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According to Bennett (’41), Vulpian in 
1856 was the first to call attention to the 
unusual properties of the adrenal medulla. 
This work was followed by a progressive 
series of physiological, chemical and fi- 
nally histochemical studies which have led 
to our present knowledge regarding the 
two adrenal medullary hormones, epi- 
nephrine and norepinephrine. 

Chemical identification and subsequent 
synthesis of the two catecholamines, epi- 
nephrine and norepinephrine, stimulated 
not only further research on their physio- 
logical and pharmacological properties, but 
aroused interest in the associated histology 
and histochemistry and resulted in efforts 
to identify two distinct types of medullary 
cells. Such attempts include electron mi- 
croscope studies directed towards corre- 
lating submicroscopic structure with the 
more gross histochemical determinations. 
Until very recently studies of this nature 
have done little to provide a definite cor- 
relation between the types of cells seen 
with the electron microscope and the two 
catecholamines. 

Consequently there is still need for a 
definitive cytological study of the adrenal 
medulla which accomplishes a correlation 
between cell types and the functional state 
of the cells in relation to the amounts of 
norepinephrine and epinephrine present. 
A study with the light microscope would 
serve as a starting point in correlating 
observations with the electron microscope 
and further histochemical studies. It is 
hoped that a successful method for differ- 
ential staining of the catecholamines in 
the adrenal medulla will lead to techniques 
sufficiently refined that they can be used 
to identify these compounds in the central 
and autonomic nervous systems. 

REVIEW OF THE LITERATURE 

Vulpian observed in 1856 that in the 
suprarenal medullary tissue there was a 
substance which on oxidation produced 
characteristic color reactions. Henle in 
1865 found that subjecting the adrenal 
medulla to chromic acid or to potassium 
dichromate produced a dark brown colora- 
tion of the adrenal medullary cells which 
he termed the “chromaW reaction since 
the characteristic color was believed to be 
due to the formation of a chrome salt with 
the products of oxidation of the medullary 
tissue. 

This brownish color was eventually 
thought to be the result of the oxidation 
of the contents of the adrenal medullary 
tissue and not due to the formation of the 
chrome salts as believed by Henle, but the 
term ‘%hrom&n” was so well entrenched 
in the literature that any effort at a later 
change in terminology was met with any- 
thing but success (Bennett, ’41; Coup- 
land, ’54). 

One of the compounds responsible for 
this reaction was isolated by both Aldrich 
and Takamine in ’01, and Abel (’02) gave 
the description for the proper method for 
purification. Synthesis of epinephrine was 
accomplished by Stolz in ’04 and the iden- 
tification of the oxidation product as adre- 
nochrome was achieved in ’37 by Green 
and Richter. The nature of this oxidation 
product was further studied by Harley- 
Mason in ’48. Recently there has been 

1 This investigation was supported by U.S.P.H.S. 
Anatomy Training Grant 2G-459( Cl), and represents 
in part portions of a dissertatlon submitted to the 
Graduate Faculty of the University of Texas on March 
28, 1962 as partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 

apresent address: Depa-ent of Anatomy, Uni- 
versity of Arkansas Medical Center, Little Rock, 
Arkansas. 

285 



286 JOE G .  WOOD 

some discussion regarding the amount of chemistry, therefore, one should be able 
chrome salt present in the adrenal medul- to develop a suitable staining procedure 
lary tissue following oxidation with the to distinguish between the two cell types. 
chromates. The evidence indicates that Bhder's techniques included observa- 
whether or not the chrome is responsible tions with the light and phase microscope 
for the dark coloration, there is indeed a on tissue stained by a variety of methods. 
considerable amount of it present in the Hematoxylin and eosin staining of formol- 
adrenal medulla following oxidation with dichromate fixed material produced light 
potassium dichromate (Hale, '58). Coup- appearing cells with large coarse granules 
land ('54) indicates that chrome deposits and darker appearing cells with a more 
are actually present and certain staining homogenous cytoplasm. Bander described 
reactions which occur readily in dichro- two sizes of cells for each cell type, thus 
mate fixed material do not occur in tissue cells which were concerned with each cate- 
fixed by other means. cholamine were found to exist in large as 

In '49 Euler and Hamberg ('49b) and well as small varieties. He ascribed this 
Bergstrom, Euler and Hamberg established size difference to the functional state of the 
the presence of norepinephrine in the cell and further hypothesized that the cells 
suprarenal gland. In that same year Euler with the large granules were concerned 
and Hamberg identilied noradrenochrome with norepinephrine production while 
and noted the significant fact that the those with the homogeneous cytoplasm 
rates of oxidation of epinephrine and nor- belonged to the epinephrine producing 
epinephrine were different depending on group. Destaining was a critical factor 
the pH of the oxidizing solution ('49a). in this procedure and as has been pointed 
This made it possible to study the relative out recently, (Eriinko and Palkama, '59) 
amounts of both catecholamines in various the procedure is not readily reproducible. 
tissues. (Eade, '58; Goodall, '51; Hokfelt, In '52 Eriinko reported on the fluores- 
'51; Van Arman, '50; West and Hunter, cent reaction in adrenal medullary tissue. 
'51). He postulated that this reaction might be 

The history of the cytological and his- related to epinephrine and norepinephrine. 
tological studies up until the middle of Later Eriinko utilized the fluorescent tech- 
the twentieth century is best summarized nique in a number of animals to establish 
by Bennett ('41). This contribution gives that the fluorescing islets of cells actually 
an excellent coverage of the literature and possessed a relation to norepinephrine 
ideas up until the time of its publication. ('55a-C). 
In addition to a detailed cytological de- Hillarp and Hokfelt ('53) gave evidence 
scription of the adrenal medulla of the as to the location of epinephrine and nor- 
cat, Bennett discussed the nature of the epinephrine in separate adrenal medullary 
chromaffin reaction in relation to the one cells with the use of the potassium iodate 
known neurohumor of the time, epi- method for locating islets of norepineph- 
nephrine. rine containing cells. They found that 

potassium iodate produced a precipitate 
nique whereby he observed a different with norepinephrine but not with epi- 
coloration of two kinds of cells in the nephrine and that hydroxytyramine and 
adrenal medulla. Although Bander dis- dihydroxyphenylalanine (dopa) reacted 
tinguished these two differently staining with potassium iodate in much the same 
cells in a number of animals, he was un- manner as did norepinephrine. They did 
able to do so in the rat which was definitely not consider it practical to attempt the 
known to have both epinephrine and nor- chromaffin reaction with potassium di- 
epinephrine in its adrenal medulIa. The chromate at a pH of four since it was noted 
same worker in '54 published additional that in in vitro studies of granules at a 
work, but was still unable to differentiate pH of less than five, the catecholamines 
two adrenomedullary cell types in the rat. were found split off from the storage gran- 
Bander was of the opinion that if two cells ules. It was also noted that no evidence 
were to secrete two different compounds a was present indicating a cytological dif- 
difference must exist in their colloidal ferentiation of the two cell types of the 

Bander ('50) reported a staining tech- 
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adrenal medulla in relation to epinephrine 
and norepinephrine. Hillarp, Hokfelt and 
Nilson ('54) performed a detailed cytologi- 
cal study and demonstrated granules in 
chromaffin cells in both the fixed and live 
state. These granules in both instances 
were less than 1 in diameter. Such 
granules remained within the cells after 
the cells had been depleted of the catechol- 
amine content by the administration of 
insulin. 

Eranko ('55b, '55c) presented statistical 
evidence from a number of laboratory ani- 
mals indicating that the fluorescing islets 
corresponded to the chemical data indi- 
cating the presence of norepinephrine. 

Hillarp and Hokfelt ('55) again used 
the iodate method and found as before 
that it was positive not only for norepi- 
nephrine but for the related compounds 
hydroxytyramine and dopa as well. These 
same investigators stated, as did Falk and 
Hillarp ('59), that the pigments formed 
during the dichromate fixation of adrenal 
medullary cells were soluble and lost dur- 
ing paraffin embedding. The chromate- 
dichromate fixation of Hillarp and Hokfelt 
indicated the presence of both the epineph- 
rine and norepinephrine containing cells 
but sections with this method were 10- 
20 I-I thick and precluded detailed cyto- 
logical study. A comparison of the iodate 
and fluorescent methods revealed that both 
methods singled out the same cellular 
areas of the adrenal medulla and that the 
fluorescent method was the more sensitive 
and specific of the two (Eranko, '55d). 

West gives an excellent summary of 
the chemical, histochemical and physio- 
logical work in regard to the adrenomedul- 
lary catecholamines in his '55 review. 

Another approach to the problem of 
cell type identification was presented by 
Klein and Kracht in '57 when they at- 
tempted to identify the epinephrine and 
norepinephrine secreting cells of the adre- 
nal medulla in paraffin sections. They 
pointed out the limitations of thick frozen 
sections and the need for more detailed 
cytological identification. The techniques 
were similar to those employed by B h d e r  
and depended on critical destaining under 
the microscope in order to obtain the de- 
sired cell coloration. Like Bander these 
two workers demonstrated two types of 

medullary cells on the basis of granularity 
and staining, but also like Bander's tech- 
nique the procedure was difficult and, as 
indicated by later attempts, not consistent 
in that it is not positive for norepineph- 
rine in the rat ( E r h k o  and Palkama, '59). 

The administration of drugs and their 
subsequent effect on the catecholamine 
content of the adrenal medulla has been a 
topic of study for many years. Camanni, 
Lozana and Molinatti ('58) found that 
specific doses of reserpine would selec- 
tively deplete the rat adrenal medulla of 
norepinephrine. Eranko and Hopsu ('58) 
obtained similar results and presented 
chemical data which verified the histo- 
chemical results. Camanni and Molinatti 
('58) showed a selective depletion of nor- 
epinephrine from the adrenal gland of the 
Syrian hanster by reserpine and this drug 
has been used by a number of other work- 
ers studying the catecholamine content of 
the adrenal medulla (Coupland, '58, '59; 
Mirkin, '61; Zbinden and Studer, '58). 

Electron microscopy of the adrenomed- 
ullary tissue has been carried out by a 
few workers but these have been at vari- 
ance as to their findings in regard to the 
identification of epinephrine and norepi- 
nephrine cells (deRobertis and Ferreira, 
'57a,b; Eranko and Hanninen, '60; Lever, 
'55; Sjostrand and Wetzstein, '56). Re- 
cently, following a preliminary report of 
the present study (Wood, '62) and utiliz- 
ing the information contained herein, elec- 
tron microscopy was carried out utiliz- 
ing the technique of differential fixation 
of the adrenal medullary cells (Yates, 
Wood and Duncan, '62). This same elec- 
tron microscopic study utilized conven- 
tional methods of fixation and two types 
of adrenomedullary cells were identified 
on the basis of granule size. 

MATERIALS AND METHODS 

Animals and Techniques. The animals 
used in these experiments were 8 cats, 3 
rabbits, 5 chickens, 5 Chinese hamsters, 
7 Syrian hamsters, 11 mice and 52 rats. 
Of these, 5 cats and 14 rats were fixed 
by perfusion via the left ventricle. The 
adrenals from the remaining animals were 
sliced and fixed by immersion in the ap- 
propriate fixative. The animals which 
were not killed by the perfusion method 
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were either decapitated or had their necks 
broken and the adrenals were removed 
immediately. 

Three of the histochemical procedures 
employed were the iodate method of Hil- 
larp and Hokfelt ('53), the potassium 
chromate-dichromate method of Hillarp 
and Hokfelt ('55) and the fluorescent 
method of Eriinko ('52). These methods 
use sections cut on the freezing microtome 
at 10-20 p. The sections were mounted 
on glass slides, and studied in the pre- 
scribed manner. 

Two additional fixatives used were 
Orth's according to Lillie ('48) and a new 
fixative developed during the course of 
the investigation. This new fixative con- 
sists of a solution of 2.5% potassium di- 
chromate and 1% sodium sulfate (anhy- 
drous) in an M/5 acetate buffer at a pH 
of 4.1. At the time of fixation a 10% 
formaldehyde solution was added in a 
ratio of one part of formaldehyde of ten 
parts of the dichromate solution. The pH 
of the resulting fixative was then carefully 
adjusted to 4.0-4.2. Fixation was for 24 
hours followed by rinsing overnight in 
running water. The tissue was dehydrated 
in alcohols, cleared in xylene and em- 
bedded in Tissumat. Sections were cut at 
2-5 p on a rotary microtome and mounted 
on glass slides. 

The mounted paraffin sections were de- 
paraffinized in xylene, carried through two 
changes each of loo%, 95% and 70% 
alcohols to water where they remained in 
the last change of water for 30 minutes. 
Following the last change in water the 
sections were stained, rinsed in distilled 
water, differentiated in 95% alcohol and 
carried through two changes each of abso- 
lute alcohol, xylene and covered with glass 
coverslips and permount. The stains em- 
ployed were the modified Giemsa method 
according to Pearse ('60) and a newly 
developed stain with the following com- 
position : 

1% aqueous eosin yellow 
0.5% aqueous anilin blue 
M/5 acetate buffer at pH 4 

These constituents were mixed in a 
1:1:1  ratio and the pH of the staining 
solution was adjusted to 4.0. Staining time 
was 15 minutes after which the sections 

were differentiated, dehydrated, cleared 
and covered as described above. 

The animals used in this part of the 
study were 3 rabbits, 5 chickens, 5 Chinese 
hamsters, 5 Syrian hamsters, 8 cats, 11 
mice and 37 rats. As mentioned earlier 
these animals were either perfused while 
under the influence of anesthesia or were 
rapidly decapitated with the exception of 
the rabbits and one cat which were killed 
by a blow on the back of the neck with 
an iron rod. 

Adrenal slices were placed in Orths and 
the new fixative while adjacent slices from 
the same gland were placed in the potas- 
sium iodate solution. The initial sections 
from both pieces of tissue were then stud- 
ied in order to determine the pattern of cell 
type distribution. The potassium iodate 
method was used initially for locating 
the norepinephrine containing elements of 
the adrenal medulla. Paraffin sections 
were studied for distribution and cytologi- 
cal characteristics of the different cell 
types. 

Reserpine administration. The animals 
which received reserpine were two Syrian 
hamsters weighing 125 and 135 grn and 
15 rats which weighed between 250 and 
300 gm. All  animals received subcutane- 
ous injections of the drug and were sacri- 
ficed 24 hours following the last injection. 
In cases where multiple injections were 
given, injections were administered 24 
hours apart. The two hamsters received 
single injections of 4 mg/kg reserpine. Six 
rats were given 0.25 mg, four received 0.5 
mg, one received 1.12 mg and another 
1.25 mg of the drug in single doses. Three 
rats received eight daily injections of 1.25 
mg reserpine. 

RESULTS 
The results of potassium iodate fixation 

of adrenal medullary tissue of the rat is 
shown in figure 9. The dark iodate posi- 
tive islets of the norepinephrine secreting 
cells are scattered throughout the medul- 
lary area. The epinephrine secreting ele- 
ments are represented by the clear areas 
of the medulla in this type of preparation. 
As can be seen in figure 5, the brown pig- 
ment formed in the norepinephrine con- 
taining cells upon treatment with potas- 
sium iodate is located at the periphery of 
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the medullary area and immediately ad- 
jacent to the cortex in the Syrian hamster. 
This location was consistent in this animal 
regardless of the plane of section unless 
the section happened to include only a 
peripheral area of the medulla resulting in 
an appearance of all cells being of the 
norepinephrine type. Iodate positive islets 
were also found in the mouse where they 
occupied a larger medullary area than in 
either the rat or the Syrian hamster. 
Iodate positive material in the cat was in 
more of a continuous pattern than in islets. 
Medullary tissue in this animal showed 
alternating layers of iodate positive and 
negative tissue. The chicken showed scat- 
tered cellular areas of iodate positive ma- 
terial throughout the adrenal gland and 
there was no characteristic pattern of dis- 
tribution because in this animal, the cor- 
tical and medulIary areas are interspersed 
with one another. No iodate positive re- 
action was present in the rabbit and no 
yellow staining norepinephrine cells were 
seen. In all these preparations sections 
were of the order of 10-20 p in thickness 
and detailed cytologic study was not pos- 
sible. The potassium chromate-dichromate 
method of Hillarp and Hokfelt (’55) when 
applied to the rat adrenal produced a 
reversal of the picture obtained by the 
potassium iodate method. Thus, the 
chromate-dichromate treated adrenal me- 
dulla showed relatively dark staining cells 
interspersed with islets of lightly stained 
cells. The dark cells correspond to the 
epinephrine containing or iodate negative 
cells and the lightly staining cells were 
identified as the iodate positive or norepi- 
nephrine containing cells. Again, the thick 
sections necessary with this method pre- 
cluded detailed study of the different cell 
types. The cells which were observed to 
fluoresce with ultraviolet illumination fol- 
lowing formalin fixation correspond to 
the norepinephrine containing cells distin- 
guished previously. 

Fixation of the tissue in Orth’s fluid and 
subsequent staining with the eosin-anilin 
blue stain presented two differently stain- 
ing cell types in the adrenal medulla. One 
type which dominated the medullary area 
in the rat was of brownish-purple color 
while the other medullary chromaffin cells 
were yellow. Both types of cells possessed 

a granular cytoplasm. Fixation with Orth’s 
fluid produced extremely hard material 
and poor penetration of the fixative was 
evidenced by increasing numbers of poorly 
fixed cells which occurred as sections were 
made deeper within the block of tissue. 
The use of 10% formaldehyde in place of 
the full strength commercial product made 
the tissue less hard and penetration was 
somewhat better, however, both fixatives 
were observed to change in pH during fixa- 
tion, from 3.98 to 4.50 in 24 hours. Dis- 
solving of the constituents of the fixative 
in the M/5 acetate buffer instead of dis- 
tilled water and the subsequent adjusting 
of the pH of the fixative to 3.9 gave good 
penetration but some diminishing of color 
intensity of the medullary cells. A fixative 
with a pH of 4.0 to 4.2 gave optimal re- 
sults. The use of the 10% formaldehyde 
in this buffered fixative was preferred to 
the use of full strength formaldehyde 
which in most cases gave deeper colora- 
tion but undesirable hardness to the tissue. 

Differential staining with the eosin- 
anilin blue mixture was dependent on the 
ionization of the anilin blue component, 
thus the dye solution was buffered to a pH 
of four which is approximately that of the 
0.5% solution of anilin blue. Eosin still 
maintains its staining properties at this 
pH and anilin blue staining is at its maxi- 
mum. Rinsing in distilled water, differ- 
entiating in 95% ethanol and dehydrating 
in absolute ethanol followed by clearing 
in xylene resulted in preparations which 
clearly illustrated the two chromaffin cell 
types. 

Evidence for the consistency of this 
staining procedure is seen in figures 1, 2 
and 3. The epinephrine containing cells 
are of a brownish-purple granular con- 
sistency while the norepinephrine celIs lo- 
cated in their characteristic position and 
numbers are of a yellow color with a gran- 
ular appearance. In all the animals stud- 
ied the distribution pattern of the yellow 
staining medullary cells is consistent with 
that of the iodate positive cells previously 
mentioned. Overnight staining with the 
Giernsa stain produced norepinephrine 
containing cells staining a darker green 
than the epinephrine containing cells, 
figure 11. Twenty-four hour staining with 
the Giemsa stain served to darken the 
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epinephrine cells. The eosin-anilin blue 
mixture was generally employed since it 
was found to be more sensitive and was 
specific for the cell types studied. 

Evidence for the selective fixation of 
the two cell types and their contents in 
the Syrian hamster is shown in figures 6, 
7 and 8, while such fixation in the rat is 
illustrated by figures 10 and 13. These 
preparations are unstained sections from 
tissues which have been fixed in the buf- 
fered fixative. Both phase and ordinary 
light microscopy clearly indicate the darker 
norepinephrine cells contain large coarse 
granules while the granules of the epi- 
nephrine cells are not readily discerni- 
ble. All such sections illustrated were cut 
at 3 H. 

A detailed study of eosin-anilin stained 
material at higher powers with the light 
microscope indicates specific differences 
in the two types of adrenal medullary cells 
in the rat. The epinephrine containing 
cells possess a granular cytoplasm of a 
brownish to purple color. These cells ap- 
pear to be aggregated into islets with the 
nuclei of the cells located toward the 
central portion of the islet. Between the 
nucleus and the peripheral border of the 
cell there is a bluish staining area indica- 
tive of the Golgi zone. The granular cyto- 
plasm is more homogeneous than that of 
the norepinephrine cells and occasionally 
there are cells of lighter staining intensity. 
The nuclei are generally blue to deep 
purple and possess one or two bright red, 
eccentrically located nucleoli. Occasion- 
ally one sees cells with very dense, blue 
nuclei; however, these are in the minority. 
The norepinephrine containing cells as 
previously mentioned possess a yellow 
granular cytoplasm and give the appear- 
ance of being less homogeneous in regard 
to the cytoplasmic structure. These yellow 
cells are smaller in size and the nucleus 
which usually stains blue seems to be 
located more toward the center of the cell. 
The one to two eccentrically placed nu- 
cleoli stain bright red as do those in the 
epinephrine cells. The bluish Golgi area 
is evident, but not to the extent as in the 
epinephrine cells. These yellow cells are 
more closely packed and lack the degree of 
polarity of the epinephrine cells. Also, 
the norepinephrine cells can be found as 

solitary cells within patches of epinephrine 
containing cells and at the periphery of 
the ganglion cells which themselves occur 
in clusters. A few of the norepinephrine 
cells display the dark blue, dense nuclei 
and occasionally there is observed a yellow 
cell which stains very lightly. Other cells 
in addition to the regular ganglion cells 
which show few differences other than 
occasional vacuolization with this proce- 
dure are found scattered throughout the 
medullary area. Certain of these scattered 
cells are clearly cortical cells and others 
resemble neuronal elements. These last 
mentioned cells are considerably smaller 
than regular ganglion cells but possess 
eccentric, brightly staining nucleoli. They 
are further characterized by containing 
cytoplasmic bodies which appear as 
placques or vesicles. In general, the cyto- 
plasm of such cells has a bluish, granular 
appearance and is more dense than that 
of the ganglion cells. 

The other animals studied exhibited 
similar differences in the cell types and 
the distribution differences have been 
noted here as well as by previous workers. 
The Syrian and Chinese hamsters and the 
chicken possess medullary cells exhibiting 
a mixture of brown and yellow staining 
properties indicating the presence of both 
epinephrine and norepinephrine within 
the same cell and the Chinese hamster is 
characterized by having a large number 
of both light and dark staining epineph- 
rine cells. The norepinephrine cells in 
both types of hamsters show a greater de- 
gree of polarity than do similar cells in 
the rat and the incidence of both cortical 
cells and the neuronal appearing cells is 
much less in the Syrian hamster than in 
the rat. 

Comparison of fixation by perfusion and 
by immersion of the freshly removed 
adrenal gland gave evidence that the 
lengthy procedure of perfusion did not 
warrant its extensive use in this study. 
In some cases, fixation by the perfusion 
method appeared less satisfactory than 
with the simple immersion procedure. In 
a number of cases, the stress applied to 
the animals by anesthesia and perfusion 
produced a vacuolization of the medullary 
parenchymal cells and loss of the stainable 
material. This type of effect was also 
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noted in the cats which had been anes- 
thetized with chloralose. The more rapid, 
less tedious and more reliable immersion 
fixation was the method principally em- 
ployed. 

Reserpine. The six rats receiving single 
doses of 0.25 mg reserpine exhibited only 
a slight loss of yellow stainable material, 
while the four receiving single injections 
of 0 . 5  mg of reserpine 24 hours prior to 
decapitation presented adrenal medullary 
tissue like that shown in figures 4, 12 and 
14. A11 evidence of iodate positive material 
was absent when the iodate method was 
applied and staining of the tissue fixed in 
the buffered fixative indicated a loss of 
staining properties in the norepinephrine 
cells, figure 4. Close examination of these 
cells as in figure 4 indicates that there 
is still a hint of yellow staining capacity, 
but in general most of the stainable 
material is absent thus leaving a bluish 
cast to the normally bright yellow cells. 
The depleted norepinephrine cells are 
somewhat smaller than similar cells in 
the control animals. Figure 4 also shows 
the brown epinephrine cells as relatively 
unaffected by this dose of reserpine. An- 
other aspect of reserpine depletion of nor- 
epinephrine is presented in the unstained 
material which has been fixed in the buf- 
fered fixative. As indicated in figures 12, 
14 there is a loss of granularity in the nor- 
epinephrine cells as compared to the con- 
trol animals in figures 10 and 13. This 
loss of granularity occurs consistently in 
conjunction with the loss of staining prop- 
erties of the norepinephrine cells following 
reserpine administration. The animals re- 
ceiving doses of 1.12 and 1.25 mg of 
reserpine showed a more extreme loss of 
stainable material paralleled by a corre- 
sponding loss of granularity. In all of these 
animals it is evident that the staining of 
norepinephrine is the first to be affected. 
Rats receiving eight daily injections of 1.25 
mg of reserpine and the Syrian hamsters 
receiving single injections of 4 mg/kg of 
the drug show an almost complete loss of 
stainable material and granularity. Gen- 
erally there was only a slight hint of brown 
staining material within the cells, but 
no yellow staining was evident upon care- 
ful study at high powers. 

A study of other tissues of the animals 
employed was done to determine whether 
cells such as argentaffin cells might stain 
with characteristics similar to medullary 
cells. Sections of intestine containing ar- 
gentaffin elements indicated that these 
cells stained with their own characteristic 
color. This color is of a very light golden 
appearance and not similar to that of 
either of the two adrenomedullary cell 
types studied. The argentaffin cells also 
possess a finely granular cytoplasm. In 
the same tissue, Paneth cells show large, 
dense, dark blue staining granules. The 
granules in tissue eosinophiles stain with 
an intense, bright red color while mast 
cells contain a mixture of granules which 
are stained both blue and bright red. Sec- 
tions from the pancreas present an intense 
red staining of the zymogen granules in 
the acinar areas, but in this tissue as in 
others mentioned there is no indication of 
any staining similar to that of either of 
the two adrenomedullary cells. 

DISCUSSION 

The results with potassium iodate treat- 
ment presented here in the rat, mouse and 
cat agree quite well with those of Hillarp 
and Hokfelt ('53) and Eranko ('55d) 
and the results in the Syrian hamster are 
in agreement with those obtained by 
Camanni and Molinatti ('58) and Eranko 
('56). The facts that no iodate positive 
material is seen in the adrenal medulla of 
the rabbit and no norepinephrine cells are 
present agree with both histochemical and 
chemical data since it has generally been 
accepted that the norepinephrine content 
of the adrenal medulla of the rabbit is 
practically nil (Hokfelt and McLean, '50). 
Fluorescing islets of medullary cells in 
the rat were seen that corresponded to 
the iodate positive cells as pointed out by 
Eranko ('55d), but since the iodate method 
was the easier to use, this was the estab- 
lished method employed for the detection 
of the norepinephrine cells. 

The fact still remains, however, that the 
iodate method and its procedure of frozen 
sections ranging from 10-20 gives mate- 
rial which is not suitable for the study of 
individual medullary cells and their secre- 
tory products. Also, neither the iodate nor 
the fluorescent methods demonstrate both 
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catecholamines simultaneously. Thus the 
need for sections ranging from 2-7 p and 
demonstrating both epinephrine and nor- 
epinephrine was apparent as pointed out 
earlier in this paper. Former workers such 
as Bander ('50, '54) and Klein and Kracht 
('57) attempted the use of methods in- 
volving paraffin sections, but their results 
as pointed out by Eranko and Palkama 
('59) were not or could not be considered 
reliable. 

A possible starting point for paraffin 
embedded tissue appeared to be the origi- 
nal chromaffin reaction therefore the pro- 
cedure for this reaction as outlined in 
Pearse ('60) was attempted and positive 
results were obtained. It was evident from 
the study of the tissue fixed in Orth's fixa- 
tive that the stainability of the tissue was 
intense, so much that detailed cytological 
observation was not possible due to the 
heavy staining with the Giemsa stain. 
Since some of the constituents of the 
Giemsa stain are salts of eosin and since 
eosin is an acid dye, this seemed to be a 
possible departure in the selection of a 
dye for the staining of chromaffin tissue. 
Other components of the Giemsa stain are 
of a basic nature; therefore, it was believed 
that if another acid type of dye could be 
found to complex with eosin, then this 
complex of two acidic dyes might be more 
specific for the products of dichromate 
oxidation of adrenal medullary tissue and 
eliminate overshadowing by the basic 
dyes. The dye selected as the second com- 
ponent of the complex was anilin blue and 
it was reasoned that the complex of these 
two dyes would couple with only the oxi- 
dation products of the catecholamines of 
the adrenal medulla in such a manner as 
to produce a color difference between the 
cell types. It was believed that there must 
be a high sensitivity of the staining com- 
pound if it  were to detect the slight differ- 
ences between the two dichromate oxidized 
catecholamines. The initial procedure of 
first staining the tissue with the eosin solu- 
tion followed by subsequent immersion in 
anilin blue gave an indication that this 
line of reasoning had been correct for two 
two cells types were evident in most cases. 
However, it also became evident that the 
procedure was not consistent for the anilin 
blue solution soon lost its staining proper- 

ties. When small amounts of eosin were 
added to the anilin blue solution, all in- 
dication of staining properties of the latter 
disappeared and the stain took on an en- 
tirely different aspect. When the sections 
were carried through anilin blue prior to 
eosin staining the two cell types were 
again difficult to demonstrate. From these 
observations it became apparent that the 
desired staining did actually depend on 
the eosin-aniline blue complex, but the 
desired complex was dependent on the 
relative proportions of each dye in solu- 
tion and this solubility might well be de- 
pendent on the ionization of the respective 
dyes. A study of the pH of the two dye 
solutions revealed the pH of the eosin to 
be 6.15 while that of the anilin blue was 
4.00. When the anilin blue solution was 
buffered to the pH 4.00 with the M / 5  
acetate buffer addition of eosin had no 
apparent effect on the staining ability of 
the blue dye. Finally a mixing of the two 
dye solutions gave evidence that the com- 
plex exhibited its greatest differentiating 
powers when it was buffered to the pH of 
four. 

The fixed tissue was found to be pecu- 
liar in that staining was erratic deeper into 
the tissue block. Careful examination in- 
dicated that penetration of the fixative was 
poor and this might have accounted for 
some of the previous descriptions of vari- 
ous cell types. The fact that the pH of the 
fixative changed in the direction of basicity 
during the period of fixation suggested 
that in all probability fixing of the outer 
portion of the tissue block prevented the 
deeper penetration of the fixative. The 
buffered fixative was successful when em- 
ployed and quite to the contrary of the 
statements of Hillarp and Hokfelt ('55) and 
von Euler ('51) the use of a fixative with 
a pH of less than 5.0 proved to be suc- 
cessful. Ranges of pH studied indicated 
that best penetration and best fixation of 
tissue occurs at the 4.0 to 4.2 pH and that 
values higher than this result in poor fixa- 
tion while lower values produce decreased 
staining ability. It should be pointed out 
that the investigations of Hillarp and 
Hokfelt ('55) involved the use of potas- 
sium dichromate fixatives and apparently 
no formalin was employed. It was noted 
during the present study that when tis- 



EPINEPHRINE AND NOREPINEPHRINE CELLS 293 

sues were fixed in potassium dichromate 
solutions buffered to the pH of 4.0 or less 
there was certainly a loss of granularity of 
the cells. Thus, the ideas regarding potas- 
sium dicromate fixation which have been 
held for a long time cannot be doubted 
here; however, when formaldehyde is 
added to the buffered dichromate fixative, 
the picture is entirely different and it is 
believed that the use of the formaldehyde 
is instrumental in the subsequent fixing 
of the tissue following the initial oxidation 
of the catecholamines with the potassium 
dichromate solution. Moreover, such a 
technique of oxidative fixation is quite 
selective and readily differentiates the two 
types of catecholamine containing cells 
even when such fixation is employed alone. 

The fixation and staining procedures 
described were instrumental in permitting 
a detailed study of the cells in the adrenal 
medulla of the animals employed. The 
perusal of unstained as well as stained 
sections contributed to an interpretation 
of the cell types with the Syrian hamster 
being most useful due to the unique locali- 
zation of cell types. The larger granules 
which are evident in the norepinephrine 
cells agree with the descriptions given 
previously (Hillarp, Hokfelt and Nilson, 
'54; Schuman, '57) as do the smaller 
granules of the epinephrine cells. In 
actuality, the granular appearance of the 
epinephrine cells is such that the term 
granular might be considered a misnomer 
since granules per se are not actually dis- 
cernible. The appearance and location of 
the cells in the animals employed is in 
agreement with other works which in- 
volved the use of frozen sections. Also, the 
approximate area are volume occupied 
by the cell types in reference to one an- 
other agrees with the earlier chemical data 
(Goodall, '51; Hokfelt, '51; West, '55). 

It is evident that a morphological dif- 
ference exists between the two parenchy- 
matous types of adrenomedullary cells 
when stainability, granular appearance 
and size are considered. It is also apparent 
in rats which have been treated with the 
0.5 mg dose of reserpine that the depleted 
norepinephrine cells are smaller than in 
the uninjected animals, but marked vari- 
ations in size within one cell type or the 
other in the same animal are not evident. 

The other cell types present in the adrenal 
medulla are either ganglion cells, cortical 
cells or the neuronal type which has been 
described here. It is evident that more 
than two cell types are present in the adre- 
nal medulla of most of the animals stud- 
ied. In many instances small cells which 
usually stained like the norepinephrine 
medullary type are found in the position 
of satellite cells located in direct proximity 
to the ganglion cells. Occasionally epi- 
nephrine cells are also seen in this loca- 
tion. 

A comparison of the cell types observed 
in this work with those seen by former 
workers is difficult, but there is agree- 
ment as to granule size as interpreted by 
B h d e r  ('50, '54) and Klein and Kracht 
('57). Other correlations with paraffin 
sectioned tissue are difficult and might be 
due to the discrepancies pointed out by 
Eranko and Palkama ('59). It is the be- 
lief here that a method which distinctly 
demonstrates the cell types of adrenal 
medullary tissue is important especially 
when certain comparisons can be made to 
recent work in electron microscopy (Yates, 
Wood and Duncan, '62). Also the neuro- 
nal appearing elements which are found 
scattered through the medulla cannot be 
overlooked and present an interesting pic- 
ture for further study. 

The effects of reserpine in the rat are 
consistent with the findings of Camanni, 
Losana and Molinatti ('58), Coupland 
('58) and Eranko and Hopsu ('58) but the 
total depletion of the catecholamines from 
the adrenal medulla from the Syrian ham- 
ster is contrary to the findings of Camanni 
and Molinatti ('58) when they stated that 
they were unable to produce total cate- 
cholamine depletion in this animal with 
the use of reserpine. Strain differences 
and resistance to the drug might well ac- 
count for such a discrepancy. The fact 
that loss of stainability correlates well with 
the changes produced in other studies in- 
dicates that the stain is specific for the 
material for which it is designed. The ac- 
tion of reserpine in its selective depletion 
of norepinephrine has been quantitatively 
studied by Eranko and Hopsu ('58) and 
was used in this work as a confirmation of 
the loss of norepinephrine from the adre- 
nal medulla. Also, the fact that the mate- 
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rial prepared with the new fixative can be 
stained by other methods or studied un- 
stained speaks well for a selective oxida- 
tive-fixation process which might not be 
basically too different from the chemical 
method employed by Euler and Hamberg 
('49a). 

It should be pointed out that although 
the technique is readily usable, consistent 
and specific, and has proved useful in 
other work which will be reported shortly 
under a variety of conditions, it is even 
more valuable when used in conjunction 
with other methods of study. Further work 
with the electron microscope as previously 
mentioned is in progress as well as are 
certain physiological investigations. The 
ability to study the cells in greater detail 
along with the presence or absence of the 
secretory products is certainly an advan- 
tageous situation, and the high degree of 
specificity and sensitivity is showing prom- 
ise in quantitative histochemical studies 
which are in progress. 

SUMMARY 

A technique has been developed which 
permits study of adrenal medullary tissue 
in 2-5 sections made from paraffin em- 
bedded tissue. This method clearly distin- 
guishes the epinephrine from the norepi- 
nephrine containing cells by differential 
fixation and staining. The two parenchy- 
matous cell types of the adrenal medulla 
are identified by differences in staining 
ability and by visualization of character- 
istic cytological differences. Patterns of 
distribution in various species and reser- 
pine induced alterations in the rat are in 
agreement with earlier works which have 
been presented in the literature. 

The results indicate that the procedure 
is more specific and sensitive than earlier 
methods. With this technique it is obvious 
that there exists a morphological differ- 
ence between epinephrine and norepineph- 
rine cells on the basis of granularity and 
size, This study has led to the demonstra- 
tion of these two cell types with the elec- 
tron microscope. 
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PLATE 1 

EXPLANATION OF FIGURES 

1 Adrenal gland of a normal adult Syrian hamster fixed in the buffered 
formol-dichromate fixative, sectioned at 3 p and stained with eosin- 
anilin blue. The yellow norepinephrine cells are located on the left 
and upper part of the picture toward the blue staining cortex while 
the brown staining epinephrine cells are located toward the right 
and lower portion of the photomicrograph. The marker in the upper 
left hand portion of the picture represents 200 p. 

Another portion of the same section as illustrated in 1. Yellow stain- 
ing norepinephrine cells occupy the left hand area while the brown 
staining epinephrine cells are found to the right in the photomicro- 
graph (blue filter). The marker represents 100 p. 

Normal rat adrenal fixed in the buffered formol-dichromate fixative 
and stained with the eosin-anilin blue stain. Yellow stained cells 
represent the norepinephrine element while the brown stained cells 
which have a grayish cast due to the blue filter indicate the epineph- 
rine element of the adrenal medulla. The cortex in the upper left 
area of the picture stains blue. The marker represents 100 p. 

Adrenal gland of a 250 gm rat which had received 0.5 mg reserpine 
subcutaneously 24 hours prior to sacrifice. Tissue was fixed in the 
buffered formol-dichromate fixative and stained with eosin-aniline 
blue. There is a pronounced loss of yellow staining material (arrows) 
from the norepinephrine containing cells. The bluish cast in these 
cells becomes apparent along with the loss of yellow staining proper- 
ties. The epinephrine containing cells continue to stain brown. The 
hint of yellow color present in the norepinephrine cells indicates that 
a small amount of this catecholamine is still present. Marker rep- 
resents 100 F. 
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PLATE 2 

EXPLANATION O F  FIGURES 

5 Adrenal gland of normal adult Syrian hamster treated with saturated 
potassium iodate solution and sectioned at 15 p on the freezing 
microtome. The dark iodate positive norepinephrine containing cells 
are located in  their characteristic position at the periphery of the 
medullary area while the epinephrine containing cells in the center 
of the medulla remain unstained as do the cortical cells. Marker 
represents 300 p. 

Adrenal gland of a normal adult Syrian hamster fixed in the buffered 
formol-dichromate fixative, sectioned at 7 p and mounted unstained. 
The darker appearing norepinephrine containing cells are located in 
their characteristic peripheral medullary position. Centrally situated 
epinephrine cells are indicated by a lighter area while the cortical 
area shows no pigment formation (ordinary light). Marker repre- 
sents 300 p. 

A higher magnification of a section from the same block of tissue 
as illustrated in  6 but viewed with phase microscopy. Norepineph- 
rine cells located in the central area of the photomicrograph show 
dark coarse granules while the epinephrine cells ( E )  show a more 
homogeneous cytoplasm. Cortex ( C )  is illustrated in  the upper left 
portion of the picture. Marker represents 70 p. 

8 The same area as depicted in 7 and photographed under the same 
conditions with the exception of being at  a higher magnification. 
Norepinephrine cells show larger, more dense granules in contrast 
to the epinephrine cells ( E )  which exhibit a more uniform, finely 
granular cytoplasm. Marker represents 20 /L. 
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PLATE 3 

EXPLANATION OF FIGURES 

9 Adrenal gland of normal adult rat treated with saturated potassium 
iodate solution and sectioned at 15 p on the freezing microtome. The 
dark islets of iodate positive cells indicate the norepinephrine con- 
taining element of the adrenal medulla while the epinephrine area 
and the cortical area remains unaffected by the procedure. Marker 
represents 200 p. 

Adrenal of a normal adult rat fixed in  the buffered formol-dichromate 
fixative, sectioned at 3 p and mounted unstained. Phase microscopy 
reveals the cortex in the upper portion of the picture. The majority 
of cells present are the epinephrine containing medullary cells, but 
scattered islets of smaller norepinephrine cells which appear darker 
are indicated by the arrows. Marker represents 70 p. 

11 A section from the same block of tissue as illustrated in 10, but 
shown with ordinary light and after eight hours staining with the 
Giemsa stain. Arrows point to the islets of darker staining norepineph- 
rine cells while the remainder of the medullary tissue stains with 
a lighter color. Marker represents 100 p. 

A 3 p section from the same adrenal as illustrated in  4, but mounted 
unstained and viewed with phase microscopy. Cortex is illustrated 
at the upper border and arrows point to islets of norepinephrine cells 
which show a partial loss of granularity due to the reserpine injec- 
tion, compared with 10. Epinephrine cells appear relatively un- 
affected by the drug. Marker represents 70 p. 
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PLATE 4 

EXPLANATION O F  FIGURES 

13 The same field as indicated by the arrows in 10, but a t  a higher 
magnification and rotated 90" to the right. The smaller norepineph- 
rine cells are located in the central area of the photomicrograph and 
are seen to contain the large, dense granules. These cells are readily 
distinguishable from the epinephrine type cells surrounding them. 
Marker represents 20 @. 

Another phase microscopic view of a different area of the same sec- 
tion as depicted in 12. The right hand area of the photomicrograph 
illustrates partial loss of granularity from the norepinephrine cells 
due to the action of reserpine (arrows). Epinephrine cells (E) are 
located in the upper portion of the picture. Marker represents 20 p. 
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