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An investigation was carried out to determine general staining and histochemical
properties of rat atrial specific granules. It was found that these granules may be
demonstrated using aldehyde fuchsin after pretreatments which involve oxidation or
thiosulfation. This new way of demonstrating atrial granules is compared to other
staining methods in terms of sensitivity and selectivity as well as to the nature of
reactive groups that may be involved in the staining reactions. No lipid or carbohydrate
were detected histochemically. Overall assessment of reactions suggests that atrial
granules are a site of storage for a protein or polypeptide. Some of the tests indicate
that these may contain tryptophan and sulfur-containing amino acids.

A dual, secretory-contractile function has
been postulated for atrial cardiocytes of the
mammalian heart (4, 21). This hypothesis is
based on the fact that these cells display mor-
phological features common to both cardiac
muscle and secretory cells. The latter features
consist of a relatively high proportion of rough
eridoplasmic reticulum; a large Golgi complex;
and numerous storage granules, the specific
atrial granules (21), which morphologically re-
semble storage granules in endocrine cells.

Although no defmite physiological role may
as yet be ascribed to the presumptive secretory
nature of atrial cardiocytes, several works sug-
gest that it is related to water-electrolyte balance
(7, 10, 26, 27).

In this study we have investigated some gen-
eral histochemical and staining properties of rat
specific atrial granules. The findings may help
elucidate the nature and function of these organ-
elles.

MATERIALS AND METHODS

I. Staining Reactions

Hearts were obtained from male Sprague-Dawley
rats (250-300 g body weight) under sodium pentobar-
bital anesthesia. The atria and ventricles were dis-
sected in cold saline solution and fixed in one of the
following fixatives: 1) 10% formalin, 48 hr; 2) 10%
buffered formalin, 48 hr; 3) formol-calcium, 48 hr; 4)
Bouin’s fluid, 24 hr; 5) Helly’s fluid, 48 hr; 6) Heiden-

ham’s susa fluid, 12 hr; 7) 3% glutaraldehyde in 0.1 M
phosphate buffer, pH 7.4, 16 hr at 4#{176}C.

Preparation of fixatives 1 to 6 and washing of fixed
tissues was carried out as described by Lillie (24).
Glutaraldehyde-fi.xed tissues were washed in three
changes of 0.5 hr each in 0.1 M phosphate buffer, pH
7.4, containing 10% sucrose at 4#{176}C.
After dehydration in ethanol, the tissues were

cleared in toluol, embedded in paraffin (Tissue-
Prep, Fisher Scientific Co., Ottawa, Canada), sectioned
at 3 p. and mounted on albuminized glass slides.

Ia. Aldehyde fuchsin stain: Deparaffinized tissue
sections were stained for 30 mm at room temperature
with aldehyde fuchsin (16) after rinsing in 70% alcohol.
The stain was prepared from basic fuchsin (BDH
Chemicals, Toronto, Canada, CI. 42500, Lot #80709)
and allowed to ripen for 48 hr at room temperature
before use. It was normally discarded 10 days after
preparation.

Staining in aldehyde fuchsin was performed either
without pretreatment or after one of the following
pretreatments: 1) periodic acid oxidation at room tem-
perature 5-60 min; 2) performic acid oxidation at room
temperature 5-60 mm; 3) acidic permanganate oxida-
tion (0.6% MnO4K: 0.6% H25O4; 1:1) 5-40 min; 4)
thiosulfation 1-4 hr at room temperature (8).

lb. Lead-hematoxylin stain: For comparison pur-
poses, sections from tissues fixed in the different fixa-
tives were stained with lead-hematoxyhin. We have
previously found (12) this stain to be highly selective
and sensitive for the demonstration of rat atrial spe-
cific granules.

Ic. HC1-toluidine blue stain: Deparaffinized sec-
tions from tissues fixed in 10% buffered formalin were
stained in an aqueous solution of toluidine blue (Na-
tional Aniline & Chemical Co. C.!. No. 925) at a

 by guest on September 15, 2016jhc.sagepub.comDownloaded from 



ATRIAL SPECIFIC GRANULES OF THE RAT HEART 1095

concentration of 0.01% with or without prior hydroly-
sis in 0.2N HC1 at 60#{176}C.Hydrolysis time was varied
2-18 hr. For microscopic examination, the sections
were mounted in glycerol. The pH of the toluidine
blue solutions was varied 3.0-8.0 with Mcllvaine’s
Na2HPO4-citric acid or Walpole’s sodium acetate-HC1
buffers.

II. Histochemical Reactions

The following histochemical tests were carried out:
1) Schiff reaction (23) (10% buffered formalin fixation)
after several pretreatments, including 5-60 min pe-
riodic acid at room temperature, 5-60 min performic
acid at room temperature and acidic permanganate
(0.6% KMnO4:0.6% H2S04; 1:1), 5-40 min at room
temperature; 2) bial reaction for sialic acids (29) (10%
buffered formalin fixation); 3) modified acid hematin-
oil red method (6) (fresh frozen sections); 4) reaction
for sulfur-containing amino acids including: a) DDD
reaction with or without prior reduction with thyog-
lycolate (3) (trichloroacetic-ethanol or 10% buffered
formalin fixations); b) ferric-ferricyanide method (10%
buffered formalin fixation (9); c) performic acid-Alcian
blue method (2) (10% buffered formalin fixation); 5)
post-coupled dimethylaminobenzylidene (14) (10%
buffered formalin fixation), DMAB-nitrite (1) (10%
buffered formalin fixation) and formaldehyde-HC1 gas
phase reaction for indole derivatives. The latter pro-
cedure was carried out essentially as described by
Larsson et al. (22). Atrial appendages and pieces of
left ventricular muscle (approximately 1 x 1 cm) were
frozen in isopentane-hiquid nitrogen and freeze dried
at -60#{176}C for 24 hr in an Edwards-Pearse tissue dryer
(Edwards High Vacuum (Canada) Ltd., Oakville, On-
tario). The tissues were exposed for 1 hr at 80#{176}Cto
formaldehyde-HC1 in pre-warmed, closed 750-mi re-
action vessels containing 0.1 ml of concentrated HC1
and 5 g of paraformaldehyde. Control tissue samples
were treated with either HC1 or paraformaldehyde
alone or simply heated as per test tissues. The tissues
were subsequently embedded in vacuo (15 min at -15
lb/sq inch) in low melting point (53-55#{176}C)paraffin
and sectioned at 3-5 p.. The tissue sections were placed
on slides either directly or after floatation in water
and mounted using liquid paraffm or deparafflnized in
toluol and mounted in a synthetic medium. The slides
were viewed in a fluorescence microscope using a Leitz
excitation filter BG3 + S405 and a K460 barrier filter.

III. Blockade Reactions

Sections of tissues fixed in 10% buffered formalin
were used in blockade reactions involving aldehyde
fuchsin or lead-hematoxylin stains.

Methylation reactions to be followed by aldehyde
fuchsin staining (0.5 hr at room temperature) were
performed on tissue sections oxidized for 5 min in
acidic permanganate or after thiosulfation for 60 min.
Sections without pretreatments were used to test the

effect of methylation-demethylation procedures on
lead-hematoxylin staining.

Methylation was carried out for 0.5, 1, 2, 4, 6 or 18
hr at 60#{176}Cin 0.1 N HC1 in absolute methanol. De-
methylation was performed in a 1% KOH solution in
80% ethanol for 0.5 hr at room temperature (33) in
slides methylated for the above mentioned time pe-
riods (32).

Control sections for methylation-demethylation
procedures included sections treated as for methyla-
tion but using methanol alone as well as sections
treated in methanol alone followed by the demethyl-
ation procedure.

N-ethylmaleimide blockade with prior treatment
with thioglycolate (28) and cyanide blockade in 5%
NaCN (8) were carried out in sections before and after
thiosulfation, respectively. These reactions were fol-
lowed by staining in aldehyde fuchsin for 30 mm at
room temperature.

RESULTS

Three main patterns of reactions were ob-
served on atrial granules as compared to that
given by other sarcoplasmic component of car-
diocytes (i.e. background reaction due mostly to
mitochoridria arid/or myofibrils): 1) strongly
positive reactions which displayed as much or
stronger intensity than background; 2) weak re-
actions which were often associated with back-
ground staining of similar intensity; 3) negative
reactions which were visualized as optically
“empty” sarcoplasmic pockets in regions where
atrial granules may normally be found.

A strong aldehyde fuchsin reactivity of atrial
specific granules was observed in tissue sections

oxidized for 5 to 40 mm in acidic permanganate
(Fig. 1). The granules failed to stain if the oxi-
dation step was omitted. Background staining
increased with oxidation time.

Substitution of permanganate oxidation by
either performic acid oxidation or thiosulfation
also rendered atrial granules aldehyde fuchsin
positive.

Performic acid oxidation, however, was riot
nearly as effective as either permanganate oxi-
dation or thiosulfation. The latter pretreatment
was found particularly useful as it produced little
or rio apparent damage to sections and induced
the least background staining while inducing a
strong aldehyde fuchsin reaction in atrial gran-
ules (Fig. 2).

In the thiosulfation experiments, control sec-
tions were processed using the thiosulfation re-
agent prepared either without CuSO4 or without
metabisulfite. Omission of CuSO4 did not affect
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FIG. 1. Rat atria. Buffered formalin fixation. Aldehyde fuchsin staining after acidic permanganate oxidation.
Darkly staining structures within cardiocytes correspond to granulated areas. x430.

FIG. 2. Rat atria. Buffered formalin fixation. Aldehyde fuchsin staining after thiosulfation. Accumulation of
atrial granules at paranuclear zones of cardiocytes appear darkly stained. x 1300.

FIG. 3. Rat ventricle. Buffered formalin fixation. Aldehyde fuchsin staining after thiosulfation. Ventricular
cardiocytes appear devoid of structures with affinity for aldehyde fuchsin comparable to that shown by atrial
granules. x1300.

the outcome of the reaction whereas omission of
metabisulfite prevented staining of atrial gran-
ules.

Following short (5 mm) or prolonged (60 mm)
pretreatment with periodic acid, staining of
atnal granules could not be detected.

Staining of ventricular tissue sections with
aldehyde fuchsin with or without any of the
above pretreatments did not reveal any signifi-
cant staining of sarcoplasmic structures (Fig. 3).
Occasionally, structures resembling residual
bodies were observed in both atrial and ventric-
ular cardiocytes. These stained with aldehyde
fuchsin in the absence of any pretreatment.

The reactivity of atrial specific granules with

aldehyde fuchsin in sections from tissues fixed
in different fixatives is summarized in Table I.
In this table also included are the results ob-
tained with lead-hematoxyhin on sections ob-
tained from the same tissue blocks used for
aldehyde fuchsin staining. From Table I it may

be seen that, with the exception of Heidenhain’s
susa fluid, the atrial granules reacted approxi-
mately equally well after all fixations tested,
although appreciable differences were seen in
terms of background staining.

The combination of buffered formalin fixation
and thiosulfation was best for the demonstration
of atrial granules by aldehyde fuchsin.

The staining of atrial granules by lead-hema-
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toxylin closely paralleled staining by aldehyde
fuchsin, including the relatively poor reactivity
of these granules after fixation in Heidenhain’s
susa fluid.

Results obtained from methylation-demeth-
ylation investigations (Table II), gave similar
results for both aldehyde fuchsin and lead-he-
matoxylin stains. Both staining reactions were
abolished after 1-2 hr of methylatiori but were
restored by demethylatiori even after prolonged
treatment for up to 18 hr with the methylating
agent. Methylation-demethylatiori affected in a
practically equal manner aldehyde fuchsin stain-
ing induced by either permanganate oxidation
or thiosulfation. Neither methanol alone nor
methanol followed by demethylation affected
the staining reactions.

Treatment with thioglycolate followed by N-
ethyhnaleimide blockade and thiosulfatiori sig-
nificantly decreased the stainability of atrial
granules by aldehyde fuchsin rendering these
organelles only weakly reactive. Cyanide block-
ade after thiosulfatiori completely abolished
staining (Table II).

The atrial granules stained orthochromati-
cally with toluidine blue without acid pretreat-
ment in the pH range from 5.0 to 8.0. Under
these conditions, the granules stained in an only
slighter deeper color than that shown by mito-
chroridria and myofibrils making the identifica-
tion of the granules certain only in areas in
which they were found in large concentrations.
A decreasing affinity for the stain was observed
with decreasing pH for most tissue components,

TABLE I

Effect of Different Fixatives on Stainability of Rat Atrial Specific Granules by Aldehyde Fuchsin or Lead-
Hematoxylin

Fixatives
Aldehyde Fuchsm#{176} Lead-Hematoxylin

Granules Background Granules Background

10%Formalin +++I’
++

Formol-calcium +++ ++ +++ ++

10% Buffered formalin +++ + +++ ++

Bouin’s ++ + +++ +

Heidenhain’s Susa fluid + ++ + to ++ ++

3%Glutaraldehyde +++ +++ +++ +++

a After acidic permanganate pretreatment. If thiosulfation was employed, background staining was diminished

and granule staining remained essentially unchanged.

b Intensity of reaction was graded: +++, intense; ++, moderate; +, weak.

TABLE II
Effect of Blockade Reactions on Stainability of Rat Atrial Specific Granules by Aldehyde Fuchsin or Lead-

Hematoxylin

Procedure Aldehyde Fuchsina Lead-Hematoxylin

Control +++h
+++

Methanol/HC1, 0.5 hr ++ to + ++ to +
Methanol/HC1, 1 hr + to - + to -

Methanol/HC1, 2 to 18 hr - -

Demethylation, 0.5 hr +++ +++
Methanol alone, 0.5 to 18 hr +++ +++
Methanol alone, 0.5 to 18 hI
demethylation, 0.5 hr +++ +++

Thioglycolate reduction/ +

N-ethyl maleidimide
blockade/thiosulfation

Thiosulfation/cyanide blockade -
a Methylation-demethylation reactions to be followed by aldehyde fuchsin staining were performed on tissue

sections pretreated with acidic permanganate or after thiosulfation. The outcome of the reactions was the same
for both types of pretreatment. N-ethyl maleidimide and cyanide blockades were tested for their effect on
aldehyde fuchsin staining only and were carried out in sections before and after thiosulfation, respectively.

Intensity of reaction was graded: +++, intense; ++, moderate; +, weak; and -, nonreactive.
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including the atrial granules. Below pH 5.0, these
organelles could no longer be visualized. At pH
3.0, the lowest pH tested, almost total quenching
of the stain occurred except for mast cell gran-
ules which showed strong red metachromasia at
this pH.

At all pH tested in the range 5.0 to 8.0, tolui-
dine blue demonstrated a few granular struc-
tures within cardiocytes, which resembled resid-
ual bodies. These stained with the same inten-
sity as the atrial granules.

Pretreatment with hot HC1 from 1 to 18 hr
only moderately decreased background basophi-
lia and did not affect atrial granule staining.
Specificity was little improved by HC1 pretreat-
ment, regardless of the time of pretreatment or
the pH of the toluidine blue solution used.

Atrial granules could not be identified using
the PAS technique or Ravetto’s modified bial
reaction for sialic acid. Similar results with the
Schiffs reagent were obtained using acidic per-
manganate or performic acid oxidations. It was
found that lead-hematoxylin may be applied to
atrial tissue sections which had been previously
stained according to the PAS technique. Thus,
in the same section we were able to compare the
distribution of Schiffs reacting sites with the
distribution of atnal granules. No correlation
was found between the two reactions.

The modified acid hematiri-oil red reaction
gave a strong reaction with mitochondria in
atrial as well as in ventricular muscle. This re-
action was abolished by pyridirie extraction. The
distribution of the reaction products given by
mitochoridria at paranuclear zones of atnal and
ventricular cardiocytes resembled that given by
atrial granules after staining procedures such as
lead-hematoxylin. However, at high magnifica-
tion, it became apparent that the reaction prod-
ucts were, indeed, associated with mitochondria
arid not with atrial granules on account of the
sizes arid shapes observed. Regions within many
paranuclear zones and within the sarcoplasm of
atrial cardiocytes appeared totally devoid of re-
action products. The distribution and size of
these regions made them likely to be regions
containing the specific granules.

The reactions for the demonstration of sulfur-
containing amino acids, whether based on the
demonstration of sulfydril groups or cysteic acid,
stained the granules wealdy. This reaction was
shared by most other sarcoplasmic structures.

Both the DMAB-nitrite and the post-coupled

benzylidene reaction for indoles moderately

stained the atrial granules. These could be vis-
ualized in spite of the reaction given by mito-
choridria (Fig. 4). The positivity of atrial gran-
ules for indoles was confirmed in the gas phase
reaction. After exposure of freeze-dried atnal
tissue blocks to formaldehyde-HC1 vapors, a
very strong, light yellow fluorescence could be
visualized in regions expected to contain gran-
ules (Fig. 5). These regions could easily be dis-
tinguished from the greenish-yellow fluores-
cerice given by mitochondria and myofibrils. In
ventricular muscle these elements fluoresced
similarly, but no light yellow fluorescence, as
that seen in association with atrial granules,
could be detected. Atrial sections obtained from
control tissues, treated with heat alone or with
formaldehyde or HC1 separately, did not exhibit
the yellow fluorescence found with formalde-
hyde-HC1 treatment. Floatatiori of the sections
in water did riot affect the fluorescence exhibited
by atrial granules nor was this fluorescence af-
fected by long exposure to the exciting light.

By using 20- to 30-mm oxidation in acidic
permanganate, it was possible to stain atrial
granules with aldehyde fuchsin in sections from
tissues fixed in formaldehyde-HC1. It was thus
possible to correlate in the same section the
distribution of atrial specific granules as dem-
onstrated by the formaldehyde-HC1 treatment
and by staining with the acidic permanganate-
aldehyde fuchsin sequence. As may be seen from
Figures 6 and 7, an excellent correlation exists
between these two procedures.

DISCUSSION

Gomon’s aldehyde fuchsin, together with
lead-hematoxylin (12), Gomori’s chrome alum
hematoxylin (15), (de Bold, A.J., unpublished
observations), Bowie stain (18), and toluidine
blue (18) (the last as applied to plastic embedded
tissues) constitute all of the known light micro-
scopic staining reactions for rat atrial specific
granules.

Both lead-hematoxylin and aldehyde fuchsin
are highly sensitive stains for the demonstration
of atrial granules and possess advantages inher-
ent to progressive stains. The remaining stains
require a differentiation step which may affect
the number of demonstrable granules. This is
certainly the case with Gomori’s chrome alum
hematoxylin for which myofibrils arid mitochon-
dna show high affinity making it difficult to
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FIG. 4. Rat atria. DMAB-nitrite reaction. Atrial granules (arrows) display moderate reactivity. Background
staining is mainly associated with mitochondria. x1300.

FIG. 5. Rat atria. Formaldehyde-HC1 gas phase reaction. Accumulation of atrial granules (arrow) fluoresce
well above background. x 1000.

FIG. 6 and 7. A section of rat atrial tissue treated for the demonstration of granules with the formaldehyde-
HC1 reaction (Fig. 6) and the same field rephotographed (Fig. 7) after aldehyde fuchsin staining. Arrowheads
provide a reference point to compare these two photographs. Granulated areas as revealed by aldehyde fuchsin
closely correspond to strongly fluorescent areas. Both figures approximately x350.
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remove the stain from these structures during
the differentiation step without significantly af-
fecting granule staining.

In our hands, only lead-hematoxylin has
proven selective for atnal granules; mitochon-
dria and lysosomes have poor or no affmity for
this stain (12, 31). Lead-hematoxylin, however,
is useful only in rat tissues. In contradistinction,
aldehyde fuchsin demonstrates atrial granules in
a number of laboratory species, including the
mouse, hamster, rabbit, dog and cat (unpub-
lished observations) but will react with lyso-
somes and residual bodies. However, in most
instances, this interference does not reach sig-
nificant proportions. Mitochondnial staining, a
likely source of interference in the visualization

of atrial granules, is minimal with aldehyde fuch-
sin and may reach significant intensity with the
Bowie and, specially, with toluidine blue stains,
depending on the type of fixation and embedding
used.

The fact that atnal granules react with alde-
hyde fuchsin after thiosulfation is of interest
because it suggests the presence of protein-
bound, sulfur-containing amino acids in these
orgarielles. It has been proposed (8) that the
thiosulfation agent (alkaline sulfite in the pres-
ence of cupric ions) transforms both cysteine
and cystine into S-sulfocysteine. The thiosulfate
(acidic) groups thus engendered are microscop-
ically revealed by exposure to aldehyde fuchsin.
The results obtained after blocking reactions
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using N-ethylmaleimide and cyanide tend to
give support to the above mechanism of reaction
for atnal granule staining.

The latter blocking reaction is thought to
block thiosulfate groups through the formation
of thiocyanates (8) although cyanide also blocks
aldehydes arid ketones through the formation of
addition compounds (24, 28). N-ethyl maleidi-
mide blockade, after sodium thioglycolate re-
ductiori rendered the normally strongly-positive
reaction of atnal granules after thiosulfation-
aldehyde fuchsin, a weak one. The reactivity
observed after the above blockade may be re-
lated to the inability of sodium thioglycolate to
reduce all disuffide bonds as has been observed
in tissues and model systems (8, 25, 28). How-
ever, histochemical tests for the demonstration
of sulfur containing amino acids in atnal gran-
ules whether based on the demonstration of
cysteine or cysteic acid, did not provide clear
evidence in the sense that these reactions failed
to stain the atnal granules above background
level, which in any case, was weak. Therefore,
the possibility of the generation of acid groups
other than thiosulfate after thiosulfation or sul-
fonic after permangariate oxidation, must be
considered. Alternative mechanisms include the
formation of addition compounds between the
sulfite of the thiosulfation reagent arid carboxyl
groups and the oxidation of aldehyde groups to
carboxyl after permarigariate oxidation (25) or
even a combination of all of the above mecha-
nisms.

It is apparent that groups must be either
generated or unmasked by the pretreatment (i.e.
oxidation, thiosulfatiori) before the staining moi-
ety of aldehyde fuchsin may react with atrial
granules as omission of pretreatment results in
failure of the granules to stain. Since, in meth-
ylated sections, staining may be restored by
demethylation it appears that these groups un-
dergo sterification rather than methanolic cleav-
age as it occurs for sulfate groups (32). The
absence of a significant amount of innate sulfate
groups in atnal granules is suggested by the fact
that the granules stain orthochromatically
throughout the pH range tested in the toluidine
blue staining investigations. These investiga-
tions also show that the staining of the granules
quenches below pH 5.0 which is different from
that observed for nuclear chromatin, RNA,
phospholipids, sialomucins and heparin, all of
which show a lower quenching pH (31).

The observations made in the present work
and those made by Scott and Clayton (30) and
by Halmi and Davies (17) on the reactivity of

different tissue elements with aldehyde fuchsin,
toluidine blue and PAS, places the atnal gran-
ules in a category of tissue elements character-

ized by being orthochromatic, PAS negative ( cf
below) and aldehyde fuchsin positive. Pancreatic
fi cell granules display these properties but,
whereas, these granules may be stained by al-
dehyde fuchsin without oxidation, atnal gran-
ules require this pretreatment or thiosulfation

for their demonstration.
The fact that atnal granules may be stained

with chrome alum hematoxylin as well as by
aldehyde fuchsin is in accord with Gomon’s
observation (16) that aldehyde fuchsin will stain
tissue elements which are stainable by chrome
alum hematoxylin.
The stainability of atrial granules by lead-

hematoxylin is one property that they share in
common with secretory granules in several en-
docrine cells (31). As previously reported (12), it
is likely that this property is related to protein
carboxyl groups present in high concentration in
atrial granules. The results obtained in the pres-
ent work with methylation-demethylation, are
compatible with this view.

Atrial granules could not be identified with
Schiffs reagent, whether the pretreatment of

sections consisted of the standard periodic acid
oxidation time used for the demonstration of
carbohydrates or other oxidations as described
above. The results with the PAS technique are
in agreement with a previous report by Hibbs
and Ferrans (18) and is in keeping with the
negative reaction given by atrial granules with
the periodic acid-silver methenamine technique
at the electron microscopic level (4). Against
these findings, it has been reported (19) that rat
atrial granules may contain carbohydrates on
account of PAS positivity and moderate reaction
after the chromic acid-phosphotungstic acid
technique at the electron microscopic level ob-
served in glutaraldehyde-fixed, glycol methac-
rylate embedded tissues. At present these and
the findings mentioned above appear in conflict
although differences in tissue fixation arid
embedding techniques may conceivably play a
role in the creation of differences concerning the
PAS reaction.

Because there exists evidence that at least
part of the reaction given by the chromic acid-

 by guest on September 15, 2016jhc.sagepub.comDownloaded from 



ATRIAL SPECIFIC GRANULES OF THE RAT HEART 1101

phosphotungstic acid technique is due to sialic
acid residues (13), we tested Ravetto’s modified
bial reaction in atrial tissue sections but were
unable to ascribe any reaction product to the
atrial granules. This reaction, however, is said to
be of low sensitivity (28).

Although, to our knowledge, no specific test

for lipids has been carried out in atrial granules,
the absence of lipids in atrial granule core has
been assumed (5). The results obtained in the
present work with the acid-hematin-oil red test
indicate that no histochemically detectable lipid
is present in rat atrial granules.

We have previously reported (1 1) that rat
atrial cardiocytes are able to incorporate protein
bound 3H-leucine into atrial granules. Further-
more, proteolytic enzymes readily digest atrial
granule core (20). These findings, together with
those presented in this work, suggest that atrial
granules are of essentially proteinaceous nature.

All techniques used for the detection of indole
derivatives gave a positive reaction with atrial
specific granules; the clearest evidence for this
was obtained by using the formaldehyde-HC1
technique which was found compatible with al-
dehyde fuchsin staining thus making it possible
to correlate the distribution of atrial granules
with the fluorescence obtained by using the gas
phase reaction. The latter reaction has been
proposed by Larsson et al. (22) as a sensitive
procedure for the demonstration of tryptophari
residues in peptides and proteins. Our findings,
therefore, suggest a high tryptophan content for
atrial granule protein. It is to be noted, however,
that none of the procedures used in the present
work is specific for protein-bound tryptophari as
they also demonstrate other indoles, such as
serotonin, tryptamirie arid iridole acetic acid (1,
14, 22). It therefore remains for further investi-
gations to elucidate the exact meaning of the
histochemical detection of indole in atrial gran-
ules.
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