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Abstract. In view of the ascribed involvement of alcohol dehydrogenase (ADH) in the 
metabolic activation of the carcinogen methylazoxymethanol, the distribution of this en- 
zyme in the ear canal, duodenum, ileum, and colon of rats, mice, hamsters, and guinea pigs 
was examined by a histochemical method using l-butanol as substrate. The technique de- 
scribed gave reproducible and specific results. While the distribution and intensity of stain- 
ing for ADH differed from organ to organ, corresponding organs from each of the four 
species examined showed a remarkable degree of similarity in the distribution and intensity 
of staining. However, major differences are known to exist in the sensitivities of these 
organs in the four species to the carcinogenicity of methylazoxymethanol and/or its 
metabolic precursors 1 ,2-dimethylhydrazine and azoxymethane. Thus, we conclude that no 
specific correlation exists between the overall distribution of ADH, as determined by our 
histochemical method, and the organ specificity of these carcinogens. 

It was suggested by Schoental(1) that the 
enzyme alcohol dehydrogenase (ADH) may 
play a significant role in the metabolism of 
carcinogens such as methylazoxymethanol 
(MAM), a metabolite of the colon carcino- 
gens 1 ,Zdimethylhydrazine (DMH), azoxy- 
methane, and methylazoxymethanol ace- 
tate. This hypothesis received support from 
the work of Grab and Zedeck (2) who 
using both ethanol and MAM as substrate 
showed that NAD-dependent ADH activity 
was highest in those segments of rat intes- 
tine which were also most sensitive to the 
carcinogenic effects of methyl-azoxy- 
methanol acetate. However, other stud- 
ies have shown significant levels of ADH 
activity in many other rat tissues (3, 4). 
Also, Mistilis and Garske (5) demonstrated 
relatively high activity of this enzyme in 
liver, stomach, and small intestine but 
found no activity in the colon of Sprague- 
Dawley rats. Therefore, this study was 
undertaken to  determine the anatomical 
distribution of ADH at  selected sites in 
four species of experimental animal in 
which the response to the carcinogen DMH 
is known. 

Materials and methods. Animals. Tech- 
niques were developed using tissues from 
adult male Fischer 344 rats (Charles River 
Breeding, Wilmington, Mass.). Final tissue 
evaluations were carried out on tissues of 

five adult male Fischer 344 rats (Charles 
River Breeding), five adult male HdICR 
mice (ARS/Sprague - Dawley , Madison, 
Wisc.), five adult male Syrian golden ham- 
sters (ARS/Sprague -Dawley) and three 
adult female Strain 2 guinea pigs (Frederick 
Laboratories, Fort Detrick, Md.). 

Chemicals. Nitroblue tetrazolium (NBT) 
Grade 111, p-nicotinamide adenine dinucle- 
otide (NAD) Grade V, polyvinylpyrrol- 
idone (PVP; PVP- 10, average molecular 
weight 10,000) , niacinamide, and iodoacetic 
acid were obtained from Sigma Chemical 
Company (St. Louis, Mo.), l-butanol and 
magnesium chloride were obtained from 
Fisher Scientific Company (Pittsburgh, 
Pa.), and pyrazole was obtained from East- 
man Kodak Company (Rochester, N.Y.). 

Preparation of tissues for staining. Ani- 
mals were killed by CO, overdose and por- 
tions of descending colon, ileum, duode- 
num, and inner ear canal were placed in 
Hanks’ buffered saline solution at  4°C 
briefly until suitably sized portions, ap- 
proximately 1 x 0.3 cm, could be cut and 
rapidly frozen in a drop of water containing 
10 mg/ml PVP on a cryostat block pre- 
cooled to -20°C. Multiple sections of each 
tissue were cut at 8- 10 pm in a Pearse Slee 
G2-MR cold microscope cryostat and at- 
tached to clean glass microscope slides by 
momentary thawing. 
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Staining: 1 .  A D H .  The method finally 
adopted was a modification of those used 
by Pearse (6) and Ferguson (3). Staining 
was carried out for 1 hr in a Coplin jar agi- 
tated in a water bath maintained at 37°C. 
The staining solution contained phosphate 
buffer, 15 mM, pH 7.4, NBT, 1.2 mM, 
MgClz, 5 mM, niacinamide, 1 mM, NAD, 3 
mM, and 1-butanol, 0.386 M. After incuba- 
tion in the staining mixture, slides were 
washed in physiological saline for 1 min, 
fixed in 10% buffered formalin acetate (pH 
7.0-7.1) for 10 min, lightly counterstained 
in 0.25% aqueous safranin 0 (Fisher Scien- 
tific Co., Fair Lawn, N.J.) for 30 sec, 
washed in physiological saline for 1 min, 
rapidly dehydrated through graded alcohols 
to xylene, and then coverslipped using 
Coverbond (Scientific Products, McGaw 
Park, Ill). 

2. ADH with inhibitor. Staining was car- 
ried out as for ADH but with the addition of 
0.386 M pyrazole to the staining solution. 

3. No-substrate control. Staining was 
carried out as for ADH but without 1- 
butanol in the staining mixture. 

4. Hematoxylin and eosin. After fixation 
in 10% buffered formalin acetate  (pH 
7.0-7.1), slides were stained with hema- 
toxylin and eosin by routine methods. 

5 .  Miscellaneous procedures .  Using 
sections of rat tissues including kidney, 
liver, colon, and ileum, we determined the 
effects of: (i) increasing buffer molarity to 
0.05 M, and increasing the pH to 8.0; (ii) 
substituting Tris buffer 0.05 M (pH 7.6) in 
place of the phosphate buffer; (iii) omitting 
NAD from the stain; (iv) shortening the in- 
cubation time to 20, 10, and 5 min; (v) incu- 
bation at room temperature; (vi) omitting 
the counterstain; (vii) omitting the dehy- 
dration of sections following staining and 
coverslipping with a water-soluble medium; 
(viii) adding 0.01 M sodium cyanide to the 
staining solution (7); (ix) substituting 
ethanol 1.0 M and 0.1 M for 1-butanol; (x) 
adding PVP (75 mg/ml) to the staining solu- 
tion; (xi) adding 0.1 M iodoacetic acid to the 
staining solution; and (xii) freezing tissues 
in liquid nitrogen followed by storage for 
1-14 days at -80°C. In addition, to exam- 
ine for the possibility of incomplete stain 
penetration, sections of rat colon and ileum 
were cut from tissue mounted flat with the 

mucosal surface up on cryostat blocks. 
Smears were made of scrapings taken by a 
glass microscope slide drawn across the 
mucosal surface of the bowel. These 
smears and sections of the bowel after 
scraping were also stained for ADH ac- 
tivity. 

Results. Hematoxylin and eosin sections 
confirmed the normal appearances of the 
tissues under study and also confirmed the 
adequacy and orientation of the sections. 

A summary of the results for ADH 
staining is given in Table I. The intensity of 
staining was graded visually on an arbitrary 
scale of 0 to + + + . The grade of 0 was given 
where no staining was observed and 2 was 
given where there were only occasional 
blue cytoplasmic granules present in some 
cells. An example of intense (+ + +) stain- 
ing is shown in Fig. 1. In all tissues the 
staining appeared to be throughout the cy- 
toplasm and was granular in nature. Glands 
lining the ear canal showed heavy staining 
for ADH (Fig. l), the epithelial cells lining 
the villi of the duodenum showed moderate 
staining (Fig. 2), and the epithelial cells 
lining the villi of the ileum and lining the 
surface of the colon (Fig. 3) showed weak 
staining. The cytoplasm of both goblet and 
border cells appeared to show staining. The 
epithelial cells lining the crypts in the 
duodenum (Fig. 2), ileum, and colon (Fig. 
3) showed a gradation of staining with 
minimal or no activity at the base of the 
crypts and increasing activity toward the 
surface. 

In the presence of pyrazole, a competi- 
tive inhibitor of ADH (8, 9), the intensity of 
staining appeared to be reduced by ap- 
proximately one grade but was not com- 
pletely abolished. In the tissues studied no 
staining was observed in the absence of 
substrate (Fig. 1) except at the site of folds 
in the section, and occasionally in keratin 
lining the ear canal and in cartilage adjacent 
to the ear canal. 

No apparent effect on alcohol dehydro- 
genase staining was noted by increasing the 
buffer molarity, increasing the buffer pH, 
substituting Tris buffer for  phosphate 
buffer, omitting the dehydration of sec- 
tions, omitting the counterstaining, adding 
sodium cyanide to the staining solution, or 
adding PVP to the staining solution. 
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TABLE I. THE HISTOCHEMICAL DISTRIBUTION A N D  INTENSITY OF STAINING FOR ALCOHOL DEHYDROGENASE 
I N  TISSUES FROM FOUR SPECIES OF EXPERIMENTAL ANIMAL 

Rats Mice Syrian golden Strain 2 
F344 HdICR hamster guinea pigs 

Ear canal 
Glandular epithelial cells 
Duct epithelium 
Epithelium lining ear canal 

Villous epithelium 
Crypt epithelium 

Villous epithelium 
Crypt epithelium 

Surface epithelium 
Crypt epithelium 

Duodenum 

Ileum 

Descending colon 

+ + - + + +fz + + -+ + + 
0 0 

0-2 0-+ 

++ ++ 
0-+ 0-2 

f-+ 5 - +  
0-+ 0-+ 

+-+ +-+ 
0-2 0-2 

++-+++ 
0-? 

0 

+-+t 
0-+ 

+ 
0-* 

+-+t 
0-2 

+++ 
0-+ 
0-+ 

++ 
0-+ 

+-++ 
0-+ 

+-++ 
0-f 

The intensity of staining was graded visually on a scale of 0, ?, + , + +, and + + +. 0 = no staining; 2 = min- 
imal and irregular staining; + = weak staining; + + = moderate staining; + + + = heavy staining. 

FIG. 1. Photomicrographs of cryostat sections of the inner, posterior wall of the ear canal of an 
F-344 rat. The sebaceous gland (of Zymbal) occupies the lower half of each field and smaller sebaceous 
glands of the posterior wall are also present (arrows). The lumen of the ear canal is above and is lined 
by a keratinizing squamous epithelium (E). (Left) Section stained for ADH activity using 1-butanol as 
substrate. There is positive intense dark (blue) granular staining of cells of the sebaceous glands. X310. 
(Right) Section stained for ADH activity but with substrate omitted from the incubation. Dark staining 
is absent and the tissue is outlined by the pale (red) counterstain. ~ 3 1 0 .  
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FIG. 2. Photomicrographs of cryostat sections of duodenum stained for ADH activity using 1- 
butanol as substrate. Cells covering the villi (V) show positive moderately intense dark (blue) granular 
staining but cells lining the crypts (C) lack positive staining. The distribution and intensity of staining is 
similar in both sections. (Left) From an F-344 rat. x330. (Right) From a Strain 2 guinea pig. x330. 

Reduced or irregular staining was noted 
when the incubation period was reduced, 
when the incubation was carried out at 
room temperature, when ethanol rather 
than 1-butanol was used, and when the tis- 
sue had been stored at -80°C. However, 
staining was not observed in the absence of 
NAD or in the presence of the relatively 
nonspecific enzyme inhibitor iodoacetic 
acid (9). 

Tangential sections and sections of pre- 
viously scraped ileum and colon containing 
the lower parts of crypts showed a similar 
distribution and intensity of staining as ob- 
served in cross sections. Staining of smears 
made from the scrapings of the colon con- 
tained scattered whole isolated crypts and 
these also showed a gradient in staining 
from the top to the base of the crypts 
(Fig. 4). 

Discussion. A satisfactory histochemical 
technique for the demonstration of ADH 
activity in intestinal and ear canal tissues is 
described and has been carefully evaluated 
in terms of the variables known to affect 
such enzyme histochemical reactions. In 
particular, in the tissues studied there was 
little or no staining in the absence of sub- 
strate, thus avoiding the complication of the 
so-called “nothing dehydrogenase” (10, 11) 
effect. Since this type of artifactual staining 
is more prominent at slightly alkaline pHs 
(lo), we carried out the staining at pH 7.4 or 
8 even though these values are below the 
pH optimum for the enzyme. Using elec- 
trophoretic methods, Koen and Shaw (12, 
13) have shown that the “nothing dehydro- 
genase” activity was principally associated 
with ADH itself suggesting that this effect 
could be due to undetected substrates pres- 
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FIG. 3. Photomicrographs of cryostat sections of descending colon stained for ADH activity using 
1-butanol as substrate. Cells on the surface (S) and cells lining the upper part of the crypts (C) show 
slightly variable positive dark (blue) staining of a fairly weak intensity. Positive staining of the cells in 
the bottom of the crypts is minimal. The distribution and intensity of staining is similar in both 
sections. (Left) From an F-344 rat. ~ 6 6 0 .  (Right) From a Strain 2 guinea pig. ~ 6 2 0 .  

ent either in the tissue or in the histochemi- 
cals used. It is, therefore, relevant to note 
that commercially available NBT may 
contain up to 15% ethanol (13) and that 
commonly used mounting media for cryo- 
stat tissue blocks contain glycols which are 
known to act as substrates for ADH (3). 

Although the addition of PVP and 
cyanide to the incubating mixture and the 
avoidance of dehydration and of mounting 
coverslips with a non-water soluble mount- 
ing medium has been recommended (7), 
these modifications did not result in any 
detectable differences in staining in the 
present study. 

Our observation of ADH activity in all of 
the epithelial tissues examined is in agree- 
ment with the reported observations of a 
widespread distribution of ADH in organs 
other than the liver, determined both his- 
tochemically (3 ,  4, 15) and biochemically 
(16-  "). Some Of these reports have 
described the Presence Of ADH activity in 
the intestine (3, 16- 18), none has system- 
atically examined the histochemical dis- 
tribution of this enzyme in the various an- 

FIG. 4. Photomicrograph of a smear made of 
scrapings from the descending colon of an F-344 rat, 
and stained for ADH activity. An isolated colon crypt 
is present and shows positive dark (blue) granular 
staining of weak intensity in the cells in the upper part 
(U) of the crypt. Staining is minimal near the base (13) 
of thebrypt. x660. 



246 HISTOCHEMISTRY OF ALCOHOL DEHYDROGENASE 

atomical subdivisions of the organ. Also, to 
our knowledge, the presence of ADH in the 
glands of the ear canal has not been previ- 
ously reported. 

In all the  tissue examined, positive 
granular staining appeared to be wide- 
spread within the cytoplasm of those cells 
showing activity. Although the granularity 
of staining may suggest activity within cel- 
lular organelles, Pearse (7) has pointed out 
that granularity may be produced or en- 
hanced by the type of processing of sec- 
tions after staining has been completed. 
We, therefore, do not infer any particular 
subcellular distribution from our results ex- 
cept that activity did not appear to be pres- 
ent in nuclei. 

In intestinal mucosa we observed 
maximum ADH activity in cells on the villi 
in the small bowel and in cells on the sur- 
face and in the upper one-third of the crypts 
of Lieberkuhn in the large bowel. This pref- 
erential distribution in the more mature 
cells of the mucosa parallels the distribution 
reported for several other mucosal en- 
zymes including y-glutamyltransferase ( 19), 
adenosine deaminase, adenine and hypo- 
xanthine phosphoribosyltransferases, pu- 
rine nucleoside phosphorylase, and thy- 
midylate phosphatase (20). The possibility 
of an artifactual distribution of staining 
caused by inadequate stain penetration 
was considered because of the predomi- 
nantly surface localization of staining in 
intestinal tissues but was excluded by the 
demonstration of the same differential 
staining in semitangential sections of the 
mucosa and in isolated crypts. It is of inter- 
est to note that while DMH is thought to act 
on the actively dividing cells in the lower 
parts of the intestinal crypts (21), these cells 
contained very little ADH activity com- 
pared to cells in the upper portions of the 
crypts. 

The pattern and intensity of staining in a 
given type of tissue was similar regardless 
of the species of origin. The maximum in- 
tensity of staining was observed in the 
glandular cells of the ear canal and only rel- 
atively weak staining was observed in the 
ileum and colon in all species examined. 
However, the incidence of tumors induced 
by DMH and its metabolites in these 

species varies considerably from tissue to 
tissue and species to species. In particular, 
tumors of the ear canal glands are induced 
with high incidence in rats with these car- 
cinogens (22-24) but have not been ob- 
served in the other species. Similarly, 
tumors of the colon are induced frequently 
in rats (22, 23), mice (25-27), and hamsters 
(28-30) with these chemicals but not in 
guinea pigs (30, 31). Tumors are also in- 
duced by these carcinogens frequently in 
the duodenum but only occasionally in the 
ileum of rats (22, 23) and occasionally in the 
duodenum and ileum of hamsters (28), but 
not in the duodenum or  ileum of mice 
(25 - 27) and guinea pigs (30, 3 1). 

The present study indicates that no spe- 
cific correlation exists between the pres- 
ence in an organ of ADH as determined 
histochemically using l-butanol as sub- 
strate and the susceptibility of that organ to 
the carcinogenicity of DMH or its metabo- 
lites, azoxymethane and methylazoxy- 
methanol. However, in view of the in- 
creasing evidence that ADH does play a 
role in the metabolism of methylazoxymeth- 
anol (2, 32), there is still the possibility 
that quantitative or qualitative differences 
not detectable by histochemical techniques 
may play a role in determining the organ 
specificity of these carcinogens. Such dif- 
ferences, for example, could be associated 
with the presence of a tissue-specific ADH 
isoenzyme with a high affinity for methyl- 
azoxymethanol. These possibilities need to 
be considered and are currently under in- 
vestigation in this laboratory. 
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