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INTRODUC’I’IOS 

The oxidative cell inetaholism provides the energy required for 
biological function. Any interference with the series of hiochemi- 
cal events responsible for the production of energy will alter cell 
physiolosy and in:y lead to cell injury or death. 

Modern biochemical research has clarified in:iny of the key 
reactions involved in the noriiial oxidative cell iiietabolisin. This 
has  lead to investigations of the nietnbolisni under pathological 
conditions in order to obtain an understanding on the biochemi- 
cal level of the pathogenesis of \.:trious disorders. 

In terms of techniques, there are several different approaches 
to studies of the kind. Among them are enzyme histocheniical 
methods. 
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1 ti order t o  evuluate the energy tiietabolisiii of  certain oral tis- 
s u c h ,  :I wries o f  investigations h s e d  on enzytiic liistoehctiiistry 
has heen carried out in our  1:ibor:itories. The general princil)lcs 
of the  techniques etiiployed :ire discussed in the article here p r w -  
i ~ n t t x l ,  \vliile succeeding publications will ( led with the yarious 
c slwr-i 111 t’n t s LI nder t uken . 
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111  the intertilediary cell iiietabolisiii carbohydr:ites, F a t \  :itid 

jrroleitis are more or less interconvertible through the set 01 re- 
:irtion.; indicated in Figure 1“. 



to : in  :itoiii or ;I inolecule, which thereby becoiiies reduced. In 
this iiianner, dehydrogenation reactions represent critical oxi- 
d;iti\ e steps in the cell niet:ibolism. Such reactions :ire catalyzed 
by enzymes called dehydrogennses. The dehydrogenases are coin- 
posed from an  apoenzyiiie, which is a protein, and a coenzyine, 
which is a much sin:dler, nitrogen-contaiiiiiig iiiolecule. The 
hydrogen atoms froin nietabolic breakdown products are trans- 
ferred to the coenzynies, which are either of the pyridinenu- 
cleotide type (NAI) or NADI'), or of the flavin type (e.g. suc- 
cinute dehydrogenase) . Within the cells, electrons are further 
transported to coinhine with oxygen by nieans of :i series of in- 
terinediate electron acceptors and donors, the end product being 
water. 'This series constitutes the so-called electron transport 
chain (ETC, Fig. 2 ) .  

The transfer of electrons froin one substance to anollier is 
:icconipanied by a release of energy in :iiiiounts corresponding 
to the difference between tlie redox potenticrls" of the electron 
donor and acceptor. In order to preserve energy, the electron 
trunsport must take place in a stepwise fashion. At each point, 
i t  occurs by n coupling of phosphate to various nucleoside-di- 
phosphates (ozitfacrfiix pho.sphol.!i~~ntion) (21 ) .  Most frequently i t  
tnl\es p1:ice by an :iddition of p1iosph:ite to :~denosinediphos~)h~ite 
(ADI') to forin :idenosinetriphosph:ite (ATP) . The proh:ible 
points of enerfiy preservation in the ETC are indicated in Fig. 2. 

One way of measuring energy, is in terms of the heat (cal.) 
liberated froin (exergonic) or put into (endergonic) a systein. 
Commonly, about 3000 cnl./niole becoiiie released by breaking 
:I cheiiiical bond. When it coiiies to ATP, however, energy of the 
order of 7600-7800 cal./iiiole or niore is stored in the "high- 
energy"-phosphate bonds of the molecule. ATP, thus, represents 
an  energy store upon which the cells can draw whenever energy 
for biological function is required. In this case, ATP is converted 
to ADP,  which can once inore be phosphorylated to ATP by 
nieuns of tlie ETC. 

Ten ATP niolecules are foriiied when one iiiolecule of glucose 
is split into 2 iiiolecules of pyruvate. Six of them derive froin 

The reduction-osidiitit ,~~ (redox)  potential i s  ii measure of the ability of 
\ul)\trate to accept or releaw c l e c t r o n ~  relatile t o  t ha t  of a standard 

hydrogen electrode. 
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ENZYME HIS’L‘OCHEMIS F R S  1i i  

1) and of fructose-&phosphate into fructose-1,6-diphosphate 
(Fig. 1, step 2) are endergonic processes, and the energy is fur- 
nished from ATP. Hence, the net production of energy in this 
part of the intermediary iiietabolisiii corresponds to the fornia- 
tion of 8 new A‘I’P molecules. 

In the citrate cycle, 12 new ATP molecules iiiay beconie cre- 
ated when electrons from the oxidative steps no. 7 ,  8, 9, and 12, 
Fig. 1 are transported through the ETC. The hydrogen atoms 
attached to NADP after the dehydrogenation of isocitrate (Fig. 
1, step no. 8 )  are probably transferred to NAD before coupling 
to the ETC ( ‘ 4 ) .  Reactions of this kind are catalyzed by enzymes 
called tl.ansliydroyennses: 

t ranshydrogenase 
NADPH, + NAD -..‘ NADH, + NADP 

Electron transport froni succinate to oxygen (Fig. 1, step 11) 
results in the production of 2 ATP niolecules (Fig. 2 ) ,  and the 
”substrate phosphorylation” at step 10, Figure 1 ,  accounts for 
an  additional high energy phosphate compound. Hence, a pro- 
duction of 15 new iiucleosidetriphosphate molecules per niole- 
cule of oxidized pyruwte is theoretically possible. This equals 
30 new nucleosidetriphosphate molecules created per molecule 
of glucose metabolized. 

With regard to the pentose-phosphate shunt, it has  been cal- 
culated ( ’ 5 )  that complete oxidation of a glucose molecule can 
produce 12 molecules of NADPH,, equivalent to 36 iiiolecules of 
ATP. Subtracting one ATP molecule necessary for glucose phos- 
phorylation, the net yield would be 35 ATP molecules. The effi- 
ciency of this pathway in terms of energy production in uiuo is, 
however, a t  the nionient hard to assess. It may be that one of 
the most iinportant functions of this set of reactions is to fur- 
nish pentoses for nucleotide synthesis and reduced NADP, re- 
quired for the synthesis of lipids. 

The different ways of energy production through the three 
pathways in question make a study of them in wr ious  tissues 
interesting in relation to cellular activity. Investigations of the 
kind can be carried out by histocheniical (see second part of this 
article) or biochemical methods. The former are concerned with 
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Fig. 3 A arid B. A tentative model for mitochondria1 structure and function. 
Framed area in  "A" is g i \rn  in larger magnification in "B". See text for 

further dewription. (A1odifie.d from ref. 2 2 ) .  

inside ones across the fluid-filled interniembrnnous space. In ad- 
di t i on, it presupposes that s ucciii a t e penetrates direct 1 y through 
the niitochondrial meiiibr:ines, thus reaching the ETC. 

As mentioned, the NADH, and NADPH, originating froiii cit- 
rate cycle reactions nppe:ir in most cases to be oxidized by niito- 
chondrial systems. The intrncellular ~iiechanisms for the reoxi- 
dation of pyridinenucleotides, reduced extramitochondriully dur- 
ing glycolysis and by the pentose-phosph:rte cycle, are not well 

35 - drttr odont. srtcnd. rO/. 2.7. 
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Fig. 1 a and  h. Shuttlr-mc.clianisms by which e.rtrtcmitochondrial1~ reduced 
NAD-molecules call b e  oxidized hy a n  indirect coupling o f  the i r  hydrogen 

a toms to the  iiifrtrmitochondri,l electron t ran \por t  chain. 

a )  The "~ l~ce rop l iosp l i a t e  shuttle". 

1)) 'The " : ~ c e t o a c e t a t c - ~ j - l ~ ~ d r o x ~ h u t g l . a t e  bhuttle". 

most probable site of  reaction being within the mitochondria1 
membrane. From there on, P-hydroxybutyrate may diffuse into 
the initochondrium and serve a s  a substrate for the established, 
intrainitochondrial /j-hydroxybutyrate dehydrogenase, which in 
turn feeds electrons into the ETC ( 5 ) .  
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‘I’hc ultiiiiate goal of enzyine histochertiistry is to est:ihlish the 
loc;tliz;tlion : t i id degree o f  :ictivity o f  enzyiiies under  \:trious con- 
tli t ion  s. 

Enzyinc histocheiiiicul techniques  are  alinost esclusi\ely hset l  
on :I tleiiionstr:ttioii o f  enzyine trctiriit!y. (Recently,  ho\ve\,er, im- 
1 1 1  I I  n ohi s t ( )ch e 111 ic:i I t cc h niqii es h:i\.e been tie vcl oped f c ) I ‘  1 he 1 ( ) -  

c:rlizatioii o f  the enzyines theinselves. The latter techniquc:s will 
no t  he considered here. i A n  enzyiiiatic reaction can bc1 ohserved 
in ;I t issue section when :I re:tction product is iiiso1ul)le : t i id col- 
oured ( o r  fluorescent ) ,  o r  vheri it  can he iii:tde to  react \\.it11 
coupling si1t)st:tnct.s so a s  to  1)ecoiiie colouiwl. \\’hen t h c  coii- 
1)Iiiig substance is included in t h e  i1irub:ition itietliuin, t he  tcch- 
n ique  is referred to 21s k i n g  o f  the ”.siriirrZftirzc~oirs ctrpftrrc” tyl)c’. 
Otherwise i t  is cl;tssified ;IS :I ”posfinrrrhrrfion” coul)ling I cch-  
11 it1 11 t’ . 
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Fig.  .5. lieduction of tlic colourlcss inoncitetI.azoliuiii salt, JITT (3-[1,5 di- 
met lig 1 th i azoly 1-2 j -2,5 -(I i phc ng I t c t lazol: u in 1)ro in ide ) , t o  its red for ma za 11. 
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Fig. 6 .  Reduction of the uncloloured, ditctr,izolium salt, Nitro-HT (2,2'-di-p- 
111tropl~e1ig1-~,~'-diplie1i~l-3,3'-~3,3'-dimetl~oxg-l,~'-biphcnylrnei1~l~n~] ditetrezolium 

chloride), produces blue diformazan. 
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For the deiii0nstr:itioii of dehydrogemrse activity, tissut, sec- 
tions are  incubated in :I mediuiu containing the siibstr:itc:, the  
coenzytiie, other cofactors :tnd a n  artificial electron acceptor ( e.g.  
cert;iin tetrazoliutii sa l t s ) .  \i'hen reduced the soluhle tctr:tzoles 
hecoiiie converted into insoluble dyes, called fort1i;iz:ins ( $ 1 .  1".  ' 1 .  

12 ,  31;. 3 7 ,  tN. i 7 .  26 ) .  

Figures 3 arid 6 s h o w  the reaction schemes of  two cOtIit11011 

types a v  tetrazoles ( the  tiiotiotetr:izoliiitii salt, MTT, Fig. 5, ref. :I, 

:ind the ditetr:izoliuiii salt, Nitro-tsl, Fig. 6, ref. t i c ; ) .  

l ' he  tetrazoles etnployetl in hislochetiiislry accept hydrogen 
:itoilis indirectly liy way of :I / l triwprofein c:italyzetl osid:ttion 
of the  coeiizyiiies linked to the apoprotein o f  the deliydro~t.n:rscs 
( Fig. 2, ref. :::. ::*. .I(;. 1:; ) .  \!'lien these coeiizyiiies :ire pyritline- 
nucleotitles, the f l r r i ~ o ~ ~ r ~ ~ t c i r i c ~ i ~ ! ~ r , l c s  are  usu~~ l ly  (1esign:ilecl 
S A I ) H2- N A I )  P H  ,-tf in ph o rrrs P S  i t i  his t or 11 e i i i  is t ry . 

The Imint of interaction betlveen the ;trtifici:il electron a c -  
ceptor :tnd the electron transport chain is dependent upoii  Lhc 
liintl o f  tetrazoliuiii salt einployed (:jg. tx 1 ; ~  :(:< 1. Some ietr:izoliiiiii 
s a l  I s ( e . ~ .  R I T T ,  I N T  = 2 - ~ ~ - i o d o ~ ~ h e n y l - ~ ~ - 1 i i t r o ~ ~ l i e 1 i y l - ~ - ~ ~ l i ~ ~ 1 i y l t  t x -  

tl-:izoliurii chloride) accept electrons :it two different points alotifi 
the E 'K ((;A 1. l 'he use of inhibitors ( Atiigtal, Antitiiycin A ,  chl(ir- 
lii~otti:izine, cyanides, :izides) which lilock the electron f l ~ . ) w  ; i t  

specific sites, have sitiiplified studies o f  this kind (:j:), 1. 'l'ht, 
i i iost frequently used tetrnzole a t  present is Kitro-IYI n.1iic.h i i i -  

ter:icls :it one point only :iloiig the ETC ( (il) ; 1)rot):ihly a t  thia 
fl:iYol)rotein level. 

F r o m  the :il)ovc tliscussion, it follows t h a t  hy eiizytiie histo- 
chentical incthotls, it  is the site o f  dia1)Iior:ise activity which is 
ol)served :ind not the ex:ict loc:rlization of  the de1iydrogeii:ise in 
question. However, the distance 1)etween :I given de1iydrogeii:rst. 
: ~ n d  its corresponding di:tphor:ise appears in tnost c:tses to  1 ) ~  
well M o w  the resolution liinit o f  the light iiiicroscol)e (2000 .3 I 

(Fig.  7 :I 1 .  

Even though :I dehgdrogen:ise may convey hydrogen to iiiore 

than one diaphorase, the picture of dehydrogenase loc:rlization 
:IS obtained in the light iiiicroscope is prolxihly realistic. ( Fig. 
7 b ) .  Furthermore,  if the diaphorase he not the rate liniiting step 
in the transport of hydrogen atoilis from substrate to telr:izoliutii 
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Fig. 7 a, h, c and d. Four relationships in the dehydrogenase-diaphorasc 
systems. Deliydrngeiiases are marked Iiy squares, and diaphorases hy small 
circles. Around the p i n t s  of dehydrogenase activity are drawin circles with 
a 2000 A radius. equivalent t o  the resolution limit o f  the light microscope. 

See text for discussion. 

salt, an  indication of the degree of dehydrogenase function is 
obtained. 

On the other hand, if dehydrogenase and diaphorase ( s )  are 
separated by more than 2000 B (e.g. in systems where NADH, 
is produced extramitochondri:tllg), inisleading results with re- 
gard to dehydrogenase localization a t  the cellular le\-el are ob- 
tained (Fig. 7 c ) .  This is perhaps so also when it coiiies to ac- 
tivity evaluations (Fig. 7 d ) .  

Fnrber & Bueding (1') suggested that the requirements for 
tissue diaphorase in histochemical techniques could he oyercoiiie 
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by including : in  interiiiediate electron transferring agent i n  the 
iiicul);~tion iiiecliuin for which purpose they utilized plieiiazinc 
iiirtliosulfatc. The use of this or sii i i i lar coiiipounds i n  histo- 
cheiiiistry has found soiiie application ( ( 1 .  : j z ) ,  hut the interiiie- 
t l ia t r  electron transferring :)gents have :IS yet not heen esteii- 
s i ve I y s t u diet l in t 11 is connect i ( i  11. 

11\11 o f  the sites o f  NAI)H,-dial)lior~1se activity n.ithiii :I tissue 
wctiori are presuinnbly slio\vn when reduced NAI) is utilized a s  

substrate (Fig.  X :i ) ,  pro\'icled tlie postulated "pcr.r,ic.trhilif!i h( l / . -  
/ . i  (> /. " to NADH, in "intact" initochoiidria (ref. 5 : t i id  p g c  480)  
is tlcstroyetl during the pi*epar:ition of tlie sections. A rc.sfricfcit l  
distribution pattern is registered when the specific substrate for  
:I given NAD-linked dehydrogemise is eiiiployetl (Fig. X 11 : t i id  c ) .  

This is p:irt o f  the basis for the assuiiiption th:it i t  ought to 
hi. 1ioss"i)le by iiieans o f  histocheiiiicul iuethotls to diffweiitiatc 
b t> t wee n the d is t rib u t ion 1) f va ri o ti s N h 1) - :i 11 ti N A 1) 1'- I i i l k  ed t l c - 
1iydrogen:isrs ( fm :jT, m 4:3 ) .  I t  should, however, be Iiel't in iriind 
t h a t  i t  is :ictu:iIly the loc:ilizntion o f  the associnted tli:iphor:ise, 
:ind not that of  :I giyen dehydrogenase, which is observed. 

s i i ; t i iw  1 i . 1 .  i w i h f  m r )  s.rii; 1). S ~ : I I ~ I ~ , ~ ~ - ~ I . ~ ~ I ) ' I  

I n  t he  l ight  iiiicroscope, it is difficult to  est:it)lish whether  or 
not the foriii:izm particles :ire deposited within cellulnr organ- 
elles, unless the distribution o f  these organelles is confirrued by 
traditional techniques  ( t i ) .  Even so, probleiiis iuay arise since 
controls iiiust be carried out on alternate sections. 'I'he eveiitu:il 
e s 1 ;I 1) I i s t i  I rie 11 t of the e s :I c t i ii trace 1 1 u 1 ii  r loca 1 iz:r t ic )n ()f  e i i  zy i ii e s 
;I I o i i  g w i 1 h the de s i  r:i bi 1 i 1 y for i n t e rpre t i ng u 1 t r ;I s t ru c t 1.1 re s i i i  

te r ins  of  functional significmce, have recently le:itl to  i n  ves- 
tigations coiiibining electron inicroscopy with enzyine stainiiig 
( 2 7 .  fi* ) . Coininonly, such procedures have encoinpassed inrub:i- 
tion of fresh frozen or foriiialinfised tissues followed by fixation 
in osmium tetraoxide. Recently, Snhntini e f  tr l .  ( 5 4 )  pointed out 
the advant:iges of certain aldehyde fixatives for  the c~iinl~iiietl 
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So fa r ,  t h e  difficultics irivolyed in est:ihlisliing the ~)reeisc  Io- 
c:iliz:itions o f  dehydrogennses have  heen discussed on the  :IS- 
suiiiplion th : i t  the iiiany technic:il h:izurds involved he c:irefully 
conlrollcd. However, :irtif:rcts iuny arise during:  :I ) sectioning; 
1 ) )  fixation; c 1 incuh:ition; : i t i d  d 1 1)ostincuh:itioii t r e : i t ~ ~ e n l .  

I n  oxidative enzyme histoclieinistry, sections are usu:tll>- c u t  
iii :I cryost:it ( ~ - 20-' to - 12.2' C )  a f t e r  initial freezing o f  the 
tissue spcciinen (fixed or fresh ) in liquid nitrogen ( ~ I 9 f i  C 1 

( t r i ti i s( '1) 0 i i  t a tie 1) re coo I etl by I i (1 11 id ii i t  r oi?; e 11. Su h se (1 11 en L I y , t h c 
sections :ire either freeze-dried, freeze-suhstituted, air-dricd after 
inelting, cheniicnlly fixed or directly transferred to t h e  incuhn- 
tion iiiediuin. Hoth freezing and thawing in:iy c;iiise disruption 
of iiiitochondria and dis1)l:iceinent o f  de1iytlrogen:ises ( 1 .  

'I'hel-e h:is been much discussion :rbout advantages :ind tlisud- 
y:int:iges of  c1ieinic:il fixation ;is combined with enzyint. histo- 
cheiiiical iuetliods. There are three points to consider:  :I i pre- 
serv;itioii o f  cnzyiiic activity; 1) ) retention o f  enzyme 1oc:ilimtioii ; 
: i n i I  (* I lircservatioii of  ce1lul:ir structure ( 4 8  1 .  Pctrrsci I - l i  1 r e  
coiiiiiientlcd the use o f  unfixed, cryostat-cut sections for rlehy- 
drogen:ise histocheiiiistry. Sonikoff  ( 4 1  ) and Wrtlker  . S c / i $ y / ~ i r i r ~  
i 1;; I ,  oii the other tiatid, einphasized the advantages o f  prefixed 
sect i o n s .  I f  enzy ine loc;~ 1iz:itioii is intetideci :it the histi tlogic:~ I 
lvvc l  only, the use of unfisetl sections iiiay he s:itisf:rctory ;inti ,  
of ~- i~ i i r sc ,  necessary when :in enzyme under investig:ition i s  

strongly inhibited hy cheiiiical fixatives. The  fact  that in:iny ell- 

zyiiies exist in  inultiple inolecul:ir fornis (isozymes, 3 4 ) ,  intro- 
rliices the  :idditioii:il prohleiii o f  differential inhibition lty fis:i- 
l i o r i  48 ) .  Another point is, that  soitie eiizyiiies are :it the S : I I ~ I C  

tinie soluble ( Iyoenzyiiies), ;IS well a s  firmly p:irticlebound dec- 
~noenzyines ) .  Souikoff ( 41 ) has deliionstrated the iiiiportunce of 
such findings with respect to false locnlizntion in  enzyitie histo- 
cheiiiic:il investigations. 

. i t  present, there are i io  geiieral rules with regard to the iiseful- 
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ness of cheiiiical fixation in coiiihination with enzyine histocheiii- 
istry. 

Histochemical procedures for the deiiionstration of dehydro- 
genase activity involve the use of high substrate concentrations 
a s  coiiipared to the physiologicd ones. This is to overcotlie clif- 
fusion harriers, to maintain adequate substrate levels through- 
out the incubation period, and to force the reaction to proceed 
primarily as :I dehydrogenation. It has, however, been shown 
that  high substrate levels inhibit the activities of certain iso- 
zyiiies ( 4 9 ,  16, 6 5 ) .  The iiiiplicntions of such findings to enzynie 
histocheiiiistry have, so far, not been :idecIuately investigated. 
Another aspect of this problem is that high concentrations of, 
for instance, isocitrate (for the deiiionstration of isocitrate de- 
hydrogenase activity) iiiight serve to produce high concentra- 
tions of substrates for other oxidative steps in the citrate cycle 
:IS well. If so, this would seriously influence the selective deinon- 
stration of isocitrate dehydrogenase. On the other hand, the his- 
tocheiiiic:rl distribution pattern of isocitrate dehydrogenase ap- 
parently reiliains about the saiiie in sections where succinute de- 
hytlrogenase has been inhibited (by in:rlonate) ;IS coiiip:ired to 
sections where no special precautions are taken. How to inter- 
pret an observation of this kind is difficult, :ilthough it iii:iy be 
speculated that lack of an  adequate supply of cofactors be aiiiong 
the tleteriiiining factors. 

Some of the properties of the tetrazoles added to the incuba- 
tion media have already heen discussed. In addition, these sub- 
stances iiiust not only be sufficiently soluhle in  the substrate 
solutions, but :rlso have a molecular size and charge so ;IS to 
:11low for rapid penetration into the cells and organelles. Fur-  
theriiiore, the tetrazoles (or foriiiuzans) must, of course, not in- 
hibit the activity of the enzyiiies under investigation. Even the 
more recently developed tetrazolium salts, like MTT or Nitro-HT, 
probably capture but one tenth of the available electrons in  the 
ETC ( 4 7 ) .  The flow of electrons to the artificial electron :receptor 
can be increased by creating a block in  the ETC at  a point nearer 
to the oxygen end of the chain than the point of tetrazoliuiii in- 
teraction. Such an  inhibition can be effected by several sub- 
stances (see page 484), soiiie of which are coiiinionly included 
in  the incubation media. 
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There is :I definite possibility that :in unspecific reduction of 
tetrazoliuin salts to formizans may occur during the histochemi- 
c:il reaction procedure, especi:illy in solutions of pH around 9.0. 
I t  may, however, occur even at physiological pH (Fig. 9) .  

Fig. 9. "Nothing dcfiydrogeiiase "-efl'ect i n  the parakcr~tiuized, cpithelinl 
zone o f  ii section from human gingiva, incubated at  p H =  7.4 in a Nitro-BT 

medium, devoid of dehydrogcnasc substratcs. 

In the c:tse shown in Fig. 0, Nitro-BT was eiiiployrd :IS elec- 
tron acceptor. The incubation iiiediuiii was devoid of substrate 
and was adjusted to pH 7.4 with phosphate buffer. This effect 
is referred to a s  "nothing dehydrogenase", because it is believed 
that hydrogen is transferred to the tetrazoles from SH-groups 
within the tissue ( 4 4 ) .  A positive reaction under such conditions 
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may, however, also be due to endogenous substrates. The finding 
that blocking of SH-groups by means of N-ethyl mnleiiiiide in- 
terferes with tetrazole reduction, supports the assumption that  
sulfhydrylgroups are  iiiiportnnt for the "nothing dehydrogenase" 
effect ( 4 4 ) .  

When reduced, the tetrazoles ought to  he adequately coloured 
and non-crystalline. Moreaver, they should he completely insoluh- 
le in biological fluids and possess a gener:iI affinity (or "suh- 
stantivity") for proteins. Monoforiiiazans do not : idecptcly sa- 
tisfy these requirements. Iiiiprovements can, however, be achieved 
by utilizing their ability to forin metallic coinplexes by chela- 
tion ( 4 2 ) .  Pfwrsc  (45 )  claimed to have devised such a capture 
reaction "which prevents crystallization and which presu~n:ihly 
also prevents diffusion of the free formazan". The mentioned 
procedure was strongly criticized by Nooikoff e t  nl. ( a o ) ,  who 
concluded that  "The deposition of the foriiiaz:in of MTT-Co+ + 

is determined in large part  by physicochemical factors other tlxtn 
enzyiiie localization." On the other hand, these authors preferred 
the use of Nitro-KT staining, which gave satisfactory intracellu- 
1:ir localization of oxidative enzyines in  the light microscope (4')). 

The c1iforiii:izan fro111 Nitro-KT exhibits a bright blue col- 
our. It is  not uncoiiiiiion, however, that  :I red tinge interferes. 
U'hether this is  due to  1iionotetr:izoliuiii salt contamination o f  
the Nitro-RT preparations, or is caused by incoiiiplete reduction 
of the ditetrazole, has not yet been settled (86 , f iz ) .  Another unde- 
sired feature of the reaction is the tendency of the Nitro-BT for- 
iiiazans to  become deposited on lipid-aqueous surfaces (4" ) .  To 
overcoiiie this effect, Tetra-Nitro-KT ( T N H T )  was introduced in 
1961 by Rosn ~t Tsoii ( 5 2 ) .  Their investigations with TNRT for 
the cytoche1iiic:il 1oc:iliz:ition of succinate dehytlrogenase (5Y) in- 
dicate that  T N K T  is p:irticularly useful in studies involving the 
localization of enzymes in cells containing considerable ainounts 
of lipids. The advantages of TNRT for the demonstration of se- 
veral dehydrogennses have recently h e n  einph:isized (f,H f ig) .  

QI'AS'I'ITATI\'E ENZY 11 E 1-1 I STOCHIShlI S'I'RT 

Only semiquantitntive estiiiiates of enzyiiie activity are possib- 
le with the techniques of  enzyme histocheniistry. Evaluations 



llrovidctl :ideclu;itt~ control ii1t';isures ;ire tnlicli, liistocheinic:il 
riiethotls itiay indicate fairly t he  1oc:tlization o f  :I given rnzyiiie, 
:tnd t o  sonie es t en t  also i t s  activity. However, the in uifro  con- 
tlitions ciiil)loyecl, tiiffel. consit1er:tbly froin those es is t ing  in uirio. 
Henct~ ,  grc:tl c:ire iiiust be esercisetl i n  in te rpre t ing  Iiistochciiii- 
c:tl results in  terms o f  enzyni:ttic activity : t i i d ,  esl~ccially nicta1)o- 
lic siyiif icance.  XIoreover, the activity o f  a given enzyiiie changes 
th roughout  t he  lifecycle o f  the cell. 'I'hus, negative o1)serv:ttions 
wi th  regard to the  activity o f  :I specific deliydrogen:tse in :I tissuc 
scction cons t i tu te  no proof o f  t he  : thence of the enzytne. He- 
~)e:itctl iiegalive results iiiay merely indic:tte in;itlequate tech- 
n iq 11 tls . 0 1 )  ti  i n  :t I con di t ion s for t i ssii e p r e p  r:t t i on :i nd I1 i s t oc tie i i i  i- 
c:tl I)rocetlure inust he esl:thlished individu;tlly for each tl if trrcnt 
tle1iytlrogcn:tse. AccortliniJy, coiii1):ir:ttive evalu:tt ions oi the :tc- 

t ivilics o f  different enzymes ;ire su1)jerted to :I great niany errors.  
I n  spite o f  the : t l ) o ~ e  ohjcctions, ositl:itive crizyiiie histochciiii- 

s t ry in :I y cer t :tin I y rent l er v:t I ti a 111 e I)iol ogic:t I i 11 for i n  :I t i c  n i 11 

ltxr I 11  s ( ) f cor re I a t  i ng s t 1-11 c t ti rc :I nt l  i'u i i  1% t ion. 

A short outl ine o f  osid:ttive ~iietabolisi i i  i s  presented, st ressing 
s( ) i n  e of the f eii t u rcs 1 )e r t i nen  t to deli y (I rogeiia se hi s t ( )el1 eiii i s 1 ry . 
\':trious :isl)ec.ts of the prohleiiis involved in deriionst~~:itirig en- 
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zyiiie activity in relation to tissue structure are discussed. Arti- 
facts may arise during sectioning, fixation, incubation, :ind post- 
incubation treatment. A further difficulty emerges from the fact 
that  when no intermediate electron carrier is included in the 
incubation mediuni, the spot visualized by the histocheniical re- 
action is the 1ocnliz:ition of :in associated enzyme, a diaphorase, 
and  not specificLilly that of the dehydrogenase in question. On 
the other hand, wiiiewhnt inconsistent nnd confusing results 
hare  been obtained with \:irious inter1iiedi:ite electron carriers. 

Only seiiiiclu;iiititntive e\tiin:ites of eiizynie activity :ire 110s- 
sible when the el  aluations :ire based on obserwtions o f  the den- 
sity of the reaction product in :I section. Eiiiploying standardized 
conditions, val uable in for  ma t i on regarding v: i  ria t ions in the ac- 
tivity of a certain enzyiiie aiiiong different cells and tissue\, I I I : ~ ~  

be obtained. However, considering the iiiany technical hazards 
involved, the proper foundation is still lacking for con ip r ing  
the activities of different enzymes to each other. 

liBsrTal8 

RTUDES SUR L’HISTOCHIMIE DES ENZYMES, PLUS PARTICULIBREMENT 
EN CE QUI CONCERNE LES TISSUS BUCCAUX 

I .  PKINCIPES Dl’  h l~~TABOLlSB1E 0SYl)hTIF ET HISTOCHIhllE DES 
D E5 I I YD H OG $1 N A s ES 

L’auteur prksente un  bref :iperyu du iiii.tabolisme oxydatif, e n  
soulisnant certains des traits  relevant cle l’histochimie des dbs- 
hydroghases .  Divers aspects des probliaiiies soulevks p r  la  iiiise 
en 6vidence de l’activiti. enzgtnntique en ce qui concerne les tissus 
font l’objet d’une discussion. Des :irt&f:icts peuvent se produire 
au cours de la coupe, au cours ties trnitenients de fixzition, d’in- 
cuhation et de post-incubation. Une difficult6 supplCmentaire rb- 
sulte du  fait que, lorscpe le niilieu d’incubntion ne contient pas 
d e t r an sport eur d ’ b  1 ec t r on s inter ni 6d i ai r e , 1 ’e rid m i  t ind i c lu 6 1) :I r 
la reaction histochiinique est 1:i 1oc:ilis:ition d’une enzyme : i s -  

sociCe, une diaphorase, et non p s  de  nianiere specifique celle de 
la  d6shydrogt;nnse en question. Mais d’autre part ,  les r6sult:its 
obtenus nvec divers transporteurs d’electrons interiii6di:iires 
Ptaient contradictoires et deroutants. 

Seules des estiniations seiiii-ciunntitatives de I’activitk enzyma- 
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