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SUMMARY 

Several Ariiiour aiid SI13 pituitary horiiioiie 
1)rep:irations as well as other homologous seriim 
protein fractions were labelcd n-it,li fluoresccnt- 
dyes (sulphorlioclaniiiic I % ,  C.I. 45100, and fluo- 
rescein isothiocyanate). Rats n w e  injwtcd 
intravciiously with tlie different labeled proteins 
: w l  the aninials killed at  various intervals from 3 
iiiiiiutes t o  10 days. Sections of the kidneys \ \me 
st uclicc1 uncler ultraviolet light (3,900 A). It \vas 
obsciwtl that :ill tlic labeled 1)ivtcins passed the 
gloinerular filter a id  were accumulated by t8he 
cclls of tlie proximal convoluted tubules. Labcled 
Ilituitary liormoncs were, in addition, reabsorbed 
by the tliiii limb and collecting tubules and ap- 
j~earctl in the lunicri of bladder. Filtration and 
reahsorption of lirotciiis by the kidney can 1)ro- 
cccd iiitlc1)ciidcntly of their na ture  :ind origin. 
All the lwotcins were reabsorbed n-it,li t,lic saiiie 
sequcncc, but pituitary horiiioncs appeared 
faster and in larger aiiiouiils in tlic same sites of 
the ncpliron. ‘I’liey were also detected in t’he 
lumen of tlie ureter and in the bladder. It is 
:issuiiicd that the molecular n.eiglit of the pro- 
t ciris ma!- play an  important role, siiicc tdie 
liornioiics’ iiiolcculcs \\-ere significantly smnllci.. 
It is remaikiblc that although t,hc diflferent 
lioriiiones showed a preferential accumulation in 

Is of the corresponding target glands, 
they behave similarly in the kidney. 

INTROllUC‘lTOX 

7 ,  1 he passage of injected lioiiiologous or lieter- 
ologous proteins through the kidney glomeruli 
and  their subsequent rcabsorpt~ion by  the proxi- 
mal convolutetl tubule cells has been histologi- 
cally deiiionst rat et1 using u~ilabeled diazonium 
salt  (16, 17) or lnbeletl (23) proteins. Findings 
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with the clcctron niicroscope suggest. t ha t  ferritin 
iiioleciilcs arc ~)ic.ked up by the visccixl epithelium 
of glomcrular capillaries in pinoc\-totic vesicles 
aiitl tmiisliortctl via the siiiall vesicles t’o largcr 
vacuoles which :we subsequently transforiiied in 
dcnsc bodies. The  coiitciit of these bodies iiiay 
then undergo partial digestion and be estriidetl 
into the urinary sliaccs (5). After iiitral)critoiie:il 
ndmiiiist,r:itioii of o s  hemoglobin, it- \vas also 
found that, t’his protein passes from the lumen 
of tlie nephron through the brush horder of t.he 
im:d epithelial cells and is t imspor tcd  into 
tlciisc absorption droplets (12). l lost  of t,lic 1)rc- 
violis studies (6, 14) iverc carried out using serum 
fractions or other high molccular weight proteins. 
From pathologic evidence i t  has heen dcnioii- 
strated that  those proteins are reshorbed in the 
pi~osimal convoluted tubules (15). It, appc:ued 
al)propriatc to  st udj- at the microscopic:il level, 
tlie 1urtic:ipation of the kitlney in t hc I1lcorpor:l- ’ 

lion of proteins of loner iiiolecu1:ir weight’, like 
protein liormoncs, as little is kiio\vii Icg!.:iiding 
their behavior in this organ. 

Several pituitai,j- liormoiial ~)i~ep:ii~:itioiis, 
lnlxlctl with fluorexcnt tlycs, :tiid siiiiil:irly 
1:il)elccl lioniologous serum fract ions \vel’(: used 
for this cs1~criiiioiit. 

llATI~RI.iL AXD lI1,TIIODS 

Several preparations of follicle stirn~ilnting 
hormone (I‘SH), luteinizing hormone (LH), 
prolactine, growth Iior~none (C+H), :tdrenocortico- 
tropic iiorinonc (ACTH) and tli? rotropliin (TSH) 
were Inbeled wi th  different arnounts of sulpho- 
iliodrtmine 13 ((2.1. 45100) according to C1i:id- 
wick’s tcchniqiie (1) for serum proteins; slight 
iiiodificntions were introduced t o  adapt this tech- 
nique to tlic physicocliemicsl properties of the 
1101 inones. Thylotrophiii, grov th  liornioiie :tnd 
goii:idotroI,liiiis were also labeled with fluorescein 
isothiocysnste following Riggs’ technique (20) 
siinilarly modified. ,Ifter labeling, the hormones 
were lyophilized before use. Homologous rat 
:rlbumin, globulins and fihrinogen were prepared 



:wcotditig i o  techniques previously descri1)ecl (9, 
10) atid nlro seixirately 1:tl)eled with ( I I I C  o r  hotli  
fluorescent tlJ.es. After 1:ibeling the ariiount of 
i)roteiti-bo~ititI dye \vas ~~liotoinetric:tlly tleter- 
mined :itid tlic liiologicnl :ictivity of  the  hoimones 
controlled by t lie corresponding met hods (T:il)Ie 
I ) .  1)iRerent lots of Wistnr ].:its weighing htweeri  
70 : i i i d  100 gni were ititixveiiously injected with 
dif'ferent doses of t,he 1:il)eled hoimones, 2,  5 ,  10 
or 20 nig i n  0.5 cc saline solutions. Other lots o f  
:tiiirn:tls were sirniltidy injected with I:il)elcd 
homologous seruin proteins :it. the satiie concentr:i- 
tiotis in which they are found in the  rat hlootl. T h e  
rats weighed from '70 to 150 gin, :tnd the doses used 
r:ingetl froni 0.5 t o  2 cc per 100 gin o f  I)odj, n-eight,; 
this represents I0 to 40 nig per 100 gin of h d y  
weight for :tll)utiiiti : ~ n d  22 t,o 88 nig per 100 giii o f  
twdy weight for globulins. J,:tbelcd fibrillogen w:ts 
:itlrnitiistered :it doses from 5 to  10 rng per' 100 gin 
of 1)ody weight. As :L coiitiul, :inother lots ~ e r c  
siiiii1:trly injected w i t h  deiiaturctl t hy ro t i~o~~h i i i  
:mtl growth Iio~m)nes (Iiented i t i  :wid niediuni for 
one hour) in doses of 2 :uid 10 ing o r  with 0.8 cc of  
1 t,o 37$ solutioii of free fiuorescent dj-es. 

T 11 e :in i m i l  s we re k i 1 led at  d i fl'eren t i t i  t crv al s 
r:ttiging from 3 minutes to 10 days after injection. 
,Just M o r e  death,  1)lootl mid urine sntnples were 
t:iIieti to  cletcrtiiine s~~cctropliot.o~iiet~ric:illy the  

, 
I'rohctin 1 .E 1 Not checked I 

decay of  the laheletl pi'otciiis in the circulating 
I ) l i i o d  :ind to  check their elitnitintion by the  urine, 
:is previously described (9,  10). The kidneys and 
other  tissues were fiwtl in 4f,o forni:tldehytle, e n -  
1)etldctl in p:ir:iffin and :idequ:itely prep:tretl for 
Huoi.csccnt microscopy. Sections n'ere ot)serv@ 
utitler light a t  :i iii:ixiinuni wive length of 3900 .\. 

ltI,:SL7LrS 

111 tiiicroscopic:il obscrv:it ions of the  kidtie>-! 
sites of  induced fluorescence due to the presence of  
1:iI)cled pri)teins, \vei.c I)et ter  seen with sulplio- 
~ I I I ~ ~ : ~ I I ~ ~ I I C  13 t h:m with fiiioi~escein jsothioc~= 
:tti:Lte. The higher contr:ist provided by the  forriier 
ag:iiiist t h e  pale green :iutofluorescetlcc of tlie 
l ~ a c l ~ g r o u n t l ,  rentlered fluorescent ininges (J f  hctter 
imolut ion,  improving tlie sensitivity o f  the 
rnctliod used. 1)istrihition o f  I:rbeled proteins in 
t,lic st iuctures o f  the Iiidney \ v : ~  the S:LIIIC with 
110th fluoi~cscent, dyes. 13i.iglit green native fluores- 
eelice \vas restricted t o  t h e  cl:tstic niemhr:uics of 
vcsscls : ~ n d  sonictinics t o  gr:iiiules of unIino\vn IIR- 

t,rire prwent. in the cells of ptwxiinal convoluted til- 
liiilcs. Vor c~or i ipn i . : t t  ive putyoscs, t h  results 011- 

t:iined with serum piwtciiis \\ , i l l  he described liefore 
t.liose obtained with 1)itiiit:try hotmiones. 

1) Lalielecl sawin proteins: 1'articul:xrs I ~ : L \ -  

be found elsewhere (7) of spect,rc)pliotoriietl.ic aiinl- 
ysis of free fluorescelit dyes, : ~ n d  the :mount  hound 
to scixni fi.:ict,ions, t he dcmotistr:Ltion of sonic 
~~li~~sicochernic:L1 changes o f  proteins after 1:iI~elitig 
: t i i d  t.lic tirne coiiccntr:Lt ion c~irves  o f  labeled serum 
pi~)tei i is  in the  circul:itioti. 

1~'luorcscetice induced I)y t,he bound 1:iI)cliiig 
dyes t~cvc:iled hisi ologicnlly tha t  the  labeled serum 
t'rxct ions localized i n  the  Iunicti of :dl blood vessels 
of tlic kitlriey :i few ininrites :ift,er intraveiioiis in- 
jectioiis. The decny in t h e  cii~culntion of the  in- 
,jetted Ial.~eletl prot,eiiis, irieasured spectrophoto- 
iiietric:iIIy, paralleled t.hc ptwgressive decrease of 
the fluoixzxerit innterial i t1  tlie i.enal glotnet~iilus 
: L I I ~  t,lieir subsequent re:il)sotyt,ioii by the prosininl 
t,ut)ules. The  fluorescence localized in the  lumen of 
t h e  Iilood vessels o f  the  kidriey, diffused extra- 
vnscularly and was accuttiul:tted at the bziseriient 
rlieriil)r:mes of the  piwxim:il tul)ules like tha t  01)- 
scrvcd in the  v:tsciilar bed o f  other tissue. H o w  
ever, in the  v:is:t rect:r. of the renal p:xpillae, fluo- 
i~esceiice was higher tliati in the cortex. 

In tlie first few minutes, albumin, and in lesser 
:irnount's globulins :ind fibrinogen were observed 
i n  the lurnen :ind were also attached to  the basc- 
iiieirt niembr:ine of v:iscul:ir tufts o f  glomeruli in 
sonic :ire:xs o f  the cortex. 

Sul)sequent~ly, :illiuniin and globulins, i n  verj- 
negligible traces, were seen in the  Iiimen o f  the  
IJowni:~ i~  c:~psule :itid 1):issed t o  the  lurnen of con- 
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linages of bright fluorescence (wliite granules or tlill'usc iii:Lsses) rorrespc)iid t o  t he preseiice of either 
FSH, LH. TSH prepar:ttions labeled with siilphorliodnmine 1%. T h e  hc~rinoiics \\'ere detected i n  the kidney 
Ijetweeri 3 to 30 ininutes after iiitravciious inject,ion. 

FIG. 1. Horinones appeared in the  luuneii and ~v\-nlls of c;tpillnries of glomrul:Lr t lift,. x-100. 
FIG.  2. 'I'hey are  seen in the  luriien and apical portion of coiivr~luteti p r (~z i~ l i :~ l  t ut>iilcs. x400. 
FIG. 3. Diffusing from t h e  apical portion to the  interior of epit.helial cells of saint tut>ules. x-100. 
F I G .  4 .  Varied degree of incorporation in  the  sanie cells. x-100. 
Fit;. 5. Occupying the cytoplasm of s:iriie cells; sometimcs concent~xted  i n  the  p w i ~ ~ u c l e : ~ r  zone. x-100. 
F I c .  (i. R4assive iiicorporation 1 ) ~ .  the  p r o x i ~ ~ i d  convolutetl t ulniles. C~loiiieruli :tiid distal eouvolutic~ns 

sliciw no fluorescence. x-100. 
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FIG. 7. Henle's loop, thin portion. with evident iticorporatioii in the cytop1:isiiiic 1):incl surrounding the 

VI(;. S. Horii-roiies are seen in the perinuclear cytopl:tsr-ri o f  cells of distal convoluted tubules. x100. 
FIG. 9.  Liinien of collecting arid distal tubules with III:~SSCS of lalxled tiorinones. x100. 
FIG. 10. 13ig collecting t'ubules opening in the renal papillae and coiit,:iiniiig fluorescent iiintcrial. X 100. 
FIG. 11. One of tliose collecting tubules showing the fluorescent Iiorliioiies in tlie lumen and :tlso iii the 

FIG. 12. I3lntlder with a large mass of fluorescent ninteri:il in tlie Iiinieti. x100. 

iruclci. x400. 

cyt~op1:tsm of epitlieli:il cells. x 100. 

iiivulviiig the  whole cytoplasm of  t,he cells, inerely 
graniiles iwriniiied 0 to  8 days, disappearing gradu- 
ally therenft,er. Nuclei of the cells zippeared free of 
Auurcsceiit nmterinl. The images already described 
increascd in intensity as doses were raised, but the  
proleins were not detected in the rest o f  the  neph- 
1'011 even i f  :i n~asimal amount, w:is injected (2 cc 

per 100 gin o f  body weight). Sei ther  the labeled 
nlhuinin 1101' globuliiis could be detected in the 
collected urine as it W:LS shown by spectroplio- 
tometry. 

2) Labeled pi LtiiLary Iiornioiies: The biolog- 
ical activity of the  horruoiies after labeling, as 
measured wit,li st:iiidardizetl met hods (T:ible I), 

108 
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showed a variable loss in relation to  the aniount of 
bound dye when compared with similar unlabeled 
batches. Only the hormones labeled with sulpho- 
rhodamine B were checked and the biological ac- 
t ivity is expressed as a percentage of the average 
values obtained with the corresponding method in 
a group of animals for each hormone. 

After intravenous injection, the labeled pitui- 
tary hormones appeared distrihuted in the circula- 
tion as serum proteins do, bu t  they disappeared 
faster from i t ,  between 15 and 190 minutes. I k t a i l s  
concerning the differences in the decay among the 
different hormones may be found elsewhere (8). 

Under the fluorescence microscope, the distribu- 
tion of the labeled hormones in the blood vessels 
and in the kidney were similar. T h e  intensity of 
the images was higher for TSH, FSH and LII and 
minimal for ACTH, OH and Prolactin. A few min- 
utes after intravenous iiijection, the hormones 
were present in the lumen of the vascular system 
and in tlie wall of capillaries. 

‘I’fiere \vas a preferential accumulation of l a -  
beled inaterial in the vessels of the corresponding 
t:Lrget gland (8, 9).  The intensity of fluorescence in 
the vascular bed decreased after 10 minutes. The  
fluorescent material was also recognized i n  the 
vessels of the kidney where, as in the case of serum 
proteins, i t  disappeared more rapidly from the 
cortex than  fronl the nicdulla. 

l’ituitary hormones appeared faster : ~ i i d  in 
greater amounts than serum proteins in the same 
sites of the nephron, reaching their ni:tsimum a t  G 
liours :tnd disappearing after DG hours. The se- 
quence of events was the same as far as the passage 
through the glomeruli via the lumen of convoluted 
proximal tubules were concerned. Images of ab- 
sorption were first seen clearly in the Iirush liorder 
and in the cytoplasm of the cells, in tlie form of 
granules sonietinics surrounded by vacuolcs. In  
addition, sniall amounts of these labeled hoi mones 
were observed as homogeneous masses in  t lie lu- 
mina of most of the distal convoluted tubules as 
well as in the collecting ones. Ininges of reabsorp- 
tion by the epithelial cells were frequent. In some 
areas, fluorescent material was also prcsent i n  the 
thin band of cytoplasm of cells belonging to the 
thin portion of Henle’s loop. As in  the case of 
serum proteins, no labeled hormones could be de- 
tected in tlie nuclei of epitlielial cells. Ncither 
could evidence of passage from these cells to  the 
intertubular connective tissue be detected. 

Finally, the labeled hormones were detected as 
gross spots of dense material in the lumen of the 
ureter and in the bladder, and at  some sites became 
attached to  the surface of the epithelium. I n  the 
collected urine, a labeled protein could t ie pre- 
cipitated and was denionstrated as a diffuse band 

by paper electrophoresis. I n  no case could free dye 
be detected by dialysis in the urine. 

The  sensitivity of the method used increased 
with the aniount of the labeled hormone preparn- 
tion injected. The threshold of resolution was 
about 1 to 2 mg per injected animal. Hormones 
labeled with larger amounts of dye, also showed 
higher fluorescence, although in these cases the 
biological activity had considerably diminished. 

When animals were similarly injected with the 
same amounts of labeled but  denaturated hor- 
mones, they disappeared from the circulation 
faster than the labeled iiative hormones. TSIl 
was almost gone after GO minutes and ACT11 was 
n o  longer detectable after S minutes. Histologi- 
cally, they also decreased rapidly, as fluorescent 
material in the lumen of the vascular bed of differ- 
ciit tissues, and of the cortex of the kidney. Al- 
though the sequence was t lie same, fluorescence 
along the dilfcrent parts of the nephron from the 
glomeruli t o  the bladder 1% as stronger when co111- 
pared with undenaturated hormones. 

3) Solutions of free labels: when these free 
solutions were intravenously injected, they disap- 
peared from the rirculation in about 20 to 40 iiiiii- 
lites. Although such free labels could not be dctll- 
onstr:tted in the lumen of blood vessels or 111 tlie 
glomeruli, they appeared as small and scarce 
granules i n  tlie cytoplasm of the proximal COII- 
voluted tubule cells a half hour after injection, and 
disappeared after 24 hours. Most of the dye passed 
rapidly into the intestine through the biliary tr:lct, 
and was easily recovered by dial)& in the urine. 

DISCUSSION 

Prescnt results using p i tu i t a  y hormones 
mainly add direct histological evidence \\ liicli 
reinforces previous vicn s t h a t  injected proteins 
pass the glonicrular filter and are  incorporated 
by the cells of the renal convoluted tubules and  
accumulated there (16, 17, 23). 

Though jt seenis that  the filtering membrane 
of the g l o i i i e r ~ ~ l ~ i ~  does not differentiate ainoiig 
hoinologous and heterologous proteins (6, 14, 
17), it is evident tha t  different proteins are not 
dealt with in the sanie wag’ by the kidney. For  
csample, fibrinogen was never seen inside the 
cells of the renal tubuli as was the case with 
other fractions of the  serum proteins and  hor- 
mones which were used in our experiments. Even 
with proteins which showed in all cases, the same 
sequence of events, differences were evident in 
t he  tiin, for them to  reach the epithelium of the 
tubules. T h e  hormones were eliminated fahter 
and  reabsorbed in larger amounts. L i s  the  ainount 
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