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N um erous m eth o d s are availab le  fo r th e  h istochem ical d e te c tio n  o f p ro 
te in s. Some o f th ese  a re  applied  fo r q u a n t i ta t iv e  d e te rm in a tio n s . A m ong 
o th e rs , th e  F a s t  G reen F C F  procedure o f  A l f e r t  and Ge s c h w i n d  (1953) and  
th e  N ap h th o l Y ellow  S -m ethod  of D e itc h  (1955) m ust be m en tio n ed . M ethods 
for q u a n ti ta t iv e  h istochem ical p ro te in  d e te rm in a tio n  on the basis o f  th e  arg i
n ine (McL e isii  e t  a l., 1957; Sa n d r i t t e r  an d  K r y g ie r , 1959), ty ro s in e  
(P o ll iste r  a n d  R is , 1947), and S H -g ro u p  c o n te n t (Ca f r u n y  e t  a l., 1955; 
S a n d r i t t e r  a n d  K r y g i e r , 1959) h av e  b een  w orked ou t by  sev e ra l a u th o rs . 
A tte m p ts  w ere also m ade a t  a d ap tin g  th e  te tra z o n iu m  reac tio n  to  q u a n t i ta t iv e  
purposes ( B e n e s  an d  Sa n d r it t e r , 1960). Som e o f these m ethods a re  su itab le  
for th e  d irec t q u a n ti ta t iv e  d e te rm in a tio n  o f  basic  pro te ins; som e o th e rs  m ay 
be reg a rd ed  as g enera l procedures for p ro te in  de tec tio n , being b a se d  on  reac
tions o f re a c tiv e  g roups of am ino acids in  th e  p ro te in  chain . I f  a n u m b e r of 
a lte rn a tiv e  m e th o d s  w ill be availab le  fo r th e  sam e purpose, we sh a ll h av e  a 
b e tte r  possib ility  to  ca rry  ou t q u a n ti ta t iv e  investig a tio n s of th e  p ro te in  con
s ti tu e n t  o f cells an d  cell com ponents. In  co m b in a tio n  w ith  th e  b lo ck ing  of 
special g roups and  by  th e  use of f ra c tio n a te d  ex trac tio n s, th e  q u a n ti ta t iv e  
d e te rm in a tio n  o f  th e  various co m p o n en ts  o f p ro teins will b eco m e possible.

In  view  o f th e  possib ilities d iscussed  ab o v e  a detailed  q u a n t i ta t iv e  s tu d y  
o f  th e  n in h y d rin -S ch iff and  a lloxan -S eh iff reac tions described  b y  Y asuma  
an d  I c h ik a w a  (1953) has been m ade. F ir s t ,  th e  specificity  o f th e  re a c tio n  was 
in v es tig a ted . In  fu r th e r  experim en ts th o se  cond itions and  re q u ire m e n ts  were 
s tu d ied  w hich  m u s t be fulfilled in q u a n t i ta t iv e  cy tochem ical in v e s tig a tio n s . 
T hese  are  th e  a b so rp tio n  properties of th e  re a c tio n  p ro d u c t, th e  r e la tio n  betw een  
lay er th ick n ess  an d  co lour in ten s ity , th e  v a lid ity  of B e e r-L a m b ert’s law , the 
re la tio n  o f re a c tio n  tim e  and  colour fo rm a tio n  a f te r  tre a tm e n t w ith  th e  Schiff 
reag en t. O n th e  basis o f th e  re su lts  o b ta in e d , the n in h y d rin -S ch iff reac tio n  
seem s to  be su ita b le  for q u a n tita tiv e  cy to ch em ica l studies.
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Materials  and m ethods

T h e  experim ents  were ca r r ied  o u t  w ith  nuc leated  r e d  b lo o d  cells and liver t issue ,  re sp ec  
t iv e ly .  A d u l t  Am blystom a m e x ica n u m  and  Pleurodeles iva ltlii  were  decap ita ted  an d  th e  b lo o d  
co llec ted  w a s  washed th ree  t im e s  w i th  saline w i th o u t  a d d in g  an ticoagulan ts .  S m ears  w e re  
t h e n  p r e p a r e d  and  dried a t  ro o m  te m p e ra tu re .

T h e  l iver  tissue of h e a l th y  a d u l t  white ra ts  (R a ttu s  norvegicus) was f rozen in  l iq u id  
a ir  a n d  f r e s h  frozen sections w ere  m a d e  from  i t  in a c r y o s t a t .  T he  thickness of th e  sec t ions  
v a r ie d  (cf.  experim en ta l  p a r t) .  B o t h  sm ears  and sections w ere  t r e a te d  w ith  10 per c en t  fo r m a l 
d e h y d e  fo r  20 minutes.  T he  p r e p a r a t io n s  were then  w ash e d  w i th  ru nn ing  water  for 20 m in u te s .

T h e  n in h y d r in  applied  w as  a 0.5 per cent so lu t ion  in  c o n ce n tra ted  alcohol. T h e  Sch iff  
r e a g e n t  w a s  p repared  accord ing  to  de  T o m a si (1936).

Q u a n t i t a t i v e  e s t im a t io n  w a s  m ad e  in a c y to p h o to m e te r  and a m ic ro d en s i to m ete r ,  
r e sp e c t iv e ly .  The  c y to p h o to m e te r  u se d  ( R a p p a y  et ah ,  1961; R a p p a y , 1962) was su i tab le  fo r  
p o i n t  m e a su re m e n ts  w i th in  t h e  l im i t  of  1 micron. W ith  a  m o n o ch ro m a to r  bu ilt  in ,  th e  i n s t r u 
m e n t  c o u ld  be  used for th e  p lo t t i n g  of absorption  curves .  T h e  e lectron-m ult ip lyer  a t t a c h e d  
(1 p  28 R C A )  ensured  the  su i tab le  sensi t iv i ty .  The liver slices were subjected  to d irec t  d e n s i to 
m e t r y  b y  th e  use of a Joyce ,  M ode l  M K  II I  В m ic ro d en s i to m ete r .

F u r t h e r  details  of th e  m e th o d s  applied are de sc r ibed  in the  experimental  p a r t .

Experim ents

I n  th e  firs t p a r t  o f th e  experim en ts  a q u a n t i ta t iv e  analysis of th e  spéci 
f ic i ty  o f  th e  reaction  w as c a rr ie d  o u t of th e  a p p ly in g  various b locking  p ro ce  
d u re s . T h e  resu lts of th e se  ex p e rim en ts  are su m m a riz e d  in  Table I .

Table I

Inhibition o f  the n in h yd r in -S c h iff reaction o f  A xo lo tl blood cells

Blocking,
Extraction Composition Tempera

ture Time Result

Contro l — +  20° C 16 hours +  +  +  Ч
M é th y la t io n 0.8 ml.  cc HC1 +  100 ml. m e th a n o l  

(B urs tone ,  1959) +  60° C 24 hours + +
A c e ty la t io n 15 ml.  ace tic  anhydride

85 ml.  p y r id in e  (Burstone, 1959) +  37° C 4 hours 0

D e a m in a t io n 10 ml. ace tic  acid 5 g. N a N 0 2 ad  
100 ml.  d e s t .  w a ter  (Burstone, 1959) +  4 °C 20 hours 0

E x t r a c t i o n  of DNA 5% tr ich loroace tic  acid (Alfert an d  
Geschwind,  1953) +  90° C 15 min. +  +  +  Ч

B lock ing  of 
a ld e h y d e  groups

10 g. H y d ro x y la m in e  HCl 
20 g. N a -a c e ta te
40 ml. des t .  w a te r  (Burstone, 1959) +  20° C 2 hours 0

I t  m a y  be seen th a t  no co lour reaction  w as o b ta in e d  a fte r d e a m in a tio n  
and  a c e ty la tio n . M é th y la tio n  o f  th e  carboxy l g ro u p s  resu lted  in  a decrease  of 
th e  in te n s i ty  of th e  re a c tio n  as com pared  to  th e  co n tro ls . S im ilarly , no co lo u r 
r e a c tio n  ap p ea red  if  th e  a ld e h y d e  groups l ib e ra te d  a f te r  ox idative  d e a m in a tio n  
w ith  n in h y d r in  had  been  b lo ck ed  w ith  h y d ro x y la m in e .
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In  a d d itio n  to  th e  b locking  reac tio n s, in  fu r th e r  stud ies the  d e o x y rib o 
nucle ic  ac ids w ere e x tra c te d  b y  t re a tm e n t w ith  5 per cent tr ic h lo ro a c e tic  
ac id  for 90 m in u te s  (A l f e r t  an d  G e s c h w i n d , 1953). A fter e x tra c tio n  th e  
co lo u r in te n s ity  of th e  p re p a ra tio n s  w as id e n tic a l w ith  th a t  of th e  co n tro l.

E

Tn th e  q u a n ti ta t iv e  s tu d ies  th e  a b so rp tio n  p ro p ertie s  of th e  p re p a ra tio n s  
w ere in v e s tig a te d . T he a b so rp tio n  cu rv e  o f P leurodeles red  b lood  cell nuclei 
m easu red  c y to p h o to m e tric a lly  is show n in F ig . 1. T he curve re p re se n ts  th e

F ig .  2 . R e la tio n  be tw een  d u ra tio n  of n in h y d rin  t r e a tm e n t  and  colour in te n s ity  in  red  b lood
cell nuclei

av erag e  o f  th e  a b so rp tio n  curves o f fiv e  d iffe ren t nuclei. The a b so rp tio n  m ax i
m um  is a t  560 m/i. All the  q u a n ti ta t iv e  m easu rem en ts  were ca rried  o u t  a t  th is  
w av e len g th .

F i g . 1. Absorption curve of the reaction product
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A fte r  th e  e s ta b lish e m e n t of th e  a b so rp tio n  cu rv e  th e  co rre la tio n  b e tw een  
th e  d u ra tio n  of o x id a tiv e  d eam in a tio n  w ith  n in h y d r in  and  th e  co lour in te n s ity  
w as s tu d ie d  in  sm ears an d  liv e r slices of eq u a l th ic k n e ss . The p re p a ra tio n s  w ere 
in c u b a te d  fo r 0 to  24 h o u rs  w ith  n in h y d rin  so lu tio n  an d  sam ples w ere an a ly sed  
c y to p h o to m e tr ic a lly  an d  d en sito m etrica lly  a f te r  1 ,2 ,  4, 8, 16, 18 an d  24 h o u rs .

F ig. 3. R e la t io n  be tw een  d u r a t io n  of n inhydr in  t r e a t m e n t  a n d  colour in ten s i ty  in  l ive r  slices

T he re su lts  o f these  ex p e rim en ts  are  show n in  F ig . 2. (Abscissa: re a c tio n  tim e  
in  h o u rs ;  o rd in a te : e x tin c tio n .)  I t  m ay  be seen t h a t  th e  colour in te n s ity  g rad- 
d u a lly  increased  an d  reach ed  a m ax im um  a t  8 h o u rs . T h erea fte r no change in  
co lour in te n s ity  was observed .

0300 -

0250-
* _____t__________________________________ i

0200 - 

0,150 - 

0.100- 

0,50 -

15 30 60 120

F ig. 4. R e la t io n  b e tw een  d u r a t io n  of t r e a tm e n t  w i th  Sch if f  reag en t  and  colour in te n s i ty  in
red  blood cell nucle i

T h e  b eh av io u r o f  liv er slices was in v e s tig a te d  u n d e r iden tica l co n d itio n s. 
T hese p re p a ra tio n s  w ere assayed  d e n s ito m e tric a lly  a fte r  tre a tm e n t w ith  n in 
h y d r in  fo r 2, 4, 10, 12, 16, 20 and  24 ho u rs . T h e  resu lts  are su m m arized  in 
F ig . 3. (A bscissa: d u ra tio n  o f tre a tm e n t in  h o u rs ; o rd in a te : colour in te n s ity .)  
T he t r e n d  o f th e  cu rve  is id en tica l w ith  th a t  fo u n d  w ith  red b lood cells.

I t  w as supposed  th a t  in ad d itio n  to  th e  d u ra tio n  o f n in h y d rin  tre a tm e n t ,  
th e  tim e  o f coupling w ith  th e  Schiff reag en t m ig h t also influence th e  co lour
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in te n s ity  o f th e  p re p a ra tio n s . T herefo re , a n u m b e r  of P leurodeles b lo o d  sm ears 
w ere t r e a te d  w ith  n in h y d rin  for 16 h o u rs  a n d  th e  incubation  w ith  th e  Schiff 
re a g e n t w as v a ried  from  0 to  120 m in u te s . T h e  results are show n  in  Fig. 4. 
(A bscissa: tim e  in  m in u te s ; o rd in a te : c y to p h o to m e tr ic  ex tin c tio n s .)  I t  is seen 
th a t  th e  colour in te n s ity  rem ained  th e  sa m e  from  15 to  120 m in u te s .

F ig . 5. R e la t ion  be tw een  layer  th ick n ess  a n d  colour intensi ty  in  l iver  slices

T h e re la tio n  betw een  slice th ick n ess  a n d  colour in ten s ity  w as s tu d ied  in  
liver slices. Sections 2, 4, 6, 8, 10, 16 a n d  20 fi th ick  were p re p a re d  in  the  
c ry o s ta t , tre a te d  fo r 16 hours w ith  n in h y d r in  and for 30 m in u te s  w ith  the  
Schiff reag en t, an d  th e n  sub jec ted  to  d e n s ito m e try . The re su lts  o b ta in e d  are 
su m m arized  in  F ig . 5. (A bscissa: th ic k n e ss  o f  sections in /t; o rd in a te :  colour 
in te n s ity ) . I t  is seen th a t  th e  co lour in te n s i ty  increased w ith  th e  th ickness 
o f til e sections.

D iscussion

T h e  m echan ism  of the  n in h y d rin -S c h iff  reaction  is w ell-know n . Due to 
th e  o x id a tiv e  d eam in a tio n  of a-am ino  ac id s , re la tiv e ly  stab le  a ld e h y d e  groups 
are  fo rm ed  a f te r  tre a tm e n t w ith  n in h y d r in  (Y asuma  and I c h i k a w a , 1953). 
T he a ld eh y d e  g roups reduce th e  leu co fu ch sin  of th e  Schiff re a g e n t an d  th u s  
a red  co lour re su lts . I t  has been su p p o sed  t h a t  th e  a-carboxyl g ro u p s  also p a r ti
c ip a te  in  th e  reac tio n  ( B u r s t o n e , 1955, 1959), an assum ption  su p p o rte d  by 
th e  p re se n t s tu d ies  as well. I t  has n am e ly  b een  found th a t th e  in te n s i ty  of the  
re a c tio n  is decreased  a fte r th e  b lo ck ing  (m éthy la tion ) of c a rb o x y l groups. 
T he sp ec ific ity  o f th e  reaction  has been  p ro v en  by  the b lo ck in g  p rocedures 
ap p lied  in the  p re se n t stud ies, and  b y  th e  e x tra c tio n  of d eo x y rib o n u c le ic  acids. 
B lock ing  of th e  co rrespond ing  am ino  g ro u p s  or th a t  of the  l ib e ra te d  aldehyde 
g roups ecpially in h ib its  th e  reac tio n .
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O n th e  basis o f th e  sp ec ific ity  and  te c h n ic a l s im p lic ity  of th e  re a c tio n , 
i t  seem ed  -worthwhile to  s tu d y  its  q u a n tita tiv e  p ro p e rtie s . The ap p lic a tio n  o f  
a p ro te in  re a c tio n  in  w hich th e  co lour fo rm atio n  is ev o k ed  b y  the  Schiff re a g e n t  
o ffered  d is t in c t  ad v an tag es, as th e  am o u n t of d eo xyribonuc le ic  acid (F e u lg e n  
re a c tio n )  a n d  p ro te in s  (n in h y d rin -S ch iff reac tio n ) can  be estim a ted  u n d e r  
id e n tic a l co n d itio n s . F irs t of a ll, th e  id e n tity  o f  a b so rp tio n  m axim a g iv en  b y  
th e  n in h y d rin -S c h iff  an d  F eu lg en  reac tions sh o u ld  be  stressed.

R e a c tio n s  used in q u a n t i ta t iv e  c y to ch em is try , in  add ition  to  th e ir  sp e 
c if ic ity , m u s t  u n d e r given sto ich io m etric  co n d itio n s follow  the  B e e r -L a m b e r t  
law , w h ic h  m eans th a t  th e  e x tin c tio n  m easured  m u s t  he p roportional to  th e  
in crease  in  la y e r  th ickness. T his d ire c t p ro p o rtio n a lity  h as  been clearly e s ta b lis h 
ed in  o u r  s tu d ie s  on liver slices. In  ad d itio n , i t  h a d  to  be tak en  in to  a c c o u n t 
th a t  th e  re a c tio n  is n o t im m e d ia te ly  com plete , th e  d eam ina tion  w ith  n in - 
h y d rin  a n d  th e  coupling of a ld eh y d e  groups w ith  fu ch sin  takes a ce rta in  t im e . 
T he re s u lts  p resen ted  in d ica te  th a t  the  o p tim al d u ra t io n  o f tre a tm e n t a m o u n ts  
to  14 h o u rs  an d  th a t  o f th e  s ta in in g  to  15 m in u te s . S ubsequen tly  th e  co lo u r 
in te n s i ty  d id  n o t change, a t le a s t n o t in th e  m a te r ia l used  in our e x p e rim e n ts .

T h e  q u a n ti ta t iv e  m easu rem en ts  were r e p e a te d  w ith  the sam e e x p e r i
m en ta l m a te r ia l  several tim es. T he com parison  o f  th e  resu lts  of co n secu tiv e  
e x p e r im e n ts  in d ica ted  a good rep ro d u c ib ility .

W e  a re  in d e b te d  to F .  C s e m n i c z k y  and  S. C z i e g l e r  fo r  va luab le  help in th e  e x p e r i 
m ents .

Sum m ary

T h e  n in h y d r in -S ch if f  reac t ion  h as  been  subjected  to  q u a n t i t a t i v e  cytochemical s tu d ie s  
in a m p h ib i a n  re d  blood cells and  m a m m a l i a n  liver tissue. T h e  reac t io n  has been fo u n d  to  he 
specific, well  rep roduc ib le  and  to follow the  B eer-L am ber t  law . I t  is thus  th ough t  su i tab le  for 
the  q u a n t i t a t i v e  s tu d y  of a-am ino  acids.
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Q U A N T IT A T IV E  Z Y 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  N I N H Y D R I N - S C H I F F ’SC11EN R E A K T I O N

GY. RAPPAY und I. TÖRK

Es w urden  q u a n t i t a t i v e  U n te rsu ch u n g e n  der N inhydrin -Sch iff’sch en  R e a k t io n  am  B lu t 
gewebe von A m phib ien  u n d  am  Lebergew ebe  v o n  Säugetieren d u rc h g e fü h r t .  E s  wurde fest
gestell t ,  d aß  die R e a k t io n  spezif isch u n d  re p ro d u z ie rb a r  ist,  dem  B e e r - L a m b e r t ’schen Gesetz 
folgt u n d  somit fü r  die q u a n t i t a t i v e  U n te rsu ch u n g  der a -A m in o säu ren  gee ignet  ist.

КОЛИЧЕСТВЕННОЕ ЦИТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ РЕАКЦИИ
НИНГИДРИН-ШИФФА

Д Ь .  Р А П П А И  и Й. Т Ё Р Н

Проводилось цитохимическое исследование реакции нингидрин-Шиффа в крови 
земноводных и в печеночной ткани млекопитающих. Было установлено, что реакция 
является специфической, репродуцируемой, следует закону Беер—Ламберта и, следо
вательно, пригодна для количественного исследования а-аминокислот.

D r. G yörgy  R a p p a y  I 
Is tv á n  T ö r k

B u d a p e s t IX ., T űzo ltó  u. 58. H u n g a ry

4 Acta Morphologicu XII/1.
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