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THIRTEEN FIGURES

Two different types of parenchymal cells have been demon-
strated in the mammalian adrenal medulla after histochemical
treatment for the visualization of acid phosphatase (Erdnko,
51, ’52; Picard and Vitry, ’54; Picard et al., ’55), fluorescence
after fixation in caleium-formol (Erinko, ’51, ’52), reduction
of ammoniacal silver nitrate after the same fixation (Eranko,
51, ’52), color formation after treatment with potassium
iodate (Hillarp and Hokfelt, *53, 54, ’55), esterase (Coutinho
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et al., ’565), alkaline phosphatase (Allen, ’'56) and meta-
chromasia (Picard and Vitry, ’56).

The calcium-formol-induced fluorescence and the iodate re-
action have been shown to demonstrate the same adrenome-
dullary cells in several species (Eranko, ’55, ’56). Direct and
indireet evidence has been presented to show that the adreno-
medullary cells which give either of these two reactions are
specialized in the secretion of noradrenaline, while the re-
maining chromaffin cells produce and secrete adrenaline
(Hillarp and Hokfelt, ’53, ’54, ’55; Krianko, ’55, ’56, ’57;
Allen, 56; Eranké and Hopsu, ’57).

Of the histochemical reactions listed above, the esterases
are of particular interest since the secretory stimulus to the
adrenal medulla is mediated by acetylcholine (Feldberg et al.,
’34), which is broken down by cholinesterases (see Chessick,
’54). Coutinho et al. (’55) observed esterase-positive and
esterase-negative parenchymal cells in the adrenal medulla of
the rat. These authors made no attempt to determine which
of the two types of adrenomedullary cells contained this
esterase activity nor did they investigate in detail the nature
of the esterase activity observed. Such a study is reported
in the present paper.

MATERIALS AND METHODS

Healthy adult rats of the Wistar strain were used. The
animals were killed by decapitation and the adrenals im-
mediately removed and dissected free of adjacent adipose
tissue.

Topographic studies

Unfixed adrenals were sectioned on a freezing microtome at
20 u with a cooled knife. The sections were elther transferred
directly into the substrate solution for the demonstration of
enzyme activity or fixed for varying periods in a solution
containing 4% formaldehyde and 1% anhydrous calcium chlo-
ride. The fixed sections were rinsed in distilled water and
mounted on slides before being subjected to the histochemical
procedure.
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Other adrenals were immersed in the calcium-formol solu-
tion for 2-3 hours. Sections were then cut at 20 u with a
freezing microtome, rinsed in water, floated onto slides and
allowed to dry.

Fluorescent cell islets were visualized in the medullary re-
gions of sections of calcium-formol-fixed adrenals by fluor-
escence microscopy. Photomicrographs of the fluorescence
were taken either of the dry sections or after mounting the
sections in glycerol.

Acid phosphatase was demonstrated using a modification
of Gomori’s glycerophosphate method (Erénks, ’52). The
0.1 M acetate buffer was adjusted to pH 4.7 and sections were
incubated for ¥4 —1 hour at 37°C.

For the demonstration of esterases several methods were
used :

1. Acetyl- and bulyrylthiocholine. The method described
by Koelle (’51) was followed with the omission of storage
solutions. The incubation times varied, but 1 hour for acetyl-
thiocholine and 1% —2 hours for butyrylthiocholine at 37°C
were optimal.

2. Myristoyl choline. The method used was essentially that
given by Pearse (’53). The pH of the substrate solution was
adjusted to 7.8. This method proved capricious and long incu-
bation times (up to 7 hours for formalin-fixed sections) were
necessary.

3. Alpha-naphthyl acetate. The technique prescribed by
Pearse (’53) was used, adjusting the 0.1 M phosphate buffer
to pH 7.4. Since signs of diffusion were observed when diazo-
tized ortho-dianisidine (Brentamine Fast Blue B salt 1.C.L
Litd.) was used as a coupling agent at a concentration of 1 mg
per 1 em?® of substrate solution, other diazonium salts at higher
concentrations (up to 10 mg per 1 em?® of substrate) were
tried. Increasing the concentration of the diazonium salt re-
sulted in some inhibition of enzyme activity but greatly im-
proved the sharpness of the localization. Diazotates of
5-nitro-ortho-anisidine (Brentamine Fast Red B Salt, I.C.T.
1.td.), ortho-dianisidine (Brentamine Fast Blue B Salt, I.C.1.
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Ltd.), 3-nitro-para-anisidine (Brentamine Fast Bordeaux GI
Salt, 1.C.I. Ltd.) and 4-amino-3:2’-dimethyl-azobenzene
(Brentamine Fast Garnet GBC Salt, I.C.I. Litd.) gave good
results when concentrations of 5-10 mg/cm?® were used. In-
cubation for 15— 20 minutes at room temperature was satis-
factory.

Inhibitor studies

Adrenals for inhibitor studies were fixed 12 hours at 4°C
in 10% formalin buffered and made isotonic with a phosphate
buffer system at pH 7.0. These tissues were sectioned at 20 p
on a freezing microtome, washed briefly in distilled water and
mounted on slides. After drying in air at room temperature
for 3 hours, they were subjected to histochemical treatment.

For the demonstration of esterases the same substrates
used in topographic studies were employed.

1. Acetyl- and butyrylthiocholine. The same method was
used as in the topographic studies.

2. Myristoyl choline. The method prescribed by Pearse (53)
was applied but a 0.005 M final concentration of calcium
chloride was substituted for cobaltous acetate and tris buffer
(Pearse, ’53) at a final concentration of 0.025 M and pH 7.8
was substituted for veronal buffer. Following incubation in
the substrate solution scctions were treated exactly as out-
lined by Gomori (’52) for the demonstration of lipase activity
against Tween substrates. This modification yielded a grossly
crystalline precipitate of lead sulfide but reduced the optimum
incubation period to 2 hours. The large crystals rendered
these preparations useless for topographic studies but they
proved excellent for inhibitor studies.

3. Alpha-naphthyl acetate. Except for the use of Fast Red
Salt RC (General Dyestuff Co.) at a concentration of
1 mg/1 em? of substrate the method was used as in the topo-
graphic studies.

The following inhibitors were employed: eserine sulfate at
a concentration of 10~° M ; di-isopropylfluorophosphate (DFP)
at various concentrations; dimethyl carbamate of (2-hydroxy-
5-phenyl benzyl) trimethyl ammonium bromide (Ro 2-0683)
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at various concentrations; and p-chlorphenylmethyl carba-
mate of m-dimethylaminophenol methyl bromide (Ro 2-1250)
at various coneentrations. Stock solutions of DFP were pre-
pared in anhydrous propylene glycol. Stock solutions of Ro
2-0683, Ro 2-1250 and eserine sulfate were prepared in dis-
tilled water. Stock solutions of inhibitors were stored at 4°C
and working solutions were prepared just before use. These
inhibitors were incorporated, in proper concentrations, into
substrate solutions. Prior to immersion in the substrate so-
lutions sections were pre-incubated for 30 minutes at 37°C
in appropriate inhibitor concentrations made up in buffer or
in distilled water. Sections were incubated in the substrate
solutions at 37°C except for alpha-naphthyl acetate snbstrates
which were used at room temperature. Incubation for twice
the optimum time (table 2) was employed (except in the case
of alpha-naphthyl acetate substrates which were used at the
optimum time) to obviate, in part, the influence of differences
in enzyme activity upon total inhibition points. Effects of
inhibitors were judged visually against two types of control
sections; (1) control sections which had not been treated with
any inhibitor and (2) control sections which had been treated
with 10 M eserine sulfate. These latter sections were em-
ployed in the belief that 10 M eserine sulfate would cause
complete inhibition of cholinesterase activity (Richter and
Croft, ’42) and that these sections should serve as ‘“no cholin-
esterase blanks’’ for comparative studies. The inhibitor con-
centration giving total inhibition of cholinesterase activity as
judged against an eserinized control section was recorded.
No attempt was made to grade degrees of inhibition other than
total inhibition. Inhibitor effects were evaluated on multiple
sections from each of a minimum of three animals for each
inhibitor-substrate combination.

Electrophoretic studies

Further characterization of adrenomedullary esterases was
attempted through the use of starch gel electrophoresis.
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Electrophoresis was carried out on liver and on pooled
samples of adrenal medullae dissected free of the adrenal
cortex. These tissues were homogenized with a minimum vol-
ume of water. The homogenate was absorbed onto a small
piece of filter paper which was inserted into a starch gel
column according to the method of Smithies (’55). Esterase
activity was demonstrated on the starch column after electro-
phoresis using alpha-naphthyl acetate and alpha-naphthyl
butyrate as substrates as deseribed by Hunter and Markert
(’57). Starch gels at pH 7.0 were used.

RESULTS
1. Distribution of esterase activity

Esterase activity in the various parts of the adrenal gland
is summarized in table 1. A positive reaction was observed
in the capsule with all the methods used. On the other hand,
the parenchymal cells of the cortex reacted in different ways
toward different substrates. While the reaction was counsist-
ently positive with alpha-naphthyl acetate, no reaction was
seen with acetylthiocholine, butyrylthiocholine or myristoyl
choline. A substrate-dependent difference was also seen in the
macrophages which were present in the medulla and/or in
the deeper parts of the cortex. These cells exhibited a strong
reaction with adpha-naphthyl acetate but did not react with
acetylthiocholine or butyrylthiocholine. Difficulties involved
in the myristoyl choline technique prevented certain localiza-
tion of enzymatic activity in units as small as individual cells.

In other respects similar results were obtained with all four
substrates. Ganglion cells, often gathered into small groups
in the medulla, and coarse nerve fibers were always strongly
positive. Medullary parenchymal cells were divisible into
two categories, being either positive or negative in their reac-
tion. The reactive parenchymal cells were gathered into
groups of a shape and size similar to those formed by the
fluorescent, iodate-positive and acid phosphatase-negative
cells, These esterase-positive parenchymal cells were sur-
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rounded by the main bulk of the esterase-negative paren-
chymal cells.

2. Esterase reactions in the two types of
adrenomedullary cells

Preliminary experiments in which pairs of adjacent sec-
tions were compared (caleium-formol-induced fluorescence vs.
esterase demonstrated with alpha-naphthyl acetate; acid phos-
phatase vs. esterase demonstrated with acetylthiocholine;
ete.) suggested that both fluorescent and non-fluorescent par-
enchymal cells of the adrenal medulla may show either strong
or weak esterase activity and that there was no spatial rela-
tionship between acid phosphatase activity and esterase ac-
tivity. Further studies proved this first impression to be in-
correct. Comparison of adjacent sections was found to be of
limited value since the islets of fluorescent, acid phosphatase-
negative medullary cells were of irregular shape and were
small as compared with the section thickness. The distribu-
tion pattern, therefore, changed from omne section to the next.

To clarify this situation two different histochemical reac-
tions were applied consecutively to the same section. After
the distribution of calcium-formol-induced fluorescence in a
section was registered by photomicrography the esterases
could be localized in the same section and their distributions
recorded by photomicrography. Similar photographic com-
parisons of acid phosphatase and esterase activity could be
made in the same section. Also esterase activity splitting
alpha-naphthy! acetate could be photographically compared in
the same section with esterase activity splitting acetylthio-
choline or butyrylthiocholine.

Figures 1-12 show 6 pairs of photomicrographs made as
described above. Visual and photographic comparisons clearly
demonstrated that the medullary cell islets which fluoresced
after fixation in caleium-formol and which were essentially
acid phosphatase negative exhibited a strong esterase activity
toward all the four substrates used (figs. 1-10). The ester-
ase activity of the remaining medullary cells, except that of
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ganglion cells and coarse nerve fibers, was much weaker and
could be demonstrated only after prolonged incubation in the
substrates. The thiocholine and alpha-naphthyl acetate meth-
ods produced essentially the same results (figs. 11 -12).

3. Intracellular distribution of the esterase activity

Differences in the distributions obtained with the different
histochemical methods were observed at higher magnifica-
tions. The thiocholine methods, with optimal incubation
times, showed enzymatic activity to be mainly concentrated in
fine nerve fibers surrounding the parenchymal cells. With
longer incubation times, particularly in the case of fresh, un-
fixed sections, enzymatic activity was observed also in the
cytoplasm of parenchymal cells,

After incubation in myristoyl choline sufficient to produce
a positive reaction in all fluorescent parenchymal cells the
precipitate obtained was too dense to allow conclusions as to
the accurate localization of the enzyme. Short incubation
times produced granular precipitates in the cytoplasm of the
parenchymal cells.

When alpha-naphthyl acetate was used as a substrate the
fine distribution of activity depended upon the length of fixa-
tion as well as upon the diazonium salt employed. A fiber
reaction similar to that obtained with the thiocholine methods
was seen in caleium-formol fixed sections when a sufficient
concentration of Fast Blue B Salt, Fast Red B Salt or Fast
Bordeaux GP Salt was used. Substrates incorporating these
diazonium salts yielded some cytoplasmic reaction on pro-
longed incubation. With Fast Garnet GBC a cytoplasmic
reaction was seen, rather than the fiber reaction, even after
formalin fixation.

At present it cannot be said whether the esterase activity
in the parenchyma of the adrenal medulla is mainly associated
with the nerve net, with the cytoplasm of the secretory cells,
or with both. We are inclined to believe that this activity is
present in both the nerve fibers and the cytoplasm of paren-
chymal cells and that the activity in the fibers is the stronger.
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Those areas of the adrenal medulla which were essentially
esterase negative when optimum incubation times were em-
ployed showed esterase activity after prolonged incubation.
Here, small nerve fibers were observed to give a positive
reaction, particularly when the thiocholine and alpha-naphthyl
acetate methods were employed. The lower esterase activity
in these areas may be due, in part, to a less dense network of
esterase-positive fibers. On the other hand, the esterase ac-
tivity of the fibers in these low activity regions was weaker
than the esterase activity associated with fibers found in high
activity regions.

4. Effect of inhibitors on the esterase reactions

Fiserine sulfate at a concentration of 10 M completely
inhibited enzyme activity in the medulla when acetylthiocho-
line, butyrylthiocholine and myristoyl choline were used as
substrates. When alpha-naphthyl acetate was employed as
substrate in the presence of 10° M eserine sulfate a low but
easily discernible residinm of activity remained. This activity
was homogeneously distributed in the cytoplasm of all paren-
chymal cells and all ganglion cells. These results indicate that
adrenomedullary enzymatic activity against acetylthiocholine,
butyrylthiocholine and myristoyl choline is exclusively of the
cholinesterase variety since activity against these substrates
was completely abolished by 10° M eserine sulfate (Richter
and Croft, '42). Adrenomedullary enzymatic activity against
alpha-naphthyl acetate appears to consist of a major com-
ponent of the cholinesterase variety which is abolished by
1073 M eserine sulfate and a minor eserine resistant compon-
ent belonging to the aliesterase variety.

Further characterization of the eserine sensitive enzymes
in the adrenal medulla was made possible by use of other
inhibitors. Inspection of table 2 reveals two properties of the
eserine sensitive enzymes hydrolyzing alpha-naphthyl acetate,
acctylthiocholine, butyrylthiocholine and myristoyl choline.
First, a separation of eserine sensitive enzymatic activity
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against alpha-naphthyl acetate and acetylthiocholine vs. bu-
tyrylthiocholine and myristoyl choline can be made on the
basis of behavior following treatment with DFP. Cholines-
terase activity against the former substrates is totally in-
hibited by 10* M DFP while activity against the latter two
substrates is totally inhibited by 107 M DFP. Second, a
further separation of eserine sensitive esterolytic activity in
the adrenal medulla may be made on the basis of behavior
following treatment with Ro 2-0683 and Ro 2-1250. Eserine
sensitive enzyme activity against alpha-naphthyl acetate,
acetylthiocholine and butyrylthiocholine is totally inhibited
by 10-® M Ro 2-0683 and 10* M Ro 2-1250 while this activity
against myristoyl choline is totally inhibited by 1007 M Ro
2-0683 and 10 M Ro 2-1250. Hence, eserine sensitive en-
zymes active against alpha-naphthyl acetate, acetylthiocholine
and butyrylthiocholine are distinet from those active against
myristoyl choline.

On the basis of these inhibitor studies three categories of
eserine sensitive enzyme activity may be established. Group 1
enzymes are active against alpha-naphthyl acetate and acetyl-
thiocholine and have an inhibitor profile of 105 M DFP;
10 M Ro 2-0683; 10~ M Ro 2-1250. Group II enzymes are
active against butyrylthiocholine and have an inhibitor pro-
file of 100 M DFP; 10* M Ro 2-0683; 10* M Ro 2-1250.
Group IIT enzymes are active against myristoyl choline and
have an inhibitor profile of 107" M DFP; 10~ M Ro 2-0683;
10~ M Ro 2-1250. The possible importance of the number of
carbon atoms in the ester group of the substrates is empha-
sized in this scheme.

Within any substrate-inhibitor category all medullary cells
showing eserine sensitive esterolytic activity responded to the
inhibitor in the same fashion. Esterase activity in cells of the
capsule and in macrophages was totally inhibited by 10° M
eserine sulfate. Enzyme activity against alpha-naphthyl ace-
tate in cells of the adrenal cortex was unaffected by 105 M
eserine sulfate. Di-isopropylfluorophosphate, Ro 2-0683, and
Ro 2-1250 at concentrations of 10° M exerted slight inhibitory
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action on aetivity in adrenocortical cells when alpha-naphthyl
acetate was employed. No attempt was made to evaluate the
effect of DFP, Ro 2-0683, and Ro 2-1250 on esterase activity
in capsule cells and in macrophages.

5. Electrophoretic separation of different esterases

Zymograms of adrenal medulla and liver showed a large
number of reactive bands when alpha-naphthyl acetate and
alpha-naphthyl butyrate were used as substrates (fig. 13). In
both tissues the pattern of the bands showing esterase activity
appeared to be dependent upon the substrate employed.
Bands LM-2, LA-2, AMB-1 and AMA-1 were probably caused
by activity of the same esterase. Zymograms of rat serum
showed an esterase positive band coinciding with these bands.
This observation indicated that much or all of the esterase
activity seen in these bands was due to contamination of
homogenates by serum. Zymograms of laked rat red blood
corpuscles showed no appreciable esterase activity. There-
fore, none of the bands demonstrated appeared to be due to
contamination of homogenates by blood corpusecles.

When alpha-naphthyl butyrate was used as substrate it
appeared that the esterase bands demonstrable in homoge-
nates of adrenal medulla were identical to certain of those
demonstrable in homogenates of liver. Thus liver bands L.B-6,
LB-9 and LLB-11 respectively coincided with adrenal medullary
bands AMB-2, AMB-3 and AMB-4. When alpha-naphthyl ace-
tate was employed as substrate no clear cut correlation could
be made between esterase positive bands found in zymograms
of adrenal medulla and liver. Failure to establish such corre-
lation may indicate the presence of distinctly different ester-
ases in these two tissues.

Several attempts were made to determine the effect of
eserine sulfate upon the activity of esterases present in zymo-
grams of adrenal medulla. Eserine sulfate at 10-> M and 10
M was incorporated into the starch columns and into the sub-
strate-diazonium salt mixture used for enzyme localization.
No inhibition was observed when 1073 M eserine sulfate was
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employed and 107¢ eserine sulfate inhibited all bands slightly.
These facts suggest that only enzymes of the aliesterase vari-
ety were demonstrated under these conditions. Failure to
demonstrate cholinesterases in these zymograms may be at-
tributed to any of several possibilities: (1) these enzymes
may be bound to particles too large to migrate in starch col-
umns or (2) they may be present as desmo-enzymes, or (3)
they may not survive the procedures necessary to produce
successful zymograms.

An important question concerns the relationship between
these eserine insensitive enzymes demonstrated in zymograms
of adrenal medulla and those eserine insensitive enzymes
demonstrated in tissue sections. The production of successful
zymograms probably requires the presence of lyo-enzymes
whereas the production of successful cytochemical localiza-
tions requires the presence of desmo-enzymes or the binding
of enzyme protein to cytoplasmic structures. It appears that
zymograms may demonstrate a category of esterase activity
in the adrenal medulla which is distinet from that seen in
cytochemical preparations. The use of formalin as a fixative,
however, may render insoluble some lyo-enzymes, thus some
of the esterases seen in zymograms may also have been dem-
onstrated cytochemically in the tissue sections.

Zymograms comparing the pattern of esterase activity
found in homogenates of adrenal medulla and adrenal cortex
gave remarkably similar results. The similarity of zymo-
grams derived from these two tissues may be due, in part, to
contamination of medullary samples by cortical cells. It seems
unlikely, however, that contamination from cortical cells could
contribute greatly to the pattern observed in zymograms of
adrenal medulla. The lyo-aliesterases present in these two
tissues may well be quite similar.

DISCUSSION

The above results confirm the work of Coutinho et al. (’55)
who reported a diseontinuous distribution of esterase in the
adrenal medulla of the rat. In addition, the cells which pre-
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sumably secrete noradrenaline have been shown to exhibit
stronger esterase activity than the cells which presumably
secrete adrenaline. Thus, not only do these two cell types
differ in their esterase activity but, as mentioned previously,
earlier work showed that they differ characteristically under
a battery of other histochemical techniques.

The effect of eserine sulfate upon enzymatic activity
against the substrates employed in this study leaves little
doubt that the major component of this activity belongs to the
cholinesterase or eserine sensitive esterase category (Ches-
sick, ’54). The effects obtained with the other inhibitors (DFP,
Ro 2-0683 and Ro 2-1250) are not so readily interpreted.
Results obtained with DFP appear to lend themselves to in-
terpretation along the lines proposed by Koelle (’50). Aec-
cording to this scheme 10 M DFP completely inhibits
“pseudo’’ cholinesterase activity. Thus, in the present study
it might be assumed that activity against alpha-naphthyl ace-
tate and acetylthiocholine would belong to the specific cholin-
esterases while activity against butyrylthiocholine and myr-
istoyl choline would belong to the ‘‘pseudo’’ cholinesterases.
Effects obtained with Ro 2-0683 and Ro 2-1250, however, indi-
cate that enzymes active against alpha-naphthyl acetate,
acetylthiocholine and butyrylthiocholine form one group and
that enzymes active against myristoyl choline form another
group. These results suggest that a simple classification of
eserine sensitive enzymatic activity in the adrenomedullary
tissue cannot be achieved on the basis of the methods em-
ployed here. The apparent role of the length of the carbon
chain in the ester group of the substrates used by us is sug-
gestive but further studies are required before its importance
can be evaluated. We are inclined to believe, as Chessick (’54),
that eserine sensitive esterases form a family of enzymes with
overlapping properties.

Electrophoretic studies point to a similar degree of com-
plexity in the case of the eserine resistant enzymatic activity
against alpha-naphthyl acetate and alpha-naphthyl butyrate.
In these studies a minimum of 4 distinet eserine resistant es-
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terases were demonstrated in the adrenal medulla. These
methods have shown other tissnes to be equally complex in
their esterolytic composition (Hunter and Markert, *57).

The presence of higher esterase activity in noradrenaline-
secreting cells than in adrenaline secreting cells is perplexing.
If, as our results indicate, much of the esterase activity is
connected with the nerve fibers surrounding the parenchymal
cells then the discontinuous distribution of the enzyme could
be accounted for, in part, if the noradrenaline secreting cells
were surrounded by a greater number of nerve fibers than the
adrenaline secreting cells. There is an extensive literature on
the innervation of the adrenal medulla (see Stohr, *57) but
we have not been able to find reports of different types of cell
groups as regards the density of the nerve fiber net surround-
ing them. Since most of the neurohistological studies on this
tissue have been made without knowledge of the presence of
two types of parenchymal cells, such a difference may easily
have escaped notice.

Although the esterase activity of the adrenal medulla may
be associated with the breakdown of acetylcholine liberated
during nervous stimulation, this enzyme may also have other
functions. Ksterase might be involved in the processes of
synthesis and secretion by the chromaffin cells. If this were
so, the difference in esterase activity between the norad-
renaline and adrenaline producing cells would be easier to
understand. That differences in metabolism exist between
these two types of cells is indicated by the observation that
the noradrenaline cells exhibit a weak acid phosphatase ac-
tivity present in the adrenaline cells of the rat adrenal medulla
(Eranko, ’51, ’52). Studies of alterations in the activity of
various adrenomedullary enzymes under increased or de-
creased secretory activity would be of interest. Recent study
(Allen, ’56) has demonstrated that alkaline phosphatase ac-
tivity in the adrenal medulla of the mouse may be selectively
elevated in adrenaline or noradrenaline cells during increased
secretion. Whatever the significance of the difference in the
esterase activity between adrenaline and noradrenaline se-
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creting cells, our results strengthen the view that these cells
are the result of a divergent differentiation and do not repre-
sent functional modulations of a common cell type.

Of interest would be a survey of the pattern of esterase
activity in the adrenal medulla of other specices. That gen-
eralization from one species to another cannot be made is in-
dicated by results obtained with the acid phosphatase method,
which clearly discriminates between the two types of adreno-
medullary cells in the rat (Erankds, *51, ’52), but fails to do so
in the cat (Eranko, ’55; Hillarp and Faleck, ’56) or in the
mouse (Allen, unpublished data).

SUMMARY

The distribution of esterase activity in the adrenal me-
dulla of normal rats was studied histochemically. Acetylthio-
choline, butyrylthiocholine, myristoyl choline and alpha-
naphthyl acetate were used as substrates. Characterization of
the esterase activity observed was achieved through the use
of eserine sulfate, di-isopropylfiuorophosphate, dimethyl car-
bamate of (2-hydroxy-5-phenyl benzyl) trimethyl ammonium
bromide (Ro 2-0683) and p-chlorphenyl methyl carbamate of
m-dimethylaminophenol methyl bromide (Ro 2-1250) as well
as by starch electrophoresis.

All the substrates gave a positive reaction in ganglion cells
and coarse nerve fibers but only some of the medullary paren-
chymal cells were reactive. The esterase-positive areas of
the medullary parenchyma were found to correspond to the
areas which fluoresced after calcium-formol fixation and which
were acid phosphatase-negative. These relationships were
demonstrated by applying two histochemical methods con-
secutively to the same tissue section. Previous work has sug-
gested that this fluorescent positive and acid phosphatase neg-
ative cell type is associated with noradrenaline secretion.
Thus, it appears that high esterase activity is associated with
noradrenaline secreting cells and low esterase activity with
adrenaline secreting cells. The esterase activity in the me-
dullary parenchyma was localized principally in the net of
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fine nerve fibers surrounding the parenchymal cells but ac-
tivity was also present in the cytoplasm of the parenchymal
cells themselves.

Eserine sulfate at a concentration of 10 M completely
abolished activity against acetylthiocholine, butyrylthiocholine
and myristoyl choline and markedly inhibited enzyme activity
against alpha-naphthyl acetate. Enzymes acting against the
former three substrates are, therefore, exclusively of the
cholinesterase type while the major activity against alpha-
naphthyl acetate also belongs to this group and the minor
activity against alpha-naphthyl acetate seems to be of the
aliesterase group. The remaining inhibitors employed failed
to give a clear cut separation of the eserine sensitive estero-
lytic activities present in this tissue but indiecated that the
enzymes active against the substrates employed form a series
with overlapping properties.

Starch electrophoretic studies indicated that there are a
minimum of 4 enzymes showing esterolytic activity present
in the adrenal medulla. The activity of these enzymes demon-
strable in starch electrophoretic studies was not materially
affected by 107 M eserine sulfate.
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PLATE 1

EXPLANATION OF FIGURES

Calcium-formol-induced fluorescence of rat adrenal. Fluorescent medullary
islets are clearly visible. Dark areas are cmpty blood vessels. Cortex is
visible in both upper corners, X 95.

Same section after demonstration of cholinesterase with the acetylthiocholine
method. Incubation for 1 hour. Transmitted light of 405 mu mercury line.
Outlines of fluorescent islets drawn with India ink. Note the strongly positive
ganglion corresponding to a non-fluorescent area in the center. X 95.

Caleium-formol-induced fluorescence of adrenal medulla. X 95.

Same section after demonstration of cholinesterase with myristoyl choline,
Incubation for 7 hours. Transmitted white light. Note the positive reaction
in non-fluorescent areas (nerve cells and fibers). X 95.

Caleium-formol-induced fluorescence. Cortex in lower margin, X 95.

Same section after demonstration of cholinesterase with the butyrylthioeholine
method. Incubation for 1% hours. Transmitted light of 405 mu mercury
line. Note the ganglion in a non-fluorescent area and the nerve net around it.
X 95,
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PLATE 2

EXPLANATION OF FIGURES

Caleium-formol-induced fluorescence., Cortex in upper margin, X 95,

Same section after demonstration of esterase with alpha-naphthyl acctate.
Ineubation for 20 min. X 95.

Distribution of acid phosphatase in adrenal medulla. Ineubation for 45 min.
Negative cell islets elearly visible. Blood vessels white. X 95.

Same seetion after demonstration of esterase with alpha-naphthyl acetate.
Incubation for 20 min. Acid phosphatase negative arcas covered with a
positive esterase reaction. X 95.

Distribution of cholinesterase in adrenal medulla. Acetylthiocholine., Incuba-
tion for 1 hour. Photographed at 405 mu to increase comtrast. X 95.

Same section after ineubation in alpha-naphthyl acetate for 20 min. Photo-
graphed in white light, in which the yellow color of the thiocholine preeipi-
tate produces poor contrast, X 95.
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