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I n a  p rev ious p ap e r 117 ] we h a v e  re p o rte d  on our p re lim in a ry  h istochem - 
ica l stud ies concern ing  th e  g ran u les  in  th e  cells of th e  ju x ta g lo m e ru la r  a p p a 
ra tu s . The g ranu les w ere found  to  be  com posed o f p ro te in  and  c a rb o h y d ra te , 
an d  it was co n jec tu red  th a t  th e y  c o n ta in e d  also lipids. T he p re sen t h istochem - 
ical investig a tio n s w ere u n d e rta k e n  to  d e te rm in e  th e  am ino acid  sp ec tru m  
o f th e  p ro te in  com ponen t of th e  g ranu les.

Material  and method

The k idneys  of albino mice from o u r  labora to ry  stock were used. T he  m a te r ia l  was 
usually  fixed in formol neutra lized  w ith  a 10 per  cent solution of calcium c a rb o n a te ,  a n d  then 
e m bedded  in paraf f in ;  frozen sections were exam in ed  in a few instances only. T h e  h is tochcmical 
p rocedures app lied  were as follows.

1. Millon’s reac tion ,  as m odified  b y  Ba ker  [3].
2. G lenner’s n i trosophenol  reac t ion  for ty rosine  [13].
3. Glenner — Lillie’s d iazo tizat ion-coupling  reac tion  for ty ros ine  [16].
4. T e trazone  reaction  w ith  F a s t  b lue  В [8]. The concen tra t io n  of the  t e t r a z o n iu m  salt 

was 0.1 per cent.
5. D im ethy lam ino  benza ldehyde  n i t r i te  (DM AB) reac tion  according to  A dams [1]. 

We prolonged the  t im e of t r e a tm e n t  from the  original 60 seconds to 90 seconds in respec t  of 
b o th  reagents .

6. G lenner’s rosindole reac tion  [14].
7. Post-coupled henzylidene reac t ion  (15] w ith  l -am ino-2 -naph tho l-4 -su lphon ic  acid.
8. D initrofluorohenzene  (D N F B )  reac t ion  [8].
9. Alkaline té trazo lium  reac tion  w i th  néo té t razo lium  [29].

10. 2.2’-d ihydroxy-6 ,6 ’-d in ap h th y l-d isu lp h id e  (D D D ) according to Ba r r n e t t  S e l ig - 
m an  [7]. R eduction  of the  disulphide g ro u p s  was effected by m eans  of 10 pe r  cen t  sodium 
thioglycolate,  as described by L il l ie  [21].

11. Sakaguchi  II reaction  (as m od if ied  by  B aker) ,  for arginine 129].
12. P r e t r e a tm e n t  w i th  d in i t ro f luo rohenzene  (D N FB ):  1 per cen t  so lu t ion  of D N F B  in 

90 per cent alcohol; the solution was 0.01 M for sodium  hydrox ide.  D u ra t io n  o f  t r e a tm e n t  
24 hrs a t  room tem p e ra tu re .  Control in a lcohol  only.

13. Benzoyl  t re a tm e n t .  10 per c en t  pyr id ine  benzoyl chloride solution, 24 hrs  at room 
tem p era tu re .  Control in pyrid ine  only.

14. Iodine t r e a tm e n t ,  0.78 N iodine solution in 96 per cent  alcohol, 72 hrs a t  room 
tem p era tu re .  Control in alcohol only. Besides ,  a f te r  L anding  122 ] : in a so lu t ion  conta in ing 
0.3 per cent iodine and  0.6 per cen t  p o ta s s iu m  iodide (pH  10), 24 hrs a t  room  tem p era tu re .

15. P o ta ss iu m  p ersu lphate  t r e a tm e n t  (K.,S.,08), w ith  a 2 per cent aqueous  so lu t ion  20 hrs 
a t  room tem p e ra tu re .  Control in distil led w a te r  only.

16. Pe race tic  acid and  performic acid  t r e a tm e n t  w ith  Pearse ’s so lu tions [29] for 24 hrs 
w i th  the form er,  90 m inu tes  with the  l a t t e r ,  a t  room tem p era tu re .
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F i g . l .  G lenner ^L ill ie ’s re so rc in -copperche la te  m e th o d  for  ty ros ine .  N o te  ju x ta g lo m e ru la r  
cells fi l led  with positively r e a c t in g  granules  in the  wall o f  t h e  t ran sv e rse ly  sectioned afferent

arteriole. X 400



THE GRANULATED CELLS OF TH E JUXTAGLOMERULAR APPARATUS 241

17. D eam in a tio n , w ith equal p a r ts  o f 10 pe r cen t acetic  acid an d  5 pe r c e n t sodium  
n i tr i te  according; to  P earse [29] 24 h rs  a t  -{- 4° C.

We covered th e  sections w ith C an ad a  b a lsam  o r, if  necessary, w ith  a m ix tu re  o f glycerol 
a n d  g e la tin , and ex am in ed  them  im m e d ia te ly  a f te r  th e  reactions.

R esu lts

The resu lts  art* listed in T ab le  I. It can  be seen th a t  th e  Millon p o s i t iv i ty  of 
th e  granules, d e m o n s t ra te d  in our ea r l ie r  pap e r  d isappeared  on t r e a tm e n t  w ith  
benzoyl chloride and  iodine, bu t pers is ted  a f te r  DNFH t r e a tm e n t .  T h e  Millon 
posi t iv i ty  of th e  jux tag lom eru la r  cells was restr ic ted  to  the  granules w h ich  dis-

Tablc 1

M illon’s te s t —B ak er’s m odifie ........................................................................................................
Jo d in a tio n  ; Mi lion’s tes t — Baker’s m o d if ie ...........................................................................
D in itro flu o ro b en zo y latio n  | Millon’s te s t  — B a k e r’s m odifie ...........................................
Perform ic  acid j - M illon’s te s t—B aker’s m o d ifie .................................................................
G lenner’s n itro sopheno l test for ty ro s in e ................................................................................
G lenner Lillie’s d iazo tization  coupling re a c tio n  for ty ro s in e ......................................

DM AB n itrite  re ac tio n  (Adams) ................................................................
Perform ic  acid a n d  peracetic  acid tre a tm e n t DM AB n itrite  r.
K 2S20 8 -f- DMAB n itr i te  reaction ..............................................................
D in itro fluo robenzoy lation  -f DMAB n itr i te  reac tio n  .....................
B enzoylation  -f- DM AB n i t r i t e .....................................................................................................  —
Jo d in a tio n  -j- DM AB n itr ite  reaction ........................................................................................ —
R osindole reac tion  (G lenner) ........................................................................................................
Post-coupled benzy lidene  r e a c tio n ...............................................................................................

T e trazo n iu m  reac tio n  w ith F ast Blue В ................................................................................
Jo d in a tio n  te traz o n iu m  reaction ............................................................................................
D in itro fluo robenzoy lation  tetrazonium  r e a c t i o n .............................................................
B enzoylation  te trazo n iu m  reaction .......................................................................................

D in itro fluorobenzene r e a c t io n .......................................................................................................
D eam ination  d in itro fluorobenzene r e a c t i o n ......................................................................

T étrazo liu m  reac tio n  w ith  n é o té tra z o liu m .............................................................................
D D D  reaction (B a r rn e t t—S e lig m a n )..........................................................................................
10 per cent sod ium  thioglycolate -J- D D D  reac tion

Sakaguch i II re ac tio n  B aker’s m odifie.

F ig . 2. J u x ta g lo m e ru la r  cells giving p o s itiv e  te traz o n iu m  reac tion  w ith  F a s t  b lu e  В in  th e
g lo m e ru la r  h ilu s . X 400

F ig. 3. D ark ly  s ta in e d  granu la ted  ju x ta g lo m e ru la r  cells in tw o co n fro n tin g  b ili. A dam s 
d im e th y la in in o b en za ld eh y d e  reac tion . X 200

Fig. 4. A lkaline té traz o liu m  reac tion  w ith  n éo té tra z o liu m . Ju x ta g lo m e ru la r  cells filled  w ith 
p o sitiv e  g ranules in th e  wall of the  lo n g itu d in a lly  sectioned  a ffe ren t a rte rio le  s i tu a te d  in the

h ilus o f  th e  g lom eru lus
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played  a pale b ro w n ish - red  colour. The co lour  was n o t  v e ry  d istinct,  b u t  a t  a 
m agn ifica tion  by  150 th e  jux tag lo m eru la r  a p p a r a tu s  was well d is tinguishable  
f ro m  its su rroundings.  M illon’s reaction is r e g a rd e d  as abso lu te ly  specific for 
ty ro s in e  in animal t is su es ;  i t  is generally pos itive  for phenols in v itro  a n d  th e  
re a g e n t  gives a red  co lo u r  w ith  t ry p to p h a n .  T yros ine  ceases to  be positive 
w i th  Millon’s re a g e n t  a f te r  p re trea tm en t  w i th  benzoyl or iodine. D N F B  
re a c ts  w ith  ty rosine  a n d  does not react w i th  t ry p to p h a n .  A positive response  
to  M illon’s reagen t  p e rs is t in g  after D N F B  t r e a t m e n t  seems, therefore, to  be 
c o n trad ic to ry .  Y e t ,  G l e n n e r  and Lillie  [16] obse rved  an  essentially s im ilar 
phen o m en o n  in th e  cou rse  of  d iazo tiza tion-coupling  reactions for ty ros ine  in  
w hich  a process of c h e la t io n  occurs as it  does in  M illon’s reaction. It is possible 
t h a t  th e  d in i t ro p h en y l  ra d ic a l  is displaced b y  th e  che la te  bridge form ed in th e  
reac t io n .  With a v iew  to  ascerta in ing  th a t  th e  Millon p o s i t iv i ty  was due to  th e  
p resence  of tyrosine, we re p e a te d  the reac tion  a f te r  perform ic  acid t r e a tm e n t ;  
i t  was positive also in  th is  case. T h a t  G l en iner’s nitrosopheno l reaction  [13] 
(w hich  dem onstra te s  t h e  presence of ty ro s in e  b y  th e  fo rm ation  of an  ortho- 
n i t ro so ty ro s in e -m e ta lch e la te  complex) p ro v ed  to  be likewise positive shou ld  
be regarded  as a f u r th e r  a rg u m e n t  in favour  of  th e  presence of tyrosine. The 
granu les  gave a pos i t ive  reac tion  on Gl e n n e r — L i l l i e ’s diazo tiza tion-coup l
ing [16], w hether  or n o t  a lp h a n a p h th o l  was coup led  or a resorc in-copperchela te  
co m p lex  was form ed.

Coupled te t r a z o n iu m  gives a positive re a c t io n  w ith  histid ine, lysine, t y r o 
sine, t ry p to p h a n ,  a rg in in e  a n d  cysteine. T he  g ranu les  d isp layed  a red  colour 
w i th  th is  m ethod, a p h e n o m e n o n  which m ay  h a v e  been  due in the given case 
to  th e  presence of ty ro s in e ,  t ry p to p h a n  or h is t id ine , since no other possible 
a m in o  acid was d e m o n s t ra b le  with the d irec t  m e th o d .  T he  colour reaction  is 
considerab ly  w eakened  b y  p re t re a tm en t  w ith  D N F B , po tass ium  p e rsu lpha te ,  
perfo rm ic  acid or p e ra c e t ic  acid, it d isappears  on b en zoy la t ion  and is re s is tan t  
to  iod ination . L i te ra ry  d a ta  are c o n trad ic to ry  concern ing  th e  behav iour  of 
th e  te t razo n iu m  re a c t io n  following p re t re a tm en ts  o f  th e  said na tu re .  The t e t r a 
zon ium  reaction for t r y p t o p h a n  is, accord ing  to  D a n ie l l i  [9], selectively 
b locked  by perform ic ac id ,  so t h a t  the  considerab le  w eakening  of the  colour 
re a c t io n  after  perform ic  ac id  p re t re a tm en t  p o in ts  to  th e  presence of t r y p t o 
p h a n .  Negative Millon, n e g a t iv e  DMAB a n d  positive  te t razo n iu m  reac tion  
following iodination p r o b a b ly  point to the  presence  of  h is tid ine, b u t  l i te ra ry  
d a t a  are  ra th e r  co n tro v e rs ia l  in  this respect.

The fact t h a t  th e  g ran u les  entered  in to  reac t io n  w ith  DMAB is considered 
th e  m ost no tew o rth y  re s u l t  o f  our inves t iga t ions .  T he  granules s ta ined  blue, 
th e  ju x tag lo m eru la r  cells were sharp ly  o u t l in ed ,  a n d  th e i r  colour was more 
in te n s iv e  th an  t h a t  o f  a n y  o ther  pa r t  of th e  k id n ey .  T he  ju x tag lo m eru la r  
a p p a r a tu s  could well be  recognized w ith  30 X  m agnif ica t ion . The reac 
t io n  was s trongest in  t h e  granules, b u t  even  th e  cy to p la sm  gave an uneven
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p a tc h y  colour reac tion ,  a ph en o m en o n  p re su m a b ly  due to a d a m a g e  o f the  
g ranu les  caused b y  th e  acid t r e a tm e n t .  T he  colour effect was m ore p ro n o u n c e d  
in form alin-fixed frozen sections t h a n  in m a te r ia l  em bedded  in p a ra f f in .  If 
f ix a t io n  in formalin lasts 24 instead  of  th e  u sua l  6 hours, the  diffuse pale  blue 
s ta in in g  of th e  rena l  tissue d isap p ea rs ,  while th e  colour o f  th e  ju x ta g lo 
m e ru la r  a p p a ra tu s  undergoes no chan g e ,  so t h a t  con tras ts  becom e m ore  p ro 
n o unced .  Since i t  is only with t r y p t o p h a n  t h a t  this m e thod  gives a b lue  colour 
in  th e  tissues, th e  procedure is q u i te  specific. P re t re a tm e n t  w ith  perfo rm ic  
ac id  renders  th e  reac tion  negative , since perform ic acid selectively  oxidizes 
t ry p to p h a n .  The blue  staining is likewise in h ib ited  In p r e t r e a tm e n t  w ith  
p o ta ss iu m  p e rsu lp h a te ,  iodine, or benzoy l chloride, while p r e t r e a tm e n t  Avith 
D N F B  produces no effect. The fa c t  t h a t  th e  rosindole reaction  was pos itive  
seem ed to  c o rro b o ra te  the result o f  th e  DM AB reaction . A com parison  o f  these  
th re e  reactions for t ry p to p h a n  show s t h a t  A d a m s ’ m ethod  [1] gives th e  
m os t  in tensive  co lour  effect.

Using m a te r ia l  fixed in form ol, Ca r n o y ’s fluid and alcoholic tr ich lo ro 
acetic  acid, we p ro v o k ed  the té t r a z o l iu m  reac tion  and  B a r r n e t t — S e l i g m a n ’s 
D D D  reaction for th e  d e m o n s tra t io n  of possible su lphurous am in o  acids. 
T h e  las t-nam ed  m e th o d  gave n e g a t iv e  resu lts  w he the r  or no t i t  w as app lied  
a lone  or after r e d u c t io n  with 10 p e r  cen t  sod ium  thioglyeolate. On th e  o th e r  
h a n d ,  the  granules assum ed a viv id  red  colour a f te r  t r e a tm e n t  w ith  a lka line  
té t razo l iu m . S tru c tu re s  contain ing cys t ine ,  cysteine, lipids, lipofuscin or r e d u c 
ing sugars  give, accord ing  to P e a r s e  [29] a positive reaction  Avith th is  m e th o d ,  
a n d  also in trace llu la r  en te rochrom aff in  granules and  ad renoch rom es  m ay  
do so. The resu lt  o f  the  DDD re a c t io n ,  fu r th e r  th e  negative  re su l ts  o f  th e  
H i l l a r p — HÖKFELT and h e x a m e th y le n e te t ra m in e  reactions, as descr ibed  in 
ou r  previous p ap e r  [17], make it  p ro b a b le  t h a t  the  positive result o f  th e  a lka line  
té t razo l iu m  reac tion  is due to th e  presence  of lipids or reducing  sugars .  This 
p ro b le m  requires fu r th e r  investiga tion .

S a k a g u c h i’s reaction was n e g a t iv  in our earlier exp er im en ts ;  for t In- 
sak e  o f  com p leten ess ,  we repeated  th e  reaction  in the  [»resent in v e s t ig a t io n s  
A vith B a k e r ’s m od if ica tion ,  and th e  result Avas n egat ive  again.

Discussion

R ecent l iterature contains n u m erou s  in vest iga t ion s  m ade w ith  a v ie w  
to ascertain ing th e  physiological a n d  p athologica l significance o f  the  in tra 
ce llu lar granules o f  the ju x tag lom eru lar  apparatus.  The results o f  th e se  in vest i-  
gat ion s  just ify  th e  conclusion th a t  renin  is produced by the cells o f  th e  j u x t a 
glom erular ap paratu s .  B ing  [4] c o n c lu d ed  on the ev idence o f  k id n e y  micro-  
d issect ion  that renin  Avas produced in the im m e d ia te  v ic in ity  o f  th e  g lom eruli.

Act» Morpbologica XII,'-.
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D e m o p o u l o u s  et al. [10] found  th e  ren in  a c t iv i ty  o f  renal ex trac ts  to  be direc t ly  
p ro p o r t io n a l  to  th e  ju x ta g lo m e ru la r  index . E d e l m a n  and  H a r t r o ft  [12] 
se lec t ive ly  s ta ined  th e  granules by  m eans  of  f luorescein-labelled an tiren in .  
D e n g l e r  and  R e ic h e l  [11] located  renin a c t iv i ty  in  the  m itochondria l  frac tion  
b y  t h e  u l t ra c e n tr i fu g a t io n  of k idney  h o m o g en a te .  None of these inves t iga t ions  
th r e w  ligh t on th e  chem ical com position  of  th e  ju x ta g lo m e ru la r  granules.

H a r a d a ’s resu lts  [18, 19] and  our own histoehem ical inves tiga tions  
sh ow ed  t h a t  the  granu les  were chiefly com posed  of p ro te in  and  ca rb o h y d ra te ,  
a n d  t h a t  th e y  p re su m a b ly  con ta ined  lipids. L ip id  was d e m o n s t ra te d  by  
M cM a n u s  b y  m eans o f  S u d an  black. T he  re su l ts  o f  H ess  and  P e a r s e  [20] 
were  m ore  decisive; b y  h istoehem ical m e th o d s  th e y  d em o n s tra ted  m ito ch o n 
d r ia l  a lp h a  g lyce rophospha te  dehydrogenase  a c t iv i ty  in th e  g ran u la ted  cells, 
a n d  obse rved  a l inear re la t ionsh ip  betw een  th e  degree of ac t iv i ty  and  th e  ren in  
c o n te n ts  of the  k idney . W hile these o bse rva tions  m e a n t  a valuab le  c o n tr ib u 
t io n  to  our knowledge concerning the  m e ta b o l ism  of ju x ta g lo m e ru la r  cells, 
t h e y  p re sen ted  no new  d a ta  on the  chem ica l  com position  of th e  granules.

O u r  presen t in v es t iga t ions  have p o in te d  to  th e  presence of a considerable  
a m o u n t  of  t r y p to p h a n  in th e  granules. F u r th e r  inves tiga tions  will h av e  to 
dec ide  w h e th e r  and how far  the  role of t r y p to p h a n  is decisive in the  com position  
o f  th e  granules. T h a t  a lkaline  té t razo l iu m  re a c t io n  p roved  the  presence o f  a 
r e d u c in g  substance  in th e  granules is a s ign if ican t  fact.  In view of th e  f indings 
o f  M cMa n u s , and  in considera t ion  of our ab o v e  resu lts ,  the  reducing  su bs tance  
in  q u e s t io n  originates m o s t  p ro b ab ly  f rom  l ip id  m a t te r ,  a lthough  th e  PAS- 
posi t ive  granules m a y  con ta in  reducing  sugars .

L e t  us note in connec tion  w ith  th e  n e g a t iv e  resu lt  of th e  DDL) reac tion  
t h a t  c e r ta in  h is tochcm ically  sa tis fac to ry  f ix in g  a g en ts  as, for ins tance , C a rn o y ’s 
f lu id  a n d  alcoholic tr ich lo roacetic  acid, induce  g rave  changes in th e  ju x ta g lo 
m e ru la r  cells, so t h a t  only  form ol-fixed sections could  be used for th e  reac tion . 
S im ila r  dam ag ing  effects were observed in co n n ec t io n  w ith  the  slow or rap id  
( l iqu id  air) cooling o f  th e  k idney . Relying on th e  resu lts  of our inves tiga tions  
in p rogress ,  we rega rd  f ix a t io n  by  form alin  as th e  p rocedure  t h a t  causes th e  
leas t  d a m a g e  to  th e  s t ru c tu re  of ju x ta g lo m e ru la r  cells.

M cMa n u s  [24], O b e r l i n g  [30], H ess  a n d  P e a r s e  [20] claim  t h a t  the  
m a c u la  densa  and th e  ju x ta g lo m e ru la r  com plex  c o n s t i tu te  a func tiona l  u n i ty .  
O u r  observa tions  h av e  n o t  confirm ed th is  th eo ry .

Sum m ary

H isto eh em ica l te s ts  h av e  show n th a t  th e  g ran u le s  in  th e  cells of th e  ju x ta g lo m e ru la r  
a p p a r a tu s  o f a lb ino  m ice c o n ta in  ty ro s in e  and  a s ig n ific a n t a m o u n t of t ry p to p h a n . T h ey  p ro 
b a b ly  c o n ta in  h istid ine  as w ell, b u t  i ts  p resence needs f u r th e r  proof. The reac tio n s fa iled  to  
d e m o n s tra te  th e  p resence o f su lp h u ro u s am ino acids a n d  arg in in e . The re su lt of th e  a lka line  
té tra z o liu m  reac tio n  allow s to  conclude th a t  th e  g ran u le s  co n ta in  a reducing  su b s tan ce  th a t  
m a y  be o f lipo id  orig in  o r co n sis t o f reducing su gars.
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U N T E R S U C H U N G  D E R  G R A N U L I E R T E N  Z E L L E N  
D E S  JU X T A G L O M E R U L Ä R E N  A P P A R A T E S  

II. H IS T O C H E M IS C H E  U N T E R S U C H U N G  D E R  A M IN O S Ä U R E N

SZ. GOMBA, M. SOLTÉSZ, P. EN D ES

Bei der h is tochem ischen  U n te r su c h u n g  der A m in o säu ren  in den g ranu lie r ten  Zellen 
des  ju x tag lo m e ru lä re n  A p p a ra te s  von M äu sen  wurde fes tges te ll t ,  d aß  die K örn ch en  Tyrosin 
u n d  eine v e rh ä l tn ism äß ig  große Menge T r y p to p h a n  en th a l te n .  E s  wird angenom m en ,  daß sie 
a u c h  H istid in  en th a l te n ,  d och  ließ sich dies n icht  e indeutig  beweisen. Schwefelhaltige Amino-
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s ä u re n  k o n n te n  n ich t n achgew iesen  w erd en , u n d  die A n w esenheit von  A rg in in  k o n n te  gleich
fa lls  ausgesch lossen  w erden. D as R e s u l ta t  der a lkalischen  T e tra z o liu m re a k tio n  lä ß t  da rau f 
sc h lie ß e n , d a ß  die K örnchen  e in en  re d u z ie re n d en  S toff, v e rm u tlic h  L ipo id  o d er red uzierenden  
Z u ck e r e n th a lte n .

ИССЛЕДОВАНИЕ ГРАНУЛИРОВАННЫХ КЛЕТОК ЮКСТАГЛОМЕРУЛЯРНОГО 
АППАРАТА. II. ГИСТОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ АМИНОКИСЛОТ

С. Г О М Б А , М. Ш О ЛТЕС, П. Э Н Д Е Ш

Авторы проводили гистохимическое исследование гранулированных клеток юкста- 
гломерулярного аппарата мышей и нашли, что зернышки содержат тирозин и относи
тельно большое количество триптофана. Предполагается, что они содержат также гисти
дин, но доказать это не удалось. Не удалось доказать и присутствия аминокислот с со
держанием серы; наличие аргинина также можно исключить. Результат реакции с ще
лочным тетразолом позволяет сделать вывод, что зернышки содержат восстановитель, 
которой, по всей вероятности, представляет из себя липоид или восстановительных 
сахар.
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