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S T U D I O R U M  P R O G R E S S U S  

[ S u b s t a n t i v i t y  a n d  o t h e r  F a c t o r s  R e s p o n s i b l e  

f o r  F o r m a z a n  P a t t e r n s  

i n  D e h y d r o g e n a s e  H i s t o c h e m i s t r y  

Introduction. The  super ior i ty  of some newer t e t r azo l ium 
salts  for the  v isual isa t ion  of reduc tase  a c t i v i t y  a t  the  
cel lular  level is due ma in ly  to  two factors.  First ,  a rela- 
t i ve ly  high reduc t ion  po ten t i a l  of t h e  te t razo le  and 
secondly,  t he  p rope r ty  of forming  dense, insoluble,  non-  
crys ta l l ine  fo rmazan  p i g m e n t s L  The  lo'calisation of for- 
mazan  in t issue sections,  and the  possibi l i ty  of s ta ining 
enzymica l ly  ac t ive  in t racel lu lar  organelles, h a s  been 
assumed t o  depend on cer ta in  proper t ies  of the  final  
p igment ,  name ly  insolubi l i ty  and binding to proteins.  The  
l a t t e r  q ua l i t y  has  been descr ibed as subs t an t i v i t y  for 
protein .  V¢ith t he  except ion  of a repor t  by  X~VATTENBERG 2, 
no fu r ther  reference has  been made  to b inding  capaci t ies  
of t e t r azo l ium compounds  to tissue cons t i tuents  and the  
possibi l i ty  t h a t  p igment  d is t r ibu t ion  m a y  depend on 
adsorp t ion  of the  dye-precursor  (indicator) seems largely 
to  h a v e  been neglected.  

W i t h  this  fac tor  in mind  we examined  the  subs t an t ive  
proper t ies  of a n u m b e r  of mono-  and di- te t razoles  and 
were able to demons t ra t e  a s t rongly  enhanced  adsorpt ion,  
par t icu la r ly  to l ipoprote in  s t ructures ,  of compounds  
bear ing polar  groupings a t  t he  2-position. I t  appeared  
possible t h a t  th is  p r o p e r t y  could  de te rmine  the  in t ra -  
cel lular  d i s t r ibu t ion  of enzymica l ly  p roduced  fo rmazan  
p igment .  

Materials and Methods. Fresh  frozen sections, 2 ~ in 
thickness,  cu t  on a c ryos ta t  and 3 ~ frozen sections f rom 
tissue f ixed for 16 h a t  4 ° in formol-calc ium were incuba ted  
for va r ious  per iods of t i m e  a t  20 ° in solut ions of t e t ra -  
zol ium sal t  in buffer  con ta in ing  0.1 mg  sal t  per  ml.  Af te r  
incubat ion,  the  sect ions were washed  in three  changes of 
buffer  and disti l led wa te r  for 30 min  and immersed  for 
2 min  in 0.12 M sodium ca rbona te  solut ion conta in ing  
0. t  M ascorbic acid (pH 8.5). The  influence of p H  on 
te t razole  adsorp t ion  and e lut ion was tes ted  using 0.1 M 
a c e t a t e b u f f e r  p H  2-5.5;  0.06 M phospha te  buffer  p H  5-8 ;  
0.2 M bora te  buffer  p H  7.5-9. The  following t e t r azo l ium 
salts were tes ted  : (Tab. I and  II) .  

In  order  to achieve enzymic  reduc t ion  of te t razole ,  
N i t ro -BT  (XI I I )  and  M T T  (I) were incorpora ted  in media  
and  used for t he  demons t r a t ion  of reduced  d iphosphoyr i -  
d ine  nucleot ide  ( D P N H ) - t e t r a z o l i u m  reduc tase  and 
lac ta te  dehydrogenase  in formal in  fixed 8 or  c ryos ta t  
sections 4.5. The  l a t t e r  were also s ta ined for succinate  
dehydrogenase  and f l -hydroxybu ty ra te  dehydrogenase  
ac t i v i t y  using MTT-Co ~ or  N i t r o - B T  4. Bound  te t razo le  
a f te r  p r e - t r e a t m e n t  of  sect ions wi th  N i t r o - B T  was reduced 
enzymica l ly  according to  WATTEN~RG 2. 

E x p e r i m e n t s  s imilar  to  those  per formed on tissue 
sections were carr ied ou t  on samples  of ra t  l iver  micro-  
somes prepared  according to POPJA, K et  al. 7, and on r a t  
l iver  mi tochondr i a  prepared  in 0.35 M sucrose s. Bo th  
microsomes and  mi tochondr i a  were  used in suspension 
and as smear  preparat ions .  

Samples  of purif ied lipid fract ions and proteins,  ad-  
sorbed to  fi l ter paper  (Wha tman  No. 1), to cellulose ace ta te  
membranes ,  or  affixed on glass slides, were t r ea ted  wi th  
t e t r azo l ium solut ion and af ter  washing  sub jec ted  to  
a lkal ine reduct ion.  The  following substances  were  t e s t ed :  
g lyceryl  t r iolate ,  diolein, triolein, g lyceryl  t r i s teara te ,  
phosphory l  chol ine chloride, lecithin, cephalin,  ganglioside, 
cerebroside,  sphingomyel in ,  cholesterol  s tearate ,  2-methyl-  
3-phytyl-1 : 4 -naph thoqu inone  (v i tamin  K1), 2-methyl-1 : 4- 

n a p h t h o q u i n o n e  (v i t amin  K,)  , 2 -methyl -3-hydroxy-1  : 4- 
naph thoqu inone  (phthicocol),  se rum albumin,  y-globul in 
(bovine), ova lbumin .  

Results. Mild alkal ine reduc t ion  p roduced  fo rmazan  
stailfing of t issue sections,  isolated mi tochondr i a  and 
microsomes  which  had  been pre - t rea ted  wi th  a n y  one of  
the  d i te t razoles  l isted above.  The  mos t  in tense  s ta in ing  
was obta ined  wi th  N i t ro -BT  and i ts  non-crys ta l l ine  
fo rmazan  p igmen t  revea led  in t racel lu lar  s t ruc tures  
dis t inct ly .  Similar  s ta ining was achieved by  alkaline 
reduc t ion  of t issue sections p re - t rea ted  w i t h  the  mono-  
t e t r azo l i um salts  I N T  (III) ,  M and B 1762 A (VII) and 
1767 (IV). The  o the r  monote t razo les  tes ted  (I, I I ,  V, VI ,  
V I I I ,  IX ,  X) were no t  bound  by  tissue s t ruc tures  and no 
s ta in ing was ob ta ined  when  the  washed sections were 
placed in the  reducing  solution.  The  adsorp t ion  of Ni t ro-  
B T  was a rap id  process. At  p H  7, this  t e t r azo l ium sal t  was 
re ta ined  by  l ipoprote in  s t ruc tures  a f te r  5 sec t r e a tmen t ,  
and  af te r  90 sec t r e a t m e n t  dense s ta in ing  of in t racel lu lar  
s t ruc tures  was ob ta ined  upon  subsequent  reduct ion.  In-  
cuba t ion  for 3 rain resul ted in m a x i m u m  adsorp t ion  of 
tetrazole.  Subs tan t ive  mono-  and di- te t razoles  were bound  
to  t issue componen t s  a t  neu t ra l  and alkal ine p H ;  below 
p H  5, adsorp t ion  d id  no t  occur.  Adsorbed  te t razo le  was 
e lu ted  by  acidic  buffer  solutions.  In  con t r a s t  to t issue 
sections, purif ied lipids adsorbed te t razole  wi th in  t he  acid 
range.  

Formal in  f ixat ion of t issue increased, the  b inding  of 
subs t an t ive  tetrazoles ,  especial ly  Ni t ro -B] ' ,  and  lipo- 
p ro te in  s t ruc tures  became  d is t inc t ly  out l ined  on deve lop-  
m e n t  of  the  Io rmazan  p igment .  I n  ra t  k idney  tubu la r  
cells, for example ,  t he  mi tochondr ia l  pa t t e rn  was revealed 
clear ly  (Fig. 1). Infoldings  of t he  basal  cell membranes  9 
were heav i ly  s ta ined and could be dis t inguished f rom the  
mi tochondr i a  b y  the i r  looplike a r r a n g e m e n t  (Fig. 2). 
Nuc lea r  m e m b r a n e s  were  out l ined and  red  cell envelopes  
i r regular ly  s ta ined af te r  te t razote  t r e a t m e n t  for longer  
t h a n  90 sec. The  s ta in ing pa t t e rn  ob ta ined  by  enzymic  
reduc t ion  of N i t r o - B T  using, for example ,  D P N H  as a 
subs t ra te  was v e r y  s imilar  to  t h a t  ob ta ined  on non-  
enzymic  reduct ion  of adsorbed N i t r o - B T  (Fig. 3). 

Non-subs tan t ive  and some subs t an t ive  t e t r azo l ium 
salts, a f ter  r educ t ion  by  t issue enzyme  systems,  give rise 
to pa r t i cu la te  formazans.  In  mos t  cases these  are easi ly 
recognisable  as crystals .  An  excep t ion  is MTT-Co where  
the  par t i cu la te  end p roduc t  is a round  deposi t  of me ta l  
fo rmazan  of high densi ty ,  which  bears  no resemblance  to  
t h e  easi ly p roduced  crysta ls  of this  complex .  The  par t icu-  
la te  p igmen t  is d i s t r ibu ted  a t  regular  in te rva l s  a long 
ac t ive  mi tochondr ia ,  y ie ld ing a dot- l ike or  (under  favour-  
able conditions) a spiral-l ike pa t t e rn  x0. This  pa t t e rn  is 
preserved  in formal in-f ixed t issue (Fig. 4). E n z y m i c  
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Tab. I. Monotetrazolium salts R-C~ ~N-R'  
I__~1+ . X-  

N - -  N - R  

Compound 

I M T T  b 

i I  5 - M T T  ~ 

I I I  INTo 
IV M a n d  B 1767 d 

V M a n d  B 1689A e 
VI  M a n d  B 17950 

V I I  M arid B 1762A e 
V I I I  B C T  t 

I X  g 
X T T C  h 

R 

C6H~ 

CsH~ 

CoH~ 
C6H~ 
C~H5 
p-HOCoH ~ 
C6H5 
C6H5 
¢~H~ 
CoH ~ 

R '  

C6H~ 

C6H~ 

p-I-C~H, 
C~H~ 
C6H~ 
C~H~ 
CaHn 
C~HaNS 
C~H~NS 
C~H~ 

R" 

CH s N 

S 

S 

p-NO~-C6H , 
p - C s H s C H  = CHCeH 4 
p-CsHGN = NC6H 4 
p-C6HsN = NC6H 4 
~¢-p-C6HsN = NCloH 8 
H O O C C ,  H ,  
p-NO2-CeH,  
Cell6 

X -  

Br  

Br  

CI 
CI 
I 
C1 
I 

Br  
CI 

Substant-  
ivity a 

++ 
+ 

0 
0 

++ 

0 
0 
0 

a Substant ivi ty  for fresh frozen or formalin fixed sections. 
Conditions see text.  
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Tab. II. Ditetrazolium salts 

N 2 X -  N 

.~  "~ R,_./N2 %" R - C  s 2 N - R '  s C - R  

N-- N+--\ / - - ~  ] - - - + N  =N 

2----' 
Y Y 

t Substant-  Compound R R" Y X -  ivity a 

XI B T i  
X l I  N T  k 
X I I I  N i t r o - B T  1 

X I V  T e t r a n i t r o  B T  1 
XVg 

C6Hs 
C~H5 
C6H5 
p - N O f C 6 H  4 
C6H5 

CsHs 
C6H 6 
p-NO~-CoH 4 
p-NOs-CeH 4 
CTH,NS 

0CH~ 

0CH a 
OCH a 
OCH 3 

Cl 
Cl 
CI 
Cl 
Cl 

+ 
+ 

++4 + 
++ 
+ 

a Substant ivi ty  for fresh frozen or formalin fixed sections, 
Conditions see text.  
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f o r m a t i o n  o f  m e t a l - f o r m a z a n  p a r t i c l e s  is  n o t  c o n f i n e d  t o  
s t r u c t u r a l l y  i n t a c t  m i t o c h o n d r i a  b u t  o c c u r s  a l s o  w i t h  s u b -  
m i t o c h o n d r i a l  f r a g m e n t s  n a n d ,  i n  t h e  c a s e  o I  m i c r o s o m a l  
e n z y m e s ,  w i t h  a g g l u t i n a t e d  m i c r o s o m a l  p a r t i c l e s .  F ig .  5 
s h o w s  t h e  p a r t i c u l a t e  f o r m a z a n  p a t t e r n  o f  M T T - C o  
p r o d u c e d  b y  m i c r o s o m a l  D P N H - t e t r a z o l i u m  r e d u c t a s e  
a c t i v i t y  o f  a s m e a r  p r e p a r a t i o n  o f  r a t  l i v e r  m i c r o s o m e s .  
A s i m i l a r  p a t t e r n  w a s  o b t a i n e d  w i t h  r e d u c e d  t r i p h o s p h o -  
p y r i d i n e  n u e l e o t i d e  a s  a s u b s t r a t e .  M i c r o s o m a l  s m e a r s  
w e r e  s t a i n e d  a s  a s t r u c t u r e l e s s  l a y e r  b y  N i t r o - B T  r e g a r d -  
l e s s  o f  w h e t h e r  t h e  d i f o r m a z a n  w a s  p r o d u c e d  e n z y m i c a l l y  
o r  n o n - e n z y m i c a l l y  (F ig .  6). W h e n  u s i n g  M T T  m e t h o d s  
f o r  t h e  d e m o n s t r a t i o n  o f  s t r i c t l y  m i t o c h o n d r i a l  e n z y m e s ,  
a s  s u c c i n a t e  *s, f l - h y d r o x y b u t y r a t O  3 o r  x - g l y c e r o p h o s p h a t e  
d e h y d r o g e n a s O  4, a c t i v e  s i t e s  a r e  m o s t  n u m e r o u s  i n  ee l -  

l u l a r  a r e a s  w h e r e  t h e  m i t o c h o n d r i a  a r e  n u m e r o u s .  I n  t h e  
e p i t h e l i a  o f  r a t  e p i d i d y m i s  a n d  v a s  d e f e r e n s ,  fo r  e x a m p l e ,  
r e a c t i o n s  fo r  t h e s e  e n z y m e s  w e r e  r e s t r i c t e d  t o  t h e  l u m i n a l  
p o r t i o n  o f  t h e  ceils .  T h i s  r e g i o n  c a n  b e  s h o w n  t o  c o n t a i n  
m o s t  o f  t h e  m i t o c h o n d r i a  is (Fig .  7 -9 ) .  C l e a r  d i s t i n c t i o n  

n A. G. E. PEARSE, D. G. SCARPELLI, and R. HEss, J.  biophys, bio- 
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Fig. 1. 3 [.t frozen sections of proximal tubule of rat kidney. Staining 
of both membranous and mitochondrial structures by diformazan 
produced by alcaline reduction of substantive Nitro-BT. × 2450. 
Fig. 2. Same section as Figure 1. Non-enzymic formazan staining 

of infoldings of cytoplasmic membrane. Distal tubule × 2450. 
Fig. 3. Serial section to Figure 1. Enzymic reduction of Nitro-BT 
by DPNH-diaphorase reaction results in a staining pattern very 
similar to that obtained on reduction of adsorbed ditetrazole by 

ascorbate. × 2450. 
Fig. 4. DPNH-diaphorase reaction on cells of proximal tubule from 
formalin-fixed rat kidney using MTT-Cobalt as electron acceptor. 
Particulate metal-formazan is deposited in mitochondrial areas. 

x 2450. 
Fig. 5. Particulate monoformazan obtained by incubating rat liver 
microsomes in a medium containing MTT, Co ++ and DPNH as a 

substrate. × 1000. 
Fig. 6. Diffuse enzymic staining of microsomal aggregates by Nitro- 

blue formazan. DPNH-diaphorase reaction. × 1000. 
Fig. 7. Epithelia of rat vas deferens, c~-glycerophosphate dehydro- 
genase reaction using a 3frT-Co method, 5 rain incubation. Particu- 
late formazan is deposited in mitocbondria-rich portions facing the 

lumen. 2 [z cryostat section. × 1000. 
Fig. 8. Serial section to Figure 7. Demonstration of fl-hydroxy- 
butyrate dehydrogenase activity in luminal parts of vas deferens 
epithelia and in mitochondrial equivalents composing the midpiece 

of spermatozoa. × 1000. 
Fig. 9. DPNH-diaphorase reaction. Metal formazan is distributed 
throughout the vas deferens cells due to the joint activities of both 
mitochondrial and microsomal structures. The latter are mainly 

confined to the basal portions of the cells. × 1000. 

b e t w e e n  l u m i n a l  a n d  b a s a l  reg ions  was  o b t a i n e d  o n l y  
w h e n  M T T  was  used  as  e l ec t ron  accep tor .  T h e  s u b s t a n t i v e  
N i t r o - B T  p r o d u c e d  a u n i f o r m  s t a i n i n g  of t h e  whole  cell  
w i t h  f o r m a z a n  a n d  a f t e r  i n c u b a t i o n  for  more  t h a n  15 m i n  
de ta i l  was  lost  due  to  c rys t a l l i s a t i on  a long  n u m e r o u s  f a t  
vacuo les  (Fig. 10, 11). W i t h  D P N H  as a s u b s t r a t e ,  p a r t i c u -  
l a te  MTT-Co f o r m a z a n  was  depos i t ed  t h r o u g h o u t  t h e  
cells. Th i s  a p p e a r a n c e  is cons ide red  to  be  due  to  a pa r t i c i -  
p a t i o n  of b o t h  m i t o c h o n d r i a l  a n d  m i c r o s o m a l  t e t r a z o l i u m  
r e d u c t a s e  ac t i v i t y .  

I n  o rde r  t o  exc lude  t h e  poss ib i l i ty  t h a t  t h e  d i s t r i b u t i o n  
p a t t e r n  of r e d u c t a s e  a c t i v i t y  o b s e r v e d  is pecu l i a r  to  t e t r a -  
zole as  f ina l  e l ec t ron  accep tor ,  c r y o s t a t  sec t ions  of v a s  
defe rens  were  i n c u b a t e d  in  m e d i a  c o n t a i n i n g  d e h y d r o -  
genase  s u b s t r a t e  a n d  J a n u s  Green  B as  ind ica to r .  Media  
for  t h e  d e m o n s t r a t i o n  of succ ina te ,  ~ - g l y c e r o p h o s p h a t e  
a n d  D P N H  r e d u c t a s e  a c t i v i t y  were  p r e p a r e d  as a modif i -  
ca t ion  of t h e  m e t h o d  of COOPERSTEIN, DIXlT a n d  LA- 
ZAROW le. T h e  r e d u c t i o n  of J a n u s  Green  B to  i t s  leuco 
d e r i v a t i v e  in  v a s  defe rens  ep i the l i a  closely fol lowed t h e  
p a t t e r n  desc r ibed  a b o v e  for M T T - r e d u c t a s e  ac t iv i ty .  Th i s  
r e su l t  does  n o t  s u p p o r t  t h e  v iew t h a t ,  in  t i ssue  sect ions ,  
J a n u s  G r e e n  ][3 can  be  used to  d i s t i n g u i s h  m i t o c h o n d r i a  
f rom mic rosomes  X6. 

L i p o p r o t e i n  s t r u c t u r e s  devo id  of m i t o c h o n d r i a l  m a t r i x  
b u t  i n t i m a t e l y  a s soc ia t ed  w i t h  m i t o c h o n d r i a  b e c a m e  uni-  
f o r m l y  s t a i ned  in fo rma l in - f ixed  or  c r y o s t a t  sec t ions  in-  
c u b a t e d  in m e d i a  c o n t a i n i n g  N i t r o - B T  for  d e m o n s t r a t i n g  
d e h y d r o g e n a s e  ac t i v i t y .  E x a m p l e s  of such  s t r u c t u r e s  a re :  
P r o t e i n  a b s o r p t i o n  d rop le t s  in  t h e  n e p h r o n  (Fig. 12, 13), 
m o t o r - e n d  p l a t e s  on  e n z y m i c a l l y  a c t i v e  musc le  f ibres  a n d  
m y e l i n a t e d  n e r v e  f ibres  in  v o l u n t a r y  musc le  (Fig. 14). 
R e a c t i o n s  for  t h e  m i t o c h o n d r i a l  e n z y m e s  succ ina te  de-  
h y d r o g e n a s e  a n d  f l - h y d r o x y b u t y r a t e  d e h y d r o g e n a s e  were  
c a p a b l e  of s t a i n i n g  s u c h  s t r uc t u r e s ,  a l t h o u g h  to  a lesser 
degree  t h a n  r e a c t i o n s  for  p a r t i a l l y  so luble  e n z y m e s  as, for  
i n s t ance ,  l a c t a t e  d e h y d r o g e n a s e .  N u c l e a r  m e m b r a n e s  
r equ i r ed  a n  i n c u b a t i o n  t i m e  longer  t h a n  30 ra in  to  b e c o m e  
e n z y m i c a l l y  s t a ined .  S t r o n g  enzym i c  a n d  n o n - e n z y m i c  
s t a i n i n g  w i t h  N i t r o - B T  of c y t o p l a s m  a n d  dentafitic f ibres  
was  o b t a i n e d  w i t h  t he  l ip id  r ich  c e n t r a l  n e r v o u s  s y s t e m  
(Fig. 15). 

Due  to  t he  effect  of f reezing a n d  t h a w i n g ,  f r a g m e n t a t i o n  
of m i t o c h o n d r i a  a n d  m e m b r a n e  s t r u c t u r e  was a p p a r e n t  in 
t h i n  c r y o s t a t  sec t ions  s t a i n e d  w i t h  d i f o r m a z a n  of Ni t ro -  
B T  (Fig. 16). Gross  m i t o c h o n d r i a l  s t r u c t u r e  was p r e s e r v e d  
a n d  well  d e m o n s t r a t e d  in  para l le l  sec t ions  w h i c h  were  
p o s t c h r o m e d  b y  t h e  m e t h o d  of ELFTMAN 17 a n d  s t a i ned  
for p h o s p h o l i p i d s  w i t h  L u x o l  fas t  b lue ,  S u d a n  b l a c k  or  
So loch rome  c y a n i n e  R (Fig. 17). 

B i n d i n g  of N i t r o - B T  a n d  o t h e r  d i t e t r azo les  to  b o t h  
fo rma l in - f ixed  a n d  f r o z e n - t h a w e d  sect ions ,  was  r educed  
b y  c h r o m i u m  m o r d a n t i n g  a t  60 °17 or  b y  o x i d a t i o n  w i t h  
K M n O  4. C r y o s t a t  sect ions ,  pos t f ixed  in fo rma l in  a n d  sub-  
s e q u e n t l y  t r e a t e d  w i t h  N i t r o - B T ,  revea led  a g lobu la r  
s t a in ing  p a t t e r n  on  r e d u c t i o n  a n d  loss of m i t o c h o n d r i a l  
deta i l .  A d s o r p t i o n  of N i t r o - B T  to  l ipid s t r u c t u r e s  was 
abo l i shed  b y  t he  p resence  of p o l y v i n y l p y r r o l i d o n e  (PVP)  
7 .5%,  d e x t r a n  6 % ,  or  me thy lce t lu lose  7 .5% in t h e  me-  
d ium,  p r e s u m a b l y  b y  c o m p e t i t i v e  i n t e r a c t i o n  of t he se  
subs tances .  Sucrose  (0.88 M)  s lowed d o w n  b i n d i n g  to  
l ipids,  w i t h o u t  v i s ib ly  a l t e r i n g  t h e  s u b s t a n t i v e  p rope r t i e s  
of te t razoles .  

W i t h  t he  excep t ion  of g lycery l  t r i s t e a r a t e ,  all t h e  l ipid 
f r ac t ions  t e s t ed  were c a p a b l e  of b i n d i n g  N i t r o - B T ,  l ec i th in  
b e i n g  m o s t  ac t ive .  Less  po l a r  d i t e t r azo le s  c o m b i n e d  
weakly ,  a n d  n o n - s u b s t a n t i v e  m o n o t e t r a z o l e s  were no t  
adso rbed .  Ph th ioco l ,  a b o v e  p H  6.5, fo rmed  wa te r - so lub le  
red  complexes  w i t h  all  t h e  t e t r azo l e s  e x a m i n e d .  Of t he  
c rys t a l l i ne  p ro t e in s  tes ted ,  on ly  y -g lobu l in  b o u n d  Ni t ro -  
B T  to  a s l igh t  degree.  U n d e r  t h e  c o n d i t i o n s  used,  N i t r o - B T  
a n d  o t h e r  d i t e t r azo l e s  were  a d s o r b e d  w e a k l y  to  s u p p o r t i n g  
cellulose, or  cel lulose ace ta te .  

Discussion. A s u r v e y  of a l imi ted  n u m b e r  of t e t r a z o l i u m  
sa l t s  ha s  s h o w n  t h a t  p re fe ren t i a l  a d s o r p t i o n  of t e t r azo l e  
b y  l i p o p r o t e i n - c o n t a i n i n g  cell s t r u c t u r e s  m a y  be  r e l a t ed  to  
a) t h e  p l a n a r  d i t e t r azo l e  molecule  c o n t a i n i n g  t h e  sub-  
s t i t u t e d  benz id ine  nuc leus  a n d  b)_ to po la r  g roup ings  
a t t a c h e d  to  t h e  2-pos i t ion  of t he  t e t r azo le  r ing.  T h e  f i rs t  
p r o p e r t y  p u t s  d i t e t r azo les  ( and  also m o n o t e t r a z o l e s  bear -  
ing large  b e n z e n e a z o - s u b s t i t u e n t s  in  t he  3-posi t ion)  in a 
g r o u p  of s u b s t a n t i v e  c o m p o u n d s  r e l a t ed  to  d i r ec t  dyes  for  
cel lulose is of t h e  genera l  t y p e  : R 1 -  N : N - - X - -  N : N--  R 2. 
S u b s t a n t i v i t y  for  l ipopro te in ,  howeve r ,  s eems  m a i n l y  to  
be  confe r red  on  t h e  molecu le  b y  t h e  second  m e n t i o n e d  
factor .  Th i s  would  exp l a in  t he  s u b s t a n t i v e  p rope r t i e s  of 
t h e  m o n o t e t r a z o l e  INT .  S u b s t a n t i v i t y  is g rea t ly  e n h a n c e d  
b y  a c o m b i n a t i o n  of a) a n d  b) as is t he  case w i th  Ni t ro -BT.  
C o m p e t i n g  e l ec t ro -nega t ive  g roups  in pos i t ion  5 a p p a r e n t l y  
a re  c a p a b l e  of i n h i b i t i n g  t he  effect  of s imi la r  groups  in t he  
2 -pos i t ion ;  t e t r a - N i t r o - B T  is less s u b s t a n t i v e  t h a n  Ni t ro -  
BT.  T h e  b i n d i n g  of t h e  t e t razo les  to  t issue s t r u c t u r e s  
seems  to  be  due  to  weak  e lec t ros ta t i c  forces, as a d s o r p t i o n  
is r ead i ly  r eve r sed  b y  changes  in pH.  I t  is l ikely t h a t  t h e  
e f fec t ive  2 - p - n i t r o p h e n y t  rad ica l  is p r e sen t  as  p seudo-ac id  
s ince  i t  i n t e r a c t s  w i t h  t i ssue  a t  n e u t r a l  or  a lka l ine  pH .  

T h e  t e r m  ' s u b s t a n t i v i t y '  shou ld  be  used o n l y  in a b r o a d  
sense  w i t h  reference  to  h i s t ochemica l  sys tems .  I n  dye  
chemis t ry ,  s u b s t a n t i v i t y  is def ined as t he  p r o p e r t y  of a 
c o m p o u n d  to  become  a d s o r b e d  b y  a f ib rous  s u b s t r a t e  f rom 
a solution×% and ,  q u a n t i t a t i v e l y ,  is d e t e r m i n e d  as ad -  
so rbab i l i t y  m i n u s  d e s o r b a b i l i t y  s0. 

16 S. J. COOPERSTEIN, P. K. DIXIT, and A. LAZAROW, Anat. Rec. 138, 
49 (1960). 

x7 H. ELFTMAN, J. Histochem. Cytochem. 2, I (1954). 
la T. VICKERSTAFF, The Physical Chemistry o/ Dyeing, 2nd Ed. 

(Oliver & Boyd, London 1954). 
10 j .  WEGMANN, Textil-Rundschau 1959, No. 11. 
to p. RUGGLI, J. Soc. Dyers & Col. Jubilee Vol. 1934, p. 77. 
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Fig. 10. Same reaction as Figure 7, but with Nitro-BT as an electron 
acceptor. Diffuse staining of cytoplasm, except fat vacuoles. Note 

staining of basement membrane. X 1~250. 
Fig. I 1. fl-Hydroxybutyrate dehydrogenase reaction using Nitro-BT. 
Incubation for 30 rain results in crystallisation of uniformly deposited 

diformazan, mainly in the vicinity of fat vacuoles. × 1000. 
Fig. 12. Formazan staining of protein absorption droplets in prox- 
imal tubular cells of rat kidney (18 h after intraperitoneal injection 
of ovalbumin). DPNH-diaphorase reaction On formalin-fixed tissue, 

using Nitro-BT. × 3000. 
Fig. 13. Serial section to Figure 12. In contrast to other cytoplasmic 
sites, protein droplets are not stained by DPNH-diaphorase reaction 

when MTT-Co is used as an electron-acceptor, x 3000. 
Fig. 14. Strong non-enzymic staining of myetinated nerve in rat 

pelvic muscle by reduction of adsorbed Nitro-BT. x 380. 
Fig. 15. Diformazan staining of ganglionic cell and neuropil by non- 
enzymic reduction of adsorbed Nitro-BT. Formalin-fixed section of 

rat cerebral cortex. × 380. 
Fig. 16. Diformazan staining of fragmented mitochondrial and 
membrane structures in a 2 [x cryostat section. Non-enzymic reduction 

of adsorbed Nitro-BT. × 2450. 
Fig. 17. Serial section to Figure 16. Filamentous mitochondrial 
structures stained by Solochrome Cyanine R after postehroming by 

the Elftman procedure, x 2450. 

Model  e x p e r i m e n t s  w i th  var ious  lipid f rac t ions  po in t  to  
a m u l t i t u d e  of t issue c o m p o n e n t s  which  m a y  be responsib le  
for adso rb ing  te t razo le  and  it seems diff icul t  to  ascr ibe  
th i s  p r o p e r t y  to  a single chemica l  s t ruc ture .  I t  m a y  be 
s igni f icant  t h a t  all l ipids which  were  shown  to  be capab le  
of b ind ing  N i t ro -B T  con ta in  u n s a t u r a t e d  radicals .  The  
compos i t ion  of m i tochondr i a l  l ipids is complex .  E x t r a c t s  
of l iver  m i t o c h o n d r i a  for ins tance ,  con ta in  cholesterol ,  
sph ingomye l in ,  lec i th in  and  cepha l in  bes ides  a large, un-  
d e t e r m i n e d  f rac t ion  con ta in ing  var ious  l ipid-soluble  v i ta -  
mins*L A grea t  d i f f icul ty  is encoun te r ed  in t h e  p ro found  
a l t e ra t ion  which  l ipopro te in  s t ruc tu r e s  unde rgo  in f ix ing 
a n d  in t h e  p r e p a r a t i o n  of f rozen - thawed  sect ions.  The  
s t a t u s  of l ip id-pro te in  in te rac t ion  u n d e r  such  cond i t ions  is 
v i r tua l ly  unknown .  We  were unable  to  abol ish  t h e  ad-  
so rp t ion  of Nitro-I3T to  sect ions  prev ious ly  sub jec t ed  to  
e x t r a c t i o n  p rocedures  for phosphol ip ids  1. 

His tological ly ,  s u b s t a n t i v e  te t razoles  are adso rbed  by  
m e m b r a n o u s  l ipopro te ins  s t ruc tures .  I t  is possible  t h a t  t he  
s t rong ly  s u b s t a n t i v e  Ni t ro -BT forms a surface layer,  the  
whole  of which  m a y  be un i fo rmly  reduced  along a g iven 
s t ruc tu re  regardless  of t he  si te of the init ial  po t en t i a l  
difference.  F o r m a z a n  s ta in ing  of s t ruc tures ,  a d j a c e n t  to  
po in t s  of h igh  r educ ta se  ac t iv i ty  m a y  be thus  expla ined .  
In  par t icu lar ,  th i s  m a y  expla in  t he  s t a in ing  of s t ruc tu re s  
like myel in  which  consis t  of mul t i - l ayered  l ipopro te in  
c o m p o n e n t s  2.. E n z y m i c  s ta in ing  of whole  m y e l i n a t e d  
ne rve  f ibres by  N i t r o - B T  in h ighly  ac t ive  muscle  23 and  
sp ina l  cord  z4 sec t ions  is l ikely to  be an ar t i fac t .  

A p a t t e r n  bas ical ly  d i f f e ren t  f rom t h a t  o b t a i n e d  by  
us ing s u b s t a n t i v e  t e t r azo les  is fo rmed by  enzymica l ly  
r educed  MTT-Co. This  pa r t i cu l a t e  f o rmazan  does  n o t  s t a in  
a n y  s t r u c t u r e  per se b u t  appea r s  to  revea l  t h e  d i s t r i bu t ion  
of h igh ly  ac t ive  e l ec t ron -dona t ing  sites.  Since fo rmazan  
p r o d u c t i o n  has  been  s h o w n  to  be a ea sumre  of specific 
a c t i v i t y  of e n z y m e  par t ic les  n i t  can  be  a s sumed  t h a t  dye  
p roduced  a t  ind iv idua l  in t race l lu lar  s i tes  ref lects  t he  
specific a c t i v i t y  of these  areas.  The  pa r t i cu la te  s t ruc tu ra l  
e l emen t  responsib le  for enzymic  t e t r azo l ium reduc t ion  
can be b o t h  mi tochondr i a l  and  microsomal .  A l t e rna t ive ly  
i t  m a y  no t  even  be long to  a morphologica l ly  def ined  
en t i ty ,  as in t he  case of bac te r ia l  cy top l a sm 25. The iden-  
t ical  appea rance  of t he  pa r t i cu la te  formazan,  w h e t h e r  
p roduced  by  suspens ions  of submi tochondr i a l  f ract ions  or 
b y  microsomes,  p rovides  a reason for our  prev ious  failure 
to  d e m o n s t r a t e  ex t r ami tochond r i a l  t e t r azo l ium reduc-  
tase  5,6. I t  is ev ident ,  therefore ,  t h a t  a dot- l ike  fo rmazan  

p a t t e r n  can  no longer  be cons idered  to  be due to  mito- 
chondr ia l  ac t iv i ty  only.  In  t h e  an imal  cell, however ,  
m i tochondr i a l  ac t iv i ty  can  be sepa ra t ed  by  using reac t ions  
for e n z y m e s  which  are  f i rmly s t ruc tu ra l ly  b o u n d  to  mi to-  
chondr ia ,  n ame l y  succinic,  f l -hydroxybu ty r i c  and  0~-gly- 
c e r o p h o s p h a t e  dehydrogenase .  

I n  e n z y m e  h i s tochemis t ry ,  one of whose  a ims  is to  
charac te r i se  in t race l lu lar  d i s t r ibu t ion  of ac t iv i ty ,  i t  
seems h igh ly  des i rable  to  use n o n - s u b s t a n t i v e  ind ica to r s  
or s u b s t r a t e s  g iving rise to  n o n - s u b s t a n t i v e  p r o d u c t s  
which,  by  m e a n s  of ef f ic ient  c a p t u r e  react ions ,  can  reveal  
s i tes  of en zy mi c  ac t i v i t y  w i t h o u t  morpholog ica l  bias in- 
duced  by  s u b s t a n t i v i t y .  

Zusammen/assung. Es  w u rd en  s u b s t a n t i v e  E igenschaf -  
ten  ve r sch iedener  Mono-  und  Di te t razo l iumsalze  gegen-  
fiber G e w e b e b e s t a n d t e i l e n  im Schn i t t p r / i pa ra t  un te r -  
sucht .  Di te t razole  w e rd en  im a l lgemeinen st i i rker  v o m  
Gewebe adsorb ie r t  als Monote t razo le .  A u s n a h m e n  bi lden 
Monote t razole  mi t  po la ren  S u b s t i t u e n t e n  oder  Azobenzol-  
Res t en  in 3-Stellung. Di te t razo le  mi t  e l ek t ronega t iven  
G ru p p en  in 2-Stel lung w e rd en  s t a rk  yon  L ipopro te in -  
S t r u k t u r e n  adsorb ie r t  und  zeigen in Mode l l expe r imen ten  
Subs tan t iv i t i i t  ffir unges~tttigte Lipoide.  An ve r sch iedenen  
Beispielen wird die B e d e u t u n g  s u b s t a n t i v e r  Tet razol -  
E igenscha f t en  fiir die Loka l i sa t ion  von  Dehydrogenase -  
aktivit~it im S c h n i t t p r ~ p a r a t  dargelegt .  Die Loka l i sa t ion  
e n z y m a t i s c h  gebi lde ten  F o r m a z a n s  ist  im Falle  von  sub-  
s t a n t i v e m  Tet razo l  ein Ausdruck  fiir die  A d s o r p t i o n  der  
F a r b s t o f f v o r s t u f e  an b e s t i m m t e  G e w e b e k o m p o n e n t e n .  
I m  Fal le  von  n i c h t s u b s t a n t i v e m  Monote t razo l  b e s t e h t  die 
M6gl ichkei t  zur  B e s t i m m u n g  yon Of t en  intrazellul~trer 
E n z y m a k t i v i t / i t  ohne  unspezif ische Anf~rbung  von  Ge- 
websbes t and te i l en .  Die B e d e u t u n g  der  s t a rk  v o n e i n a n d e r  
abwe ichenden  E igenscha f t en  von  in der  H i s tochemie  ge- 
br i tuchl ichen Te t razo l iumsa lzen  ffir die Dars te l lung  in t r a -  
und  e x t r a m i t o c h o n d r i a l e r  Ak t iv i t~ t  wird  d i skut ie r t .  
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S T U D I O R U M  P R O G R E S S U S  

Die Beeinf lussbarkei t  der 
Tiege lschen Kontraktur durch ~nderungen  der 

extracellul~iren Calc iumkonzentrat ion 

Als (~Kontrakt ion,  beze ichne t  m a n  den  fiber eine 
Muskelfaser  (bzw. e inen Ganzmuskel )  mi t  der  E r r e g u n g  
sich rasch fo r tp f l anzenden  kurzzei t igen  kon t r ak t i l en  Pro-  
zess der  Zuckung.  U n t e r  (~ K o n t r a k t u r ,  eines querges t re i f -  
t en  Muskels  v e r s t e h t  m a n  eine lttnger anha l t ende ,  auf  den  
Re izor t  beschr~nkte ,  n ich t  for tge le i te te  (also ohne  r h y t h -  


