5� toetu. 

• t7s 

H. A • z � • 

t1a - 1 09-oii!GI� toetue. 
,. • z )20. 

betveen pp 4 & 5 

,. & 5 
4 & s 

17 & 18 

17 & 18 

17 18 

17 & 18 

17 & 18 

32 & 33 

60 & 61 

60 A 6t 

60 & 61 



.... 18: Teatla or a aa..a.. 
f{. & E. z 32.0. 

• 

PIG. 1 ': 1'eatb of a � lamb. 
U .. & :&: .. X )20., 

PIG. 20: 'restia of a 60-dl.w leab. 
Jt. & E. :a; )20. 

m. 21 : 'I'e-ati.a of a 60-dl.w l.amb. 
il. & E. X 320. 

Pm. 221 Teatie of a 69-de.,y l.&ab. 
11. & X. ll '20. 

Fm. 2,3r Tuati.e ot a �  l.amlt. 
H. & E. X 320. 

F.:m. 24: �·esU . .c of a 9� lamb. 
fr. � E. X 320. 

FIG-. 25: Testi.a of a 1 � luh. 
U. & B • .x 320. 

FIG. 26: Tea tu of e. 1 � lamb. 
H. & E. X 320. 

FIG. 27: Tftatu oi' a 252-dey lamb. 
fl. 8: E. X .}20. 

FIG. 28: Sex cords of e. n-des toetua. 
H. §: F.. x 500. 

rm. 29: sex cord of a St -dAy f'ootue. 
H. & E. x 1125. 

FIG. 30: Gonocyte t.n a 5� tootu. 

ne. ,., : 

H. 1::.. Ji:., X 1125. 

tare go� in a � 
a. & x. z 1125. 

• 

ne .. J2• Proape t.ocoallD 1D a "-- 1-'». 
H. A B. x H2S. 

J'l&. 3.3: .aa ln a atase or mttotu • 

• z uas. 

m. ''' BM9:11"ftA apea.tcg:-- la aa1;u.e 
., a uas. 

60 & 61 

6o & 61 

6o & 61 

60 & 61 

60 & 61 



PS. " ' � ep� 1ft an � lamb. 
H. & 11:. x U25. 

m.. J7: Prtmaey &M eecondary epe� 1D a 
1 ,;6-cia.y lainb. 
lf.. /la E. X 1125. 

�. 38 � ��tmd upvmatida in c. 1 � lamb. 
H. & �. X 1125. 

FIG. -'9: llo�te aperma.tids in e.1� lsmb .  
ll. & E. X 1't 2.5. 

PIG. 40: SupporU.ng oell ruolei in a 69-d.ai' lamb. 
H. & I\. X }20. 

FIG. 41: Support� oell nuclei in a 70-dq lamb. 
H. & E. x 1125 • 

.FIG. 42: SUpp� cell nucleus and .�\-tgpe 
apermatogonium in a 69-4B;f lamb. 
H. & £. X 1125. 

PIG. 43: aertoli cell wole1 in caturo r81D. 
H. & E. x H25 .. 

FIG.. 4J�: ll:leetromic�h ot tl'Mt botll\dat7 ti&aue 
ot a .. init'orous tubule l'rom the 
teatiB of o. ram .  
X 1 7�800. 

m. 45: Eleotromicrograph of' the boundary tissue 
ot a ser.J.nifmoous tubule t"ratt the 
toatia of' ti rem. 
X 5,500. 

l'!G .. 46: Boundary tbaue of aex oord in a 4.7� 
.twtua. _ 

n. & • x 500. 
Fm .. 47, �.n&lrj tieauo of an oaJ'd on A �  

tootua. 
B. & E. z ,500,. 

m. ltB: 
�. 
H. A • a SQO. 

. ,. 

·· ... _ 

6o & 61 

6o & 61 

60 & 61 

6o r� 6t 

75 & 76 

-' 



:rm. 51 : Boundary Ussuo or- aex oori 1n a 60-cle.v 
lalub. 
H. & E. • 500. 

JIG. 52: Bountl.ary tiasue of eminif'eroua tubule 
1n a �  lamh. 
tt. & E. X 5()0. 

F'IG. 5.3 : Boundal7 tia,suo of' aemitdferou.e tubule 
in a •ture ram. 
fl. & .t. X 50() .. 

n&. 51.: c::l.utin in bOOft.dar.,v tia(Jue o'£ eex cord 
in a 58-do.:l :foetus . 
\ij' igeri '8 • X 500. 

Pier.. 55 : h"l�Un in bctlndary tuau.c of a�x cot"d 
1n. a 12'� f'ootue. 
Weigort •a. x 500. 

FE. 56t El atin 1n boundary tioau.e ot sex cord 
tn a 4.5-da.Y lanb. 
�ei8ert':s. x ;oo. 

m. 57: �la.atin in boundar.t tiaQl� o£ S$:)! cord 
1n a �  lamb. 
V•ei5ort•e .. x 500. 

m. 55: nastin in boundary tiaaue o'£ eerr.1n1torous 
tubule in an � l.atnO. 
�1'ei8ert •8. x: 500. 

FIG .  59: El.aatin in boundar.f tissue at e.atilini.t"eroua 
tubule in a 1 � lamb. 
iei(sert • a. x 500. 

75 & 76 



swpps • rilE 'rE!£ICULAil DlW!M)J!!f'i£ 9;1 

M NEW ;!A;LAND RO!QM RA! 

The normal cellular and tioaue development ot teatee trom 

early foetal lite through to mati.U"it,y baa been detol"'l1ft04 tor a 

l'llliD)er of hreede of eheap. The puzopoae of thie atu"-Y la to follow 
the pattern o£ teeticular develop nt 1n rams of the New Z.tU.&nd 

RaJmoy breed. 

Se:xual .De'telopment 1n the nam 

In tho male puberty is regarded as hav� been reaohed when 

eperrr.e.toe;eneeis is complete, the eeJW.al � ana h<'l.v developed 
eufficientl.)' to tallow reproduction to be possible and the animal shO'\tS 

obo.raoteriatio male behaviour ( nd end Uar&hall, 1952; Jlbdol• 

:RaoW", 1 �: Donovan and van 4er .... �t ten Boaoh, 1965; Sldl'lnEtr 

£t !).. , 1968; Skinner am! Rowaon, i 9b8 ; Foote, 1 969). It is a 

phas of 1 dnelopm t ln which growth of the reproductive tract 

1a DOat liiBI'Jred. 

lam e dnelop al6nl � a4ult male behariour 1cma before 

naohlns pJ:wat. lecioal aaua) ·:maturiv. IDlUall3 tblu ._, be aeen 

•• Aa 

p� 00011&"1 there 1a a Pro&r aai'fe apl'Meion of tbltl 1nolp1ent 

leXUa.l betwf a1 }Hlttem. The aJana ot �. ft 



e 

courtahlp. Theao atsno are f'Hq� clnoted to other Rlalea, 

pazoticUle:t'ly it auch a 8f'O\Ip ia held tog � th.ctr i\8 On& f'look (Banke., 

1964). 

a. 

Ertdenoe of the androgenic ootlnt,y of the toatla ia 

indicated by the presence of fi'iuotose and citric acid 1n the secretions 

ot the accessory a x sl.noie and marka the onaot ot puberty in the nD .  

This pbu.tw includes the commencement BJ'Jd tbe period ot oCIDpleticn 

ot the ini ti&l cycle of epermatogeneata and enda about the time that 

8pErt'VIQt0808. are tound in the DOmiMl fluid (Skinner tt ala 1 1968; 

Gkinner and Rowaon. 1%8). Semal maturiv hM not be n reached at 

th1a at6(")e u the toatb continues to dev lop to ita tull reproductive 

oopaoi\Y (Courot, 1962). 

The ooq,letion o:r aexual velapment ha5 been assessed in 

the ram b;! obaerv1ng the nature or too aeminal eJaculates over the 

pubt)scent pttr1ocl. � f"irst appearance of apom.ntoaoa in th . 

ejaculate has beon reported tor several bNe48 and aomo orosa-brede 

(aoe Table I). In general ape lll�aoo. aro obaerved in the semen of 

th Britiah b eels of' sheep at an lter aae than that of other 

breedtJ and are pwaent atter the e l:ler signa of libido occur {Banlta, 

1%1.). 
All a aeeament of tbe post-natal 4evel nt of the r 'a 

te t1a can 1Mt made from the aooe ot the dltterent cell t.J:pea 
ln the clnelaping aod.n1terou epithelium. There la 6ft4ual 
J.qerlns fd tho oellular n'b (_, �ogonla, DP.I.IIDI:-.1 
lmCI:'IIatoQJtea, ...Uda toaoa) which u poattiona 
o ac ri.UO ot the �tom in the adult � 1'0118 a. 
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,.._ progre.ad. ve �haaea of dftelop1!8Dt :ve b n related to the 

at;e and boda weight of the lab, the ize of t.he teatia, and the 

growth ot" t . a initeroua tubules ( Phill1.p and .Amrewa • 1 '36; 

Carman and Green, 1952 ; ¥tataon !t §t .. , 1956; Courot. 1961 , 1962; 

Sapaford. 1 962a; Skinner gt M• • 1968). Studiea on the growth 

and development of tht:l Lo.Yd.ie cella in the inter tit.ial tissue � 

the teatia (Daillie, 1 960; Sapaford, 1962a), the epidicJ.ymia (Cannon 

and Green, 195.2; Watoon tt !!•, 195&), and the aooeeaory gl� � 
the roproducti ve troot (Ai tken ,  1959) hllYe been Neorded in the rem 

and the � of' t.heso t 18su e f\.n.a been related in turn to the 

anc!rogenic activity ol� t.l teatia (Sldnner •1 al•• 1968). 

'l'he growth of' the penis and tile ext.ent of' pNpucial arlhoaions 

ia dependent on the age and weight of' the ram and can be an indi.oator 

of' tho onset of pubert_y (Johnet.one, 1948; li,;gina and 'ferrlll, 195,3: 

Don, 1956; t.ataon tt M•• 1956; .llelunJe, 1%5; f>retol'ius and 

}'arincowi tz, 1 968; Skinner and r owe.on, 1968) • 

The Groae Anata:t� ot' the Ram T atia 

The ram testia is enoloaed within a tibroua oapaul , the 

tunic albuginea, containing aumb of elaatio tlbrea. This Uuue 

thickens alo� the posterior border of tbe teatia t and extends deep 
into th gland to form a maaa of fibrous -tia , tbe aatimm. 

b'8)) of fibrou tbeue radiate 1"rom the diricU� 

tu rot �t lobul .. wiliah oCIIp05eei o't 

... <• •• t. 2 arxl ,) . !'M 

p 
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Fl GURE 3: CROSS-SECTION OF TESTIS 
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M6Jtoril � DG......w.d.toNWS �- la tt» �. t!Je l"e't:A 

t&atta. The ld"t'vent &lote pierce the tunica al� an4 oambti'J8 

to tonn the head of the ep1d1<\Y'tnia (oeput ep1d1C\Yldl) (Siuon and 

Gro GUn, 1?56a Bishop and Walton, 196<>; �. 196,). 

The intntroua tubules of the adult ram teatia are OGIDpotwul 

of apem oells t progeeelvo ato.gea of development and � rtoU cella 
(Clennont and Leblond. 1955; Ortavont, 1959; Sap&ford, 1962a) 
enolosed within a multil.tlYE:rOd tubular tmll knm-.nn a� the b«JJ'Kia1",1 

tinsUG. � lattor tissue provide� a blo�testin barrier which 
regulates the pasaae,'"O of' nutrionb, the cc:upoait.1on of .fluid (taqy, 
1967; 'Waitea and Setcbell, 1969) and the maintenance o£ preasuro to 

taoUitate the transportation of spermatozoa to tbe rate teetia 

(louon and Leeson, 1963; .::tou, 1967). 'l"he interstitial tlaaue 
oonauta � the blood veesela and 13Jnphat1o ducts rl.thtn the teatieul}.ll" 
pa.ntno.I\Y'IDa, and the interstitial or l.qyd.i6 cella which are � 
a1�)¥ or in groups diaporaed thro�t the intertubular oonneoti ve 

tiaeue. 



'!"ha Mimale 

a. Postnatal Anl.mala 

The lambs u.aed in this atuqy ra NeVl Zoalcmd iolmery 

oro•abNd eheep from an experimental tlock kept f"or aurgioal atu.U.ea 

at N.aaaey Univeraiv. The.Y were obtained owr aix 'fJHk lamblas 

p riod trOCl September to mia-ootober in the two eeaaone ot 1968 and 

1969 • il toi;al of th.irt,y-threc rm:as wore reared. 'i'vsontq-one Mre 

reared over th 1968/1969 euon to the a,ge of' 269 &wa and twelYe 

ro reared over the 1969/1970 eason to the age of 70 dqa. The 

lambs \\'SI'•" either singlea or t'Win:s, and WON born either naturally 

or by caesarian &ect on perf'orn.cd et full term of pregne.nQ)'. 

In addition opeoimona were obtained tree a �vo-tooth 

Ramno,y rar.; aged .300 U£13s , and a mature Romney ram o.ged six years. 

Those ran; a were fr<:& the same parent flook as tho lam"-. 

b. Foetal Animala 

A total of tort,y-tour ma.le toetuaea tran R.omne,y oroaebre4 

ewe wre obtained trcm a local abattoir � the moatha o£ June 

an4 Juq ,  1970. Their eatimatod agea ranpd tftm 42 &va to near 

'· 

�. 1'b8 ••ttmatloa ot tttJe w bue4 on the oroa-,_,., meuunmenta 

an4 the tonal� siftn by �iD (1,)5), St.plwuon (t959), an4 

stepbena n �(tHe). 



llaDISGI&eDt et Aldaall 

!be animals re graled from S tembtll' to thct toll.odng 

June on lnprow4 paatUI"e at � Unl'feraity. They re ta1le4 at 

two 1-o four weeka of.' ago, weaned at about f'ourteen weka or age and 
ahom at t.D'\Y to twft\Y•four weke of ""•• All lambe were 

vaccinated with an al.um-preo1p1tated pulpy lddne:l, blackleg an4 

malignant oeiema vaccine at tour to six eeka ot age. Throughout 

the 1 968/1969 aeaeon, the lambs were wished at epproximate]3 two 

weekly intenala. The boey 1ghte were recorded at the time or 

their oeatration, atter wtt1oh they were rernoftd t1"om the t'look. 

Select· on ot Animal& tor Caotration 

The a1lli wu to obtftin and etuey the teatoa of lambs at two 

•okly int;e,rvels, oommenoine nt the tit.e o!' birth. GQnera.l.J¥ t.he 

tir:';;e of outre.tion �")erA� ou ti.& birth aate& of too lambe und the 

availab1l1 ty or aurr.to.i.ont l'lllr.lbora for tile convenient prooenail\>1 of 

the tiaauee. 

TN tment fd Toatea 

a. PoatDatal lamiMt 

T11a teatoa fltam the ft1!Y ywng rama oollootecl b7 I"CDDVal 

ot the c11atal porU.on of the ION� lnDialns eeoh twdoa Yaslnalb to 

hpoae the teeUa and epi414vmla and then .. ftl"-1ns tbe epe:matto 

1ft tbl o1 lellb• tbe wn.a aat eptcU a,o .... tJwouab 

• 

..,...5.,tQ11f.nel i.naleiOI'lll Of tl\8 d � foUOidqJ 
( 1 .}I 
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wre zoeoted � aever1� each epematic oOI"d. 

W.tthin tbirV mirlutea of oaatration the epid1<\vmia an4 the 
apel"l!latio cord wore remoYed by triJm!li� cloao to the testta. Each 
testis wu n1ghed. to the netl1"68t 100 mg. The amaller teetes wre 

inc1eed tnlll89erec.t]¥ about the m.t4-aection of the teat.la and osoh 

half pt»rtion wu placed ln tho f'ixat1w nuta. The l�r test.s 

(great� than 2.5 e in weight) •re 1no1a&4 s1milar)3 and p.S.eoea cd 

testicular tiseuo 4. mm 1n tbiolmesa were taken from t:tis surface an4 

placed 1n the fixative f'luid. 

The teutea � .. -o t�e::;.oved f-.·Ot;. th-t.� 1 .. oetusve a."lli trJ.nu>.V\i o£ 

O':!CCSi: tins;;c be�ore plll01ng i:1 t 1e fixative fluid. There was e. 

dole.Y ot' up tc four hours betnoen the laue;hterine of' the pregnant 

ewe and the re.OJova.l and fixinz of' the testicular tissue. 

In1t1all,y eix different fixative aolutiona were used: 

Boutn'a fluid, Camc:w'• nuid, J)a'ri.a.on•a solution, 1W.. formalin, 

�·• tluid and a merourio chloride eolution (eee Appen41x V). 

Beat ..Wtinition ot the morpbcalogr �the teat1s wu o'Malne4 !D 

ttaeuee ts..a in Boaln'a tl\114. Tbt ehrlnk of Uamaea ln louln'e 

tlxdci 1taa mtratmal ...W.U� in leas 41atol'tton ot the 111ol-oaooplo 

t.aturea .  'l•t14lll t1a t1u4 ln Can'JiqJ' • • tlutA Saft the Hat 

Oftl"ell rote 'Id.� the eluUn atatna Ut4 to 41tf'ereratt.- •laaUo 

walla ot 

• ·lOO 



b.Y pl'OOGaalng t.flrouah 1noreaei:r-s oonoentratiorus ot &ti\Yl aloobol, 

cleared and embedded in porattln. Microaoop eectiona were cut at 

t':lve ndoron& an4 ton microna, moun 

'· 

and eoa1n (aee Appendis IV). Similarly preparo4 aootiona tJ'CID 

tioeue fixe(.'\ tn Carno;y' a tluid were out at fi mierona, l2lOWlte4 an4 

otatned separately 1'11 th 'fieiaort • a elastin atatn, modified 1\aohaln 

atain and Gomori '• al. }Wde atain for ole.astio tissue (aee Ap�ndioea 
I. U an4 III}. The teeti& tissue atainod with �c:ligert•a elaP.tin 

etain ooNJiotentl,y save the beat d&tini tion and atalni.ng ot elastic 
tissue. 

e. Examination of Tiasuo 

Sectione from each teatis frCil.l each onimal were e.xe.mined 

at x 160, x .320, x 500, and x 1125 rnagnit!.oationa on an Orthold 

microscope. Photoci�h&, uaiDI an Orthomat'> mioroeoopo camera 

and a Ltd.� camera wt. th micro-attachment., nre takon ot auitabl• 

tUbulea eo that eta(:ea and cU.fteronoea 1n their de•lopment could be 

useaaed. �eamente wre b cl cm a Ylaual. appraiaal of the V'P a, 

mol'pholog arv:l ai... of the germ o lli ,  the aupporU� oeU oomponent.a • 

and tho bcuuda.t7 tis uea ot the tubules 1ft 

liBRARY 
MASS:;y U. '!·t::RSITY 

h rdmal. 



.tn or Literature 

The tira't fVw monthe of the ralll•e lite a1·� charaoteriaecl 

� rapid increaaoo 1n tho boc\Y•e growth rate. Skinner tt M· 
(1968) roool"ded mmdaum rates of b<XV weight gaine in Suffolk 

lambo Up to sev�t,y d · a .t'ror.:. birth� toll )wQ b.J l&&e. r..t;:�1d gai."lB 

10� 

&�ll the lambn :::mtured.. In1 tially tJI"'\fth rate � t1 e wstie w.aa slow 
ln r.•alation to bo<\Y weJ.eht ae.:S.na. The mtieht ot the te.stia inoreQSe4 

. ;rudu.ally floom birth to .forty•two �e when a sharp ch.ange to a more 

rapid rate of grottth ooourred. In the YO\.l!\3 t.!erino l'8m the maximum 

�;wt.b rut of' the toot:l� 'tl.. s recorded when the bocy weight .incre.t':lB6d 

boyond 21 � (Watson tt Qt•, 1956), whilst in the Il&-de-ll'r nee breed 

a nni te inoreese in the t<tstioulur growth rate oooU�Ted vbon the 

testi& weight eY..Coedcd 6 G at appraxirnately eigh� dl\Ys utter birth 

( Coorot 1 1 %1 , 1 %2, 1967). 'l'ho eate.bl..U1 d pAt tarn t.�torlif la tllbt. 

the ma:d.rrum ,... wth rate of: the · ate� ttlkea pleco when boey ueight 

o.har.ces are deoroaain� end oo:IT$spond8 to the eattabliatBent ot 

opennat� noais (Courot, 1962; Skinner et p.l., 1 %8). A e1mUar 

pattern of teetia dev lo�ent ba8 n noted in )'SW)& bulla (Abdel• 

Raoat, 1960; Attal and Courot ,  1 963) • 

A oloaer rel&Uouhip edata betwe n teatloulal" a1 an4 

� � aUo� .- aee ot the (Dun, 195!)J 

ataon & 11•, t 956 J �, i ) • Mid l arl3 the o loUOft td 

a,p :toe- a, lncl!cated btaW� • the Dll�·aucae tJt 

�Nl'llll:toaoa aWn t .nu, u 

t 
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Growth ot the t-eetla clooa not oeaae at th1a etage ho.wer, but 

oonttnuGo until tho a4ult ai is roaobecl. The teetie of the 

matt.lr\\ ram ia app�te� t told tbo lfe!.sht ot· the teat1a 

wtum apen.tozoa tirB't t!,ppeer. IA the D.e-Ge-�&ice bre8d with an 

attlul t. testis size of 200 G apormatoaoa. aro p&'eaent in the 6,5 G. 

tealli {Coarot, 1962) am in the Suftlol.k bNed with an adl.llt te tu 

si se ot ab<>ut .,500 G, apex'llla.to3oo 
( S1::1uner S\ tl• , 19G8). 

prettent in the i 00 G te Us 

In aomo atu.Q.ios the · velopment o.t' the testis has been 

deterrd.ned by the appearance of' apermatozo& ir1 the aemi.naU ejaoulate 
or the ratn, artd a:iJr.llt.U':l3 there was a olooer relationship be'tween 
teatioular weight and tho body Tieight than with iJ68 (Dun, 1955; 

���on, 1961; touw and Joubcrt, 1%lt.z Tnt ri.i.w end �i..�0\7it.;, 

1968: fik::inner and H.owaon, 1 968). 
Change.o in the aiae oi' th� teetis con be dotert.i1nod b.Y 

palpation. Dun (19�5) aaseeaed teGticulru:- growth by th.i · method and 

considered �erino ra1.1s ith i'im plump toatee four inahea to five 
inches in length and a ;�t�nis froo trom prepucial adhetiiono t.5 having 

completed puberal develOpment. Thct uae or ol"Qhidometry has bcDen 

8\1$Nted U a reeinemant to tbe preaent aub3ooti'H ��Urt"ellnGill't 

techntquea (Bruoro, 1970). Ill human me4lctna a technique uairw 
o&lipere to oaaw:oe the longitu41.n31 an4 th traM ra axea � the 

teotea e been c1eaor1bed ( n an4 "ltb, i9S2). and 

BS1181.tftllla (1969) tbb tecbrd.q to the at• ot tcotea 

In It 1• on pracrUo 1ft t ue 

a oa 117 a 



te4 that a1mtlar 

an of at.an4.ord models be eatabliahod tor rase, and. the teatea �or 

1n41Y1dual.a bo compared nd reeon\ed 1n a Dimple grodi� a,yat.. 
Another method of meaa� atioular tumtion h&a been de orlbecl 

11. 

b7 Habn e� Qj,. (1969) tor use in bulla. It is an inatnaent called 

thO tGnameter and r.leasures teatia oonaiatenoy as a meana of prov141nc 

a prediction tor ae�n quality• �he advarrtagoa or these meeaurJ..r@ 
techn:tquos o.or eu.l>jecti e manoo1 palpation ia that they provw. 

ata:dard for testicular aise 1rl'd.ch poasibly could be related more 

olo5e}3 to $EttrOn production. 

a.. PostnatAl C.rowth of the Rem 

'l'he bc.dy welt,;;h'LtJ of all rflW.s in the 1%8/1969 sea&!lon wore 

measured at t\.o -�-1.:1 1nte:t•val�. n�!�innin� nt birth the �i�ttts 

wero elaesified into til"Oups \Yith!n t.Qn day ,oori.odn and the mean 

botl,y v.eight anJ. stvndard error of' the n:ean for each 3J"OUP was 

e;.:rUroutod. �h.;; bo(\y weight tl.nd age for each ra.>:J was reoordo4 at 

the t1:r.e of oastro.tion. 

b. Porrttlatal fJ.'eettoul GJ'Offtb 

Lamba fOF oaatration weve not selected at rancSml, but G'fel7 

am•a� wu to fitaln aampl a of te !tea tar � 
aio4 the po tnatlal 0'1 'fOlop '1'be lUll et the 

•tab'• ot tbe lcatt wse4 1n all fll'IEil¥tu 

the o-��- -··ti.l.�� 



o. 

The teatoa 18bt (G) wu plotted aitaat the age ot the 

lamb (aqa) and its b()(\V night (lfa} at the time of oaatratiCIIl. 

Simllarl3 the teste.e night na plotted againat the logarltba ot 

the � ight, to ecpbaaise the oho.neo 1n t;rowth rate or the 

teatea in rolation to the bocy wei(;ht increases (COUI"'t1 1962; 

Sld.nner u M•, 1968). Inoreaaoa ln the tght of � teatea wea. 

aleo etudied by detenr4.ni1'16 the tght o£ the teatos u a percentage 

of t.'w total bo<\Y ight. Those fiiJUl"es w plotted 86aintlt 8lf$. 

The 81'0wtb rates of the teate .:. relati v to the increG ea 

in the bocy wet&ht re ahcmn by plotti.ne the lQ8tU'itl¥1 of the 
teste a weiahto oea.tnet the logarithm of the b()(\y �;eights {Broq. 

1945; :1atson g:t ol•, 1956). 

tJ. 

ChohJe poi.nta in the linear 1•ate of testes crowth relative 

to bod,y ight were obtained and the data,,. re divided t the&e pointa 

and analysed in 3eparate olasDes. Correlation and rogreaaion 

coet".fioi-enta ro obt.a.1nacl for the two claasoa o:• teatea iaht and 

ag , and the oorreapo� two claaaee of teatee we18bt and boe\Y 

ight and the eienit'icance or their valuea t sted by detorm1n1 their 

•ttt-c\iatzoibution (Snedeoor, 1956). The 41tte noe between the 

roar:�a ions or toatee iaht on al1d teates wight on bo43 weight 

tor each oft two 1'811888 ol' atea � vero obtai1'1841\Y o� 

1"86" ton and oorrelaUoo ooeftiol b, and the l'•'faluea tn anal,yaea 

o� OOYariaDoe ( or• 19S'). StaUarl;y the two zoelatl� ratea ot 

tea1�;· tt. tlla1o data .... 0 • 

1 ,, 



weela bav � W.ate4 in a 1u. lllal'lnC', and at leut two W't_..,... 

rate a ot testes growth haW bun aet0l'l1l1ne4 (Wataon rt M• f 1956; 

Coux-ot 1 1962 J Skinner d fl• , 1908). 

a. Poatnatal Growth of th 1 

The arowth of' the lomba 1.$ ahown in Figure 4 traD data 

presented in Table II and Appendix VI. 'I'be rate of increuo 1n boa¥ 

we�)ht ut the tirr,e of outre.tion waa higher in the l.nt:!be under 81 .. �a 

of Q(:)�, than in tbe poriod after 99 d.l\Ys. The difi'erencea in the 

growth rates of the l!>lmbe reeul ted in wide variation& in their b<K\1 
weizhta at arw particular age. The mE}B.n growth ourve for all lambs 

in t...Jw 1968/1969 senson showed a steady rate or growth fot• tho firot 

120 days followil'lt� birth. Therea.tter the runbor of aontributora to 

the mean ot' eACh age group WM ar.-4'111 whieh rne.ant toot the stt<..r.dnrd 

error of the means oould not be g.i ven. 

b. Postnatal Teatioular Growth 

s at autltation lietecl 1n orclar of 

aaoen4.!.na toetioular wighte haM been naOJ:'ded tar each l"8lll (Table II). 

CbaJW ln the weight of teetea with 83 are shown 1D � !). 
Thn'8 was a al.tgbt in0Na88 tram birth to 49 &v• o� ase tollowed by 

14 

SSadlarla tbl ... n� .. 

••• 

1rtlllAO 1n 1«ht o� the teatea tn nalaU 

to the boCt8 - ot r ia abown ill 6. •t&ht ot 

1,_...M4 alCII'll untU a ot 20 -.. .al 



to tee oa a poroen� or the bofJJ' �t 1!0.:S plotto.;. �oinat a&• an4 

aho'ltn in l'iaure 7. 'l'be relative ai of the teetea nr..ained otaUo tran 

d&\va, aftor which the relative inc�"'Gaso in teetes size wu do 

(aee al. o Table II). 'l'he teatGa weJ.Y.)lt continued to iMree.ae al.� 

with the growth of t.he lamb untU 269 �a o!" ne • when oollootion of 
d.nto oeaoed. 

:tnitiul rate was :.alow and 1· :t�ar until about 70 dlzyt: o1" �.o. J, 

�reater but atill 11noar rnte of te$tes ��wth �ollowed aftor 99 �a. 
·\ closer relatlonship existed h.etween the testoa t gi_ght and the boqy 
wieht ot tho ram than 'between the testes weight and age (aee 'l'a.ble I I!). 
Ono al�e of' dat.a fol" teatoa woights was taken tor lSJ!�s trom birth to 

� o'lidence tor the relati.on:sh.ip was shown by the tnot that the 
I"'gftaG1ona or the tootes 1ght on bod3 weight t1 tted the date better 
than the regreaoiona of the teeteo wetBbt on age (ae Table IIl). 

'l'ho oonatanta of tho rc,greeaion linea t1 tte« to the data of the two 

e ot testes w!&bt •w 
T W (G) • b B W (q) + a 

' (C.) • b ( I) + a 

(� w • teno wAahtJ D w • � atgbt) 

1V v). 

I I I 
I 



Ita too � ataht 1mi'88.Nd theft� a Nlatl 1naeaee 

in the � of the teetea (� 6). A ltnoar latiooahip 

' 

a aimt la.r ntlationahip ed.ated between 99 dags and 269 de.Ye of 668· 

No cU.fferoooe -.a &�10\'Jn to be pmaont between the �ioo 

ooeft'icienta o.t' t• ;.eee two li.ot::-a determined qy the eqw..Ucm: 
log 1' U (G) = b 1oc B lY (kg) • log a 

('1' w = testes we!(;ht ; B W = � �ht) 

(seo 'rnble:J V! and Vl!) ., �!l �v..ifi.�llU>Et cll£!'5rtlnoe at �w 1,- level 

b-et-;;oen too in'toreapts or the �ressio!"..a nth the t.estee l'l:et�ht httse 

lino indteutod that the twc ! .. egreenior.e were independent u� dif"tttrent 
('.L'able Y!T) . Limited data l>e'tvGen the ll£;es of 70 �"�'8 and 99 days 
prevc.•-.too clooel"· w.at;inatlon ,; ' thiu period. Loeoritbdc data 

prt:rsentoJ. s.u�_�ost that a �-ue.h t;:-eater rate ot wstet) �0\lfth ooourred 

he'b.-een thasi:i tuo ut;ee , hence tbe Jata for 84. do.Ys o:f Sl;'"G wero not 

inollwa-d in t<1o I'(){;res.sion tr. r�so.a. 

·: 



tABt:lj II: TKB �IOtmltiP 0!' THE TESTES IGHT wmt 
BODY' WEIGRr AND .AGE OF ROINEJ' lWCS 

Ram No . 'l'eatea · (�) Boc\1 wt ( lrg) TW/BW % � (�a) 

5 - 2 .  72 - 1 
70 1 . 5 4.08 0.0367 ' 
59 1 .6 5.66 0.0282 22 
68 1 .8 5.66 0.0)1 8 1 7  
63 1 .9 6 .1 1 0.031 1 33 

1 8 2.1 7.70 0.0277 61 

69 2.9  7.25 o.oz..oo 1 0 

22 - B.60 - 1 6  

62 4.3 1 1 .55 0.0372 28 

67 5 .7  1 0.88 0.0524 24 
72 5.8 1 2.69 0.0457 40 
73 7. 7 1 2 .23 0. 0629 46 
25 - 1 5.1,.0 - 30 
71 1 2 . 8  1 6 .30 0.0785 49 
2 - 1 8.60 - 45 

21 1 5.4 1 9 .90 o.on4 6o 
64 1 7.8 1 4.95 0.1 1 90  69 

1 5  21 .1 1 9.00 0.1 1 1 0  70 
66 27.8 21 .75 0 .1278 60 

4 49 .8 20.4 0 .2438 84 
20 1 1 2. 7 20.8 0. 54-1 8  1 36 

9 1 26 .5 26 • .3 0.4809 1 54  

7 1 29 .2 24..9 0. 51 88  99 
3 ( 1 31 ., 30.8 0.4263 1 26 

1 7 1 40.0 26 .3 0.5323 269 
2J 1 61 .6 28.6 0.5650 1 1 2 

1 6  1 74  29.0 o.6ooo 236 

u 1 78.5 28.6 o.6241 1 65 
1 1 95 Jlt..O . 0.5735 1 78  

1 0  1 96  28.1 0.6975 223 

8 m.s "·' o.,1 252 

1 2  30S Jt ., o.tM 1 9&  

24. ,, l7.6 o.,,,, 2t0 
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JMfel! &AI: CORR.KLATIONS JJJLI R rG:? .. i':t � . tn:•1.1 ON 'r�L :BCDY \\f:IGltL' AND ON Tt1E JG.'E ( l )  OF TfiE 'i"r::S'mS WE:mlft (T) 
0 � TH£ RO�lfb;Y !tAU 

lalaitoftablp Ap Clase D r Equation s .x. fd b D1etributlon d.t'. 
(a.a) of t 

'I• tea' weSab" (G) < 71 1 5  •0.926'l<fll 't = 1 .36X • 7.-2.2 0.1 5 8.8,56•• 1l 

U111 Jo4r •18bt (Jrs) > 8' 11t. +0. 828"• y ::: 12.51.-X - 1 84.1 8 2.55 Z..92?"· t 2  

'-W.' •lBbt (G-) ( 7t  1 5  ... o. ]'jy t 1 c; o.2�A - i! .. 68 0.07 t.-.1 31 u 1 '  

ani Age ( dqa) > 83 14  •0. 534* y = o. 7t Y. + 5, .95 0.32 2 .1 9<)'t  1 2  

Le•elo of  si.q;nifieance u p ( 0.01 • p < o.os 

.. 



piL! l!a SU'lAIARY OF AllJ\LYSIS Olt' V A:.UArt:;r-: D�"DJU-INIID THE DIFF'ERENCES OF TliE REGRESS IONS 
0'1 'I'Em'ES WEIGm' (Y) ON BODY WEIGRr AND AGE (I) IN ROJINBY R.AMS BETWEEN 

BIIm..t A:tlD 70 ,llAY.i 

Sedae ot Vaiatton ot 
Squarea 

481..95 

560.1 5 

104.5.1 0 

Degroea ot 
Freeaom 

1 

26 

27 

... 
Scpre 

�.95 

21 .51t. 

Value ot 
p 

22.,. 

Bault 

P <  .Ot 

-, 

.. 
'-0 • 
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BaiiAllY OP .Afw..YS!S OF VJJUMCE D?:'n.ltt:nrrr& TI!E DIPrERE�lCES OF TliE Rm:RESS !ONS OP 
-n:sTES li'lUGm' (Y) 0:1 BODY �ili:IGffl' MID .IIGE ( X:) IN RONJISf RW:S BETWEElf er.. AND 296 DAYS 

or vazolatJoa 

' ::.:. 
� of lfella Vallae � lelult 

Pree4om � ., 

�aoea 1Mtt.-. 
., '!e8tee 

• aa1 
46406.79 1 461.06.79 13.57 P< .Ot 

820!50.77 24 .341 8.82 

12Bf..57.S6 25 
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Levele of aianificenoe •• p < 0.01 
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Jt!If YJII ANALYSIS OF COV�l) D�TLMThi£ rtit. iHr.r'tXE�£3 OF '1:iE REGRJI.�.m!Off:i OF THE 
L� OP 'rtfE TESTES �1:IGlf1' (Y) ON THE LOG� OF TliE BODY 'iWJrt (I) nt 
'ME lt01Ni1' tAt IS BNr�!bil'� BIRTH AND 70 DAYS OF AG:r; , AND 99 - 269 DAYS OF AGE 

8caaJ!De ot VariaUoft 

Dedaticm ,.._ 
a4.Jaate4 meaDI 

SID � 
Square a 

o.oot6 

0.2961. 

o-2.980 

1 .141 0  

1 .4390 

tevele ot S16n1f1canee 

Degrees of 
J'reeclola 

1 

24 

2.5 

1 

26 

NS a non-s1gn1.1"1oance 

a P = 0.001 6/0.0124. 

... 
Square 

o.oot 6 

0.()121. 

o.ot19 

1 .1� 0 

Value ot 
p 

0.12� 

b "·� 

•• P<o.m 

1» ., c 1 .1lt-10/0.0t1' 

Reault 

RS 

.. 

� 
• 



V."lde varia-tion in bodv ue!&h•ta for aqr one age eroup did 

9Xiat,. Th1.a liOUld prGbab.l.Y reault &� d.itlenmt � oon=aJ.:U.ona 

tlh:1eb pfllnalleci over tOO tvo seasons atreeting t.he .rutri Uoc of the 

ewa ,  mUk production and th" rutri tion of the 1� a:tter ��Uanlng. 

� bad .aomo of':fect on the r.�� ahill\Y or those ewea 

n.w.ttnB in nlativfll.y al<l'fllllr �wt.h or the lmnha during the f11'ft 

fa <lqa of lU'e. 

'!bit z-e ulta obtain&d tr<lm � OI"'8abred lalf.ha toaloato4 

that a oloaer relationahip a:S.ated between teati.a deftlopnen"' 

and oha� &  in bod\1 weight than bettleen testis WG'ieht at oostratiw 

and increasing �. � weigll't te ft rcflttction ot tranaient u� 

or over-rutrition as well as age and is there'f'ore a bettor independent 
characteri4tic to whioh testis 'CftJiCht ooongea can be rolated . :.eMs 

tindine; 15 oonsiBte.nt rdth ob&enati ons on rar:-.e of' other breeds 

( Canton and Green .  1 91",;2 l ·:ataon et al .  , 1956;  Courot , 1 962 )  and the 

c.ale animals of other a�iee (Green and Winters. 1 944 ; !ltul&a:r q;t al. ,  
1 952 ; B.rntton et al. • 1 9.59 ; libdel ut ,  1 960; i.ttal and Courot , 

1963 ;  Macmlllan and Hafts '  1969). 

t�b&n the srowth of tm tutis waa compared w:1. th ohnng :l.n 

boib' we:lgh't, relat1vel_y taator obonaeB in teK!.oular et. re nident 

......... _ � � • '.the · rab eol!ltl.lue4 •teMU;y but data 

!JOt « il..able aftor 269 a to it a. p uaoclated w:lth 

mBIUI!'l:t.J' .w.G haw at 

the la bo9 -...!jpllt 



the boc:\Y weiGht woa low, but Altered abl'uptl3 to a higbor valuo 

after 70 �e of' aee . 

ln these observaUona imrea•eo in the teatee ight \1'8r8 

Z"tQ14 1n the next 30 W\Ys but .in&ut:N.oiont eJ:teep runbe.rs pl"GVented a 

olos otuey of the testes oi&ht chtlrl8ee within tnia short period . 
However iiataon e' N n  (1 956) alum8d tbat 1n ltarino rame the mo.st 
rt:.y hi  gl'O'!.<"tl o t.. "&tee. \:t�d o.-t�n 4!3 an<1 27 ke bex\Y weigllt. 
�·hiu oan be oocupared with tho resulto oi' C ourot (19�2) who demonstrated 

a det"inite ohtm�e o£ testicular �rowth rate in the Ile-de-France breed 

after the testis bad attatned 6 G. 1$ similar ohe.nee was reported by 

!.11-'..innor et al. ( 1968) Vlhooa !:utf'olk rat"'...s sh�d a steep ri s-e  in 

teatioulur erowth ratos after 42 �s of ago . In •-wino rams 

•':atnon at al.• (1 956) \� able to eho� t!v�t n!1en th� b<><\Y oo��ht had 
reached 27 kg there was n ma1.,�odl.:t decreused growth rate ot' the tea'tia 
rol��tive to body �-th. Distinctive break o1nte in the ero�'th 

1•ttul and ::ow.$ot , 1 963 ;  Gpenoer, 1 968) .  �1ponoer ( 1 968) rel�\ted those 

chru:}dea to t' t.i.too o!' ·puborty , but could not 8Jttllain the incr&C"...ee tn 

ralati va growth in man a.� t . lephant , und the deereaee 1n the rat. 

1» data at t ox� r 

tranel U.oftf'..l p eri..od 1n • apeo1oa probably would ba" aooentuatecl 

threo dieUnoUw ot Nlative snwtb "-outrate4 1n tbe 

ne - t �oon d M• (19S6) • . Por the aame � tbl polat 
of obfiase to a relat1vel3 al. teetioular growth te 1Nl4 aot be 

�ll'm1� 1ft both the ahMp � t ftw\v 
Courot (1 942). 



1ft thh lnveattaatlon the broell:po1nt where th• te.Wa 
w16hta 1ne aeed at (l mo:�:·e r 14 l" to relative to the bocJ3 weight 
cha.nges occ�d bot en 70 and Bit. �· o£ age. The analysi ot 

thG data foxo enoh of the two phaaea of growth . aa completed tar 

t.lle twu parameters , toetea wei�;ht f.U'lti body wei8ht, ttlch were 

independently grouped accoxodiM to in(u•eacd .. ng �o. In no oae.e hee 
a previous author indicat d ho\'1 the particular point ' ot change o� 
growth rate was determine4. One oan eurm1.o that the ram.e ct 
'riataon e} eb• (1 956) nre grouped acoori:ina to boc\,v weiahts i.e. 

leae than 23 kg bet en 2) and 27 1rg an4 greater tilan 27 kg. In 

Courot • s ( 1 9&2) stuey the rams were grouped acoordlnr; to the toat1e 

weights , wllethf;r thoy were rcllo.r or larger than 6 G .  Groupill(! ot 

data f'or analysis about thiB tran.Bitional point in this � c ould 

have reault.ed in a biao to'Wal"'d$ e ither body w�bt or testis weight. 

u. 

The relaticnahir beb&en bO<\y growth and toetes ,��rovrt.h ia 

similar for all broeda of: sheep. Roo.vovor aOUWit breed differences 

exist in tho \'ieit;hts of tho toat&3 trorr. rar.:.s of tho 8&'lEI body we!(;hte 

and the O t\[';;-8 ageo (aoe '.!'ablea VIII and IX) . Diff' no a were more 

variable hen related to age. 

It would appear therefore the.t maturit3 of the teatie in the 

rem is a funotion of the teatie we18ht , whioh 1e flection � the 

bod;y ight and the age of pal'Ucul.nr br a or • ..,..., . , teetia 
t. onl,y t oriterie. tor 4etem1nation or tur!t.y then all 

bfte48 of 
band it it 

o le ptJ)Mt1'ty at a !mU • On th other 
a tunotion or bOC\1 weiaht onl¥ , one wou14 apeot the 

ett weJ.sbt ot the Jl �he outb4oa to be beerier 
ae ot tbe o  DUII8J!Ittv la 4. 'fOO 
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ton <• fSit-) ehowed. that tbe tntia wf.ah't ot goats e olo� 
related to birth we18ht only ov«Jr th• p4tl"lod C�t int tW 

apematogene la. From birth untU the appeomnoe of apcmnatosoa 1D 

the watea , the teetioull.ll' •!tJbt waa oloeely related to the b� 
•i&ht and both t11ctora remained lndepen4ont of the birth weight WttU 
the rate of toat1oular growth 1noreaaed. Unfortunate)¥ during thia 

reatrieted end relatively short pGriod ot development there was a 

o�e tram ma.ximun to slower bo<lY growth rates • at the sem.G time as 

the trans ition to max1mum growth ra.tea of the tastes , and exact change 

points 1n t h& aeparate growth ourvea oould be di,;:'ficult to deter;,,ine. 

• 

On would o¥pect however that the ett"eota o1' nutrition ond growth ovor 

an extended period woulu eventually ellmlnute the influence o:t different 

birth wetahta on later body and t.estin we:lghte . If a multiple 

rel�tionahip for toati s gro :th ln lambs ie to be conaid&rod, thon the 

hirt.h weit;ht ould probably be an additional inf'luenoin{; factor until 

puberty . 



!'& CftOUGICAL l)i.Y.SLO OF lE �.mOOS 
mB.11ES D 'l'HE BAll 

Hl'!l1niteroue tubulea , are co=poaed of tl'Jio t.Yp·&a ot: cella, the gonoeytoa 

(p� aem cella) and too supporU� c lle (1nd1t'fei"Gnt cel.a) . 

&:1flC, include observation:; on the I:orphologicnl a..'1<1 general development 
o-r the te3t icul.ttr tissues C:nuon gt ,ul. ,  1 956 ;  �U{..,sford, 1 962a ;  
Sldnner et al. , 1 968 ;  Skinner a. .• c. .:1o\lson , 1 968) u..s vtell as quantitative 
analyses of t:·w ce1 lt.tlur eht1l""COS (ilhillip-s o.nd ;;.nd.rewn , 1 9.36 ; Carr'>on 
and G-reen .  1 952 ; Courot , 1 961 1 962 � f:apsft"JI•d , 1 964) .  

Similar� teetic�llf!I' development has been deaeribed f'"or other 

ta.n:1 unirnn.ls euoh Ut'! :fOU:lG bulls ( ?billips n..o·ltl t1!ldrewa , 1 936 ; Hooker, 

1961 ; Fosaland and Sohtutae ,  1 96t ; lfea' 52t 11· . 1 961 ; Jttta.l and 

Ccuret , 1 963 ;  'acmlllan and !iats , 1 969) . gcat.a (Ya.o and .iaton , 19�) 

and boa:'$ ( adlU.ps and lmdrew.s 1 1 9:56 ;  Pbllllpn and Zell , 1 �J ; 

' t �). 

ADIJJ-. (t 934) aml C•azlrfC• aJlil Groeft 

{i 952) opi 

that 



qulitatlft aft4 � atwt1ea ot the o • ta the se oeU 

amolel Sepatord (1 962a, 1 96ft.) wae abl to cUetirlguiah the gen cella 

tram th4t supporting cella and t lr deri9 tive • the � rtoli cella , 

at all at8(,-ea of dev lopment. Thia oontim.a11Q- between the germ cella 

ot the 4evelo_plng teati and the pe.rm.atoeonla ot the adult ram waa 

a Uer to the obaervations of Courot ( 1 962 ) .  

tJftOertatnv existed alao over the cbnelopment or the genrJ.nal 

eJ.emonte o� the Cltlf and 80at testes. Phillips anCI .Andrews (1 936) . 
Hooker ( 1 944) ,  Yao and f.aton (1 954.) , Santamarina and R.eece ( 1 957) , and 

Foe aland and Schultse ( 1 961 ) olnimed that gonocyte a degenerated after 

birth and that the prollferat.i� support!� cella developed into 

apematogonia aa well as :>ertoli colla . More recent atudiea 1n 

developing bulls h�.tve subatuntillted the N.ndi.ngs in the ram of' both 

Saps ford and C ourot ( .:.bdel•i!.aoot, 1 961 ; Nioander et e-1· , 1 961 : At tal 

and Cou.rot • 1 963) • 

Tbe liiO&');}hol� o£ tno ffiiWl!Ml ian teatia variee remarkably 

during the pbaaea of development. A't least four periods , each with 

their dutinctive niatologio&l patterma , can be recognised {Sniften, 

1 952 ;  Sapetord, 1 962a) • Tboy are th &exual differentiation ot the 

gonad 1n tbe toetua , the remainder ot to tal 1 u·o  and neo-na 1 period , 

the plabeal period wt. tn the 1n1 t1at1on ot tpermatogeneaia , and the 

tuJ:te adult when the ap4m!latoaoa appeal'. 

DUtueatiation o� the 1ft4ltreNnt sOMA into teetu le 
tint pare in tbe ttoetal r after tour dqa ot 

01111.not ( leeft , 1 961 :  Sapatort, 1 *-) aD4 � toxv•two dtcra 

oOI"\\a aDil �lone ot aon . tU 
oaa .. ne ( ato , 1 ) . .A 

nUatecl -.pltbeltal oella 

lew eor1pt1 t the 



01'161na � the primor41al em c lle and their dftelopment 1e not 

available for th ram ( Sapatord• 1 %2a) but etidonce tram other 

anizr.ctla would lndicato that theeo cella m18t"ate trrxn the yolk sac to 

the pnitnl r1dp area, become incorporated in the coelceio epitheU.s 

and torm a gem.inal epitheliurll ((Her and l�ion, 1 969) . Eventual.ly 

invaginat iona of the �ermt.na.l epi thel1WP into the rooaenchyme tieaue 
booame separated tran the eurtace epithelial cella by a develop� 
tunica albuginea to form sox cords deeper in the toetb tioeue. The 

sax oot"ws are eurrounc::.e<i by a basement membrane and :fine conneotiv 

t ts.sue sheath which creates a barrier bet en the ocrd and meaencJvn-.e 
tissue. The primordial gem: cells proliferate and differentiate aa 

gonoeytes , hile the deriva.ti vea of the coelomic ep ithelial cells reU'.ain 

a.s aupporti �  oells at the periphery of the oord ( Everett , 1 945 ; 

Dra�nbell , 1 956 ;  Japsford, 1 962a � G-ier and Marion , 1 969) . 

l�t the tit..e or sex differentiation the aex cords are 

relatively short bars orientated radiall_y within the gonad. Throughout 

the rer .ainder of the foetal period and the ear� postnatal life the 

GGl'lla 5J'vw itlOit� • .ltseruu� iu d.iarne"Wr • ana. eJ.ongat.ill6 until eacb enCl 

becomes attao.hed to eit�r the rete toetio , or anot.her oord 'ltitb1n the 

same lobul (Gier and Marion . 1 969) .  At bi.rt.h the eex oorie account 

for approxilllat l.y 5Qrl. td the volume o� tbe toetioular tieauo in th ram 

(Courot, 1 962) .  

Within croa eeotton et • Mx cord tn the t atia there 

centrally p,._� than the 

maerou aup.porU.DfJ c Ua at the '!'be cvtoplUIII 

ot the g0Jt007t 1 Ylalble about a 11shtl3 ata1ne4 noleua contai 

ftw or at.x &h at ln maB a aurroundiqJ the two or � nuoleoll .. 



fbe SOI'lOqytea 4utenntiat& into tl.ll"e gOJ'lOO)"te a ,  obaraot rlaed tq a 

fine nt.lOlear diatribut ion of chromatin surrowl<l1ng two or more 

n:.wl.ooli, eu in tlo.ll"ll U.veJ.op into prospermatosonia oon'tatning aingle 
or double true nucleoli (Sapaford, 1 �a, 1 964) . The cytoplasm ot 

the aupport.i��g cell a ia leaa well detined and extends townrda the 

centn o� � cord , whilst their et:i4ll highly ataina.ble ruolet ren:a1n 

about the pe-riphery • The supporting cella proliferate during thia 
period al'X1 nt the bog1flrlin5 of the pube1"9.l plw!Je cease aotJve diYieion 

and gradually tron:tform into f-ertoli cell • 

The moat &?$Qtaoular ohtmge in tho development ot• the 

aezz:irdferoua tubuloa are ee�n during pubertY. !',t this stage thet-e ia 

relatively ahort apace of time they have changed to r.-;ore actively 
l 

dividi� oolls.  The epermatogonal runbera i ncrcal3e as they become A 
positioned on the basement membrane and as cell division inoroaaea 

runbere of' pril:.ary and secondary spcrmatoeytoo , spor:z.atida and 

apenr.atozon cuke th ir a_ppearanco (see Ft& .  9) . Spormatogenesb takes 

place in a step by step manner and th eucoeeding ottll types become 
orientated in l� rs �o� the lllll"en of the t\.lbule untU rtnel]3 

14oat ohang a in the 8ftdual transtomatlon of the aupport1• 

cella to rtoll oella are obaeftecl after the eatablie.taent ot � 

tnitial at a ot apematoge-..18 .  !hi,Y 000111' about the t1M o� the 

metotio dinaiona ot the ope too7tee an4 appear to be oa.plete wbln 

Prior to or ooinol •• •  -llDe·.'l ot .all • 
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� ooale.toe ara4 t.be •z oor4a aoqu1ft a otral 1 n to 
beo · tubulee (Carmon and Gn n, 1 952 ;  Sapatord, 1 9G2a) . 

''· 

The appearano of' epermato•oa ln the tubul.ea ID8l"ka the adult 
phase ot testicular dttv lopment. 'l'bia 1 ohnraoteriaed by an 1ncreaae 

b t.att e ai M Miftly due to inorouoa tn the 4tameter and the 1� 
ot the semi� roua tubules. The volume of the teaticular tiaaue 
ocouplad by_ the tubular content& reU!Aina at about � (Courot , 1 962 ) .  

It is dur1118 · thla period that the quantitativo output of epermatoaoa in­

oreaeea to that of too mature adult ram. 

Tbere ls some ve.ri.ation 1n the development of •permatog neaia 

bot-.et.,n broed.a and limited intormatlon would indicate that developments 
takes plaoe earlier in the �ngll sh breed8 {�kinner •l N• ,  1 968) .  

t>a o. oloae z•elatlonahip oxiets between the growth of' the teet1e , 

coincident w1 th the onset o1" epennato;':t-cnesi& , and the body weight of 

the ram the bre t! dif'teronoee fb4Y be a result of nutritional eff'eota on 

the growth rate of eh&ep in tl ir eoparate environments . Howver 

once O;>eJ'lllr{togeneoie has OCI.fttr,enced tnere ia general agreer.:ent between 

autbora on the timo intervala bottleen tho appearance of the different 

c 11 typoa ( PhUUpe and Andrewa, 1 936 ;  Carmon and Green, 1 952 }  Wateon 

1\ gl. , 1 956J Courot.  1962; Sld.naer ll M• •  1 968).  
In th mm•e toat1a · t 1ntenttt1a1 cell., o.r Leydi6 oella &how 

a!«na ot deftlopment aoon after the eemal �rentiation ot the gonad 
(BaUlle, 1 9GO J  · Sapatord, 1 9C2&) . � cl.ltt'eNntiate 

U.aue !.DlUal.ly are cU.moul. t to 41eU�lah ,.._ other oelluler 

... IDliiRta ot tM ln....Utlal o tlft • 'lM 1'1110leua ,  

00 eoU ' .. � qtop 
oeUa aft el � • 6-foetal 



p0l'lo4 other fo • ot irttex-aUUal cella al.eo appear f.Doludlns cell• 

l'lith 'l'ar;i� numbera of ooainophilio granules pNsGnt in the oytoplaan 
and ·  oelle with shrunken and pyknotio nuclei. In time moat ot theae 

cella diaai>pea.r but eome pereiat and are et!U present in the developU. 

am the adult teetis (Sapaf'ord , 1 962a) . 

'i'be 1nteraUt1al oellrs ooour aa single oella or in clumps and 

beoome more wiclel3 aoattered after birth. At puberty the cl1ametera ot 

the eomintferoua tubule� increa.ee rapidly appearing to rocluoe the 

interatitial .spocee and to decrea$e the et• of the intoratitial cella . 

�Ue ( 1 %0) £ounci no evi�noe or a l'$CUCtion in the number ot 

interstitial oella in the rru;; bei'oro birth and Gapaf'ord (1 962a) was 

unable to determine whether, as in oti\$r animale , there wa.a lli\1 obYioua 

tluotua.ti on in their numbers during deve lo: ·cent (Hooker, 1 944; 

.d.oouen-.liunge and , ,ndfJraon, 1 959 ; Boill ie , 1 961 ; Niemi and Ikornm, 

1 963 ;  Cle(Jg , 1 966 ; G-ier and Marion ,  1 969 :  Knorr Ejt M. ,  1 970) • 

• thoda 

In th� e :o�t,ldy the rGOot;nH:ion ot' cells in the &tvolopintl &ex 

oords and seminit'oroua tubulee of the rem woa based on the observations 

of Orta'fant ( 1 959) , Courot ( 1962) and Sapel"ord ( 1 962a) . To too 111 tate 
oomperiaona with other atudies the aiae of tootU deaor1be4 1n tbe 

toUowlns aeet1ona reter to the weight of on teatia onq. 

n. ldentitio tion of the reapeotiw o lla waa •• tollowra : 

• 



bouA4arlea about a apbft"!oal maeleua. pat'ord ( 1 9624) reatricte the 
use of the teJ."ID to tho germ cella at the atage Gf development be tore 

the t'ormation or the eex oords . 

The t&m gonoey"te wae tntroduo d by Clermont and Perey ( 1 957) 

aDi used to ntamo the primordial gem cells whioh are oun-ounde4 by the 

supporting cella in the sex cord (Sapafori., 1 962a) . 'l'.bey are larse 

regulcrl.,y �d oval or round cella with P. vbible oytopll-..8lll!o sone 

d.etirling their limits , and onoi.rcled by the dense prooeasoa ot the 

eup portine; cell a .  The cytoplasm o!.' t�.,. gonccytea 1 n  t. pr&nata.l 

t&ste5 oont.ftin.t> l�gc sphorieu.l inolue tone TJh.ioh are re-plceed later by 
e. ,;rut'te:r 111.Ullber of oo,�rt�e but well diaperaed gl'anu.lea . '.the nuolei of 

thee� eella eont� � r.  'N. �e :;,r s bt chrcmatln mat��es or c oa.'tae granuloa 

irvegul..:u:· tn both ah�pe and e he , and eurroundin,; the true nucleoli .  

Duri�� t he  e.a-l.y post-natul pl'>..tl aft <'f growth t he  nueleurs of the eonooyte 
consists o1' two to four true moleoli surrounded b,y a homogeneous 

di5tribution o1' fine dust-like obrom&tin (Courot, 1 962 ;  1 967) . 

Sapaf'ord {1 962&) tel't'M these cella mature gonooytea. They change Into 

proapel'm&togonia before tbo atablia ent ot apermatogenea1e. 

pomatosonia are !.den'tift. lo' the pre eno fd a aingle 

U®le nucloolws in a nuoleue which la laqer and liON NUDd tban that 

ot edult • oti1 � he eu o 

Ua are not 1a t 

ISa).m�l"G., • 9Cia). 



!M \YPe epematogoat ta indiatinSuiaha • from the 

edul t a tea cell and io the eterting point of the apel'lnatogentc 030le. 

In the 1'1 , rww stem cella and the succeeding J.�e apormatogon!a 

arbe tram the tirat dt ria ion of the atem cella ( Ortavant , 1 959 ;  
Ortava.nt • , 1 969) • 

The A-�e spermetagont te a large oval cell �id ia 

s<a1nbet f�ttened �airutt the b�nt �a.ae of the �eroua 

tttbu.lo . Its oTal or round nucleus c oft81ste or very fine chromatin 

�ea aurround1116 " aincle or ooco.aionally double • large true 

nuoleolue (Stapetord, 1 962a; Ortevant !l !).. , 1 "9) . Sapaford (1 962a) 

deaoribea turthur the natut"e o£ the ext noi ve c;1topla.mt aa containing 

numeroua conr&e and predCiminsntly perinucl ear inclus ions . 'Ibe 

Intermedio:te-eype sp erma-togonium conte.ina a nucleua with ooa.reer chromatin. 

The B-type opennatogoniwn , rJ.eh succeeds the Intel"m4tdiate-t,yp 

spermatogonium , conto lrw a ler round nucleus with o greater number of 

'rbe primary epel"'ll&too_ytee ere the preduote of the ad,totlo 

atfl.elone ot D-tno ape tosonta. It 1a at ttd.a atage ot ap togenuia 

that the se cella Uftl1nco lolla. The nuclei at tbe YCK&n8 priltel7 

enta�*Y1r:ea .-e 41£t1oult to cl!at ·ulah theM or the 1wt3Pe 
'D8Jl'tlta�06oala. lNt u ... ,,. · phaa .. ot loda 

let ume ohart.eterll c e tq· • 

!'be ttn o!"UUt wlth!n tbe leer enl 

,. 

i'Ue \ I• .la GOI�� 



n. 

f; t.a fiD1 d.olamirlg ot th chrcmoac:rmes as the)- pair o� an4 41Yi ... 

In the older pl"!.nnry 3IHtl\tatoeytea t1l:S ohromooo�s have oontraoted. end 

are lot�JS eadl.y dbtiL"'.guishahl� one 1'rolt e.."JJther (Crtavant, 1 979 ; 

Orta.;ve.nt et eJ.. , 1 969) • 

'l'lle E�E:Con4al'7 spenr.a.tooyt.es ar ao4m leas t'requontly && thia 
pt�ue paase:s qui to rapidly. Thqy are rocognisod aa 1se.nn colla with 

sualler epherioal nucleua containing five or aix darker e tainint; 

particl e m thin a network of' til.arAontH. 'l'h.e apel"'lllatoc,y t�e in two or 
more stage r. of development occu:P.Y the p'o)aitiona of aeveral rowa ot' cella 

within t.he �e.r-.J.niferoua tubule. 

Tt • .e spermatid..& are prot,.'l"Gaaive tklg-tla of' the gertn cella 

.follOl",il\!;; the tJOconu maturoti on d.i.viaion of t1w $flUl.'matooytea . �he 

nuclei or t.ho young apermatida arc apherict.tl nntt BI'Jiall ,� b1.1t a Lr.U ar 

in appearance to those of the aeoondary ep ralfltoeyteo . tni tial.ly 

the nuclei contr•. in many largo darkor tain11115 granules which gr(sdual)Jr 
diainteernte to i'orm a ogtlneoua Jr.a.s as too nuclei elofl6aw and 

flatten dorsovl!lntrelly. The eytoplumt of the ep&l"'la'tida u qui to d&nae 

u4 oonta lrus th component 1Jh1oh gra4ually develop into tbe acroeome ,  

o dAl &heath and the tail of th apormato110a ( Yant • 1959 s Ortannt 
et 1. , 1 969) . nte 11p tide oe� a n=ber ot" rotru of germ a lla 

at the oentre of the o � roue tubule • tbe older ap tid8 migraUJw 
Wnrtla the n wbere the taN apenaa�s are tia.al� le • 

'· 



tlttentaeular aell.a . !l'hel.r cell .o ftif.ar! e! !'.re 1M.let1� t so that 

they lll"e pneorally .recoeniaed by their char�t,!irl &tie ruolei. The 
ruclei are ar::aller. th.a.n thoac a£ the garru oells a.n.d &•ti vioible in 

larger number in a d1'1t31e row ,  about the pOriph•r-.J of the aox oo:tda . 

About the time of eetahli&tmamt of' Hp$:l'Dl8togeneaia two or mere rowa o� 

supporting colla are preaent. In tl!e foetal a!1d oo.rl.; post-natal li.fe 

of the ra.;i •  the round &llp.}•Ol"tir� oell fll..lelei contain granul:...r ohroolet.in 

which lat<tr tend to coaloaoe into e;vcn coarser ohrauatin surrounding the 

on.:: or two nuolecli {Sa.pai'ord, 1 962 ) .  The oytoplaam of the eupporti.ng 

c lls 6:ra�lually 1.mNa5oS. in fl.r�� , wit..ll the 118htl.Y ataiooa cytoplaSD'.io 

procoa:soa becomif16 mot'e pronounood snd oxtendi� toward• too oentre ot 

the sex oord. 

'l'he �rtc.li cellf.; are u pl>cereas.i vo arm matu..:;:-.: zt.;·-��s o:· the 

oup;>ortlo.;; cgJ.�. 1'l:� tr�c:.r or irrogu.i.arJJ ��a nuclei or the 

::(ll't·:tli c•lls have rnai\Y ae p indentations in their mtOlenr membrane& 
that vary during the cycle of the serdw•orou" �pithelium. 'theJ are 

tound botwoeo the gvm oell.s , n&&' to but not neceaaaril,y on the 

bQtl l:t*nt lll.CC•bl'QJ'l{l• .� numbvr of irttranucloar ooa.rso gt"&ll\llev are 

aoatterod about the large aingle or double nuol•olua . Thd oytopL. 

of theae o lla surrouna all the gem cella in the tubule , with the 

a:oeption or the ap atQ&onit. • which remain 1n c ontact nth tbll 

b nt brane (a rot, t 962J o atord, 1 962a) . 



t.na a �� �ua. 'rhla 110uld oorreapon4 to the c noement or 

tho aooond phn8e of development u deacl'1.bed by Sapaford ( 1 9&2a) or 

the "�oMO,Ytott pbaae of tho impuberal teatie of Courot ( 1 962, 1 967) . 

For oonvenienae the cllAngcs of the cellular el.ementa of the eex oorda 

and eemin1terou.a tubules are de ori'bed in two aepara.te phasea . '1"be 

f'iret or prtlpuberal pbaee follo t.he dttterentiation of the gona4 

when the aex cords showed aome del'initi.on. Tbie ph.aae extended 

tbrout;hout le.tor foetal lite and o6J'ly post-natal lif'e ,  and waa 
completed when the "boczy wei8bt ot' the rem 'W8S approxl.mateq 21 kg .  'l'be 

li.lt.1ta of thi!\ phas6 were defined by chaneee which occurred ill the )erm 

cella. TI1e oeoond , or puberal , or muturat lon phaae ot dovelopment 
(Courot ,  1962} waa as�ooieted with the OOOinQncement of spermato,;ono is 

which took plaoe rut ti1 botiJ �eiQl t incrGc..&�u bi\Y&tJil 21 k(). Pro�resaive 
chartcl:i a.r.t d! �erentiation o;"' the a.Uult stt.m. oolla proceeded a..'ld finally 
apcnt�a.to�oo were produoed and .t•eleasod in the oeuiniferous tubulos . 

lJurin.s the period that followed the initial production ot• spenrJlto �oa 

vory few morpholo�ioal oha�ee. were obvious , Md all o�ht atac)es of too 
cycle ot' the aeruiniferous e,-· ithclium (Ortavant , 1 959) were observed 
constantJ.y. 

Varlationa in t. linea of dercaroation between ach of these 
pbues could b oonei rable. The trana1tion waa aroitl"nr.r and ooul4 

in4etln1 to betwen o1' ai.mil er a,g a and Do4J t. ,  and even 

tnen 01" wt tbtn the teatl or the �. 

. •eentt.al o t ttae eloptns au c 

NQ.gs1J�<�o•IU iD be 42- ol4 l"ae'IUA (ftc. 1 0) .  Oel� 



p•ttorn and showing 'fCr,y littl e dU"terontiatirm (Fia. 14-) .  n. 

cbar&ct�rtst1c nucl nr pattern or the eupporti� cells U"l'UJ1b""8d at 

40. 

the l)t.rl?hctl".Y o� the aez card and the one or more gonoeytcs in an 

eooentrie position near tllo eentl'o of' the cord waa olrtioue in the region 

c.djoount t.c t he develop!!� tunica t::Llb�1nea of tbe roetuse between th 

QGOS ot "'5 and 5' �a ( G-C�e CXB.Uple in Pi€• • 1 1  , 1 5 and 1!i) • 

Throughout too toe tal and earl;{ poat•natal H ffd there r.ua a 

ao:a.:1 but 3toa.cy i.'lOr � in the diall'.ewrs of the sex cord:J ( 8 .  1 1  , 
1 2  , 1 ,3 ,  H i t  1 7 .und. 1 8) .  '!'hln �ae n.e�elernt� th:-�h the tr�:·ur! ti onal 

trorr oRCh other by the lnt.or�tit.tal ti r,sue (Fil�S . 1 1  an<1 1 6 ) .  �'his 

� &n d.cso:dbcd by Dai�lio ( 1 960) and Sapa!"ord ( 1 962 ) • The molei 

oontai.Mcl ohJiomatin gl"araal<J& a&.:;resattng at the manl-.r membrMea about 

·� nuole1 or the otber oelle ot the 1nteret1 ttal tis8ue ( • 1 6) .  

•• • • t9  40) • 

,.....,._,. 'tlllNtla.tbGUt the M&&ncJv'm&l 
tb8r aa ainale oella or 



at a ot the 

oleer)¥ aon.a. ,.,_.. ftl'8 ohan8ea in the IDOI'pholog ot a ·  cella 

and the emeraence or a rurber corrtaining eoa1nopb111o paml e wl thin 
thelr 4:\Y'topl . • · The rumbore of these cella reached. a maxtun nt 

mid-1"oetal lite and then slow}¥ f'tl61'9&ao4 to amall �ra 1n the ear)¥ 
post natal periocl aM Nmained aa such throush to adttlthood. 

Supporting oella *'�• diati�le in the teetle ot the 1.2 
� old tootua (FS&. 14.) . They re oYal shaped but 1n ID8llY wtonc a 
the ·� techni.quee emplOJ'ed did not datine adequate]3 the cellular 

bouniariee and t extent of their cytoplM�D. ldent.U"ioation of the 

sUpporting cells waa ba.t.Jed on the appearance of their mclel , which were 

rcund. and eme.ller thQ.n tllo� or f.: goilOcy'tAiiS unci ntSro.lJ..y re located 

about the perlphw,y of the. aea oord (ft«a .  28, 29. 40 and 4.1 ) . A I'U'JJber 

of gonooytoa re located in a aimller position within tho sex oorda 

(Pies. 1 5  and 1 G) but 1'rCl!:l about 60 clqa of tooUll life (:rtga .  1 7 , 28) 

thqV \10t'e eonalatently obaervoo iri a oentral poait1on or tha sex oord, 

surrounded by the nuolei of' aupportine oella . 
The cU.ametcrs of' the · x oord.a lncreaaed alowl¥ but ste dil;r 

(ft3a .  1 6 ,  1 7. 1 8  and 1 9) an4 were aoocapanled by a Mla11 ino in 

the ruaber ot npport!Jig c U auolel ae in cro aeotton. 1'Jae 

obaenat14n t at.to.ie tn toM rmelet ot the aupportinc cella proYiW 
e4cltt1onal ttYldnoe ot eoU tt,UoaUon o� tbeae oella. DriwMrl 

42 a..P JO a.qo o� toetal · ute DO · · pdtem waa eppaNnt U 

tb.o the � ..u. (... . i an4 1 ' * t4 
-Mb tbdJr wldltll' 

· ( •• t 7 ab& ) . 



rumber of cella app to be in oloae oontaot e.."ld tl'et"e ee.!nta!neel u 

a regular fo1'11'ltliion o !' a s�le row ot nuclei untU about 50 dtwa of 

poat natal life (aee ezon;ploo 1n P'Sga. 1 7, 1 8  and 1 9) .  

'Xhe outlines o f  tho supporU� eella uere only indistinctly 
.,isible for a short period about the time of' t.ho ditferontiation ot 

• 

the aex cords. Theu� scant eytopla.am was seen as a arnall evenl.y 
stained cireular maas around the nucleus ( ptg. 1 5) .  Within tew �· 
the boundaries oi' the oytopl.L\sm ot:" the individual cella were indiltinc� 

ewd the individual cells appoFJl"ed to ooale&ee fonning a dense but evenJ¥ 

. 41atributed I:Ul&s ot eytopl.eJmdo trands w1 thin th6 aex oOI'Cl (Fig. 29).  

This maas eneuJ£ed al l  tho nuolel or the support if6 cella and outlinod 

the boundariea of the gonoa,ytea (FiBs. 28, 29 ,  30 and 31 ) .  '.lbe strands 

of oytoplaornio tiflsuo xtcnd� ss elongated prooesaea towards the 

oen'b-8 of tho BOX cord& woro most pronounced 1n the toatie of the lamb 

we1gh.i.n6 1 G kB ( Pies. 1 9 and 20) • 

'At the trnn.Gltional atat..ze between tho two phases of daV<tlopment 
the �'toplatiroic mass beoar.u a. aort.os ot' ooer.sc filamentous etrond.B 

wh.lch by aeparatL'lG re f� lees donae areas in th oentre o£ the 

cord {Figa.  22 and 42). Thie preoe4ecl tbe t'orme.tion of the l n ot 

the mature aeminiteroua tubule (FSsa. 2-' and 27) . Fine indetinlte 

Q.Ytoplaamto 1aelwliona d.oaor1be4 b.Y Bepaford ( 1 962&) were 'fiaible lD 

The altea of the auppai'Uns cell nuole1 remalDe4 quite constant, 

but oba.nee 1n tbe!Jo I!!CI'pbol at the tnna1t1onal p..s.od 
��et�m the two phMea ot • ta tt. 11111» w�Bblns 1 6 lrg the 



"· 

time the nue�l of a JlUirlber of aQpporting oella gr&Ctualq ocoup1 nore 

control poai ttona in the BeX 001'4 � ron tvo or three deep w:1 thtD 

the boundarJ tissue (FJ.Go. 20 ,  21 ,  22 and 40) . Generall,y these 

poai tions 'f'erO maintained until the transtormetion into rtol1 cella 

took place &Ui'ilf6 ti.Wi next ?hu.ao ot devclopmerrt ( Figs. 2, , 24) . 

Too gerrr� cella of tht!i !'oetal ram were prellOnt when the eex 

oords had differentiated (E'J.e. 1 4) . 'J'he ir rucle i wro round and lart.ter 

than t he  nuclei of the supporline cella a.nd they re surrounded by a 

mees of cytopla.sP t tho boundaries ot• which were defined throughout the 

develop.inf� .9eriod. When the sex cords or·e formed the primordial gem 

cells becan;.e enveloped b,v a number of SU!?POrtif'Y! oell a. Tt wne not 

unt il 5.3 drzya in foetal lite thnt the eenn cells took up their poaitiono at 

the centre of the sex carda and becar.;e aurroun.dod by the nuclei ot the 

oupport..intt colla (Fits. 1 6) .  From 60 �a in foetal li.fo the ooon.sione.l. 

sore cell \la8 se en  ith its cytoplaamic membrane in contact with the 
boumar-.1 tl.esue of the sex cord, but tt1ie pbencmenon was not eoceon 

as thO germ cella, n001 t rl!lBd gonoqytes, cont1rued to maintain thia 

pnerall,y central poeiUon ( F16a. 1 7, 1 8  • 1 9 and 31 ) • 

Genoeytea were not al.""'a obM;-Yed ln a oroa.-.ootion o!" the 

aoa oOI'd. Moat otlona how.-r oonta.t..ne4 at leut one aoneQ.Yte ant 

� a mquentq , two or more. A<t all a bor ot tP te wre 

at eome ot altoaie , 1!14Soat.l.qf a a lnoreaae ln tbetr 

..-r.." lY la t lite .  wt · �  ·� 

1eua ( the oeU) N4 ocou1ona1.�. 



the p4MI'anoe of their nuclel. 'rhrouabout th foetal period the 

nucleoli wero &Qrl"ouncled � a lUmber ot modera'teli' stained r.uclear 

Bmaller 

Bl\4 loeJ; den ly etained c1uring the nee-natal period and gradually 
appeared as a number of f'ino r>artiolos , e'9enly d1etri.buted. about the 

too , t.�e or four nuoleol! wit..hin t! nuoloua (�. 3t ) ,  ... 
colla in tho lamb weiehing 6 kg at a:·1 age of 1 6  d4\Ys ti'Gre readiJ3 
identified e.s tl•o fl'latun; �nocytn defined by Sap&.fo.rd ( 1 %2&) . 

the termination of tho first pha&e of development when tl-:e l&lb 

reduction in the runber of' nucleoli eoot:q)w ded by a dispersion of 

finer nuclear granules {F18. 32) . Prosperrn tc-.,:;c· '\.1-.. 1 t.'1e next 

� wcre st ill in a aoro oentrel position 1..< -< · r .  ·:. t : u.;. :o ·� ·� ,·�s cella 

and their cytoplasm did not come in contac-t 10: : �- ' t '· : . ( .r .\.�l< .�.J.':f tiesuo 

of t!":te aex cord. The nuclei with one o, .. a, t.A ' : A1r, t:1o : Ul.)leoli , nere 

thoeo of the A-tf'pe apematogonia in tho adult teat1a , but re rouncler , 

more � 1n hafe ,  and 4U n.'ft U• on the bOt.D'JjfllP3 ttaaue of the 

lopi� •eminU tl8 tub\11 (fiB•· 32 .  ""' an4 l.a).  
4 be 41atlnj• ��-!a 

.. Ull'l�bGU·t t.l.lU pbaae 
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the nGOMtal etage when the chl'omat1n within the nuclei of the 

cella became more finelY tli•peftJ84, that tbe true maoleer tOZGa of 

the two typoo o£ oell ro obviOU& , and e4!!.-e1er to d:1tf81"8nU.ate • 

o. Cell C�a in the • t:uration ?haae 

t the body we:t&tlt of' the ram increased beyond 21 kg the 

e;t"''l'1th or the testis whiob woi6hed about 10 c; inoreaaed e.t a more 

�apln rate. The cytoplaom of the support!� cells ch..'l�d trQn a 
h..:ll'1ioueneous t_ypo to one of a den:se fibrous netnork with pronounoecl 
procea ooo extending t-ra::. th&� nuclei to the centre of the oex 

cord$ (Pia. 22) . i.s tno �etis weight increased to 1 4.  G mtu\}1 oi' 
those processes beca.":lo M>;.>ara.tcd at the o.entl"e 1lnd -.r •• M�ttole-llke apacea 
appeared bet\roen the hoaYier eteinine etl'anda ·Jf' eyto·'ll.�-tro io tiasue . 

These sraall and �eotly 1'orm«i spaces itm1"V1t.M-J t.n 1'1 .:  1'l{t and 

ailpoared to coaleaee form1JVS a si�le larecr aptwe ''li' llllnen at th& 

c ntzoe of the sex oord (Pig. 23) .  The formation o:t' t oem1nt.f'eroua 

tubulen prooeeded olowl_y ee the teetie grow, ana t. testis we.tghing 

25 G containod only the oooasional eo ooi'Cl wh.toll not boon 

trano.tomed. 'rbe cent.o.l lumen ot the d.eftlop� nit ouc tubule 

lnore 1n 4lameteJ' r ftlo.tt Ml.Y abort period. Aa the 

aem1nit.Jooue ul e lnona:ae4 1n et the7 ocouptea aJOb .&..I!Y."'IIi'W. 

portio of' teatt. � - , 

Ua o ln aon�M�:t· t wltb • h 811.-.. 
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ta'li ... 'ogento qole. 
Little apparent obMge took place in tne 1nteret1tlal oella. 

1'hey beo-.-e grouped 'tQ68ther in loosely tormod �satee 1n the 

1ntaret1tial 8pGO a whioh sradually beo . • reatricted by the enlargt.M 
t11bulee .  At � � wb:on Dile.t"'llato:o& were reloasod into th8 tU:bW.et� 

the intf.rr'stitial sp�<tS were gGnGrally triangular lWoaa bo\IQded by 

three or more i�roua tubul. a.  

At the transitional p.riod between the develop� pbaaea,  
the nuolei ot the aupport1� cella were .trequoat13 eeen tn a aecond 
or third row &rrf.UlGcd about tho periphery of t."lo oex oord ( .Fi8e . 21 , 

22 8114 40) . � we  1ntoraperaed with the d<lvaloping gem cella 

�...1...'10 ap poait ... ona about tue baeoment mecbrr..nn (1"1 · .  21 )  v betwoon 

• 

thG inoreasi� numbers o!' ;,-vpe epol"'''lltltogo· 1L·, an .:.)r;; - ./ :\pet'!llat� 
wbioh wore mo'liflr8 towards th0 oontre o� the :"J vrdn·i.'\.l" ·' W � . ..ll>ulos 

(1'18. 22) .  Gradually the darker staining ,,'j"'- .:1.'.11 , ' vtt.t1�- l the nuoleua 

disperoed ao N.no less don$ly tain1� :: -: :t.ct.> ... .. J ru:,._,at; ta c one or two 

nucleol i { Figs. 41 and '*-2).  Tho mlalei �aduul,l.:; (l e  �..:�o<l from round 

or oval abapee to lareor irreSQlarly cuboidal or trla.ngul.ar abapea 

\fhieb diet the sertoU oeUa 1n tbo tuft teetia ( a.  t..t , 
42 an4 4J) • Tbe tuamentoue o,vtoplaa of the .upportuc oolla became 

more � oeolipied the ti oue 'ld.tbin t!l$ aemta!f'ftoua tubul.ea 

not take 'to' the YelopJ.na lle (fts. U). 
Al all the port! oella were 

8el'toU 01llla 

( . ) 



tranatom.a.tion of sex cord.a to aad.niteroua tubulo 

':."lrl. wan 'bef'oro the At'!)f48l'ance o� increualt� wmbere of aporftl4-t1da 

in the tubulea . 

The sem cells became inter persed betooen the mole! o£ the 

aupportJ.ng oellll at the p ripbery of the dovolopina aeminiteroua 

tubule (Pigs. 20 and 21 ) . The numbere o£ pro0pematogoniB inoreaaed 

Ql'1d protlNsaod to J'-t;ype opermatogonia. In o.rw onu section of the 

tubule all proapermato-t;onu bad proeee411d in development to 1\-tqp& 
spermatogonia before aqv subooquont oh.anges to � �rogroe&1118 3ta6ea 

of stem cella had occurred ( Fig  .. 21 , 22 ) .  The stern eoUJOJ were tleen in 

oitotio uotivity arlil their nut:ben inorotJ.Ged ra.pidly .r-el{•t:tvi9 to the 

a.:··parently static lllltlbec& of supporti ng cell nuclei (Pt} • .33) . 

?rot,..ortJttoive ataees of ::;e� cells (intern;ttdi�t.e and B-tn•o �p&l'fllt'tO",Jonia 
o.ncl pr� opermatocytua) were nen later but. net neoest�ari.l..}' in the 

oamo tabulo (Figs. 23 , 24, 34, 35 and 36) . illl tubules in the l\a;::e 

testis did not develop at the nUJe rate. .�Ut . ..  ough t...'1e germ cella in 

acme eeeti or.a had prot)ressod to the meiot · c a�ea � othM' seeH.otJa of 

tubul e in eat: testie elo 1n dev loprnent and proapermatogonia 

stUl intorep reed within the wltiple 1 "e:'D o� support� cell 

nuolcd. 

the te ett c 6I"8W ,  ap 
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ol.Ur ram �  21 lr6 (P:I,ga. 21., 25, 2C, 38 ani .}9) .  !'be W ia1 
appearance o1"' apcrmatoDOD. in tho 1 n � the oeminUeroue tubule 
o fuftction ot: both the ohronolo61oal end peyetolosioal age ot the rom. 

Thoy re preoont in tho lumen of the aeminitorous tubule 1n the 63 G 

tcotio o'f r� weighing at leant 26.3 kg. Spermatoaoa re not eeen 
in re.c-:e younger than 1 54  dD.Ye. 

The 1.;;:1 ti:1l releaa& of spematoz into t."le lumen of the 

a�inH'.rlrous tub . •  loa oOil;pletod ti'!€1 .first a-.role of; apem..ntoi;enoaia . 

Grmrth o�· tiw to:lttts oont inuecl u•'!d r,1-eater n .bers of tubules ooq>loted 
t!1u �parnatoee�ic c:;clo. � 't�ntb prooeodod to grow rolat h.·ely 
t•aztcr t: .�.m incr<:.C'..eo ·• h• t.hc bod.;' weight of' tho rem and few if' uey 

chtm�p� in Ul<l cellul.('r c'Jt-q>ooonts of t�c tubul ee were e.ppn.--ent . 'l-'00 

9{>pem�enoe of' the tub,llo.r scoti(tM wae t.he aooJ& us thu.t observed in thG 

'tl.!'8t.i s of' the mef?.L� rmn ( F'!.c. 27) • 

.Asaooiatod with th we.!.ght imrease of ti tet:ttis were 

p:t� ai v obalgea in tJ';e e1 or the aendnU'eroua tubulea , an4 

o�a tn the relat1onah1pa or r l.lulAU� oOI!tt>Or»rate. Onoe 

the dUt&nnt tlon of th4l ea oorde bed oQO\II'Nd tbMe auooeaa1 w 

phuoo or folopmerlt took pl • '!'he prepllbe1."al phaee began earl.J 

in £0 lit 1 C().Q.....u� :;npQiLR:n S•Qll.alf.l�VA a4fl for a Wllria.Dl tu. 

toll.011'.1LM � .  '1'b:11 pctiod can •ar.v In 

(C d Al,. ,  t �a� t J n., 1 9S2 J  , t�) • 

.m� 1a • buU.a and (ftdlltpa an4 •••· t9}&J 



Ad.lljpa and Z.Uer, , ,._,, �. t ""'; Green n4 

C..OO and Green, 1 952  J flaueG�" at ll• • 1 9� ;  \;ataon et M• ,  1 956; 
Sentcn2rina and Reoce , 1 957 � Abdel•Raout', 1 960, 1 961  J l'oeslaftd and 

�lt� ,  1 961 ; COUNt , 19&2 ; Attal and Courot , 1 963 ;  Mo"Fee and 
.Bblen , 19fi7 J Skl.n:ner et al• , t 9(,S; Jlaomlllan and Ra.f , 1 969; 
Matsohte end Eriokson. 1 969) to a ffm ch\vs in m.to and m.1o (Clemont 

and Pere:r, 1 957; Nebel et M• , 196:1 J Beaumont ond N.tmdl ,  1 963 ;  

!b:ld.ns , 1 963 ;  Franc hi and Mondl ,  1 964 :  HUschor and HUaoher, 1 968 ;  
rlUseb&r and Nakoeki. 1 968 :  ?lovi and Saba , 1 968). 

'.rho maturation plulae c� with the initiation of 

spermatoe;oneat.s and laats i'or a relatively short period or time . The 

adult phase tieS 60h1eved \'fhon D{)S'Bfl.toSOA � released into the 1\.mm 

of t.he semint£orous tubules . Thie general pa.tt m of development was 

observ� 1n tho Ramn.ElV rU�-u aeed in t1.is inve.st:ldation a.nd vm..o similar 

.. 

to tbnt deacribed 1n other bl"Goda o£ shet."'P and other epoeiaa of' a.trl mnl.a . 

In t. , i,e atuey it uu tO\lnll t.h.tlt differentiation of the sex 

oorda ha4· be0urred in tbo teatia of the 42� foetus. However, tho 

�nt of the germ oell..ts 1n relation to the supporting ooll5 u: 

not ttleu� �inOO uutU 1 0  de3s later ihen t..� GVftOqf'tos bad appearo4 

as &lf'intto entities at a central poattion tdth1n the nex conla. 

� devel nt o£ the � tubules waa g by 
ebalftgfl-. h their ., the cU..ft'cJrent:ta�lon ot l!Piaa and tba 

pros:ruat deY•t nt .f4 the cellular ocaponellta. Inlti.alq a 

A'N�tr DQIKK'IP ot o� of eez oorda 
the teau. , tina 

eastblfld.ll�g ..a to 

. •· 

Ruoklne ('t 96t ) 



tbU clearq 1D tM 6eftlopbg tubul of rat tea tea,. 

O.nc eatabU.-bGd • thltre was very littl obantJe iD the diametGrs 

� the Hx et>� u.ntll after birth when tbe ratea o� increaee could be 

related to the threE: period& o� teeticular srowth. From birth untU 

about ;o d.fqs of � there was a two-told increase in ai tte fbllowed 

by a � rapid. two--fold increase between 6o �s and 99 d•s,. 

Finall.,y 11 greatest tubular <l.iametel!'e ""' reaoMd a t  about. 200 daye but 
this phase was at a much slower rate t.Mn those ooourring cluri �  the 

earlier pertoda . The o ral1 inoreue in t1 diameter of the tubulea 

from birth to the adult waa found to be about n.ve-fold which ia similar 
to previous obsorvationa in the ru (Pbillipe and Andrews • 1 936 ; 
Co.rmon and Green , 1 952 ; C ourot , 1 962 ; Skinner st Al• , 1968) , and in 

the bull (Abdel•Raout, 1 960 : Attal and Courot , 1 %3 ) . i. curvilinear 

relat i onship hM been demonetrated bet en the cha11t;ee in the diameters 

ot: the sei.tinifero · s tubulee anu the lamb 'a u,ge ,  the teat! & wei(�ht and 

the boey weight oi' rtltll8 (Carmon and Green , 1952 ; \latson qt rgl • •  1 956 ;  

Courot, 1 962 ) • However , Courot ( 1 962) waa un�ble to correlate tubular 

diametor with testie w iaht as a s imple mathematic express ion. 

i.mllarly , Skinner et sJ,. (1 968) •re unable to r late changes 1n tbe 

tubular diameter with any pai"U.oular atege ot aperraato neau. 

'1be moat rapid 1ncreuea in cl te!' ot the aeml.nUeroue 

tubulea 1n the oolaoicle4 WS.tb tb t�tioli or tiNt lumen wtthiD 

an aoru ( 'ataon tt 41\. , 1954) . Atte.l fl!'ld Cearet (196') 

ee that tbt ap 8DC8 ot the l.an wu an illpot'tant dftel.opmental 

trtate ot the tubule. It waa ccmo t.tant with the app�• 
IIDflll'laa'tiU t and. & 0 e tn the �teft ani . be 

�M111ba ot aetftf..nt •• Ill a • • 1WD�tn _. nn 
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cellular Uszoo at the cvntre of' ttMt eex oor<l •bolted eigne o� partJ.na, 

l��.;.Yitlt; c;p�ooo 11hioh Aldlated t01'ml!'d the peripbcry. TJw apaoea 

co..:.leaced to f<,ru otar-c!".£� ed ltmdna .. which sraduftll.Y became circular 

in s.t.up • &.ilt..-u n 1 SO �ra e..'ld 1 %  4cye lmaen torr.Mtion 1fU compl te4 

in moa t  of t!w tuaul � .tn the teati.a . 'l'he lumina were Uned b,y either 

lill91'1!lato .zoa or spar.ootida . Tbeae observations, particulnrly the 

colluar ohunges , subatanti.3ted those of ?hillipe and �a (1 936) , 

Carrnon and Gru&n (1 952) , �n'>l :mte,on •l .e.l.• (1 956) . 

'I'he eex oorde in f'oe tal a.r¥1 newborn lambs wero morpbol061cal.l.Y 

o1m1l$l" to tho&e aeen in other apec:tea. Two types of coll a re preaent , 

gonooytea and supportins oeli.s. Although all authors , particularly 

bef'ore 1 960 ,  did not agroo on the origin of tho t;end .. nal l ines , recent 

evidence in the re.rr. (Courot,  1 962 ;  -�aps.t�ord ,  1 962a, 1 964) ,  t.he bull 

( J,bdel-Raou.t'. 1 960, 1 961 ; Nicand.er u tl• • 1 961 ; Attal Md Courot, 1 963) ,  

the aolde:-; huiiiater (.!.;1 r;o!UU".f . 1 964) . man (Ua.."lCL"li c_t M• , 1 960) , ru-.d 
the ret !"nO. m::-.u�e (c'�l��nt �d , .. erey ,  1 957 ; �aptr�:·or·1, 1 957, 1 962b , 1 9' �o ;  

!\�bel !1 ;1. , 1 %1 : P.eaumont end 1/.andl , 1 96' J  BBUlie , 1 964a ; Pranohi 

end f.'.andl , 1 961.,: B.Uaohor and Itllsohe r ,  1 968 ;  Uilecher and Jllakoald , 

1 968 i  NoYi and Saba, 1 968) detlnitely ccnt!.nus that tbe adult atem o lla 

arlll8 trc1n the pl'i.mor41al �lla thro•h ttw gonoqte , and &t all 

e •• they are d11Uft6Ulabahle ham the supporting oell.e and tbeir 

4er1� Uwa , tbl S.rto11 cella. 

In thl• a'luC\Y • depneraUQS onoo.vtee were • partioulas-l_y 

1R later foetal Ute the early poet natal pvlocl. �� wltb 

elm!��.!�' larse cr11Mt4 "' lip doN (. ) ' - p ... 

al80 &arlft8 tb1a p • ft •• M p that �a.- ot 

Mlle DOt dlt.-.1 . � tm alt!aate]l' dlil:eftlra1;e aa ID mall 



(lalloW 11 IJa. ,  H�6o) . Their tate and eSsnJ,t1oanee la u-... 

( atOI"Cl, 19628). 
The e toad¥ increase 1n gonoeyte IUDbere in the prepuberal 

pbaa tma more apparent in t.ho poat natal perlo4. Theae obaenatioaa 

ro aupporte<l by the (treater trequency ot mitotic dina1one ... n with 

the tormatton of proapermatogonia prior to t onset ot apermatog ale. 

t1arlng th1a period the tubules re inoi-.e.aing in length and 11" the 

wmbere or ge-rm cella were not iooreeaills, tower would have been n 

in ooh tu'bu1 • The quantitative aMlyaes ot Courot (1962) con.t"im 

theae an4 s1m11 obaervationa in the rat!'l by SopDtord ( 1 9624) • In men, 

bowe'NJ" • Mano1ni fl al• {1 %0) reo06ftlead three W&YOI Ot 1utermittant 

germ cell aotivit;y <11.11"1� thia phaa!) but only the thi.rd wave SftVG riae 

to OOU�jilc:Jtv 8pcl"UUat050TIOOiS • 

The precise menauntmoot:) or 5ape:ford. ( 1 964) on � aerm cell 
nuolei in the d.evelopif16 testes of both t!» ram and. the rat established 

that prior to t�lC onset of :Jpen'!l4togonoeie , the n�loi of the 
proaperw.ttoeonia in the I"om 8nd the mature gonooytes 1!& t.l� rat have 
1,;,oohed their groateat size. l;U the titJo 8perm.s.togeneaia bad been 

eet£4.l>l:l.all�N t.ntl ai ze o1' the cell rMJclai. had. dizr.iniahecl. Sap sfot•d 

( 1 964.) oonclu . ttult thGall ��a were part of the llOl"m4l d1fi"erentiation 
o:t the gonoaywa ond OO".lld be a C\evelo nt parollel tu the i llCl  aaea 

·� ep1 JJua. 
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acme Mld.nltei'OWI tubul • or the 1 o � tutu tna a 10 4q ol4 na 

iah1n6 1 9 leg. In the 8ft. c1B3 old ram with 25 G te tta both 

ap togcmia an4 pl"lmat-y ape Ato�tea were pn.aont in the tubulee . 
COUI'Ot (1 962) ahowed that at thia ata88 the D.Jmbera ot &-type 

apol'matogonia per tubular crceo-aoction bad reaohod a ma.dmum an4 

continued to nmaln about thia leYel throughout adult lite. During 

the poriod before the reproductive oapaclty of the a4ul t ram had been 

reached ho wr, tho total numbers of adult at ' colla inoroaaod 
NBUlar13 with t.he growth of the teatia . Attal and Courot ( 1 %3) 

8\l.i�ted that. addit1oneal &etbv stem oel lll we derived from divieiona 

of aome imrr.ature apormatogonia whioh re outaide the framework et the 

eatabliabctd spermatogenic cycle . 

The prima17 ttpermatooytos tirat obaened in the 25 G teatia 

o£ the 84 � old ram re present in the teateo or all the older rams 

studied. Because ot insuf'fio i nt aamplea the rete ot development of 

tbe prime.ry apermatooytes oould not be cleterminod. COUJ"'t (1962) 

obaerved primaey epe:rmatocytoa i n  ar.aall numbere 1n the testis ighing 
bot en 8 an4 t 2 c.. 'l'he.v alowl.Y 1noreaeed 1n number until the teatia 

wet,shod 1 4.5 G and then qulckJ.¥ � tbe ® Av4 IUfiiber in the eclul.t 

testes . Tbeae ohart6ea ooourred � an older as• and in a l ighter teatia 

than tb&t ot tbt a,...,. 'the ob••" tioM in thU atully agl'ee4 wttb 

tboae ot Skinner ( 1 908) iaa 'the Olk r , taut the eppee.rtUDe 

ot prf.me.l7 apezwat�a waa la than ftOOI"W ia bNeda other than 

the � • (- Mle· 1) . lD the tea a ot re dwelopecl 

tbe .... ·� 'fU'iatiou -

�""""·· · • fd 07ol• ot tM 
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cU.rutona ot meloob ... rapt.4, and aeoondary 8J>tmaa'toc.Yte• ..,. ..... 

1ft ver.y tew tubules . ThU it beoauao their pl:'eeenoe betore the 

appeareme of y� l"GuncleQ apematlda J.a wana1tol7 t present tor � 

o.4 , or the apormatogenio Q.Yole (Onaftnt, 1959). 

The proportion of apermatids among tho germ cells wae hlgbeat 
ln the 5b G teatb or rams older than 99 &\Ye . At thle stage the 

l'U!lbera of younger round permatida had lncreaa&d rapidly • Thl 

apet:'mfittds were eYOlvif'l3 into eloneated and more m;;.ture rarma . 

�bsequ&ntly both �tJ '!!ere f'o-.md in tho saoo secti on or the tubule. 
'!'beir numben 1norea8tld until spome.t.osoa appeared at the maz-gina of 

the lumina. or the .Mminiterous tubules. There wore wide vart.ationa 

in the sp ermatid :a.u;Wers 1n individual tubules , and those tubules ith 

large J'IUmbers and no spom-atosoa oorreapondell to otage 1 of the cycle 
o£ the sesr.inifarous epithelium ( Ortavont , 1 959) . 

Tb YOUJ\3eat ram wt th apormatoaoa in t:lia atuey waa 1 54  &w• 

or age and weighed 26.5 r.g. Spermatozoa re not observed in the 

younger rams with heavier testes and � weighte . Th1e a�geats 

that the oompletion of apematogenoeis mt\1 be 1n part a t"anotion ot age 

as 11 68 of abaoluto � of the raiD• n apermatoBO& were a 

ftrat tbt;y re proe.ent u an ocoaal.onal aolltary epe!'lll . In the 

Romney ,  in t Southdown (Cannon and Green 1 1952) and � ne-de-

F.ioanoo b.ree4a (Courot, 1 9&2) ,  when tbe teotta •1�t exceede4 (if G 

laraer ra or apermatoaoa wre preaent , &nc1 qolee ot t1w aemlnlteroua 

oorz:pl ted resularl.¥ • 

'the time ot the appAAr'IH!!IIIla• ot the c11tte t oeU t:Jpea in the 

1a 1n pneral Dt 1d.th the otb autboft (•• 'l'&ne X) • 

..... lD the teatla 1D4t.o 



weight of the ram (Wat n at M• • • 956). �rmatogeneeU tlWIIIJJOe4 
earllor 1n tho Hampah.tre , Soutb4own and Shropehtnt raJI8 (Pbill1pa and 

Andr'Owe .. 1 936 :  Cam.on and Green, 1952) , than ln the llomney an4 
suttolk { Sld.nner et M• , 1 968) but later in the ne-cte-Pranoe ( Courot, 

1 96.2) • The completion of epematogeneaia in the Rornne;y am Soutbdown 

hCW¥e1'er was later than 1n the Statf'elk , the ne-<te-lftranoe � end the 
t1Grino (Wataon '' J.1., 1 956) , but eat"lior than in the Ramp hire although 

there na not a &l"'at Y41"1ation b ttreon thoir teet18 weights. 

'lbe m&rflbere of oupporting cella increased slovl$ but atead117 
throughout the foetal and pos t natol periods reaching merillla nambera 

bofore the ir  transformation to Sertoli cella between 84 and 99 �a . 
Once Sertoli cells appo.c.red their runb ra apparently diminiahod oorq,ared 

with the larB8r n.ambor of their preoursora , and atabil ised at a lower 

nt.Dbor about the tiu·.e of the release oi' apE!rt'!W.tozos. lnto tl tubules 

( Courot, 1 962) . Coorot ( 1962)  did oot aoo o.ny degenwat.! on Gr 

eltminntton of theee cella And concluded thAt their numbero �re fair� 

etQtio m1d that they beoMIO more spread ith the grow1:h in the le� ot 

the tubule. Ba1111e (1 99.a) was unabl to detect mitotic aotivifur in 

the aupp0rt11"16 cella of tho m.ouae and r t at the t1mo ot appearenoe of 

A-VPe epematccon16. SuppOJIUD6 oella wboae IUOlei were aitue.te4 

both at the pedpbeey of tubul or �l�et' to tlw oeotN , Mi to 
tbe tuft tom. Al tbwgl\ ell MJ�Jmo.l'HJW cella !n .the plane ot tbe 

tubule ap eNd to aature at the a U. , not all tubules 1ft the one 

te.Ua coata1ne4 svtoU oeua. tJ.on 1a r..,u the trandtloft 
u the teatla :uJQ:&'tlll...a t.r. 25 G to 5G I la a lhort 

•• 



rat to which the l'aldbera of" eupportiQ5 oe11• became recluced , before 

oo.turatlUt• to a filwd mmber of Sertoli oell.a . 

Stud1$s by GQl"lier authors were unable to detemioo the 

oellular outliM of the nupporti� cells so thtt.t their natu.re waa :ln 

doub-t.. Both the :Nppo:l"'tJ.nB cells o.nd Sertoli oeU a in the nm 1iiiOft 

deaoribed as f"ol"mins a qncytium (Wa\aon U .eJ.. , 1 956) but d.ittenmt 

mlcroacopio techniques and ul trrustruoture.l studioe hAve 8b01m that 

these cells exist in ea.1,\" animals as monontl:o'll&ate units ( Fawcett o.n4 

DQr.tgoa , 1 9;6; Sapsi'ord , 1 957, 1 962a, 1 962b ;  C�r and ffol,yoke , 
1 9(4; Flic�ner a.'1d rawaett , 1 967; Lei.k , 1 968} .  'fwo typea ot 

oupporting cell.s vdtn llehter anti �km" ultrastructure have been seen 
in the t"l;jt. iuthou.;;h the .signit"ioanee of tbe lit;ht.ar tom itS not 

knoun , :lovi <J.nu ;;abu. (1 !)68) �lQFe �ligb>'EJZted tha.t t!:-.ey roprc·sent a atf!�O 

o£ da_gel'..erut ion a:r;;. the t .ajority of darker foru:J pl'OO&ad to form 

�ortoli cello. l·.bdel-&louf ( 1 960) OO.�it:.�Gd t o t"JP&s of' �rtoli cella 

1n tbe bull , ono with the lo� o.x1a parallel one. the other with tllc loqJ 

a:dD porpcndicu.l�:-.r to the basornont membrane . .Both types could b.g seen 

in the ooo cross oection of the tubule in the mm. Lcblond am Clen.1ol'lt 

(1 9.52)  atated thll.t during aorr:& at�e in the oycl.G of the seminiferoua 

epithel t• in tht_. rnt . ono Vp changec1 into tho othe:'. 'Present �. 
pai'Uoularl¥ ultraatruotural .tud1 , 1� • UtU 4otlbt that the 
� cell are the -. of  8erto11 cella onJ.;v (Sapatorcl, 1 957,. 

, 9Qa,. 1962'b J �lo nt and , 1 9S7J iAl u al • •  1960; l»el 

.... � , 1 961  J De.Ulie, 1 9'Q&J Bl • , 96f,.; lfcw1 oncl t i 968. 

Jftltolar Jttbcber 1 1 ) • 



1 961 ; .Franoh1 end Kar.wU ,  1961..) and the apermatoqtea , aper111ntida 

and aoo.e ot th &pH•matogonia 1n th adult {VUar G M• •  1962) . 

•• 

In a.dditt.on to their etruotural eupport an4 rutriUve propaMiea , 
Courot (1 967) postulated that theae aomatio cella act aa the tirat 

site tor the initi.al hOI'mO action in the e n:U'eroue tubule, and 

bec001e the triggerill3 point to Wtiato the onset r4 epormatoseneau. 

Ro080�1lin6e � lAik (1968) nave su.,£eatel1 also that in tne rat 

&'Upporti� cello appa.rently pbogoo,Jtiao the degtmer•ting gonooytea . 
Difficulty was xporienoed in deterr:1J..ni.lle; the l'UDbera ot 

1nterat1tial cella and in dlsUngu.iah� thoel Bll fl'rom other oe.lla 

i."l the 1.rlteretit1a1 tiseue. In the ram ,  � and i.oGan8 { 1966) an4 
�r ot Al. (1 968) wel"' unable to distinguish with certain\}' the 

active and mat\li'O Leyclig colla J.oaoribed as typical for n10s t spe.oiea 
by earlier authora . Snit"fen (1 950) .  J.�ntagna (1 956 - oee Fa'I"'ett and 

Durgoa , 1 956) , and Bal tli jl. (1 960) were unable to diatinguiah 

aaallcr l.eidio caUa how tb6 mo&'pbolOjSioal.ly similar fibroblaate betbnt 

pubeM;y was cO!Zpletod 1n man, Hooker (1 948) oboone4 atmllarities 
between tr.ee celle in the bull . During the Pl'Ct6N alon of theae oel.la 

t1'GIJl the m '1101\vm tia:sue to the adult state tmv remdD 

1.ndiatUtJulababl · morpholoswal)¥ and often are Clltf8natiate4 onl.f tw 
Jd.a. afthola and Ql.traatl'uotua.l atuU. a (lalllte ,  1 9SOJ 

Nt..d aa4 Ikoalm. 1 . ��  d a;& .. , 1 "7). .  
A U. wlth eoa1ftopb11&o � la 

laaru lelllle (t1*) .a (1 "2&) 
Cllbaa...a t.a tee� ot •• o1a. ftae1a1 

.,_.. 
• 



tlpparentl,y normal f"Ol'ma beoam ·· more wt&tly aoatt&nd. In the 

foetal rem Ba.Ulle ( 1 900) alao 4oeoribed a second a'Qpioal. torm ot 

�dig cell w1. th a shrunken and. pyonotic nuolewt. 

•• 

The nwnbera of' intentitial cella nuctua'tfi 1n the iit�nt 

apeoios a.t dif'terent a.gcs , but t."lia was not a;; parent in the rem 

( �>apst'Ord, 1 962a.) • Tn the rat �.rudJ::t.J::'! l'!Ebon were rcMmd a r, w 

dz.J.ya bet'ore birth, followed by a reduotion to the loY�eat level a tew 

ckwa after birth (Rooaen-R.unge and Anderson , 1 959) . Separate foetal 

and puberal generations of I.eydit; cells ha'Vo been poatula ted. ( Niemi 

am Ikonen, . 1 963) . 'This 1t'a8 not supported ln t mouse by llaillie 

(1 961 ) who oonoluded thftt theae oelle w re relatively slow � 
in the post natal period. /1t puberty , Cl egg { 1 966) and Knorr f!i Alr,. 
( 1 970) a hewed t.hat the numbero or Le:fdig cella 1n the rs.t decliood 

after a pbaae of rapid growth but thoro waa a concurrent incre(lao 1n 

'the output of teaticulur androaen.a. 

In 8UDIIDI.lrY theref'oro the fi.ndinga of other !nwatigatore 

etl-ongly ouggeat that the ad.t�lt stem cells ar:l.BO tram gonooytett and 

thus maintain genetic o<mtiaui ta of the germ o U line whtle the 

Sertoli cell!\ develop from the support!.� o ll.a. Conou:n'Ont with 

svm cell eVolution is the separation ot tieatWS at the oentre ot the · 

oox CQlld to toa a 1 n w1tht.n tbe dHelq,lna aetnUeroua iAI1Nle, 

ami me.taration at Sertol1 o�la befoN the ep e ot epeamttaa. 

6-olv ct.urtDg th1a "*"l.oplumtal period the obansea ot eech 

obAraotuiaUo are o.loael.J lnterNlatK. 
Oter -.. atu41eo cm the eloplns ot tbe ram, oftl¥ 

prodate Umea can be eetabltahet tw tbe appear ot � ID 
the nttaroaa buleJ thl 1 II'Uption P""4 • ..., ...... 



l.4ko SJ4nD1rr li �· (1 968) • ln their in..atipt!o . ot the Suttalk, 

the ti.ul8 interYal between 8&Splillfl in tl'li.e atue\Y wu wo � owr 
\he later prepubel'Al an<i the aatu:rat1c.n pbaaee of (p"'wth to tabllab 

pl1G01oe time reletionehipa. SlmS.larq the I'IU'mlJE11"3 ot lonbs aYaUable 

at each stage were probabl,y too tew to adequatel3 oow� the variatione 

pntaent t oaob etep . Courot•a (1 962) obsel"faticma on 59 l.amba over 
1 60  WV8 toll� birth gaw G lf10N thorouah plot:ur8 Oi� the relati ft 

�·· 
Tbo normal Z"l\TtlD ot• spc matogeneaia io pparent once oha�os 

in the gend.nal line ooatAetace and the evolution of ti pvogrttGsive 

cellular elewente become t\}'uc.hrord.wed (Cc:Jurot, 1962) . T"nia oould 

not be shown preoiaezy by tho qualitative obaEU�at .lon:s made in tile 

1nveet1gation reported hero. 
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lftm DEBLO� OF THE BOf.1rUlARf 'l"I8S'f1.E OP 
!fiS BEMnUfm.OOS ruBJ.LE IN TaR lWl 

ll:arlier reports on the tine etl'uoture of the mMJDaU an teatea 
cJeaor1bed tne bouD4ar.f tiaeue of tM aem1nl£eroua tubUles aa oonele� 

0'£ a. basement � ,  And an ou_., le3er of oelW.w and IIOft-oell.W.. 
oonnootive t1aeue , or tunica propria (Nolaon and Heller, 1 94-SJ Snlt'ten, 

1 950; Manc1n1 lot Al• • 1 952 ;  l.1.tm�, 1 9.52a, 1 952b J Bal• t$ M• •  

1 9!)t..; Dal ae  et al•• 1 960). !/lore reoent inDSUgatione uaintf the 

eleotron-m!Ol'Oaoope haYe revealed tbat this llmlU. tieaue la OCIIIJOSe4 

of a number of' def'ini te lf13&r&. Deta!led irWeatigatione of the rat 
testis desorlbe four quite 41at1mt l&)7e!'B ; an inner non-cellular 

l�er olooeJ.y applied- to the a.eminUerous epi tholium , an 1nner oelluler 
la,yer, an outer non-cellular. lfWer and an outer cellular lqm.• ot 
ocnnoc�ive tiaaue cella (Clennont , 1 �58 ; Brokol.man , 1 960 ;  Laey and. 

Rotblat , 1 960 ; Laey , 1 962  • 1 967;  Leeaon and Le•on , 1 96.3). Although 
tbe general atruoturo of the b0Wldal7 t1aaUfl ot the eeminlterous tubule 

between apeoies beara mazw almilariti a ,  some dittoruncea 1n the 

oorpholo&Y appear to exiat in the mowso (&\Ulie, 1 96t.b: Gardnor aDl 

Hol.voke , 1 96tt.J 1\oaa, 1 967) , the sutDaa pis and the ohl. hUla 

(Pawoett " tl•• 1"'-J lawoett u UM·· 1 969bJ Fawoett, 1 970) . the 

bull (Moanc1el' U tl•, 1 961 ) • (teq and ao .. , 1 9Q.) ,  and man 

(11Cm'tMJIA1 t 9S2at t J ani t.o • 

i96'J 

· .· 

. :r· 

" . , 



ft.brUe .  TM outol' non-cellular l.fwer tween the two COJJII&rativel8' 

thin oellu.lar l•ers contain& m8I\V oonnact1 Uaaue t1brile (tao.Y 

and Ro e,  1 96l.J Lacy .  1 %7J SotoboU et Al•-• 1 969J l'iorrta ,  t 97t • 

eee Figa. 44 an4 1..5) • 

Slailal"l.N' , the imer .non-oellul.ar ls.Yer, or baee nt IMIIIbnme 

1n the bUll oonaiete ot ten to tttt.en lamell (� n M• ,  1 96t ) 

with a number o.f knob-like 1ntolc11nga on the. tnnermoat lamellae. 

These are not eeen in t teates ot aome othol' dameetio antmale .  

U� an eleo�ioroaoope in eeotions o t  Junan teatia , 

Durgoa ( 1 960) deaoribed tJ preaenoe of a eerie ot lamellao penetrat 

• 

by irre8\llnr in•agina.tions from the aoz:�inU'el"'us epithelium. Following 

tho U$0 of cU.fferentia.l ntai.no he e�e&ted. that the lamellae contd.nod 

eorne f'ibres of ftlaF.tic ti eeue .  

Under th e  light m1croacopa tho cello of: tho �r cellular 

14,yer bavo airu1ltir1ties with tho tibroo,ytes of the r.�ore peripheral ooter 

cellular lqer, but eleotron-aioroaoope etuclies 1n tho rat , mouse , (IU1raea 

pig and man have demonatl�ato4 that a oontraotile tJpe cell exiata in thie 

inner 1 er ( Clermont, 1 958 J Lao.Y and Rot'blat , 1 960  J Laey , 1 962 ;  

Leeaon and Leeaon, 1 963 J Ba:Ulle ,  t 964b ;  GarGner and Ho� , 1 96f.J 

Komano am\ , 1 96&; Roea an4 Long, 1 966 • B.oae ,  1 "7 J straua ara4 

x.ao ,  •Ha; ett !" H• • 1 969a; �t et a1 , 1 96  J Pawoett 

n �· 1 t 970) • ( 1 f5S )  ted contnoUona t.n the 

CleJWJat (t ) 

Nla&UOn ot tbe Serioll ee11a • bd 

<18110U'Ira1� ......... ol� wU 

... 
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_.._ :JoaOCU. ot � .... .,. &a18uaill. 

·loaal hlftftl .. , hftlMn� .• �). 





o'r the aomtntterous optthollum (Suvanto and Kormano ,  1 9&8) and at the 

t.!.mG the oontraotiona tirat ooourrod no morpbol()l:J1cal alteration& 1n 
the cella of the boundary tiaaue wore appa!'Mt (Komano and Niemi , 

1 96G) . 
A dat1nite pattern e:deta in the poet natal development ana. 

<11tferont1nt1on of the )')oundarJ tieeae of the aemi.niforoue tubul • In 
the newbom rat and mou this tianue appears u an 1ndi.atinot maaa ot 

connective t.1a u(:l cella and ill-defined baa�ent membranea . � 
the puberal otegts of erovth the non-cellular .;.wd O$.llali.w lc:yei"l 

become transtormod to the definite atruotures aoen 1n the adult.. The 

inner non-cellulur leyer t;radually thiokona and the bll8 nt membrane 

beoomea more diatinot. J', single layer of dintinotive f'lattenod colla 

wi th controotUe el�nta dift."erentia.tes next to thiB layer . i•t firet 

tne outer non-oellulor l�er i. ditfioul t to define but within a :few 

c:leys 1 t has !'orn:ad a dofini te bnrrior botween the two c llulnr leyers , 

enl.argi.n6 and inproasill(S in thickncea as puberty is reoohed. The 

outer cellular l(\yer ie indefini to at birth , but the a,ytopl.aamio 
pl'ooessoe of the cella beoorno reduced AB the oell& el0Jt6ate and ln the 

mature atate they havo become olea.rl.Y dif'terontiated from the aurro� 
1at ti Ual tt.aue (Ba1111o , 1 � .  1 99.b  J Lee on and Leeeon ,  1 96.)  J 

• , 1 9&7). DeftlcpllOIIt of tbe tubular .U ln the .bLaan te•t1a u 

a1ml.lar. bolllo6eneouo b like Ua 1At en be-tore puber\f 
it • DOt 4lthftntla 11 ., tcteenHi• 0 • •  Aa puber'tJ' 

• !be older oeUa baeam.t tns.-.r .• and tbe leaa � 

aMIIDI!IM"'!al. ).jW8J:W ( • ' 950J 



1nl I! !1· , 1 952 ; Bal t.t M• , 1 %0) .  IJ\ yo oalt of 
ftve and a bftlf mont.'lo o �.· age the baaement brrane bB.o become reih.acecl 
ln thioknoee t'.rem about 1 .s miorone at birth to about o.; miorona. 

This i.s eonot.tn"ent with the oelluler di.ttercmti.."ltion of the eeminlteroue 
tubul a (Nicendar tt 11• , 1 9&1  ) • 

The e.laatio tibreo 1n the tunioa propria o£ the tubular wall 

o£ tho human teetis haYe been deocr1be4 by Nelaon and Hellezo (1 945) , 

�n:itten ( 1 950) , Y,eno 1n1 et ti,. < 1 ?52) , Balee n M• <1 95ft.) , :Bal• at aJ.. 
( 1 %0) , MA ll.oae and l.ong ( 1 %6). They aro ab& nt 1n the newborn child, 

uake their appee.r,..noe during puberty ( Snitntn, 1 950; Balse tt ll•• 
1 954J Balme §t Mu 1 960) and incroaso 1n JI.IDber and thiokneu in ol4 

see ( 3niff"en ' 1 950'  Bal Z0 tt '*· . t 954) . 
El61l>tic fibreZJ lU'6 ooo of t he two main typoe of .fibrous 

t.ins.ue of' the i ntor.at:tt!al oonnuct.ive tiuuo and eoneiat ot protein 

olruttin. .nthouc;11 they a.·� di:fioult to d.btinr.;..Uh morpholot;ioal.J.¥ 
they do stt\in charaoteristiaal l:r witt oroei:-1 v.nC. resorctn-1\iohain 

ato.ina . Elaatic tiaeua can bo identified .U.so by the uae o� en.ey'III6a 
call elutinaaoe.  'rhe action o f  the lattor aspe.n4 on the alto fd 

the ela.tio tloeue in tba bod¥ (Balo an<\ Banga , 1950) . 

Balso � M• ( 195ft.) ahowed that elutio ftbree appeared 
taneoual,y with tho G.evelopment ot the aerm 0 lla ,  Seftoli cella 

'Ul8 ture Le3'418 oeUa. It s own aleo that the ftbrea 

ran 1n llttel" t 41 Uo , f.OIDO -.1rolbr6 and othera exttmcllns 

a1 t ift •laaUo ttbrea 

ooqur ir1 'fUA.·�-. ..... � 

.... .-P .  i 950J s 

bl alao . t 

(sa.U'd. 
• ' , ,sr., �. 1 962) • 

• . � tiaaue 4et!M"814111; .. •�ba» 
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aot � . . . tlou.l.ar u 

atter puberty (Dol• •S a1l" , 1 95'+) . 

tioeue ol the �fbrOt.W tubule have not b ·  n &lacl"ibed in other 

apeo.i&a (Lacy and RDtl:tlat , 1 960) and no mention baa been made 

pred.outJl.y of their uiatence in the bmlflda� Uuue ot tbe 

80id.nl.t"erous tubule in the ram teeU.. 

Jtot.bGda u..,. to ExamiDo � ftuua. 

1118 etruotu.l'e o£ the b� tia-.we and 111 parttcalar, the 

preaence and the n.ature o£ elut:lo tiaaue within t.bu � t18aue " 

1iftiLl! imestiga:ted. P1.bres l!llltre conald.el"!!((d to be eltl.&tic tioaue \'1hen 

thtt'.{ were � t.c be homogeneous and tm:e a w.;.;; '.J;l�lmk at.a.in td.tb 

':":'ett.�•a rnnorc1n-fU.ehsin stain, or Ja dllop pw:'p:i:.o to vl1.ile't stain with 

the tuotut.in et.ain , or a (!sop purple otai.11 with �i '  a a.lde�e 
tuchsi.n .stain (aee Appendices I ,  II c.nd UI) .  TM fibrill.ar 

characterl.stics o£ el&Stio tibraa , as described f(:r the human testis 

by F!anein1 9.t.A!· ( 1 952)  and Bal.zo e� Jtl.. ( 1 95t,.) BOre dL ""'fieul t to 

dtaU.�uieh in the ram. '1'00 elaeti'l tissue of the blood 'V'esael.s , 
tunica albu,;i.1104 or other CCJD?Onents of t.hc testis vrore not imesttgated. 

�t.loae 

� 

Ia tlw � Uhue f4 tbo Jflttoll!ei'OU& tu'buJ.• 

aa the ea _... tit�tbc 

( 116). I' W'ldieftlaDt. -NJ�-It wu.uu COl"'*llpO 

p&Wd.� GNclfQliCl J)J�Iielll 
IIDII!SI• at t1w .. us,.-. twNU.. 
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Uttle UMt U.Uoa fd the OGIIpOIWilta 1llblob .,. aubaeqU� 
IMn 1n the adult teaUe took pleo Uft'tU after blr\h (Plaa. '+7, 48 

and 49). The preaenoe o t  number of nof)ooCellular an4 oellular 

� wen eeen u the U»atio •1ght inoreaaed 'beycmd 7.5 G 

(li1&. 5t ) and the charaat.erlatio• of the mature teatia wn apparent 
� the maturation pbaae (Pia • S2 cm6. 5.J) . 

In the 53-Wtv foetus the bounde.ry tiaeue of the sex oor4 

appeared aa definite , tldll at1d homoeeneoua le,yer in contoot with 

relat lvoly !'ew cella of' the intentitia.l tiaaue (aee F�. 4.7 ae an 

Et.XtUUple) . Until thi:J at�"'e the eex cord wu not detined clearly 
and the boun1acy tiosno -nas seen e..s a few l.r'l�gulnr broken strands 
(:;-tg. J�) .  The tusua ��adually thickened throughout the prepuberal 

The basement membrane or inner non-cellular lqer wa& 

erra.t1ged ua n band•like homot,-eneoua Uaaue, which g!"Rdual� doubled 

in aise in the period betwen 60 d.E\Ye and birth. It remained at ita 

geateet width unUl the teAU-' w iobed 7 .s G at about 6o aa¥• ot 

lUe (Piga. 50 aa4 " ) . l'rclm thla point the inner DOD-OeUul.ar 

�r, 

' 
OOIJIIIIOtf.Ye tteaue lla• � ..... wra la oloee oontut with the 

-� foetal lJh 



oonta1Dill8 tew BftrJ)lea to 81\o VP4t wlU. a •.v elOJW• 

1'1101 • birth a lUDber t4 tru..e oellJJ bee arranged about 

the bouDdart.ea of the Hx oor4a , in aome inatancea crterlapp1ng eaoh 

other to auggeat a looaels lqorod formation (Fig. 1,.9) .  Durins the 
� ot the p:repu.bel'al phase a greate1" I'U.llbel' of cella wlth 

narrow elor.gatod nuclei oame in cl.o er contact wt th the tubul.u well 

and appoared to b come integrated a a pt\rt of �te boundar,r tiaaue .  

Thi s  'WaG ll'!Or& ?I"ODOUnooo in t he  7.5 G. t4nrti �  and WP..S eonourrent with 

the appearamo of an outor non-cellular lt\fer and a distinct outer 

cellular lcqer (Pig. 51 ) • In the inner cel lular l�or . the only 
connective tis sue oel l5 pl"'eent bed narrow elot'f)ated nuclei . By 
contrast , the outer ce:Uulra- l�ar conaiated of a .number of cella o� 
Yneyins types. Cella containin5 the .nor-e rounded. nuclei were present 

in the outer limits of the boundary tisaus ( rtes .  50 and 51 ) . The 

outor non-cellular l�er waa initially an indistinct and tine i'ibri.llur 

&t:ruoture appear� at the trensitianal poriod noo.r t end ot the 

pl"8puberal phue of d&v lopment (Fig. 51 ) • 

Pibl'ea ot el aat1c tiasue appeared in the non-cellular l•er 

ot tbe boun4ery ttaaue 800•'1 art c11f'hronttat1on of tl sex cor'da 

(N.i. 5ft.) . Inl�illll\Y' •  they ro aparae on4 �. llut b a 
oonatant eonat1-.nt 1R tbe teatla or the t 00 a..y old ro.tua and 

oUR (fta. 5,). !be elutS.o tibfta took the elaatf.o ataia. 

appearel u .__. .... the� � tM whole or tt. tMR aon­

oe1 lu 1 er t 

b llftJIIUl 
elaatto 'Rt .... 

th!a ltVW thiokentl wt th 

'ftl!IU:Prltlft 1DoNut ol 



� ot tile 'bouDciary tun t the t.tme tbe le.Yer • t1.rat 

1'80osnUed a separate oouponent. In1 ttalq the alutio t1brea 

wre s parae and irregularly plaood Tdthin tl'lia tiaaue , and remained 
ars 'thin fibres but stai.nod nore distlr.10tl,y· at t.� cl'>..e.ll8D 1'.roul the 

prepuberul to the maturation plwse (li'tes. 56 and 57}.  

o .  Changes 1n the Uatut"ation �e 
'!he bour.Uar;,y Ussue dif!'Gr�tJ.tia".ed into the four distinct 

l�a f two n�ellulc.r anJ titc oe llular ll\yers , durina t-htt 
trnneit.ion to the maturation phou • 'l'hrcJu.,3hou.t thi s  ph!:l.se azX!. in 
the young &dult ran; , ir.IO t>Gaae 1n the thic'knesn o 1' t� lt�ary tiaaue 

fa\3 gradual and continuous ootil i'!.;ll maturit,v v."lltl :ot�schGd (Fi&.& . 52 

and 53} .  

' be  1nne:r m:u...-cellulu!' l.flY'Or Dhm98<! littlo ohancle or 

variation in 'thi.cknosa EUld lt would a;1;es.r that its adult s i ze  wrta 

reached earl.;r. 

'l'h outer non-oellular lcqe� wee 1.nitLU.]3 n firae but then 

di8'tinot l4'er bet n tlut two oeUular lf:\Yera o:.• the boundar.r ti&aue. 

A8 tbe te tia ai• incroas d fran 1 lt. G to 65 t} this lqer tbi.okene4 

rapidl,y to aohievtt &Jl�lt 9�ortt.cma tW-out the t:.l.ioo csp 1��to10a we.re 

� (fl«. ,,) .  
1lmer oellul�� lA3 wu clearly tiftore&tiatecl betweeG 

the two JIODoiOellulal" lq a ot the bounda.ry tJ..eaue and cxrpbologioally 
DtMI>ar��to. atrdlar to that ot tbe adult. Ite cella with ted 

....._ lel "'" 1p ed in aiftS)e l•er a1"''WWl the eadld.teroue 

• (P.&aa. 52 and 5J) lr the oeU app to 
rllp. 



The oute� cellular �er ba4 1••• riiJl4l.y dets.Ma 

boundariea depen41ng to some extent on tbe amount ot contact between 

adJacent aemtntt: roue tubules. Cella vl t..ll elongated nuclei , aimilar 

to thoae ae�4!m in the inner o llule.r �er , predominated but a rumber 

o.f cella with o'9al nuo lei 'MlN also preaent in a si.ngle l1J3er or 

oooaalonal multiple leyere about the outeX" perlmeter (Pig. 53) .  

Fibres of ela.atic tis aue appearud to be diaporaed e'f8nl3 
wltbln the inner non-a llular l«Ver. � aWned o.a a hc:Bogeneowa 

mruaa and. were preaent throughout tba mttturation phaae to maturl\1 

(Figa. 56 and 59) .  In a ai.LU.l.ar manner the outer non-cellular l�r 

ot' the boundar,y tit$ts\l anu the elastic tiasue .rlbree ui tn1n it Grew 

at the aaoe rate. Th� ino reaaea were rfli> icl as the te atb grew to a 

weight of 65 G ,  but tooreo.fter the rate o f  inc r.aa..se was vory much 

slower ( Fi&s. 58 and 59) • 

In the course of maturation the boundarJ tisaue of the 

eeminiferoua tubules oha!1,38d trcxn an indistlnct structure eeparating 

tba oellul components of th x cord and the interstitial tiaatJe , 

to a d!etinct tour lqered. etructuN e ating that 1t plqe en 

tmpo.rtant part in teetio tunoUOD. 'f'hia tiasue bae been aoribe4 

e.a oo iattng ot a basement ane 1ft eloae contact with the &ft'ldnal 

itbt • tun.t.oa p rla ooD.Sle� ot cell11lar ltcr•n !Jrter-

.,....a 'ldth tu • 1lhl cGDtaS.D a tn ar 

elut tnn... Ultna ea l 11.-

�Ucu tu o wre ot tbe w 

lei'D'JOI.t, . ,,., • • J 



R1oan4er d M• ,  1 M1 J L8QJ ,  1 9&2 ;  Leeaoa ani Le 80ft .  1 �.5 1 

&lllle , 1 961.b ;  Gilrdiner and Roqoke, 1 964; Lacy and oae , 1 96#.; 

Roae and Long , 1 966 �  ltoaa , 1 9Ci7J  Pawcett et al. , 1 969a J Pawcett 

1\ al• , 1 910) . The bo� tiaeu 1n tbe foetal Romney 

saentlelly a hOIDOSfitnooua band of tleaue an4 no o.ha�ee in mol"phology 

were seen untU the earl.y poet natal period. Tbla feature la 
probab]8 almllnr 1a othor animal� at the same e� of cleftlop��ent 

and is ccmparable to obeenationa in man (SnU'fen, 1 950 ;  Balae Q al• , 1 960) ,  

rats ( �eaon &.ad Lvnon, 1 96.;) ana. mice (1Ja.Uli.e , 1 962) .  In tb ratna 

oi' this etuey e!Bnifioant changes began to take pla.oe at the transitional 

poriod betwe n the prepuberal and maturation phl:uJes of dev lopment an4 

&dul t mcrphology wae oohieved when spermatozoa were fir et released 

within the eminiforoue tubule . 

The inner non-cellular lf\}'er 5l"aduall,y thickened re.aeh!ne; ita 
maximum size at birth. CollCtlrNntl,y eleatio tie.suo fibres eeellled to 

dlsperee thrOUBhout this tissue snd become more densely stained. 

During the period thnt the boundary tiaaue was developl� into a 

multila.Yered otni.Qtunl t.be imJS.i' ftOD"o(tellu.la.r ll\Y r waa gr. dually 

reduced in thickness but ati.ll retained 1 t elaatio tia ue d nel't\Y'. 

lUeetromiorographa of the tieeue in the a4ul t r haYG 1ndioate4 that 

t.hie 1 r le not a bamoeeDeOua 

ft or 

e but oona1ate or aeriea ot 

with collaaen aa:l rettouUn tlbree , 

aJ¥1 the tlbOle � b,v w14er band o' ooll ea lalt.M (LaoF, 1962; 

Leo, • ,  1 9Q.J flonla, 1 �7t ) • 1n tb1a Napeot bowiJ.al7 
Uaa. alaUarlU..a to the t.m.r llular � � the 

.YGWM bull ( an4er a 11• • '· ) • t cU.trea that ot tbe r 

(�, t. J t.eeeon and teeaon , 1 ")) , the (Baill1e. t 942, 



" ·  

,_.; o....uae. aD4 �. 1J&4s Rou, t967) ,  aan (�qqoa, 1 H01 

Roaa and LoJt& ,  1 966) ,  and the 8UWa pis and obtDobllla ( .Pawtrtt U ll• , 

t 970). NoDD ot the latter exhibit extenaiYe 1 11 • Bugoa • 

(1 960) auggeation tbat the lamel.lae atruotu.ft ln man could be eloat1o 

aa it ataiDed deepl3 with oi'Cein and aldeqyde tuchein ataina could 

well app� to the ram. 

'!'he inner cellular lqer b6caane a a.tatinotive structure 
l!ollow� the appearenoe or the outer non-cellular lqer. It 1a a 

lqer ot aingle cella m th elongated nuclei . In man Balze et M• 
(1 96o) <lBaoribed th68e cella aa mature forms of fi.broblasts , but in 
the neonatel testis they Yaried from JuvenUe or �· "a" tibroblasta 

to an intennediato form or type "C .1 " .  Ul traatructural appearances 

or these interlamellar cella in the rat (Clermont, 1 958; Leeaon and 

Leeaon, 1963) or peritubular cello 1n the mouse (Rosa , 1967) and mo.n 

(Rooe and Long , 1 966) haw tncltcated that thoy �e a contraetUe type 

cell with aaJ'V teaturea of the S!f'.ooth muaole cell (Lacy and .Rotblat , 

1 960 ;  Stre.ue and Kao ,  1968 J Faweott d el• • 1 969a; Fawoett e!, �l· • 

1 910) . 

In th1a atuey tbe outer non-cellular lqer waa not 

Wenttttable at birth but appearecl aa a tbt.ok 1� 14\Jer 1d. t.b 

eoatteNd. fibrillar U..u oYer the period ot trana1Uon to tbl 

� 1dan which ame o b neoua O.:tini te .truoturo between the 

two Uul.ar �-· (ft.c•• " , 52 5.J). atlo Uaaue eppearecl 

• taneowl1.Y 41fflrenttal' atd«d�t� tor elutirl S.Uoated that 
111tlda the of W.. ( , • M4 5). 

tn -. w.. ....... 



f!)U.'e.::l aewloped i."l this lqer Of tio during the oot\m tio.n pbaae 

of dtlvolo nt, and a.""ter pubercy alowl3 th1okened to the eubet.ential 

amount• o'b&erved in older men. Likewise in the rem the elas'tio 
tiswe in this �er inoreaeed. and app ared as beaviJ.,y ata1ne4 

t.hickoned fibrlllor tusuo tJtli:ln the adult phuae ot' deVitlopment hod 

been reaohocl. It can be ant1o1pated thtt.t in the older mature ram 

tho elaatio Ue$ue or the auter nor..-oGll.ula.r lL\Y'or ooul4 approooh 

sill.Uar pl'?portiona to t."lut aeen in man. li;).eotromiOftJIIl"aPha have 

sbotm that ooll.cgan tibrca ao well as other fibrUlor connective 

tiaauo a:.� preaent in t...."lio 'tiaau(;) (x.aoy, 1 962 ;  Laoy aml Rose , 1 961..; 

Uon•lo , 1 971 ) • 

The fourth or out&r leyer of the boundary tiaaue was 

Wefinitc 'fw sarJa weaks f'ollowins blrth. It 'II'U mt until after 

the outer non-cellular l�ex· had oeparatetl the two cellulnr layore 

that 1 t was poeaiblo to identity the cella of the bo� tioaue ae 

distinct from those of the interstitial ttaeue .  Balse U al. (1 960) 
de&erlbed theso oel ls as vary1Jl6 in typo tram a more maturo form o� 

tlbl"'blarl looat.d at the per1pher-J or t}l..e boundal7 U.aue. In the 

rat �n and .t.eeeon ( 1 �.3) �•oribed thu li.\Yer aa oonaieUns ot 

meaenci\V'IJle oelle • tb eytopl63mio procemeea of' whioh reauc with 

turlt¥ to form elongated o lla. Lacy and tblat ( 1960) 4tteoribe4 

u tibrobl ta whereaa kelman (1 960) oona148Nc1 that thlrf 

• 

re iblec:l endotMUal o•lla-• UnUke the I" t wb.loh a e11\!l• )4ter 

-us with Oftl"lapp 
oellt.alar 

(Leaon and Lee.oa, 1 96-') the cuter 

be me.6a ot oM or more rotta . 

a. · oae (1 ) J.KJ�n� thal �r ._. 

•»he�fJ/ ot - boUftdarv tUaue 



UOMl role ub-ta tor the ftrlout o onenta. Although llttlAI 
le known of thie tunotion the marked ohaz'Jgea duri� the maturation 

pbaae of a'Y&lopment must be related to the pi"'duction ot IJ)ert�atosoa.. 

A rumer ot rolee haW been au seated 1noludi� pJveical av.pport to 

the eeminif'<ill"'WS tubulea • lopment of contraotUe properties o� 
one or more lqere and oatabllahment ot a regulatory tunotion for t.be 

puaa&e o!' fluide and nutrtents to the cellul� eQI'llpt�nents a.ncl 1UII11na 
of th aemintfaroua tubule.s . '.!''.ao .u.ot ru:.tl.l..t"e of t.�o p.utJl.w::va 
'N\f!Ui:roe� f'Jl"'thel" i nve st!t;."t1on {!.ru.;J a.:1t' �otblat , 1 ?Go ; 7.eesOr'l and 
teeson , 1 963 ; T.acy , 1 967; Ro�s , 1 967; Wait.ee B!'..d SetohO l l ,  1 969) .  

The &'.lpp ort ot• the tubule& c an  be prO'fided by b oth  c:elluletr 

and non-cellular component& of tr.e bouM.ary tissue • The inner non­

cellular lqer oonauting or elastin l'l'ithin Uu:r.ellated. ommec:tiw 

tisaoo epparontly allows fluctuations in pressures to be reei.eted 

from both within thG t bule anc the 1 ntereti t iel areas . ,, elt".tlar 

1\motion probably exiate f'or the tiseue of the outer non-cellular 

lqor. It dovelO:(lS lat€1r thtm the internal lay(:r � ana ree.ches u:atw.•e 

at "'t tf\..e time spermatozoa are produced. Leeson a.'ld Leeson (1 963) 

pontulate that the loose fQr'f'l&tion or. eonnoot1ve tbeuo in this 

l.a3 r allow for • e degree of mobility betw en tt"le two oellul 

1&3en. Pouibl,y an lne ued N istanoo to tliia lr.O}.)iUv is \rousht 

t 'b:f the l�ft5 down ot lG,st1o tb in th6 reu. eoap w1 tb 

b rat wbloh ooatalna oolU.aen and reU.oul.in ftbrea onl3 1n tho no� 

o&lhllar l. era ( lotb \ • 1 9&)) . 

1ft tbe the cella 1n 

·- �· t1 n aa haa been • 

arm�. 1 ' t&q 4 

r oellW.uo lfqw pro � 
llahe4 br •leo�ow 



ltl • t M6) • ( • • 1 967) , sutnaa ptg and ohtnohUla ( .-tt 

tt aJ. . .. i 96�a; Fawoett et Al• •  1 970) aam man (Rou and Lo"' ,  1 966J 

St:reoa and Kao, 1 968) .  - In the newborn mouae , Roae ( 1 9&7) amr 

nidenoe ot the tranat'onrlation of ane tlbroblaste to emooth muaole 
cella witbln thia irlner cellular l"'or• 

Rate testis t'luid b derived f'!taP.! aet!ve 1tee'!"ftion as nU 

ae fiiff'uaion �h the aesnipermaable barrier ot' the -.11 of the 

s&mlniteroua tubule ( Setohell , 1 967a, 1 967b ,  1 970; Setohell G AJ. • , 

1 969) .  All lqera of' the bound4r-.f tiaou provide a partial barriel" 

to the movement of the extraoellular fluid betwoen the interstitial 

tiaeue and the oemin�orous epithelium ( Setoholl et M• , 1 969) .  

Suoh a barrier to the larger protein moleoulee probabzy exiats at the 

inner cellular lqere ae Fawoett tt 11. ( 1 970) wre unnblo to f'!.nd 

prooip!tatecl protein deeper thnn thie lE\Yor ot., tissue. Vesicles are 

prosont in the colla of both the inner and outer cellular leyoro of 

the boundary tissue providi.n[; evidence that the&e oc lle m'\Y function 

activo)3 in the pasaage of strienta anc1 seoretor,v pro<luots across the 

blood testis barrier (Lacy and Rotblat , 1 960 ;  Lee son and Leoeon , 1 %3) • 

.r1. larger Slrtace tor tabolio 1nterohAnge lDf\Y cl.eo be provided qy the 

invotJ1natlona of' the 1me.r non-cellular l.qer into t gorminal 

epi'theU. {Jursoa , 1 �) .  

unta bet11een 

teetll fd the .m4 (1 967) that a po alble additional 

rol tor tM oo�e oeU la 1n tbe metabol an4 trua.:r.'ftJ� 

aUoo ot tl•• Uaaue within lllll.ta ot the 1MNnllal7 tbaue 

s.ntenU 



Altboqgb e1M1:io tie e la lmown to be pre la 
� t1ae of tl:ae �rot.la tuJ)u.lee or tbe ram 8l'l4 

(.B&lM AA al• ,  1 5).51+) it a!gnifioance in tbeao apeciea la uneeftaln. 

In IIUIZIDar;y tho whole pattem 1n the development of the 

boundary tiaeue in the e min1f8J'OWI tubulea of the r. aa obae� 

1n th1a atu<\Y asroea generall,y 1d. th that of the rat' the moue ana 

man (BalM ot fl.. , 196o; Leeaon and Lee son ,  t 96l; Roaa , 1 967) . 
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ccmmstotes 

The growth e.n4 anelopmeotal oha�ea in the toatea or tbe 

new Zealand a.c.nney showed tha.t qualitatively it functioned aa in an 

adult ram by the t nv-a ond week attar birth. The ooq,letion 

ot the firat oyole of opermatQ6enoa1a wws olso &apen4ent on the 

tt.ainment ot a teet.U ain of at leaat }4. G. 'l'ho te&tu oontime4 

to grow after pubertq, 4lld would be spooted to tunction at the 

capacity o f  an adult 1ilen the ftlm 5retf older und had gained a greater 

bo<\Y weight. A1 though not measured 1n thia stuey the extent ot 

reproductive improvement during oarl,y e.dul thood ocul4 be det ruJ.nocl 

by quantitative asBeflanitmtD of zerm cell production (Courot , 1 962 •  

Skinner and Rowson, 1 968) • 

C�s taking pl<iCG in tho teat.icular tissue , with 

dovolopment of the rum , are a function of the testi:l v;eight .  'l'hose 

are di::roeotly relutod to the body ooie;ht .. 1ich ie a better indicator 

of t.t>te plzysiolocionl developmel'lt o:· the ram than the ohronoloeioal 

aee (l'atson et al • •  1 956 ;  Courot , 1 962 ;  Skinner gt M• , 1 968) . 

Tbo body !eht at aey partioulnr staG-e of development roprt:UMmts an 

interaotion of tho ffeota of the birth eight of tbo and ita 
ubsequent nutrition, aa 11 aa , and providea a m a to oaupare 

the lat1ve 4eveloplllftl'lt of 4lffezoeD' • r�uWS.tt• haa a pol"t� 

1Dt'1uenoe o-.er tbe onaet � • .U 

-. ap QYole bu nae4, S.to � 

.UOaJ.ar lopiiiAt la � ( , 19CO) 

aubeequent 

B:U� att. eo olOM� ..-."u�. with 

tbt timtnnt pb&Ma t Stal1N"ly the ot 

• ,  ( 



the luaen 1ft tbe ftlop11f6 eeminlt__, e t.a l!Pf.oatiM ot 
obangea in srowth � ot both thlt cUam ter and the le� of 

77. 

the aem5nitei"'WW tuWlea (Attal and Oourot, 1 9&.5 )  and 1a ooaoamltant 

w:lth the OOUI'letion of Sertel.l cell dnelopaent and the appearance 

or the older forma o� pl"imal)r spermatocyte a and epel'Wlt14a . .Pram 

eatimaUona � teates at• the prociM point at whioh the rate of 

teatea growth changes can be d.etoxd.ned and the Ume of ooaneno - nt 

ot� apenmtopneal.e etabliuhtd. 

ltnowledge of the testee wei,ght , bot\Y weS&ht «ncl age 

relntionahipe tn rams rr.ey allow COI'Jle ma.."lipulntion o !'  the tteed ot 

youn;e � lambs eo that. they can mature eoxuall¥ b,1 22 ke ot 

u..ge . Although in practice e.dftn01ne the seuon ot flock rama mDtf 

not be :foa.nible , thA achr#tltR��u: t.o A !'roeE're' t.est:b1g p!'O� are 

obvious. 

In the �ex eo %"d.$ or rar..s , 9.3 in ot1 �er species , the phaoe of' 
testicular t.J.evelopmtmt before the onset ot' sperrr�A.to.�nesis prooeads 

with no noticeable variation. �itaUve studies ehow that the 

succession. of t;arrfl cella is stead3 and that the adult oCDbination of 
cell �ea aoen at each etno?O of the cycle of the eominiterous 

epitheliwn is evident t"x-Gii the time ep81'116t� neaia o ea 

(Courot , 1 962 ) .  

The b� ue r4 eemin!teroua tubul baa a 
tunct1onel pert to pl 1a the pa"'4uot1on ot �OI'IlGWSO& an4 el tbo\1gb 

04t�t:J.Q�Iot;IQ 1a _._,. on the eoltic l"' t• 

, 



(X.O.O. and �n� 1 96J ;  , 1 96'7;  Roaa, 1"7) . • tnnw 

DOJM)Ollular 14'er ot the tubular wall bee · a tbimtor bet n birih 
and oaturiv., Thle l!lf.\V eua\le an ea.eler movement ot me�olitee 
� the interatitil.a to the rap1d]3 divldiftl germ cella (Nic� 

d M• • 1 961 ) • ConYertsel_y , th1ckerd.aa an4 eJ. terat1011 of o.- or 

.more le.Yera of tbe bou.nd.al'y tiaaue ahown 1n aome atertllty oondttiona 

ill can. m.,q reetnct the metabolllm of the cellular ccaponenta an4 

the mobility ot the tubl.lle (ftoward U al• •  1 950; Snlften, '1 9.50) . 

In the rat and mouse the oontractUe-tapo oella 1n the inn• 

cellular la,yer induce movement of the semlntteroua tul:Jule , the l'elea.a 

� 8pilm&tosoa and tbair pi"'6J'GP1on to the rete teetta (Leeeol'l t.m4 

to on, 1 96' :  Roaa , 1 9G7) . GNater significance mf\'9' be placeCl on 

other roles yet to be detemiDG4. InitiAlly theso cella are lJ.ke 

t'ibr®laDta in tne interoti tium but they a.ro poosib]3 very different 

t'root the tibrobla.sts 1n other lfW'ero or 1n tusuea beyoni the testis 
(Bolze et AA• ,  1 951•) . 

The outer non-cellular lqer of tho boUJ).1.ary tiaooo is 
ccnparable to the connective U.asuo of the tunioa propria in the wall 

ot the aoroin1ferou.& tubules ot man (Snitten, 1 950; Balse G al• •  1 954; 
&lae AA M• • 1 960) . ham the period ot initial dit�ation ln 

th the r and man elaaUc tibrca an a regular oamponent ot tbia 
14\Y (Bal18 11 N:• • 1 951.) . The extent of Glaetin 1ft a.im1lal" 

IHRilliUoiQ.If'l Uuaoa ot otaer apeo.t.•• ie imowo. .,. .. &AO. or 

thta �er at puber\J eta that lt 1• eaaoot.• wttta -ll19 

tilt �erou WNl•· · · ta a441.tt.on olUUotv the 

1 the 8f"'ljldh&'OIIa .. .. � .tlltfttuln&'lar pN • 

p 1btll9 ot laiC' _,� 



the tuhlea ln the ,.. f1U\Y 'be o U...W b7 gNat. eowata ot 

elaatift .  whloh 18 a44it1onel to Ol" roplaoea the oollesen tlaaue 
generally proeeut 1n all apeoiea. Bttoote of tbe aae ot rarna cm 

the tu'bul.ar boundary ttaaue 1 s  not known. ID nOJima1 a�,.i.JW 

j\Noee&&a 6.1Ae1tio tibue <ioee not 4:teopp�, bUt one l'lJI'q postulate 

that 1t rwe inoreaae resulti� in a thick•� of the outer non­

oellu.'tar l�er aa in rr.sn (.Bol.;e f1J!l,. , i 951t) . 

Thet-e are no !"e;_)Ort� on clinioal and patholo,gioal oondttions 

e.ffocting the bow.1uaey tissue of the ram's testis. Studtea ot 

ohan!;es in this ttaoue , correlated with obeel'9a.tiona of the tubular 

ocapomnte , e.ould provide tuf'ther e'Yidonoe fw the faotol'"e which 
..,nohroni zo the dovel oprnent of all tia8'U9e in the teatis. In �o­
orchidi8m ot• ram's tetrt&s (Bruero t 1 970) a detailed atud3 on the 
bowttler:r tie:,-ue o!' tho t1.:bul..ar wall t"i.aY asoist different1ution and 

poaeibly datennint� the time at which the patholoaioal aha�ea took 
ple.oo. IUinef&lt.er's ayn1rome 1n rams (Bruere et g.\. , 1 969) 1D a.n 

example .  The 1nMr non-oellular lc:uer ie thickened but there is no 

a.lf't"erentJ.a.tion of the outer non-cellular lai'er (tl11lubliabe4 

obeervationa) .  'l'ht8 eociation with a r ot unditterentiated 
eupporting cella indicatoa tbat velopMat haa not prooeo4ed M.,voD4 

a tLlp normally ob88l"984 1ft earl¥ p t Mtal ur.. 

'1'bo pNOiae teotore tlb1ch ooa\'rol the anelopMnt ot tile 

� ot tbe eadadt_... tubulea r_,_ to be �. X. 

tbe te.ua of the at tb.G pftpu'bual •• -. a cella 

1114 poaa� 1 are t tor t:be 

WU&tl• ot • tlhareu ta o14er .._. • tOCOMUo 

p �-·--



{CCNrott 1 "7 J Orta.Yant et al., , 1 "') • 'I'M trlg� 
hani fDB8 apply tor the bo� tie e ,  or it 1881' 'be d!Not 

napo01e to teat1culer andl"ogena . 'reatoaterone therap7 hae 

reaul ted in a thtmlng of the tubular wall ln soma pathological 

oondi tiona of the testis in man ( HOWU'd t,t 11• • 1 950) .  No doubt 

the evolution of th germ cella and suppol"tlng c lla 1a 1nt1matel,y 

connooted td.th tho dnelop nt ot the tubular boundal7 tiaaue e.ncl 

the tnterat1 ttua. . J4ore d tailed atudtea of the boundary tiaaue in 

the ram , partioularl,y ita histoohemiatr,y and ultrastructure , fBB¥ 

roYoal unknown aequenc e in 4evolopment . Slldlar stutiea of' the 

sem1n1f'orous tubulea ln patholoaical cOACU.tiona � determine whether 

the bo--..mdnry tia sue only is affected or whether oha�es here are 

aeoonUar,y to changes in the germ cella ,  supporting cella or tissues 

o£ the 1nterat1 tlum. The functioning of all leyera of the 
boundary tie us .must be inter-related and c�ea in one tiaaue la,yer 

are likely to affect other lll\Yel'& as well aa the cellular coaponenta 

of the tubules. 

• • 

The demonstration ot the relationahip between the 61"0wtb of 

tbe tea�ea and the dif'f8l"'enUat1on of the eeminitoroua tW»W..a i)rGYid.H 

a pattem ot DOl'l8&l &twlop.at in .tbe Z.alaacl Ra..v rea. P,.. 

tld.a tt woul4 now ae poed.ble to deaorlbe mOl'e preclaG� patboloatoal 

OM.npe and cJqftea ot ttant, t teatia Ua.ue 1ft both the 
� M4 tbe aclult ... 



• 

,_ ·� ot 81. � u ..... (tn te•Ua} After a1oobol or 

tcawl.ln ttsattca. Beet rea\il.ta Malned 1w tbation td tht te•tla 

t1uue 1n C&mr.\Y.. f'l\d.4. 

lillutigna 'M'' nA· 

A. lfall017'• bleach. A eoluUon ot 0.2 ' potuatu. �-

8114 5' aalto ao14. 

B. "�" elaatio •ta&n ( '81prt) Ro. 104. (licbranl Gur Lt4. , 

Lon4oa) .  Triturate 1 g..- of' 7leJ.sel't E1aat1o atain w!th ' 
fP81D8 olaan ailftl' ad, t CO  al. aholute aloabol an4 2 ml. 
pure � acid, until all the stain haa geM into 

soluUOft J tu ter • 

c.  neutral red - 1 % aolutian . 

!etho4· 
1 • !ring aeotlona to •ter. 
2.  Treat with Mallor.Y'a bleach. 

J • Waeh in al cobol. 

lh sw.n iD �·· elutlo atdft 8 • 21. bouN. 

J. Ylaah 1n 1 MU a1oobol Ull eleaUo u.eue -., u atet.ael. 

'• ID ..-•. 

7. GGW11..._talll t.a t� r.utnl n4 tfM 4. IRliUIII.-. 

ln • 



¥w v. ·� of •wtto u.,... ana tllarfta ID wua. 
Bht naulte obta1Mc1 '¥ tbatt• or tbe teau.a u..- iD �·· 
tluJ.4. 

A. 1 .  Baa1o "-�lain o.p u M' 411oobol 1 00  a1 .. 

a. R.uoJ�oWl a --. 

J. CoDOtmtmtecl �ortc ao14 0.5 14 .  

4.. DlaUlle4 ater 1 .5 al .  
B. 14'� Po1w&.Ua. 
C.  )!lx equal parte ot A an4 B. Solution ehould be f\'eahly 

prepared aa 1 t will not lraop . 
D. Piorto ao14, ea� aquo<Na solution. 

Take aeotiona to absolute aloobol. 

stain ln eoluUGD c tor &a ........... . 

aah 1n Wi alcabol � 20 • 25 eeooa4a to IWIOYe asoeaa etain. 

Ullae ill 4Uttll.cl ......... 

eou.awnta&a la ptoi'Sc ad4 aoMS.oD tor ao .. OIIISa. 

.. u ..... In abeolote al.oobol. 

• 



•• 

Jbl" the atalnlng ot elaattc tlaaue aDd tlbrea 1n teatta t1aaue • 

.Although moat tixatlvee are suitable , tlxation in Carnqy'a t'lu1d or 

Dandaon'a aolution (tcmDol alcohol) gtw beat reaulte with teatia 
tiasue. 

S91Mtio;a &eau&£!4. 
A .  Aldel\Yd.e luohain: ( thi solution must be stored in the 

re�tor) . 

Bu1o Puobein 1 gram. 

Let atand at roem temperature 1"or 2 or 3 dqa or untll stain 1a 

4a&p purple 1n colour. 

Alcohol 701t 200 ml. 

1\'drooblori.o acid oono .  2 Ill . 

1. Kallo� •a bleach . 

c .  Counterstain 0.2� Ught green. 

1 • bmove ax and treat w1 th Mallor,y • a blei.i.Oh. 

2. Brf.ns to � alcohol. 

3. Stain lll solution A tor 30 adlutea .  Older aolution 

s. 
'· 

a 1� p riod or one hour, an4 p.w a leaa aeleoU• reault 

alcohol. 

n (c) tor 20 aeooma. 

,.. 



Jbr __....,. �UOD of Uaa\18 1ft u. 'CeaU.. Altbotllh 
... ftx&Uwa .. adta!tle. but JI'Multa wtth teatll u • .- tol1oile4 

tbl\atiGR in 1Duin1a ft.aU.e 

• 

Dlrl.Soh'• .u. �ua .. 
i" ecNdD eolutlon • 

........ 
t. � aeotio� to 90% a.loabo1. 
2. Stain in haematox;vlill (A) � tO .s...atea .  

'· S'ta1n 1n ldtWer'a hsamatoJWlln tor 5 mf.D.ltiM . 

�. Ditftt:Nntlate with acid aloobol . 

5. Waeh in Soott•a Tap Water tor 2 mtnutea • untU seoUona turn 

blue 

6.  Wuh iD water . 

1. Courateratda tn 1% eoda (B) toll .JO MOOI'ila. 

a. RamcrN ••• eo.u qute� -., .... biDs 1a 'tidier. 

'· Nw· •• �1-- an4 mount. 

IAiolel ..... ltlueJ 

'Y� ablll• 



1 Qi 191liAkJI 
1'cmlaUD (ltOJO torul�) 
Water to m1ce up to 

� Cl!L9!JPB §OLU'rm! 
lllti'OUrio ohloride 
Sodium ohlortde 

W rONallD 
Acetle ac14 

10  Ill. 
1 00  .... 

7 &1"­
o.a � 

1 0  Ill 

o.s Ill 

J)1 tilled ter to make uP to 1 00  al. 
P'ix.ation te rapid and sections must undergo iodine thiosul.phate 

treatment to ren•ove the mercuric chloric!le dopoai te before staining. 

Ji!ercuric eh.l.o.rl.d.e 

Pot&slium chnmate 

� aulphate 
Di&tllled u&ter to 1 00  =1�  

Add glacial ac tJ� aoid 41at.]3 betor use • 5 ml. 

em•a mm� 
Plofta 141 I . tutdo4 f.i.Q\IICICKIII 

) 
\1'.1.11�'-L aoeUo •lt 

• 

.llWJI)8 .u. ptmll�� 

75 al  

at at 
J al  

npt4JI' • nq 0 



Uttle � .  Fixation �\tally o-.lete ln 21. hours. 
When fixed the tuau& is t.re.nat'erred ft'c:lm the tixatf..ve direct)¥ 

to �· .. alcohol to Nn48!" the ttat81'-8oltJble pioratea ahioh have 

formtrd ,  to �n t.nsoluhle tonr. before the U.eue ao treated oomee 
in oo�t with water. 

Absolute aloobol 

ChlorotOI'IIl 

Glacial acetic ao14 

6o ml  
30 ml  

1 0  Ill 

Fixative penetrotea ver,y quic�. It oauaes oonaideruble 

shrinka(;e and destroys or disaolvea moat cytoplasmic el nta. 

FixaUon ia complete in 1 - 2 hours . 

�:W.!OL @OHOL - DAVIDSON 'S SOLUTIQN 

1 Q'b Formalin 

� Alcohol 

Glao1al acetic a.c14 

1 0  ml 

90 ml  

5 ml 
ftxation 1a rapid and oaupl te 1n 1 2  � 24. hcl.&n .  
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Bo. la laoh a,,_, DcM\r Jabta (Jra) 
Illata � SI 

.... 1 8  '"' .27 
o - 1 0 J '·1 .4t 

1 0 - 20 8 9.2 .4.5 
ao - JO 10 u .J .;r. 
� - 40 ,, 1 2.'1 .0 
40 - , 1)  , , .. .61 
50 •  60 ' ' '·' ' ·'' 

60 ·  10 2 1 7.4 

70 •  80 10 18.6 .. ... 
eo - 90 1 22.1 o.rr 

� · 100 1 u.o .. .  , 
1 00 - 1 1 0  8 2}., 2.07 

1 10 - 1 20  ' 21;..5 1 .09 

1 20 - 1 JC)  J 31 .1 0.22 

1 30 - 11,0 2 1 8.7 

1 1,0 - 1 50  2 20.S 

1 50 - 1 SO  6 25.8 1 .09 

1 60  - 1 70  ' 29.7 1 .1 9  

1 70 - 110 ' JO.O .. .. 
1 80 - 1 90  1 27.0 

1 90 - 200 ' 32.1 2.5.5 

100 - 210 2 JO� 
atO • liO t u.r. 
120 .  QO I Jt .5 
UO • M  a 17.0 
.. . .. • • 

. .. ' ,. .. 
• ' ·' 

• -



.AMel..a.our, M. (1 960) 1  

; , .. 

tM ,_ d.ewl.-nt Id • �u· 0111 ... Sa bulla 
... ._. .-w ",..... to • 

Aota ..aoo.. ,  Copeab. , a < 1. ,.,> . , - 10f. 

1-Itaolat' (1"' ) t  

!be pNl.UWJtatian ot oeUa 1ft tbt teetH or IN1l oalwa 

7Cilftl llullia. 

Jtota wt. eoaft4 • • &• aa - Jt .  
Attan, a · .o . ( 1 959) a  

Obaerv :tiona on the cle'felo,mrmt of the eemJnel aiole , 

pNatate and bulboul'etllral gl.rm4a 1n the rat&. 

J. Anat • •  Jlt 43 - 51 .  
Attal , J. J courot . •· (1963) a 

�opp nt teat1cul.a1re et ete.blia� de la apermato(JenQae 
obea le taureau. 
Amla . Blol. antm. Dtoohim. Biop)Va.,  la 219 • 24-1 . 

DaUlte, A.H. (1960) 1 

The 1DtenUUol oell in tbe teoUa ot tb.e f'oetel. ahMp. 

q. n ao. Sol. , 151.• ,.., .. ltSO. 

laUU.e, A. (1 96t } a  

"' •\ 



W'Jlt•• A.B. (tMI) t 

�lool Attftmtntl&UOft of tbl bu••t -•llDI ot tbt 
� •.S.n:tfttiiOWl We. 
Q, l1 miO'I"OIICh Sot. , .W,s 385 • )9t • 

&-tllu, H. (1-.) • 

!be hletoo�·- and w.�-.. at the -�. 
J • .Anat..  •• 6t.1 - Q-5. 

&nU., A ..H. ( 1 961.b) a 

Ultl'aati'Uotural 4UteNntlatlaD ot the baaeMnt of 

the mou.�e eeml.� tubu1 • 

Q • .n mtcroaa. Sot.. , J.Qia 20' - 201. 
Balo, l. J Banp, I. (1 9.50) 1 

The elaatoqtio aot1v1v 01 pancreatic exta'aota. 
Bioobtln. J • •  14' 384 - "". 

B&l•, •• u. la; Bur, G>.Ee l  Ooa&'p....s.lta. '• J Inau, J. (1 95ft.} : 

naaUo tlbfta in the tunloa pnpr1a of noftlal anc1 patbol io 

buman ..... 

J. ollft. EDcloor. Jletab., Jaa 626 • 6J9. 

8&1• • r .A. a laJ Mane la:l ,  a • , .Al'I'Ulala. ., · •  .AD&ln4a, J • J 
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