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Radioactivity of kidneys 

Group Right Left 

I Control 1.430/rain 1.574/min 
Control 1.569/rain 1.594/min 

II R. renal vein ligation 17.193/min 2.947/min 
R. renal vein ligation ll.534/min 6.097/min 

III L. renal vein ligation 2.003/mill 17.662/min 
L. renal vein ligation Died 

IV R. ureter ligation 2.137/min 2.080/min 
R. ureter ligation Died 

V L. ureter ligation 8.425/rain 8.700/min 
L. ureter ligation 4.227/min 4.786/min 

sumably  facil i tates glomerular  deposi t ion of immune  com- 
plexes. I m m u n e  complexes  localize in areas of greates t  
turbulence.  The capillaries of the  glomerular  t u f t  located 
be tween  2 arterioles are subject  to 4 t imes  higher  blood 
pressures than  o ther  capi l lary beds, being unopposed by  
any  pressure f rom surrounding tissues since the  glomerular  
t u f t  lies wi th in  B o w m a n ' s  space. The blood flow to the  
k idney  represents  a large percentage of the  cardiac out-  
put.  Decrease in renal  ar ter ia l  pressure as in eoarc ta t ion of 
the  aor ta  or increase in pressure in Bowman ' s  space as in 
hydronephrosis ,  has repor ted ly  been associated wi th  in- 

hibi t ion of deposi t ion of circulat ing immune  complexes  
and inhibi t ion of deposi t ion of c i rculat ing immune  com- 
plexes and arteri t is .  Conversly,  hyper tens ion  has been 
suggested to increase the  sever i ty  of these lesions due to 
the  increase pressure in glomerular  capillaries. However ,  
evidence for an ac t ive  process of deposi t ion of i m m u n e  
complexes  related to vasoac t ive  amines,  and several  
media tors  of in f l ammat ion  has been well documented  10. 

I t  has been suggested by  GERMUTH et  al. 6 t h a t  t i le high 
hydros ta t ic  pressure wi th in  the  arterial  sys tem and glo- 
meru lar  capi l lary bed m a y  be responsible for the  unique 
suscept ibi l i ty  of these tissues to the  pene t ra t ion  and 
local izat ion of pa thogenic  soluble i m m u n e  complexes  
and the  deve lopment  of glomerulonephri t is .  If  this  hypo-  
thesis were correct,  reduct ion  in renal hydros ta t ic  pressure 
produced by constr ic t ing the  main renal  a r te ry  or inter-  
ference wi th  renal  f i l t ra t ion produced by  l igat ion of a 
ure ter  should inhibi t  the  glomerular  local izat ion of com- 
plexes and should reduce or  abolish the  deve lopment  of 
glomerulonephri t is .  Our s tudy  demons t ra ted  t h a t  renal  
vein  l igat ion is associated wi th  increased deposi t ion of 
immune  complexes,  p robably  due to increased hydros ta t ic  
pressure on the  g lomerular  capillaries;  however ,  ureteral  
l igat ion failed to produce significant  differences in i m m u n e  
complex  deposi t ion be tween the  two kidneys.  

The use of radiolabelled ant igen is a sensi t ive me thod  of 
quan t i t a t i ng  local izat ion of immune  complexes.  Factors  
o ther  t han  renal  capi l lary hyper tens ion  should be con- 
sidered in analyzing the  reasons for preferent ia l  deposi- 
t ion of immune  complexes in the  renal  g lomerular  capil- 
laries. 
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Summary. The subcellular dis t r ibut ion of main steroids (pregnenolone, progesterone, corticosterone) and of cholesterol 
- this last af ter  correct ion according to exchanges occuring dur ing differential  centr i fugat ion - is presented in the  
ra t  adrenal  cortex. The dis t r ibut ion pa t te rns  are not  necessarly the  same as established according to the  localizat ion 
of hydroxy la t ing  enzymes.  

The  present  accepted metabol ic  p a t h w a y  of steroido- 
genesis in the  m a m m a l i a n  adrenal  cor tex  2 suggests a 
cont inuous m o v e m e n t  of the  steroid molecule be tween 
dif ferent  in t racel lular  compar tments .  This scheme was 
established according to the  subcellular  local isat ion of 
di f ferent  hydroxy la t ing  enzymes.  Apparen t ly  there  is 
l i t t le  in format ion  concerning the  cort icosurrenal  sub- 
cellular d is t r ibut ion  of the different  steroids. Howeve r  it  
is as impor t an t  in this  metabol ic  scheme as the  different  
enzymat ic  systems. 

The  purpose of the  present  paper  is to establish the  
subcel lular  d is t r ibut ion  of 3 impor t an t  steroids (pregneno- 
lone, progesterone and corticosterone) and of cholesterol  
in the  ra t  adrenal  cortex.  These results are compared  wi th  
the  subcellular  d is t r ibut ion  of the  organelles as defined 
morphological ly,  morphomet r i ca l ly  and chemical ly  after  
different ial  centr i fugat ion.  

HOLZBAUER 3 was the  first  to approach this  problem. 
W e  agree wi th  her  conclusions, b u t  never theless  obta ined 
some different  results. This  m a y  be due to main ly  
technical  differences:  we dis t inguished an in te rmedia te  
(IM) fract ion be tween  mi tochondr ia l  (MITO) and micro-  

somal  (Micr) f rac t ion;  the  absence of high esterified 
cholesterol  level in the  pos tmicrosomal  superna tan t  (Snt) 
indicates  good l iposomal (Lip) recovery;  sys temat ica l  
morphological  and morphomet r ic  control  of subcellular 
fract ions was made.  Las t ly  we give results  ob ta ined  only 
f rom rats,  the  cholesterol  con ten t  and metabo l i sm being 
different  in adrenals  which conta in  large amount s  of 
esterified cholesterol (rat, guinea-pig, etc.) in comparison 
wi th  those conta in ing exclusively  free cholesterol  (beef, 
ewe, etc.) 4. 

1 This  work  was carr ied  out  under  cont rac t  of the Minist~re de la 
Pol i t ique Scient i f ique wi th in  the f ramework of the Associat ion:  
Eura tom,  Univers i ty  of Brussels, Univers i ty  of Pise and  also 
t hanks  to a gran t  of the Caisse G~n6rale d ' E p a r g n e  et  de Retrai te .  
L. F. SAMU~LS and T. UCHIKAWA, in The Adrenal Cortex (Chur- 
chill, London 1967), p. 61. 

8 L. HOLZBAUER, G. BULL, M. B. H. YOUDIM, F. B. P. WOODING 
and U. GODDEN, Nature  New Biol. 242, 117 (1973). 

4 j .  t~Rf)HLING, G. SAND, W. PEIqASSE, F. PECHEUX and A. CLAUDE, 
J.  Ul t ras t ruc t .  Res. 44, 113 (1973). 
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The detai ls  concerning  the  techniques  used were 
exposed in our  previous  publ ica t ions  5-s. 

In  th is  s tudy,  30 young male albino ra ts  (SD strain) 
were killed by  neck dis locat ion be tween  09.00 and 10.00 h 
for each exper iment .  The adrenal  glands were rap id ly  cu t  
into two,  and the  cor tex  isolated f rom the  medul la  and  
the  capsule.  The t issue was homogenized  in 1 ml/100 mg  
tissue of 0.25 M sucrose, buffered wi th  Iris HC1 at  p H  
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Fig. 1. Distribution patterns in the rat adrenal cortex subcellular 
fractions, obtained after differential centrifugation, visualized as 
histogramms. Values are expressed in % of the total amount of a 
given organelle in the intact organ (Line I) or in % of the total 
quantity of the product determined in the homogenate. (Lines II to 
IV). 
MITO, corpuscular distribution of mitonchondria as subscellular 
organelle in the different fractions after separation by differential 
centrifugation; MICR, idem for microsomes; LIP, idem for liposo- 
rues. PREGN, pregnenolone-; PROGS, progesterone-; CST-E, 
cortieosterone-distribution after standard homogenization; CST-G, 
idem after less energetic homogenization; CH-T, distribution of total 
cholesterol without correction; CH-T-COR, idem but values corrected 
according to the redistribution which occurs during the whole pre- 
paration procedure; CH-E, distribution of esterified cholesterol 
(without correction); CYT, distribution of  eytochrome-c: O 2 
oxydoreductase; IDP, distribution of the inosine-diphosphatase. 
Number of experiments : 6 for line 1 ; 9 for cholesterol determinations; 
5 for eorticosterone assays and 4 for the other dosages. Absolute 
values, expressed in units per 100 mg tissue wet weight: total cho- 
lesterol, 4.6 (~ 1.4) rag; esterified cholesterol, 4.02 (~ 1.2) rag; 
pregnenolone 6.1 j_ 2.5 izg; progesteroue, 1.0 • 0.50 [zg; cortico- 
sterone, 1.0 i 0.40 p~g; IDP, 5.35 mgP/h; cytochrome, 2.4 ~zM/h. 
The fraction 'cell debris and nuclei' (DN) was obtained after cen ~ 
trifugation at 1,000 g for 2 • 1 rain; the mitochondria (MITO) at 
8,000 g for 4 miD.; an intermediate fraction (IM) - containing small 
mitochondria and microsome aggreagtes - at 18,000 g for 3 rain. The 
remaining material was subdivised after spinning for 90 rain at 
100,000 g in the microsomal fraction (Micr), a postmicrosomal 
supernatant (Snt) and on the top of the last, a compact Iiposomal 
fraction (Lip) For each column of histograms: a, DN; b, MITO; c, 
IM; d, Mier; e, Snt and f, LIP. 

7.4 in a moto r -d r iven  tef lon-glass homogenizer  (model 
Po t t e r -E l v j eh em,  clearance 0.1 mm) e i ther  for 80 sec 
w i th  24 passages ( s tandard  method)  or for 40 sec wi th  
8 passages by  hand .  Cholesterol  was ex t rac ted  wi th  
e thanol /ace tone  1:1 v /v ,  and steroids wi th  me thy lene  
chloride. Af ter  th is  last  ex t rac t ion  method ,  pregnenolone 
and cor t icosterone were separa ted  by  bi -dimensional  
th in- layer  c h r o m a t o g r a p h y  in the  mix tu re  methy lene-  
ch lo r ide /methano l  98:2 v /v  9 a t  first, and  in hexane /e thy l -  
ace ta te  3:1 v /v  in the  second run. 

Cholesterol  (free and total)  was de t e rmined  according 
tO SPERRY and WEBB 10; pregnenolone,  according to the  
colorimetr ic  m e t h o d  of MUNSON n ad ap t ed  to pregneno-  
lone by  KORITZ 12. Then proges terone  was de te rmined  by  
r ad io immunoassay  b y  using a commercia l  biokis 
(Biolab 003/NK-2). Finally,  the  assay of cor t icosterone 
was realized by  f luoromet ry  ad ap t ed  f rom 3 di f ferent  
me t h o d s  1~-15. 

All the  results  are shown in Figure  1. The recovery of 
t he  main  subcellular  organelles (MITO, Micr, and  Lip) is 
d e m o n s t r a t e d  on the  first  line. On the  4th line, the  
d i s t r ibu t ion  of enzymat i c  markers  can be seen (for MITO 
and  Micr) and of the  esterif ied cholesterol  (EC), which  
can be considered as a t rue  chemical  l iposome marker  4, 5 
The concordance  of the  p a t t e rn s  on the  l t h  and the  4th 
lines assures the  biochemical  in tegr i ty  of the  3 organelles 
s tudied.  Tota l  cholesterol  d i s t r ibu t ion  p a t t e r n  is es tab-  
l ished before (CH-T) and af ter  (CH-T-COR)  correction,  
these  last  resul ts  t ak ing  into account  the  con t amina t i on  
due to the  cholesterol  red is t r ibu t ion  which  occurs during 
centr i fugat ion.  These last  resul ts  suggest ,  for a welt 
de te rmined  steroid,  t h a t  the  exis tence of a given con- 
cen t ra t ion  peak  is t rue  even before correct ion,  bu t  t h a t  
the  exac t  a m o u n t  of the  d i s t r ibu t ion  canno t  be eva lua ted  
before correction,  above  all in the  f ract ions  which conta in  
less t han  10% of th is  product .  

Among  the  s teroids  s tudied  w i t h o u t  correction,  
pregnenolone  shows an unusual  d i s t r ibu t ion  p a t t e r n  wi th  
a mi tochondr ia l  peak  which is lower t h a n  the  morpholo-  
gical or marker  peak  of the  same organelle, and wi th  high 
SD values. This p a t t e r n  m a y  correspond ei ther  to a 
re la t ively  high red i s t r ibu t ion  ra te  (but the  Snt  ac t iv i ty  is 
no t  ve ry  pronounced)  or, ra ther ,  to a b imoda l  d i s t r ibu t ion  
wi th  the  presence of a second peak  in microsomes.  
Never theless ,  correct ion according to ALLEN ~6 gives a 
p ropor t ion  of 80% of pregnenolone  in the  mi tochondr ia .  
Proges te rone  d i s t r ibu t ion  p a t t e r n  p resen t s  a clear mito-  
chondr ia l  m a x i m u m  and  general  behav iour  similar to the  

5 J. I;Ri)IILING, W. PENASSE, G. SAND and A. CLAUDE, J. Microse. 
7, 705 (1969). 

s G. SAND, J. FR~HLIXO, W. PENASSE and A. CLAUDE, J. Microsc. 
12, 83 (1972). 

7 j .  FROHLING, F. PEClIEUX and W. PENASSE, Histochemistry d2, 
145 (1974). 

s j .  FROItLING, W. IgENASSE, G. SAND, F. PECHEUX add A. CLAUDE, 
in Eight Intern. Cong. Eleetr. Microsc. (Canberra 1974), vol. 2, 
p. 472. 

9 M. A. DROSDOWSKY, A. DESSYPRIS, M. L. ~'~CINIVEN, R. I. DORF- 
MA~ and C. GUAL, Acta eedocr., Copenh. 49, 553 0965). 

lo W. M. SPERRY and M. WEBS, J. biol. Chem. 187, 97 (1950). 
11 p. L. MUNSON, M. E. JONES, P. J. MCCALL and T. F. GALLAGIIER, 

J. biol. Chem. 176, 73 (1948). 
12 S. B. KORITZ, Biochim. biophys. Acta 56, 63 (1962). 
la U. TESTUNO, S. AKE.~II and W. Micnmo, J. Biochem., Tokyo 67, 

1 (1970). 
14 L. E. MEYER and L. C. 13LANCHARD, Clin. Chem. 19, 710 (1973). 
15 R. H. SILBE~, R. D. BuscK and R. ASLAPAS, Clin. Chem. J, 278 

(1968}. 
16 W. M. ALL~N, J. clin. Endocr. 10, 71 (1950). 
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mi tochondr ia t  marker ,  conf i rming the  resul ts  of HOLZ- 
BAUER. 

Two d is t r ibu t ion  p a t t e r n s  for cor t icos terone are pre-  
sented.  Af ter  b o t h  kinds of homogeniza t ion ,  the  distr i-  

Fig. 2. Rat adrenal cortex. External fasciculata zone. Liposomes 
(L), mitochondria (M) and tubular elements of the endoplasmie 
reticulum (er). Arrows: er-cisternae between mitoehondria and lipo- 
somes, in close contact with both organelles. All required enzyme- 
systems for the steroid pathway, the main steroids and cholesterol 
are present in this reduced space. 
OsO~-H20-fixative , reduced dehydration technique, lead-citrate 
stain 4. x 30,400. 

bu t ion  p a t t e r n  is ident ical  wi th  the  same high concen t ra -  
t ion of the  s teroid  in the  pos tmic rosomal  supe rna t an t .  
3 exp lana t ions  are possible:  1. Cor t icosterone is p re sen t  
in the  cytosol  and  dur ing  cen t r i fuga t ion  reaches the  Sn t  
c o m p a r t m e n t  w i th  weak secondary  absorp t ion  on several  
subcellular  componen t s .  2. This molecule s tays  in the  cell 
inside the  tubules  forming  the  endoplasmic  re t icu lum 
(Er) and  is released in the  Sn t  when  the  t r ans fo rma t ion  
in microsomal  vesicles occurs.  3. The b inding  of t h e  
cor t icos terone on any  o r g a n d i e  is ex t r eme ly  weak and  
the  release in the  homogeniza t ion  med i u m is i n s t an t aneous  
af ter  the  beginning  of th is  procedure .  

Last ly,  the  p re sen t  s teroid  d i s t r ibu t ion  p a t t e r n  is no t  in 
ag reemen t  wi th  the  d i s t r ibu t ion  suggested by  the  
h y d ro x y l a t i n g  sys tem;  a l though  bo th  localizat ion- 
scheme mus t  no t  necessare ly  be identical .  E n z y m e  
sys tems  fixed on (or in) o rgane l le -membranes  could 
en te r  into con tac t  and reac t  wi th  the  neares t  s teroid  
molecules which  are e i ther  in the  cytosol  sur rounding  the  
organelles, or even  fixed on ano the r  near- ly ing m e m b r a n e  
sys tem.  

As can been  seen in Figure  2, in the  adrenocor t ica l  
cells of the  rat,  there  is a close re la t ion be tween  l iposomes,  
mi tochondr i a  and  endoplasmic  re t iculum,  wi th  a ve ry  
i m p o r t a n t  con tac t  in terface  especial ly be tween  the  E r  
and the  o ther  organelles.  This morphological  fact, jo ined 
to  the  results  of the  s teroid  localization s t u d y  repor ted  
here, suggest  a par t ia l ly  new concept ion  to resolve the  
p rob lem of correla t ion be tween  morpho logy  and func t ion  
in the  adrena l  cortex.  

Biosynthesis  of a-  and/5-Ecdysone  by the Crayfish Orconec tes  l imosus  in vivo and by its Y-Organs 
in vitro 

A. WILLIG and R. KELLER 

Abteilung Biologic I der Universiliit Ulm, Oberer Eselsberg, D-7900 Ulm (German Federal Republic, BRD), 
79 January 7976. 

Summary. ~- and  fi-ecdysone were synthes ized  f rom labelled cholesterol  by  premol t  c rayf ish  in vivo and by  the i r  Y- 
organs in vitro.  

Molt ing in c rus taceans  - as in insects  - is control led by  
ecdysones  (for review see1). F r o m  ab l a t i on - imp lan t a t i on  
expe r imen t s  2, a i t  seems ev iden t  t h a t  in b r a c h y u r a n  crabs  
the  sites of ecdysone  b iosynthes is  are the  pai red Y-organs  
which  were f irs t  descr ibed by  GABE 4. This  a s sumpt ion  is 
conf i rmed by  recen t  f indings 5 which d e m o n s t r a t e  a 
selective up take  of in jec ted  radioac t ive  cholesterol ,  a 
b iochemical  p recursor  of ecdysones  in insects,  into the  
Y-organs  of the  crab Hemigrapsus nudus and b y  tile 
d e m o n s t r a t i o n  ~ of ~-ecdysone p roduc t ion  by  in v i t ro  
cul tured  Y-organs  of Pachygrapsus crassipes. 

However ,  r epor t s  on the  Y-organs  of Macrura  are con- 
flicting. Several  d i s t inc t ly  d i f ferent  s t ruc tu res  of macru-  
rans  have  been descr ibed as 'Y-organs '  b u t  no evidence  
of the i r  func t iona l  role as mol t ing  glands was given by  ab-  
l a t ion - implan ta t ion  expe r imen t s  or metabol ic  s tudies  7-10 
(for reviews see n,12). In  a recen t  r epor t  f rom our labo- 
r a to ry  la, the  locat ion and cyclic histological  a l te ra t ions  
dur ing  the  in t e rmol t  cycle of a g landular  s t ruc tu re  of the  
crayf ish  Orconecles limosus were descr ibed.  P re l imina ry  
ex t i rpa t ion  expe r imen t s  indicate  the  possible role of th is  
organ as the  mol t ing  gland of Orconectes. 

The abi l i ty  of pu t a t i ve  Y-organs  to synthes ize  ecdy-  
sones f rom cholesterol  in v i t ro  can be t a k e n  as an indica-  

t ion for the i r  funct ional  role as mol t ing  glands.  We there-  
fore inves t iga ted  a) the  abi l i ty  of in t ac t  p remol t  crayf ish  
to synthes ize  ecdysones  in vivo as was recent ly  demon-  
s t r a t ed  for e -ecdysone  syn thes i s  in mol t ing  lobsters  1~, 
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