
Histochemistry 64, 51-66 (1979) Histochemistry 
�9 by Springcr-Verlag 1979 

Cytochemical Detection of Catalase 
with 3,3'-Diaminobenzidine 
A Quantitative Reinvestigation of the Optimal Conditions 

M. LeHir 1, V. Herzog 2, and H.D. Fahimi 1 

1 Department of Anatomy, II. Division, University of Heidelberg, 
Im Neuenheimer Feld 307, D-6900 Heidelberg, and 
2 Department of Cell Biology, University of Munich, Goethestrage 33, D-8000 Munich, 
Federal Republic of Germany 

Summary. The influence of various parameters of  fixation and incubation 
upon the oxidation of DAB by catalase have been analyzed. Crystalline 
beef liver catalase was fixed with different concentrations of  glutaraldehyde 
and peroxidatic activity was determined spectrophotometrically using DAB 
as hydrogen donor. Although aldehyde fixation appeared to be important 
in elicitation of the peroxidatic activity of catalase, the final pigment produc- 
tion after 60 rain incubation was optimal with the lowest concentration of 
glutaraldehyde (1%), after the shortest fixation period (30 rain), and at the 
lowest temperature (5 ~ C) tested. Similarly cytochemical studies with rat 
kidney sections incubated for 10 rain confirmed that the staining of peroxi- 
somes in proximal tubules was strongest after the "mi ldes t"  fixation condi- 
tions. The pH and the temperature of incubation were closely interrelated, 
so that at room temperature (25 ~ C) the maximal pigment production was 
obtained at pH 10.5, but incubation at 45~ gave the strongest staining 
at pH 8.5. The production of pigment increased with higher DAB concentra- 
tions which required larger amounts of  MzO 2 in the incubation medium. 
Cytochemical studies on renal peroxisomes were in agreement with these 
biochemical findings. The observations indicate that there are several options 
for the localization of catalase depending on the fixation and incubation 
conditions. Hence, these conditions should be selected according to the tissue 
and the purpose of the study. Examples for such selective applications are 
presented. 

Introduction 

Catalase (E.C. 1.11.1.6), a marker for peroxisomes (de Duve and Baudhuin, 
1966), is ubiquitously present in all aerobic animal and plant cells containing 
a cytochrome system (Deisseroth and Dounce, 1970). For  cytochemical visualiza- 
tion of this enzyme several modifications of the original DAB 1 (3,T-diaminoben- 

1 Abbreviations used in this paper: DAB = 3,3'-diaminobenzidine tetrahydrochloride 
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zidine) technique  of  G r a h a m  and  K a r n o v s k y  (1966) have been developed,  based  
on the empir ica l  s ta ining o f  perox isomes  in t issue sect ions (Fah imi ,  1968, 1969; 
Hira i ,  1968; N o v i k o f f  and  Goldf ischer ,  1969; N o v i k o f f  et al., 1972; Roels  et al. ,  
1975). A l t h o u g h  all o f  these modi f ica t ions  provide  more  or  less sa t i s fac tory  
results  in cer ta in  tissues, the  cont roversy  concern ing  the " o p t i m a l "  m e t h o d  
for ca ta lase  has  not  been set t led;  especial ly it  is no t  yet  k n o w n  which modi f ica-  
t ion would  be mos t  sui table  for a pa r t i cu la r  purpose .  

Us ing  a co lor imet r ic  m e t h o d  for the  de t e rmina t i on  of  ox ida t ion  o f  D A B  
(Fah imi  and  Herzog,  1973), we ana lyzed  some o f  the pa r a me te r s  which  influence 
the h is tochemica l  s ta ining reac t ion  o f  catalase,  such as the  a ldehyde  f ixat ion 
(Herzog  and  Fah imi ,  1974a) and  the p H  dur ing  the incuba t ion  (Herzog  and  
Fah imi ,  1974b). These p re l iminary  observa t ions  have now been e l a bo ra t e d  u p o n  
to include a de ta i led  analysis  o f  va r ious  f ixat ion paramete rs ,  i.e., dura t ion ,  
t empera tu re ,  and  a ldehyde  concen t ra t ion ,  as well as the  incuba t ion  condi t ions ,  
such as pH,  t empera tu re ,  and  the concen t ra t ion  o f  const i tuents .  The  ox ida t ion  
has been recorded  con t inuous ly  for pe ro ids  up  to 60 rain, which  permi t s  a 
bet ter  insight  in to  the dynamics  o f  the  h i s tochemica l  react ion.  Cy tochemica l  
obse rva t ions  on  s taining of  pe rox i somes  in ra t  k idney after  shor t  i ncuba t ion  
per iods  are  in agreement  wi th  the b iochemica l  findings.  This  demons t r a t e s  the  
effectiveness and  the value o f  the mode l  system used. 

Materials and Methods 

Chemicals. Crystalline bovine liver catalase (C-100) and diaminobenzidine tetrahydrochloride (DAB) 
were obtained from Sigma (St. Louis, Missouri, USA). Distilled glutaraldehyde was from Serva 
(Heidelberg). The purity of glutaraldehyde was determined by checking the purification index 
A235/A280 (Fahimi and Drochmans, 1965, 1968; Anderson, 1967). Hydrogen peroxide (30%) 
was obtained from Merck (Darmstadt). Its concentration was determined by measuring the absorb- 
ance at 240 nm. 

Animals. Male albino mice weighing 25-35 g were used and starved for 20 h prior to sacrifice. 

Treatment o f  Catalase with Glutaraldehyde. Glutaraldehyde buffered to pH 7.2 with 0.1 M Na- 
cacodylate buffer was added dropwise with constant stirring to an equal volume of catalase diluted 
with 0.1 M Na-K phosphate buffer, pH 7.0 (Herzog and Fahimi, 1974a). The mixture was dialysed 
for 24 h against several changes of 0.1 M Na-cacodylate buffer, pH 7.2, at 4 ~ C. The concentration 
of catalase after dialysis was determined by measuring the optical density at 406 nm (Schejter 
and Bar-Eli, 1970; Herzog and Fahimi, 1974b). The following parameters of fixation were tested: 
glutaraldehyde concentration (1-12%), temperature (5-35 ~ C), and duration of fixation (0.5-24 h). 

Biochemical Determinations. The influence of various parameters of fixation and incubation on 
catalatie and peroxidatic activity was studied. The catalatic activity of catalase was determined 
spectrophotometrically according to Ltiek (1962). The peroxidatic activity was measured using 
DAB as hydrogen donor, as described previously (Fabimi and Herzog, t973; Herzog and Fahimi, 
1974a). 

Fixation for Cytochemieal Studies. Animals were exsanguinated, and abdominal cavities were flooded 
with the fixative solution. Kidneys were removed, and l-ram strips of renal cortex were immersed 
in the fixative for 30-120 rain, using different concentrations of glutaraldehyde (1% and 6%) 
at 5~ and 25 ~ C. The fixative solutions contained 0.1 M Na-cacodylate buffer, pH 7.2, and 
0.05% CaC12. 
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Incubation for Cytochemical Studies. Tissue sections (30-50 gm thick) were prepared with a TC-2 
Sorvall tissue chopper (Sorvall-DuPont, Norwalk, Connecticut, USA). The standard incubation 
medium contained 2 mg/ml DAB in citrate-phosphate-borate buffer (Teorell and Stenhagen, 1938; 
Fahimi, 1975). The oxidized DAB was either filtered prior to incubation or was kept in suspension 
by the addition of gelatin to the buffer (Fahimi, 1975). The pH was adjusted to the desired 
value with 1 N NaOH and checked again after the addition of H202. The reaction was started 
by the addition of H202 at a final concentration of 0.15%. 

Two other sources of H202 were also assessed : 
1) BaOz: 25 mg BaO2 suspended in 1 ml 0.1 M Tris-HC1 buffer, pH 8.5, sealed in a dialysis 

bag (Venkatachalam and Fahimi, 1969). 
2) Glucose-glucose oxidase (Tice, 1974): 18 mg fi-D (+) glucose was added to 10 ml of the 

incubation medium, pH 8.0. The reaction was started with 0.2ml glucose oxidase (0.1 mg/ml, 
Worthington, Freehold, New Jersey, USA). 

Further Processing. Sections were postfixed for 90 rain in 2% aqueous osmium tetroxide, dehydrated 
in graded ethanol solutions, and embedded in Epon 812. Sections (I gm thick) were cut with 
glass knives on an LKB ultramicrotome (Ultratome IV) and examined unstained with a light micro- 
scope. 

Evaluation of Cytochemical Observations. The staining intensity of peroxisomes in proximal convo- 
luted tubules (P~-segments) was assessed and graded arbitrarily from 0 to 4+. Six sections were 
examined from each group, and average values were calculated. 

Results 

General. The g lu ta ra ldehyde  t r ea tmen t  caused  m a r k e d  inh ib i t ion  o f  the ca ta la t ic  
act ivi ty  o f  catalase ,  while enhanc ing  its pe rox ida t i c  act ivi ty,  as descr ibed  by 
Herzog  and  F a h i m i  (1974a, b). The  present  s tudy deals  exclusively wi th  the  
peroxidatic activity ofcatalase. Figures  1-6 show the spec t ropho tome t r i c  record-  
ings o f  the ox ida t ion  o f  D A B  at  460 nm by g lu t a ra ldehyde  t rea ted  catalase .  

Fixation Conditions 

The effects o f  g lu t a ra ldehyde  concen t ra t ion ,  f ixat ion t ime, and  t empe ra tu r e  
were s tud ied  using 0 .2% D A B  at p H  10.5, a t  25 ~ C, with 0.15% H202  in the 
incuba t ion  mixture .  

Glutaraldehyde Concentration. The extent  o f  c ross - l ink ing  o f  p ro te ins  by g lu tara l -  
dehyde  depends  u p o n  bo th  g lu t a ra ldehyde  and  the p ro te in  concen t ra t ions  
(Payne,  1973). W e  therefore  examined  in p re l imina ry  exper iments  the effects 
o f  var ious  concen t ra t ions  o f  catalase ,  ranging  f rom 0.1-2.5 mg/ml .  Wi th in  this 
range no difference in the pe rox ida t i c  act ivi ty  was noted.  Therefore  all  subse-  
quent  s tudies were p e r f o r m e d  with  the f inal  concen t ra t ion  o f  0.5 mg /ml  o f  
ca ta lase  prote in .  

F igu re  1 demons t r a t e s  increased ini t ia l  ra tes  o f  reac t ion  with  increas ing 
concen t ra t ions  o f  g lu ta ra ldehyde .  The  final p igment  p roduc t ion ,  however ,  is 
lower  at  h igher  concen t ra t ions  o f  g lu ta ra ldehyde .  This  inh ib i to ry  effect o f  h igher  
g lu t a r a ldehyde  concen t ra t ions  upon  the pe rox ida t i c  act ivi ty  o f  ca ta lase  is also 
observed  at  p H  8.5 and  9.5 (Fig. 4). 
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Figs. 1-3. Effect of  fixation conditions on peroxidatic activity of catalase. The assay medium con- 
tained 0.2% DAB at pH 10.5 with 0.15% H2Oz. The oxidation of DAB was recorded at 460 nm 
for 30-60 rain at 25 ~ C 

Fig. 1. Glutaraldehyde concentration: The final pigment production is maximal with the lowest 
concentration of glutaraldehyde (1%) and decreases with higher concentrations. The initial rate 
of reaction, on the other hand, increases with higher concentrations of aldehyde 
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Fig. 2. Fixation time: The final pigment production decreases with the time of fixation, whereas 
the initial reaction rate increases 
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Fig. 3. Fixation temperature: The final pigment production is maximal at the lowest temperature 
tested (5 ~ C) and decreases at higher temperatures 
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Fixation Time. The influence of fixation time upon the peroxidatic activity 
of catalase was assessed after the treatment with 6% glutaraldehyde at 5~ 
(Fig. 2). The final pigment production decreases with time of fixation. The initial 
reaction rate, however, is higher with catalase treated with glutaraldehyde for 
longer periods (6 and 24 h). Thus it appears that prolongation of the fixation 
has a similar effect as an increase in the concentration of glutaraldehyde. The 
effect of fixation time with 1% glutaraldehyde is similar to that with 6% but 
less pronounced (see also Fig. 4). 

Fixation Temperature. The fixation was performed with 6% glutaraldehyde for 
30 rain at temperatures ranging from 5 35~ (Fig. 3). The initial activity is 
higher with catalase fixed at higher temperatures, but the final pigment produc- 
tion is maximal with material fixed at 5 ~ C. A similar pattern was obtained 
with catalase fixed with 1% glutaraldehyde. Thus, the effect of increased temper- 
ature during fixation of catalase is similar to the effects of increased concentra- 
tion of glutaraldehyde (Fig. 1) or prolongation of the fixation time (Fig. 2). 

Incubation Conditions 

p H  of the Incubation Medium. The effect of pH at 8.5, 9.5, and 10.5 upon 
the DAB oxidation by catalase was studied using 2 mg/ml DAB and 0.15 % HzOz 
at 25 ~ C. Figure 4 shows these results with catalase fixed with 1% or 6% glutaral- 
dehyde at 25~ for 30 min. Whereas the initial reaction rate increases with 
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Figs. 4-6. Effect of incubation conditions on peroxidatic activity of catalase. Crystalline catalase 
was fixed with glutaraldehyde (1% or 6%) for 30 min at 25 ~ C and added to the assay reaction 
containing DAB in Teorell-Stenhagen buffer and H20/ 

Fig. 4. pH of the incubation medium: Two different catalase preparations fixed with 1% or 
6% glutaraldehyde are compared. The final pigment production after 60 min is almost equal for 
each catalase preparation at all pH values tested. After short incubation periods (10-20 min), 
however, distinct differences are noted between the different pH's 
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Fig. 5. Incubation temperature: The effect of temperature is compared at pH 8.5 and 10.5. At 
pH 10.5 changes in temperature of the incubation do not significantly influence the pigment produc- 
tion. On the other hand, at pH 8.5 there is a marked increase in pigment by incubation at higher 
temperatures (35 ~ C and 45 ~ C) 
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Fig. 6. DAB concentration: Incubations were carried out at 25~ for 30 min with 0.15% H2Oz 
at pH 10.5. Both the initial reaction rate and the final pigment production increase with increasing 
DAB concentrations up to the point of saturation (4 mg/ml). The plateau in these recordings 
is not caused by exhaustion of DAB, since the addition of new enzyme (C-GA) causes additional 
pigment production 

rising pH, the pigment production after 60 min for each catalase preparat ion 
is almost equal at all the pH values tested. Thus, although incubation at pH 10.5 
gives a stronger staining for a shorter incubation time (up to 30 min), adequate 
pigment production can also be obtained by longer incubation at lower pH 
values. As already noted (Fig. 1), catalase fixed with 1% glutaraldehyde oxidized 
more DAB than that treated with 6% glutaraldehyde (Fig. 4). 

Incubation Temperature. Figure 5 shows the influence of temperature of  the 
incubation medium upon the pigment production at two different pH vMues. 
The measurements were performed with catalase fixed with 1% glutaraldehyde 
at 25~ for 30 min. Whereas at pH 10.5 the temperature of  the incubation 
medium has little effect upon the pigment production, at pH 8.5 a marked 
increase is noted by incubation at higher temperatures (Fig. 5). Similar results 
were obtained with catalase treated with 6% glutaraldehyde. 

DAB Concentration. The influence of DAB concentration upon the pigment pro- 
duction is shown in Fig. 6. The results were obtained with catalase treated 
with 6% glutaraldehyde at 5~  for 30 rain. Incubations were carried out at 
25 ~ C for 30 min with 0.15% HzOz at pH 10.5. Both the initial reaction rate 
and the pigment production increased with increasing DAB concentrations up 
to the point of  saturation (4 mg/ml). It should be noted that even at the lowest 
concentration, the amount  of  DAB in the medium is not exhausted, since the 
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addition of new enzyme produced an immediate increase in the optical density 
(Fig. 6). This suggests that enzyme inactivation rather than exhaustion of DAB 
in the medium caused the plateau in the production of pigment. 

H202 Concentration. Figure 7 illustrates the influence of H202 concentration 
upon the initial reaction rate at various DAB concentrations. Measurements 
were carried out with catalase fixed for 30 rain with 6% glutaraldehyde at 
5 ~ C. Whereas the H202 appears to be a limiting factor at concentrations 
below 0.15%, above this point the reaction depends only upon the DAB concen- 
tration. Experiments on pigment production confirm this and demonstrate the 
interdependence of the concentrations of  H 2 0  2 and DAB. 

Cytochemical Observations 

General. In material fixed for 30-60 rain all peroxisomes in the Pa-segments 
of the proximal tubules of  kidney stained prominently, and little difference 
could be found in the various groups. By shortening the incubation time, how- 



Figs. 8-10. Effect of fixation conditions on cytochemical staining of peroxisomes in proximal tubules 
of mouse kidney, incubated for 10 min in an incubation medium at pH 10.5 containing 2 mg/ml 
DAB and 0.15% HzO2. Fixation wi~h 1% glutaraldehyde results in stronger staining (Figs. 8a, 
9a, I0a) than with 6% glataraldehyde (Figs. 8b, 9b, 10b). The intensity of peroxisomal staining 
decreases by elevation of fixation temperature (25 ~ C) (Fig. 9a, b) or by prolongation of the fixation 
time (120 rain) (Fig. 10a, b). This inhibition is more pronounced with 6% glutaraldehyde than 
with 1%. All sections x 1,080 
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EFFECT of FIXATION CONDITIONS 
ON THE STAINING of PEROXISOMES 
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Fig. 11. Tabulation of the effects of fixation on the cytochemical staining of peroxisomes. The 
intensity of reaction was graded arbitrarily from 0 to 4+ and six sections were examined from 
each group and average values were calculated. As indicated in Figs. 8-10, 1% glutaraldehyde 
gives stronger staining than 6%. Increase of temperature of the fixative or prolongation of fixation 
causes inhibition of peroxisomal staining, which is more pronounced with 6% than with 1% 
glutaraldehyde 

ever, marked differences in the staining intensity could be observed. Therefore, 
for comparative studies the incubation for all subsequent observations was 
limited to 10 rain. 

Fixation Conditions. Figures 8-10 illustrate the influence of glutaraldehyde 
concentration and fixation time as well as the temperature upon the staining 
ofperoxisomes using the pH 10.5 incubation medium. Fixation with lower glutar- 
aldehyde concentrations gave rise to stronger staining than with higher concen- 
trations (Fig. 8a, b). Increasing the temperature of the fixative from 5~ 
to 25 ~ C caused moderate to marked inhibition of catalase (Fig. 9a, b), and 
prolongation of the fixation time caused further inhibition of the enzyme activity 
(Fig. 10a, b). Similar results were obtained at pH 8.5, although the differences 
were not as pronounced. A tabulation of these observations by grading arbi- 
trarily the staining reaction (Fig. 11) shows that the differences are more marked 
with 6% than with 1% glutaraldehyde. 

Incubation Conditions. Figures 12-14 (a, b, c) illustrate the effects of pH and 
temperature upon the staining intensity of peroxisomes in material fixed for 
30 rain at 5 ~ C with 6% glutaraldehyde. Whereas at pH 8.5 the staining intensity 
increased markedly with the elevation of the temperature (Fig. 12a-c), at 
pH 10.5 there is moderate inhibition of staining at the higher temlSeratures 
(Fig. 14a-c). At pH 9.5 there is a slight increase in staining at 37 ~ C and little 



Figs. 12-14. Effect of  incubation conditions on cytochemical staining of peroxisomes in proximal 
tubules of mouse kidney fixed with 6% glutaraldehyde for 30 min at 5 ~ C. The enhancement 
of the reaction by increasing the temperature (25 ~ C-45 ~ C) is most pronounced at pH 8.5 (Fig. 12 a, 
b, c). At pH 9.5 there is a slight increase (Fig. I3a, b, c), and at pH 10.5 there is inhibition of 
peroxisomal staining (Fig. 14a, b, c). All sections x 1,080 
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Fig. 15. Tabulation of effects of incubation conditions on staining intensity of peroxisomes. The 
reaction intensity after 10 min incubation is shown in solid (black or patterned) bars and after 
30 rain incubation in the hollow (white) extensions of these bars. The strongest staining is obtained 
at pH 10.5 and 25 ~ C. Adequate peroxisomal reaction can also be achieved at pH 8.5 or at pH 9.5 
when incubation temperature is adjusted to 45 ~ C or 37 ~ C respectively. The temperature effect 
is most pronounced at pH 8.5 

or no change at 45 ~ C (Fig. 13 a-c). The quantitative tabulation of these results 
(Fig. 15) demonstrates that the temperature plays a critical role only at pH 8.5. 
The effect of temperature at pH 8.5 is even more clearly visible after incubations 
for 30 rain, when in other groups most differences in staining have disappeared 
(Fig. 15). Thus, although the strongest reaction at room temperature was ob- 
tained at pH 10.5, adequate staining could also be achieved at other pH's  when 
the incubation temperatures were adjusted accordingly. 

The staining intensity increased with the DAB concentration, so that the 
solubility of DAB (4 mg/ml) at the alkaline pH of 10.5 posed the limiting factor. 
We therefore selected the concentration of 2 mg/ml for routine application. 
The optimal H202 concentration for this DAB medium was 0.5 x 10-1M or 
0.15%. The use of BaO2 and glucose-glucose oxidase system did not increase 
the staining when the optimal fixation and incubation conditions were used. 
However, under suboptimal conditions of fixation (e.g. prolonged fixation with 
6% glutaraldehyde at room temperature) these other peroxide sources gave 
rise to a stronger staining. In this respect the glucose-glucose oxidase was better 
than the BaOa. 

Discussion 

The results of this investigation have revealed the complex nature of the interac- 
tion between catalase and DAB. The biochemical approach with purified enzyme 
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and the use of the spectrophotometric DAB-assay have demonstrated that both 
the fixation and incubation conditions influence this reaction. In the present 
study the oxidation of DAB by catalase was recorded continuously up to 60 rain. 
Such recordings resemble more closely the cytochemical staining conditions 
than the measurement of the initial rate of the reactions used previously (Herzog 
and Fahimi, 1974a, b, 1976). The results demonstrate that the colorimetric DAB- 
assay is an effective method for the evaluation of optimal conditions in the DAB 
cytochemistry. Furthermore, the agreement between the spectrophotometric data 
and the cytochemical observations in tissues incubated for only 10 rain suggests 
that for quantitative evaluation of enzyme activity in tissue sections such short 
incubations are best suited. 

Fixation Conditions 

Aldehyde fixation plays an important role in the cytochemical demonstration 
ofcatalase (Herzog and Fahimi, 1972, 1974a; Roels and Wisse, 1973). Increasing 
concentrations of glutaraldehyde cause a marked inhibition of the catalatic 
activity of catalase while enhancing the initial rate of the oxidation of DAB 
(Herzog and Fahimi, 1974a, 1976). In addition, the present study shows that 
the final pigment production is maximal with the lowest concentration of glutar- 
aldehyde and that enzyme preparations fixed with higher concentrations of 
glutaraldehyde are rapidly inactivated during the incubation. A similar effect 
is obtained by increasing the time and the temperature of the fixation. Thus 
it can be concluded that with the "milder" fixation conditions (i.e., lower 
concentrations of glutaraldehyde, shorter duration, and lower temperatures), 
the pigment production will be stronger. Cytochemical studies confirmed that 
"milder" fixation conditions are to be preferred, as long as adequate tissue 
preservation is obtained. However, a disadvantage o f "  mild" fixation conditions 
is that other enzymes with peroxidatic activity which are inhibited by higher 
concentrations of glutaraldehyde, such as cytochrome oxidase and various en- 
dogenous peroxidases, are stained simultaneously with catalase (Roels et al., 
1975; Herzog and Fahimi, 1976). 

Incubation Conditions 

The two modifications of the original peroxidase technique of Graham and 
Karnovsky (1967) for the cytochemical demonstration of catalase have been 
the use of alkaline pH and higher incubation temperatures (Fahimi, 1968, 1969; 
Novikoff and Goldfischer, 1969). The results presented here demonstrate the 
influence upon the pigment production of the various factors individually, i.e., 
pH, temperature, DAB and H202 concentrations, as well as the intricate rela- 
tionship of these factors with one another. 

Incubation pH. The maximal initial rate of oxidation of DAB was obtained 
at pH 10.5, thus confirming our earlier observations (Herzog and Fahimi, 
1974b). However, prolonged incubation at this pH appears to inactivate the 
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enzyme. Therefore with incubations for 40-60 rain more pigment is produced 
at lower pH values. This may explain the difference in pH ranging from 7.2 
to 10.5, which has been used in various methods for localization of catalase 
(Hirai, 1969; Herzog and Fahimi, 1974b; Novikoff et al., 1972). Although we 
originally proposed pH 8.5 for the localization of catalase (Fahimi, 1968, 1969; 
Venkatachalam and Fahimi, 1969), we have emphasized recently the importance 
o fpH 10.5 in order to distinguish catalase from peroxidase (Herzog and Fahimi, 
1976). This is important for all tissues which contain both enzymes, since at 
pH 10.5 peroxidase activity is markedly suppressed, and catalase is visualized 
exclusively. Furthermore, at this pH the staining of mitochondria is negligible. 
Mitochondrial staining is especially disturbing in light microscopy. Thus, Novi- 
koff et al. (1972) proposed the use of KCN in order to suppress it. KCN, 
however, at high concentrations may interfere with the staining of peroxisomes 
(Hirai, 1969; Magalhaes and Magalhaes, 1971). 

Incubation Temperature. The influence of temperature is interrelated with the 
effect of pH upon the staining intensity. Whereas at pH 10.5 the temperature 
of incubation does not influence the final pigment production, it has a drastic 
effect at pH 8.5 (Fig. 7). Cytochemical observations confirmed that the staining 
of peroxisomes is optimal at pH 10.5 if the incubation is performed at room 
temperature (25 ~ C) but that adequate staining at lower pH values (9.5 and 
8.5) can be achieved when the incubation temperature is raised accordingly. 
Earlier empirical observations in tissue sections revealed stronger staining of 
catalase at 37~ or 45~ (Fahimi, 1968; Novikoff and Goldfischer, 1969; 
Roels et al., 1975). Our findings indicate that for optimal results the temperature 
should be adjusted according to the pH of the incubation medium. 

Concentration of DAB. The concentration of DAB in the range studied 
(0.5-4 mg/ml) does not seem to pose a limit upon the staining intensity, because 
the addition of new enzyme to the lowest concentration of DAB caused addi- 
tional pigment production (Fig. 6). On the other hand, since the amount .of 
pigment produced by catalase increases with higher concentrations of DAB, 
the solubility of DAB in the alkaline pH may become a limiting factor. Alkaline 
DAB solutions should be kept in the dark because of high auto-oxidation 
of DAB by light. Addition of gelatin (0.1 mg/ml) keeps' the DAB in suspension 
and prevents the precipitation of oxidized DAB (Fahimi and Herzog, 1973). 
For cytochemical studies a concentration of 2 mg/ml of DAB is most adequate. 

Concentration of HzOz. Earlier studies showed a marked difference in the optimal 
concentrations of H202 for the localization of catalase and peroxidase; this 
difference can be used for cytochemical discrimination between the two enzymes 
(Herzog and Fahimi, 1976). The present paper demonstrates the interrelationship 
between the concentrations of DAB and H202, indicating that at higher concen- 
trations of DAB larger amounts of H202 are needed (Fig. 7). Very high concen- 
trations of H202, however, inhibit the peroxidatic activity of catalase (Laser, 
1955; Fahimi, 1969). In the 2 mg/ml solution of DAB, a concentration of 
0.15 mg/ml of H2Oz seems adequate. 
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Conclusions 

Our  quant i t a t ive  studies indica te  that  there  is no single " o p t i m a l "  cond i t ion  
for  the  v isua l iza t ion  of  catalase ,  but  ra ther  tha t  all pa rame te r s  o f  f ixat ion and  
incuba t ion  should  be cons ide red  in re la t ionsh ip  to one another .  Therefore  the  
cond i t ions  o f  f ixat ion and  incuba t ion  can be modi f i ed  accord ing  to the type  
o f  the s tudy and  the na tu re  o f  the ma te r i a l  to be invest igated.  F o r  example ,  
for  t racer  s tudies with ca ta lase  which requi re  quick  f ixat ion (in o rder  to keep  
the enzyme in vascu la r  beds  and  in tercel lu lar  spaces),  6% g lu ta ra ldehyde  for 
30 rain and  at  5 ~ C fo l lowed by incuba t ion  at  p H  8.5 and  45 ~ C are preferable .  
F o r  v i sua l iza t ion  o f  perox isomes ,  f ixat ion wi th  lower  concen t ra t ions  o f  g lu tara l -  
dehyde  ( 1 % ) f o l l o w e d  by  incuba t ion  at  p H  10.5 at  25 ~ C p rov ide  the  advan t age  
o f  suppress ing the s imul taneous  s taining o f  mi tochondr i a .  F ina l ly ,  for  the exclu- 
sive d e m o n s t r a t i o n  o f  ca ta lase  in t issues con ta in ing  bo th  perox idase  and catalase,  
s t rong f ixat ion (6% or  3% g lu ta ra ldehyde  for  several  hrs to  inhibi t  the peroxi -  
dase) fo l lowed by incuba t ion  at  p H  10.5 and  high H202  concen t ra t ions  
(0.15 0 .3%) should  be helpful  for  d i sc r imina t ion  between the two enzymes.  
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