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II:L~ whole seruni, :ilbumili, globulins, :tiid fibrinogen were I:tl)eled 11 itli fluorescent dyes 
(sulforhodamine B,  CI S o .  45100 and fluorescein isot hiocyanate) ; alhwnin was also t:lggrd 
xvith r:tdioactive iodine (1131) :Lnd tri t ium (€I3).  In xldit ion heterologous dburriin was also 
1:il)eled with fluorescent dyes :lnd r:idioiodine. The proteins were intravenously injected i n  
111 cpubert:tl, pubertal and adul t  rats, and their decay in the circulntion and histological dis- 
tribution in the testis and epididymis was studied. A4s con1 rolS other aiiimals were si1nil:irly iii- 
jectcd with free labels alone and wit11 1:ibeled denatured and degraded albumin; also unla- 
beled homologous and lieterologus a]t)umin:; I\ et e adniinistered followed by incubation of 
I)ot h org:ms with the corresponding labeled antisera applying 1 he Coons' technique. I t  was ob- 
served : 1) with the  exception of fibrinogen, labeled serum proteiiis rapidly aplmtred i n  thc 
lumina of vessels, diffused estr:tvnscu)arIy i n  the intertubular spaces and fin:Llly arrived inbc- 
t v  cen the  germinal cells and in  the lumina of seniiiiiferoiis t ~ b u l c s .  Also I a l x k l  Inaterial was 
present in the lumen o f  epididym:tl can:diculi but n o t  in the ductus  dcfc~.ens. 2) This estr:tv:is- 
culnr and intratuhular diffusion \vas p a r d e l  to the  fas t  coriipoiient of tlic time decline curve 
of labeled honiologous seruni proteins in the circulation. 3) Thcre w:is no grc:tt tliflereiice be- 
tween young and :tdult rats i n  the estr:~vasculnr diffusion proress, but ~ n t r : ~ t n b u h r  passage 
w :is Iilgher in  pubertal and adult animals. 4) Control experiments revc:iled thc presence of 
some fluorescent materi:il only in  the vessels and mncrophsges, whereas the iinmunofluorescciit 
teclmiquc showed :L very similar IocnIizntiori of uiilxbcletl protciiis t u  that provided by t lie 
iiijcctioii of directly labeled proteiiis. 

It, h:ts I ~ e e n  demonstrated that radioactive 
scruiii alliuiiiin lcavcs the circulation i i i imcd ia t e l~  
:titer iiitravcnous injection and  nay he detcctcd 
in  skin and  tendon and radioautographicall\. in 
tlie est,ravascular s1)aces of iiianj. organs (Abdou 
:tiid Tarver ,  1051 ; Evcret ' t  aiid Siiiiiiioiis, 1958; 
I-Iulnphrcy et al., 1057). 

In prcvious ivorks (Nancin i  el ai . ,  1961; 
blaiiciiii et nl., 1962) using fluoicscciit dyes for 
labcling, tlic decay in the  circulation of scruiii 
protein fractions and  iiiicroscopically t.hc rly- 
ii:miics oi their est.i.avascular diffusion in the  
stromal connective t,issue of various organs were 
studied. It was also found t h a t  in the ovary, the  
soruin proteins \wrc transferred not' only to the 
extravascular s1jacc.s hut also to  t h e  ovocyte in 
tlie growing follicles (hlancini et al., 1963). 

Since a n  accuiiiulation of seriiiii proteins in the  
intertubular spaces of l l O ~ I 1 1 ~ ~  human testis \vas 
liistoiiiimuiiologically presumed (Mancini et al., 
1965), a s tudy  on the  dynamics of a similar cs- 
t iavascular diffusion and  subsequent fa te  of 
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seriiiii 1)roteiiis in t,lic rat testis during sesual 
maturation secmctl t,o be of intcrcst. 

MATISRIAL ANI) AIIITI1OI)S 

Niiiety-four albino male rats divided into t.lirce 
differelit lots correspo~~cl i~ig to  prepubertal, pu- 
bcrtal :tiid adult ages, weighiiig r~roiiiitl 15, 60, 
:LIICI 150 gm respect,ively, :tiid fcd ud l i6i lurt i  w i t h  
;I comple1.e standard diet, were used. Albuniiii aiid 
globuliri fractioiis were separated from a pool of 
rat, serum by a st:iiitlard snliiie fraci,ion:ttioti 
metliod. Fibrinogen w:is similarly obtained from 
a pool of plasma (klanciiii et d., 1962). In a11 c:~ses 
the whole serum aiid the protein fractions were 
sepnra tel y 1 abeled with sul f o r  hodam i ne B (Cliacl- 
wick et ul . ,  1958) mid with fluorescein isotliiocya- 
iiatc (ltiggs el uZ., 1958) and dialysis performed 1)y 
]):issing through :L coluniii of Sephades G.  25. 

Coiicentralioii of the serum proteins was ad- 
justed to 20 mg per 0.5 ml conlrolled by the biuret 
nicthod, dialyzed against Carbowas, a i d  Clie 
nrnouiit,~ of fluorescent dyos hound to protciiis 
itic:isrii.ed spectropliotomctricnlly. Paper elec- 
tmphoretic studies were mnde to  control possible 
modificatioiis after Inheliiig, ant1 the clottiug time 
of fibrinogen was also checked. Labeled w11olc 
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seruiii i i i  closes of 1 to 2 n i l  : t i i d  20, .40, or  ti0 lug! 
100 gin I ~ l y  weight of 1:it)eletl seriiin fract ioiis 
were iiitr:tveiiously iiijrctcd into diHereiit lots of 
r:lts tieloiigiiig t o  thr three tiitfereiit age groups. 

Specificity o f  the results regardiiig the inter- 
pret:rtioii of' t lie pi'csec'ice o f  fluorescence i i i  :L givrii 
:ire;i :IS evideiicc of locnlizatioii o f  seruni proteitis 
: t i i d  iiot due to  C1egr:id:ttioii products or  t o  free 
fluorcsreiit dyes was  checked by iiijcctiiig other  
:tiiini:ils ivith: 1) 1 m1/100 gin body weight of 1 to 
3/; free fluoresceiit dyes i i i  iiorm:tl saliiie solutioii; 
2) t lie s:~iiie free fluoresceiit t l j m  siiiiplj' iiiised 
iia ?-;!ro with serum frnctioiis :tt :I r:ctio of 0.5 nil 
of dye (3(]; iii s:iliiic solutioii) per 0.5 in1 sdiiic 
soli i t ioii  c o r i t a i i i i i i g  20 ing of serum proteiiis; 3) 
fiuoiwceii t 1ie:tt -deii:it ured albuiniii f r x t  ion (30 
iniiiutes :it (i0"C) injected i i i  s:iiiie coiiceiitr:ttioii 
:riicl  anioui i t  :IS the "iiitact " fluorescent one;  4 )  
tlcgr;itle d fi uoi'es cc 11 t, :i I hi i nii  i i  :id in i i i i s t ered i i i t lie 
wnic  : i r i i o u i i t  :is t he iiondcgraded flrioresceiit. one. 
'1 111s was  iiitciidcd to  he :iccomplishctl with acid 
Ii!.tlrolysis (coiicciitrntetl hydrochloric acid for 3 
t o  (i 1ii.s) :tiid digcstioii with purified trypsiii (0.5 
nig of the ciixyme per 30 mg of protciu) (l)ell:tclia, 
lNi2) ; clet eriniii:it i o i i  of 1)i~e:ikdowii products was 
:I( teriiptctl hy dtr:Lviolet :il)sorptioii for proteiiis 
a i i t l  paper e1ectro~)lioresis; 5 )  uii1:il)elcd ra t ,  r:tb- 
O i t  , : r i i t l  1ium: t i i  :iIhuniiii fractioii :it doses o f  40 
nig/l()() giii hotly weight. :is coiitrols otlier rats 
\vcrc iiijertetl ivith 1 nil o f  s:iliiie solutioii. 111 these 
C:ISCS tlie :tiiiiii:ils were killed :it 1 :t i id  5 hours : ~ i i d  

i lic C h o i i s '  tecliiiique was ~xr fo rn ied  iisiiig u i i -  

lisetl or  ~or i i i :~ l t lc I i~~t le  viipor-fixed 5 p  sectioiis o f  
testis : t i i d  ej)itlitljrniis iiicub:iicd w i t h  horse globu- 
I i i i :i i i  t i -lium:tii, : t i1  t i - i . a t  :tiid : i i i  t i -i,:il)t>i t albuini 11 

1r:ictioii (Sy1v:tii:i C ~ r p .  New Jersey). Specificity 
of  I lir 1iistoiirniii~iiologi~:iI resulis was checked 
i y i t  I r  i i o i . i n n l  Iiorse globuliii : i i i t l  I lie staiit1:trcl 
I)locl<iiig re:ictioiis. 

I i i  a11 the  esperinieiits the niiiiiials iiijcctctl with 
the fiuoiescciit proteiiis were killcd :it 5 ,  10, 20, 30, 
(io a i i d  120 minutes a ~ i d  nt 3, 6, 9, 12, 24, 4S, 72 :111d 
!Ki Iir iifter iiijectioii. Blood sainples were taken 
hy aortic puiicture before killiiig :tiid spcct,ro- 
phot oinct ric determilrat ions of the albumiii and 
glohuliii hound fluorescent dyes were in:rde to  
:~ssess the coiiceiitratioii of 1:iheled proteins i n  
the sera of  iiijccted aiiimals. The Ititliiey, liver, 
testis (equ:itoi~i:il zoiie),  niid epidicljmis were cut 
ruifisrd i i i  t lie ri.yost:tt :it -2O"C, :riid scc(ioiis 
4 p t trick moriiitcd i i i  glyccriiic were csniiiiiied 
tlirc:ctl>,, or  :iftei' 30 iniiiute f i x i t  i o i i  i i i  forni:~ltle- 
Ii!.tlc vapor : i i i d  mouiitiiig w i t h  I'cririouiit. Otlier 
t)locks of  i issues were ininiersetl i i i  cold bulr'erctl 
10flz forrn;tliii :iiid tlien einhcddetl i i i  p:ir:iUiii. Sec-  
t ioiis & t i  p t h i c k  were rnouiitetl with Periiiouiit 
:iiid es:iiiiiiietl uiidcr t h e  Lcitz Ortliolus fluores- 

c e i i ( ~  rnicroscope iisiiig the :ipproprial(' sorirrc 
31ld I,cul:Lr filters for t,ot I1 f l~lorochrolr l~~s.  

As r:tdio:irt ivc iodiiie ( I I 3 ' )  i s  coiisitlcrctl :I i i o i i -  

specific tag for proteiiis, rat a i i c l  1ium:tii :ilt)uiiiiii 
fractioiis, :iIso I:rep:iretl by the saliiie fr:irtioir:i- 
t i o i i  tectiiiiclue : t i i t1  :~djustetl to :i coiicctitratioii of 
20 ai ic l  (io nig/iiil, were 1:iljeled w i t h  tliis r:l:lio- 
isotope (AlcI~:irl:iiie, 1956) i i i  :L ratio of o i i e  t o  two 
atoiiis of i od i i i e  I J C ~  s l t ~ i i i i i i i i  molecule, w i t h  :L spe- 
cific activity of 25 inC/gni of ]:roteill (Sntioii:iI 
Atomic Coiiiiiiissioii, Buciios Aires). Trit iated rat 
nlhuniiii (20 niid 40 iiig/inl) W:LS nlso prep:ired i i i  

a ratio of two atoms o f  1-13 per albuniiii molecule, 
with :I specific activity of 40 mC/gin of  protein 
(Commiss:ii.int I'Eiiergie AtoiIl., Fraiice). Iiats of 
the  three difr'ereiit age groups were i i i t rnve i io i i s~~~ 
injected witti 1 to 1.5 iiil/100 gin body weight of 
the  two  difl'crciit coiiceiitrstioiis of r:idio:ictive 
albuniiii, cwryiiig an :ipprosimatc activity of 2 t o  
3 p c  of T I 3 (  :tiid 4 p c  of H3 per gni/hody weight. As 
controls ot her :iiiim:Lls \\-ere injected with similar 
amouiits of ratlioiotliiic :iloiie (Xal131). In all cases 
aiiiiiials \vci'c sacrificed :it. 5, 10, 30, and 60 miiiutes 
arid at. 3, (i, 12, 21, 48 :iiid i2 h i .  The goiiad, e p -  
clidyniis: liver, kidiic)., ant1 thyroid were fixed in 
Cariioy C J ~  13ouiii's fluid aiid 4 t o  10 p sect,ioiis suh- 
niitted t,o :L r:~dioniitogr:ip!iic AI{ 10 st,rippiiig film 
procedure. I'reparatioiis were f i i i n l ly  coriii t er- 
stniiied \ v i t l i  heiiiotosyliii o r  toluidiiie blue. 

I< 1:s UL'rS 

Etpcr i i i l cn lu l :  I n  uiilo in%jection.s of Jlcnrescenl 
seriiiii  p r o / c i n s .  To nvoid repetitioii the results 
aiitl tlet:iils coiiceriiiiig the  spectrophotometric 
aii:iIysis of the free fliioresceiit dycs, the  smouiit 
I ~ o ~ i i d  t o  sci'uni fractioiis, the correspoidiiig 
cliniiges i i i  t,lie absorption penks, iiiid tlie coritrols 
tleiiioiist rat iiig that t h e w  n-ere some physicochemi- 
cal ch:uiges of' proteiiis xft er  fluorescelit 1:ihel may 
be f o u i i c l  in pievious papci~s (Ahiciiii cl d., ID(i1, 
Mniiciiii el a / . ,  1962). l'licsc p:ipers :ilso illustrate 
t h a t  the time coiiceiitrat ioii c~ i rvcs  of labeled 
seriiiii fr:ic!ioiis i i i  tlie r i rc i iht  ion werc very much 
alike >tiid reve:ilcd a fast and slow coinpoileiit 
with :i 2.8 tlii~r I1:ilf life for \vhole serum, 2.6 days 
for  albuiniii, :iiid 3.1 clays for glotjuliiis. 

iit inicroscopic:il o1)servatioiis of t he  
testis :tiid epididymis slio~vctl the preseiice of a 
1noder:ite spoiit:iiieoris grecii fluorescence in the  
lieads of spcrinatozo:i a i i t l  some yellow fluores- 
ceiice i i i  scatterctl iiitcrstitinl cells of the  testis. 
This picture n;:is cle:ii~Iy dill'ereiit from tha t  oh-  
taiiied i i i  aiiiin:ils iiijectcd with proteins labeled 
with both fluorescelit dyes, :IS far as distribution 
:iiid color o f  the fluorescent material were con- 
ccriied. 

1'reserv:~t i o i i  of fluorescent proteiiis i n  the tis- 
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FIGS 1-4 
FIG. 1. Section of testis of ari adult  rat killed 5 minutes after iiitraveiious injection of homologous 

:~lhuiniii 1:tbeled with sulforhodamine R. Fluorescent protei11 is seen i i i  t he  lumen of vessels of inter- 
tubular spaces arid spreading in the estrav:Lscul:tr connective tissue. X 220. 

FIG. 2. Same as preceding at. higher magnification. An intertubular space showing the  lsbeletl pro- 
teiii in the lumen of :t vessel, diffusely nccumulated i n  the conriective tissue arid impregnating the basal 
membrane of semiliiferous tubules. x 400. 

F’IGS. 3 :tiid 4. Section of testis 30 minutes after injection of fluorescent albumin. The  protein is i i u w  
filling the intertubular spaces itrid is also seen as granules i u  beta.een t.he germinal cells in one tubule 
:tiid :LS sm:tll mass in the lumen of another.  x 120. 
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slle \vas better in cryostat sections either unfixed 
o r  post-fixed with formnldehyde vapor. On the 
other hand, t.he resolutioii at taiiied was higher in 
Ilornologous paraffin sections although an :Lppreci- 
able loss of fluorescent material \vas observed. 
l<esiilts were tlie same with both fluorochromes, 
h i t  I:~heIiiig with sulforhodaminc B appeared for 
in Z ~ ~ L ' O  experimeiits to  bc :L more efficieiit dye thari 
flur~rcscciii, due t o  its higher contrast with the 
t h r k  greeil :tutofluoresceticc of the hackground. 

1 he sequetrce i i i  the v:tscul:ir :tiit1 extr:iv:iscul:ir 
(list rit)iitioti of t lie Inbeled wvhole serum a i d  serum 
Fr:ic:tioiis i l l  t tic goii:td \vas essciiti:iIlj~ the same. 
J)ifl'crciices n.crc restricted t o  t tic lack of estr:i- 
v:isc:ril:ir :tccr~rnul:ii ion of filjriiiogen niid t o  the 
iiiiciisity of t t ie  fluorescence which was higher for 
~ . h o l c  sciwni i o  dccrezise progrcsyively from : r l t ) w  
iniii to  globuliii aiid fibriiiogeii. Also the amoun t  
of I:il)clctl Iiroteiiis iiijectcd was proportioiid to  
tltc i,rightiie?s of the images, thus m:tsimum w:is 
o1jt:iiiicd \vi1 h (:O mg o f  I:it)eletl serum fractioiis or  
2 nil o f  ~vhole serum per 100 gm body weight. 111 
: id i i I t  r x t s  :t few minutes after ititravenous iiijec- 
t ioii t lie fiuoresceiice appeared localiectl i r i  t he  
Itinieii of all blood vessels of the albugiiiea aiid 
iiitertubiilar spaces o f  the  testis aiid epididymis, 
t~c:icIiiiig maximum in the  areas correspoiitliiig t o  
tlie deep layers of the  albuginea. IJp to  oiie hour 
I tic l:iheled proteiiis were seen not only i n  the  
liimcii but also iiicreasingl y i mpregiut tiiig tlie 
 ills of small vessels and accumulatiiig i i i  the 
estravascu1:ir areas o f  the  a lbugiwa aiid iiiter- 
t u h u l a r  spaces of testis (Fig. 1, 3 ) .  l ' l i e i~~  also 
appearctl t o  be high accuniulat i o i i  i i i  sonic cells 
presumably idetit,ificd ;is iiiterst,iti:it Lcydig 
cells. This vascular and estr:rvascular disi riljution 
could lie siniultaneously observed i i i  t he coiiiiec- 
tive tissue of cpididymis. At tlie s:tme time tlie 
fluorescent m:ttcrial appeared to  c o a t  the  thin 
walls of most, of i.lie semi iiiferoiis tubiilcs :tiid to  
peiietrate :I. few of t>liern. III this locatioii the  fluo- 
resceiice W:LS observed as small gr:~iiules or  inasses 
i i i  between t,lie cells of t,he germiiinl epithelium 
:md in  the lurneii of the tubules where clumps of 
sperm:ttozo:i were present, (Fig. 3, 4 ) .  It was pre- 
sumed tha t  t,his iiitratubular diffusioii took place 
prefereiitinlly i i i  those tubules shovviirg t,he final 
stagcs of the sperriiat,ogenic cycle. In  the epididy- 
mis some fiuorescent material appeared after 1 
hour i i i  the lumcn of the caiialiculi of the liead and  
body po~tioris but 110 indication of tr:tnsepithelial 
passage from the vessels of surrouiidiiig coiinec- 
t,ive tissue was detect,ed. Af ter  6-S hours the  
fluoresmice beg:rii to  disappear from vessels, f rom 
intertubular spaces of testis aiid epididymis, mid 
from basal membranes of serniiiiferoiis tubules 
bu t  persisted until 12 hours inside the testicular 
and epididymal tubiiles and longer in the iiitersti- 
tial cells. 111 no c:we was fluorescence seen in the  

r ,  

lumeii of the ductus deferelis although some ai)- 
peared in the connective tissue wall during the  
first hours. 

Testis :tiid epididymis of Irepubertal  and pu- 
h e r t d  rats appeared little diftfereiit from acldt 
animals as far as the sequerice of e.;travascnlnr 
distribution of laheled proteins waq couceriicd. 
However, in the I:rcpubertal r j t s  iiitratubulnr 
cliffusion was less iiiteiise and present i i i  a lesser 
iiumher (J f  semiiiiferous tubules. I t  was difficult 
to  detect :iiiy fluoresreiice inside the epidid>.ni:il 
cniialiculi or in the lumeii of the ductus deferelis 
ivitli the  esceptioii of t h a t  found in the iieighb:)r- 
iiig coiincctive tissue structures.  

Comp:trisori hetweeii the decaj- of labeled serum 
protciiis i n  the circulation (hlancitii et u l . ,  1961; 
AIanciiii el nl . ,  1962) a i d  its appearance in tlie 
intertubular spaces and within seminiferous t u -  
bules i i i  adult animals showed tha t  t he  fast com- 
ponelit of the  curve was correlated with the  phase 
of est ravnscular diftfusioii. Conversely, disap- 
pearance of the  proteins from these struct,ures \\-as 
not re1:ited with a iien- peak of this subst:tnce in 
the circulntioii hilt ra ther  with :L sust:iined decay 
espressed by the  slow cornponeiit of the curve.  

I n  vivo in.jeclion of rctciioaclive .serunz nlbicttiin, 
Although of less sliarpiiess than the  picture pro- 
vided by the fluorescent dyes, the pxtterii of dis- 
tribution of radioactive albumin was very similar 
i i i  young and adul t  aiiini:ils. As was expected, t he  
iiiteiisiiy detected by radioautography was higher 
i n  the aiiimnls iiijected with the higher doses o f  
Iabcled protein. 1:esolut~ioii was better than t h a t  
obt:tiiied with fluorescelit proteins, especially 
whcii H 3  :ilbumiii WIS comp:ired with I1S1 alhumiii. 
IMiiiitioii of the images was also higher with 
tr i t ium; however, radioiodiiic, iri spite of some 
diffusioii :trtifacts, provided radioantograplis of 
higher coiit rast . So clear differences were noted 
i n  the  sequence of  distribution betweeii liomolo- 
gous rat- alburniii and tlint of human origiii. F rom 
the first iniiiutes and increasing until about 30 
minut,es t o  1 hour, radioactive granules appe:rred 
first i i i  the lumiiia and  walls of all vessels of testis 
and epididymis, then in  estravascu1:tr connective 
tissue, aiid firidly concentrated in some cells pre- 
siimably macrophages in the  epididymis and in-  
terstitial Leydig cells i n  t,he testis (Fig. 5 ,  6).  In 
contrast, with the  lack of images in  t he  epitlielium 
of canaliculi of the epididymis, the  labeled ma- 
terial was seen impregnating the  basal mernbranes 
of a great par t  of the seminiferous tubules, into 
the  interior arid spreading through the  germinal 
epithelium to  finally appear i n  the  central lumeii 
(Fig. 7). These images were better seen i n  thick 
and overexposed sections where the  silver gra1:ules 
appeared preferentially distributed in narrow 
spaces lying among the germinal cells. In some 
tubules, most frequently those sliowiiig the  f ind 
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FIGS. 5-10 
FIG. 5. I::~clio:Lulogr:tl,li o f  testis of adu l t  rai  i~ijccted iiitr:iveiiously \vi1 11 triLi:ilctl Iioiiiologoiis albu- 

min aiid killed after 10 iniiiritcs. Silver graiiules :ire seen coiicciitr:~ted i i i  the Iriincii of :I sm:iIl vessel i i i  

the intertuliular space. Coulitcrst:LiIied \villi Iicm:iioxyliii. x S00. 
FIG. 6. I:adioautogr;~ph of tcs( is of anoilier : ~ i i i i i i a l  1.5 rniiiuics d t e r  iiiject ion. Granules are seen 

tlistributed i i i  t h e  iiitert ribul:ir sp:wes, aiid sonic grouped around nuclei of iiiterst i t  i:tl cells aiid diffused 
imide seminiferous tubules. C:ouiiicrst :Lined \\-it11 heinat osyliii. X 500. 

FIG. i .  Same as precediiig after 30 iniiiutes. Silver gr:~iiules :tppe:~r inside t he seminiferous tuhrde 
over the  geriniiiative epitheliurii mid also i n  the lumeii. Couiiterst:iiiietl wit h lieiiintosyliii. x (i00. 

FIG. 8 .  Radioautogrnph o f  tlic epididymis 40 miriutes :tfler ihe i ~ ) j e c t i o ~ ~ .  Gimiules are observed in 
the lumen of the carialiculi : t i i d  some ilitcrrniliglcd \\it11 :L clump of spcrtnat ozo:~. Counterstailled \\-ith 
hemntoq-li i i .  X 600. 

FIG. 9. Overexposed radio:rui ogr:~pli of test is of :t rat, iiijected wit  11 r:tdioiodiiinted homologous 
:dbuniiri and killed after 10 minutes. I k n s c  gr:tiiules :tppcar : w x m u l a t e d  i n  i he n n l l  of serniiiiferous 
iubules aiid i i i  less number i i i  tlie germiiiae epiilieliurn. Couriiersi:tir~ed wit 11 toluidine blue. X 400. 

FIG. 10. Same :is precediiig 80 iniiiiiies after injection. Coiiglomcr:iied grwiules :tppareiitly accumu- 
lated in the  intercellular slmces h i  n-een gcrniiii:tl cells of :L sciuiirifero~s tubule, which  presurn:ibly 
correspoiid t o  the bodies aiitl tir:inclies of  Sertoli cells, Couiitersiaiiietl \vi1 I i  Iiein:itosyliri. X 835. 
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stages of sl,eriiintcigencsis, t lie 1oc:tliz:itioii of 
gr:tiiules of iodinated nlbuitiiii appnreiitly corre- 
spoiitled t o  the bodies of Sertoli cells (Fig. '3, 10). 
Tlic rnt1ic):iutogr:tphs of the tubules appeared uii- 
cliniiged up to  S-12 Iir, w1iere:is i t  begaii to  fnde 
from t he vessels at  10 Iir :tiid fiiially dis:ippe:ired 
froi i i  1)oth s t r ~ c t ~ r ~  :trouiid 18-24 h(>Urs. 5 oiiie 
graiiules were still observed i i i  the  i i i tcrsti t id 
cells a t  18 :id 72 hours. 12adionctive m:itcrial was 
detected iii the  Iuineii of caiialiculi i i i  the epiditly- 
iiiis Lifter 30 niiiiiites, especially in the he:id por- 
tioii (Fig. 5 ) .  This picture renclied i t s  niiisinial 
iiiteiisity :it 3 hours :tiid tiegaii t o  disappear :it l(i 
to 24 hours. S o  indicatioii of r:idio:Lctivitj' \vas 
iioted i i i  the  epithelium bu t  trltces were observed 
i i i  the lumeii of ductus deferelis. 1C~:~min:itioii of 
t lie I liyroid glniid reve:tled the knowii classical 
iiixtgcs i i i  the follicles around thirty miiiutes after 
inject ion. 

Controls: Free lubels done. Free fluorescent 
dyes i i i t  raveiiously iiijecied disnppc:ired rapidly 
from the  circnl:itioii i i i  20 10 50 miiiutcs, irrespec- 
tive of the doses used. IClectroplioretic study of 
llic serum showed iio bindiiig of the dyes t o  se- 
ruin prot eiii fractioiis. They :ipp:ireiitly were elinii- 
iinted by t lie liver via t he  hile duc ts  into the 
sinall iritestiiic : i i i d  through glonierul:ir filtratioii 
iiit o t,lie uriite. 13istologic:illy the  dyes \\-ere m:iiiily 
detected i i i  fresh frozen sectioiis, siiice fluorescence 
\\-:IS greatly diiniiiislietl ivlieii tissues were fixed. 
Tlicy appc:ired 1oc:ilizetl i u  macrophages of inter- 
tubu1:ir spnces of tcsiis :tiid epididymis :is well :is i i i  

Kupi'fer cells a i i d  ~iroxiiii:tl coiivolntcd tuliulcs of 
tlie kidney. 'The s:ime rcsults \\-ere olit:iiiied \\-lien 
free h b c s  were iiijected together witli uiil:ibeled 
serum prnteiiis, iiidic:ttiiig that, 110 biiidiiig 1i:td 
t,nl.reti p1:tce bctwceu the two subst,niices i u  the  
circulatioit or i i i  t.he tissues. Whcii free r:itliodine 
!vas iiijccted, rndio:tutogr:i1,lis of testis : i i i d  e p -  
tliciymis s h o ~ ~ e d  only :i few gr:i11111cs iu  (,lie l~i i ic11 

of vessels a i i d  i i i  tlic w:ills of small :irterioles. So 
si g iis of ai 11. i iisol uh1 e i od i i i a t  cd co mpoui it1 were 
observed in aiiy other sit,es, wit l i  the exceptioii of 
the thyroid g1:tiid where the lypical r:idio:iuto- 
graphic pi ct  urc W:LS o1it:iiiied. 

l l e n c i ~ i i i ~ c d  arid degrwled  c t l b i r ~ i i i n .  Heat  tleii:t- 

tured liomologous :ilhumiii :ippc:ired i i i  t he I~iineii 

of vessels :ifter iiijcctioti :ts fast, :is tlie fluorcscciit 
"iiiit ive" one. Accniiiu1:itioti i 1 1  the  extr:iv:tscul:ir 
coiiiicctive tissue w m  iicglible i i i  c-oiitrast, with the 
incorporatioli of this prnieiii I)y iiiterstitial cells 
of the testis :iiid other coiiilectivc tissue cells i i i  

the  cpiditl>.riiis. The deii:iiuretl Iirotcins were iiot 
detected i i i  tlic sciriiiiiferous tuhules or c:iiialiciili 
of cpididJ.inis. 13y 2 to 4 hours t.hc fluorescelit m:i- 
tcri:iI dis:i1)1)e::"ed from vessels :tiid coiiiiectivc 
tissue bi i t ,  pcrsistctl u i i t i l  i 2  :iud 96 h r  in thc i i i -  

terstiti:il cells. .{Is0 fiiiorcsceiice W:LS observed i n  

1 

a great number of KupH'er cells niicl iti prosiiunl 
convoluted tubules of the kidney. 

Hydrolytically clegr:ided :dbuniiii reve:iled by 
electrophoretic studies auci ultraviolet absorp- 
t,iori t ha t ,  i i i  the coiiditioiis used, no albuiiiiii 
molecules reiii:iiiicd. The microscopical p t t e r i i  of 
these still fiuoresceiit rlegracled products showed 
sooii after the iiijectioii the  presence of a iiegligible 
fluorescence i i i  tlie luineii of  vessels of both org:itis 
under study :tiid more coust:iiitly i i i  tlie iiitersti- 
tin1 cells of the testis. Iktweci i  2 and 5 hours t,liis 
fluorescent picture had disappeared atid oiily 
rii:tcroptiages i n  the liver niid t,hc coiivolutcd t u -  
bules of liidriey revealed :i nioder:ite :tccumul:ttion 
of the l:ibcled p roduc t .  The  eiizym:itic:illy tle- 
graded nlbuiniii : h i  suggested tha t  uo  great 
amouiit of intact  protciii w i s  present as judged 
b y  the metliods used aiitl results obtained which 
werc much like those provided by the precediiig 
cs peri me ii t . This ass 11 nip t i o ii was rein f o r ccd by 
the fiuoresceiit histologicnl pa t te rn  observed af ter  
iiijectioli, which sho\\-ed olilj' during 1 to 2 hours 
t h e  preseiice of fluorescelit mnterial i n  the vessels 
aiid sonic i i i  the iieiglilioriiig intmstit ial  cells, but 
tioiic iii (,he iiitcrtubulxr sp:tces, scniiiiiferous tw 
l)ulcs, or i n  tlie epididym:tI c:inaliculi. Agiiiii an 
appreciable ninouut of Inheled product appeared 
i n  macrophages in the liver as well as in the epi- 
t helium of convoluted t,ubules of the  kitliiey, 
wlicre tlie m:iterinl persisted for many d : ip .  

Histoini?tzitnologicctl tletcction of iinlnbeled . 
proteins.  The 1oc:tliz:itioii of iiijected unlabeled 
albumiii detected as :iutigeii with the  correspoiitl- 
iiig fluorescelit, aiitibndy by the  Coons' tecliiiique 
wns i n  geiieral iiot so coiistant, and sharp as t1i:it 
provided by the  in cicw iiijectioii of labeled nl- 
bumin. This  was c s p e c i a l l ~ ~  true in  the esperi- 
nieiits with r a t  albuiniu w h e w  detection i i i  sec- 
tioiis of t he  testis after vwyitig periods ~f t ime 
was r:it,hcr uiicert:Liii. O n  the other hand the  pres- 
elice of I i e t e ro log (~~s  rabbit niid human albumin 
in  the testis was better tletcctcd, :tiid preserv. '1 t' 1011 

: L n d  resolutiou were eii1r:tiiced mhcn formaldehyde 
post-fixed frozen s c c ~  ions were used. Images were 
also inore iiitciise i i i  sectioiis of testis aiid epiclidy- 
mis of ra1.s 5 hours after iiijectioii of the  antigen. 
Begiiiiiiiig :tt 1 hour a i i d  iiicreasirig wi th  t ime, 
fluorescelit aiitinlbumiii mtc tcd  strongly with 
ina te r id  iiiside the  vessels, much less with t l int  
iii tlie iiitcrtubular coiiiiective tissue of both testis 
aiid epididymis (Fig. 11, 12),  slightly with graiiules 
ili the wall  of seniiiiiferous tubules, moderately 
with sninll rn:isses irregularly distributed iu  t lie 
germinal epithelium aiid in the  lumen of testicular 
and epididyrn:tl tubules (Fig. 13, 11). iYo induced 
fluorescelice w i s  observed iii the cells of the iii- 
tert.ubulsr coiiiiectixre tissue of either orgaii. 
Sonietiines clumps o f  spermatozoa shoived :I inod- 
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FIGS. 11-10 
FIG. 11. Seclioii of t.est.is of :L rat. 30 niinutes after iritraveiious irrjecl.ioii of rabbit uii1:ibeled albuiiiiii 

: ~ i i d  incubated in  vitro with the corresponding fluorescent :x i i t  i h d y  globulins. Coous’s tecliiiique. Fluo- 
rescence is seeii in the  lunieri of a vessel nird some :~ppe:trs :IS sni:tll granules in the est rnvnscular coil- 
riective tissue. x 400. 

FIG. 12. S:ime as precediiig incubated with iioriiial fluorescent. globulins. No fluorcsceiice is oliserved 
i n  t lie vessel, iiitert,uhular spices, or seminiferous tubules. x -100. 

FIG. 13. Same as Fig. 11, showing :L small vessel with slight fluorescence and a mass of nioderatelg 
fluorescent material in the iriterccllular sp:tces of gerxniriae epit heliuin of an :Ldjaceiit scniiiiiferous 
tubule. X 400. 

FIG. 14. Same as preceding, showing a bright fluorescent niass i n  t.he lumen of :L semiiiiferous tubule. 
Some uiispecific fluorescence appears i n  heads of spermttozoa.  x -100. 

FIG. 15. Section of the epididymis of ra t ,  40 miiiutes after the irijcct,ioii of iin1:ibeled licterologoiis 
:dbumiri. Cooris’s technique :is i n  Fig.  11. Accuniiilatioii of fluorescent inalerinl in  t lie lumen of the 
cniinliculi. X 400. 

FIG. 16. Same :is preceding iiicubntcd with normal fluoresceiit glo1)uliris. No fliioresceticc is seen i n  
tlic c:in:diculi or  i n  other striicturrs. x 400. 
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cr:itc light grceii :Lutofluorcscciicc which  should 
i i o t  bc  coiifusetl n i t l i  ttic specific fluoresceiice tlc- 
scribctl nbove. Specificity of the iiiirniiiiofluores- 
wilt tcrliiiiqiie used W:LS cst:tblishetl after iiegativc 
o r  tlul)ious rrsults n i t h  t tic follou iiig coiilrol pro- 
cedures: :I) iio specific fiuorescciicc N hen sections 
of org:iiis oi iiiiiiijectcd :iiiiinnls nic subjected t o  
the  s:i iiic iiiiiii~iiiofliioresceiit t ecliiiique ; 11) lit) 

st:iiiiiiig i i i  sect ioiis riposecl to  1nt)eletl iiorin:il 
g l o l ~ ~ i l ~ i i s ;  c) iiihibitioii by prior treat mciit of the 
scctioiis with iiii1:ibclcd :~iitibotlies but  iiot with 
iiorin:il glotiiiliii; tl) iio stniiiiiig wi th  1:il)clctl globu- 
l i i i  :Liiti.int kitiiicy stiliiie catr:ict. 
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:ind rc'acheb 3 lwsk at 1 hour, i t  se(wis unlikely 
th:tt sufficient protein \vas rlegradctl to account 
for the accumulation in the extravascular s t i w -  

of bi.eaktlown 1)roducts alonc. 
alf-life of the latter substances 

is too short to permit thrhir intra- and est,ravas;cw- 
lar localization, as was tlctliiced from our espcri- 
inents, i t  then seeins highly unlikely that, i t  could 
have been observed in the tissues after siiiiilai, 
time intervals i f  it had arisen from the  breaktlowi 
1)roducts of labeled proteins. That breakdown of 
these llroteins may occur is proven by the api)ear- 
:tiice of i~adioactive granules in the thyroid gland 
30 niiniites af ter  injection; even so fluorescent or  
ratlionctive proteins arc 1)i'esent earlier in the  
vcssels atid extravascular sites, as \vas describctl. 
c )  'I'hc flnorescent antiliody technique dcmoii- 
straics a vel.!- similar distribution of tlie injected 
~ ~ n l a l ~ e l c d  lioniologo~is or heterologous a1l)uiiiiri to 
t h t  ohtaiiiecl with thc labcled po te ins ,  suggcst- 
ing tlint iiiolccules with reactive grou1)s itlcnt,ical 
to  t l ir  seri i i i  fractions ai'c present and rctain 
thcir :iiiiigcnicit)- after ixtssing to connectivt  
t issw :uid to  seminiferous and e~~idiclyni:il 
tubul(~s. 1710iii all these findings i t  may be con- 
c*l~iclctl that microscopical cvitlcncte stl~ongly in- 
tlicai (1s hut  docs not unquestionably l)i'ovc that. 

intact" In'otciii iiiolecules !)ass uniiiodificcl t o  the  
cxti.:ivsmilar s l r u c t u w .  It, should be adtlctl that 
Lit least compountls of high moleculai. w i g h t  :ire 
~ ) i x w n i ,  .since tliosc of loiver molecular weight 
w o r i l d  Iw soluhl~ and removed from tissurs by the  

1 I is n ~ l l  knon-11 that  c q d l a r y  walls may differ 
i i ~  t l i c i i ,  su1iniicroscoi)ic structure and pcniie- 
:11)iliiy t o  11l:tsiiia components (Iknnett  et a/ . ,  
1959; I ' : t~~~~cnl ic imci~,  1953; Tschirgi, 1959). In 
this i'csl)crt t he  ovary (Maiicini el al . ,  1963) ant1 
thv testis show inicroscol)icnlly, as comparcct wit11 
ot hcr t issiics, a rnpid 1)assnge of i)iwtcins through 
vessel \\-:ills. n 'hcthcr thc snbsccjuent accuiiiula- 
tion oC proteins outside the \.e 
the rstiwiiely loose ~ y p e  of connective tissue 
prcsc~it i n  tlie intertubular spaces of the tcst,is 
is not yet kiion-ti. Also in the human testis, Iiist,o- 
iniiiiiinological techniques have tlemonstiyttcd 
i l ia t  scrtini proteins are a conspicuous coinl)oiient 
of this tissue, cspccially at. pii1)~rtaI stngrs 
(IlIaiioiiii et a!., 1 9G4). 

Tlic cstravaseular diffusion is ap l~a rcn t ly  not 
grcatly different) in 1)rc~)ubertal  and adult aiiininls, 
bui ~iassnge into the sciiiinifcimiis tubulcs S C C I ~ I S  

(< .  
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