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T W O  FIGURES 

I n  studying erythrocytes of the blood of animals in which 
these cells are found in circulation in tlie nucleated form, a 
‘ stigma ’ was observed when the cells were ‘ supravitally ’ 
stained and kept in the wet c0ndition.l Tliis structure ap- 
parently does not fit into any category of the many ‘granules’ 
previously described. I n  using brilliant cresyl blue as a 
supravital stain in the study of the blood of the frog, the 
pigeon, the horned toad (Phrynosoma solare), and the snake, 
this stigma stained a deep blue and was situated on the sur- 
face of the cell, eccentrically. It was a constant finding 011 

each and every erythrocyte, it being the same size or slightly 
smaller than the specific granules of a human eosinophile. As 
a rule, it was situated on the upper surface of the cell. Its 
periphery was sharply outlined, in contrast to the granules 
observed within the cytoplasm in coiinection with, or inde- 
pendently of, the reticulum. When the cells were stained 
under the microscope and the different stages of staining 
were followed by the observer, this stigma was the first to 
take the stain; then the nucleus was stained; that was fol- 
lowed by the reticulum and, lastly, by the appearance of 
another stigma. This second stigma was smaller thaii the 
first, and in small, nucleated erythrocytes it could not be 

Stigma. is tlie Greek word for  ‘mark’ or ‘dot.’ I n  this p iper  it is used a s  
n general drscriptivr term and does not imply any  particuhr niorpliologicxl 
significance. 
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(list iiignislied ver>- reatlily, unless one liad been accustomed 
to its ohservatioii in larger cells. I n  tlie smaller erythrocytes 
(pigeon) hotli stigmata were easily c~onfused with the granules 
that appear within the meshes of the reticulum, hut the larger 
one, owing to its property of taking up the stain first (or 
alone, wlieii there is not sufficient quantity to stain any part  
of the reticulum), could always he distin,piislied from any 
other element of the erythrocyte. The secoiid stigma is gen- 
erally smaller than the first and it lics on the opposite surface 
of the cell-as a rule, the lower. Its size is ahout one-half 
or three-fourths of that of the first stigma. The two stigmata 
iim-er appeared to be situated 011 the same plane, and when 
oiic was visible, the other w a s  out of focus. The distance 
hetween tlie two, as  estimated by the focusing of the micro- 
scope, was similar to the approximate tliickiiess of the ervtli- 
rocyte. ‘l‘hey were a coiistant fiiidiiig on every nucleated 
reticulated erythrocyte. They mere first observed in wet, 
supravitally stained preparations that were prepared 1)y the 
f’ollowing technic. 

METHODS 

With a diamond point a groove w a s  made oii ail ordiiiary 
slide, exteiicliiig from the one end to tlie middle. This was 
wideiid aiid deepened with the corner. of aiiothcr slidc, the 
eiitl of tlie groove being made as smooth a s  possihle. A small 
drop of hlood was plncctl 011 a cover-slip, which was invertetl 
and dropped on the slide, so that the drop of blood fell 011 

the end of the groove. It was found of great importaiicc to 
have a drop of hlood of minimal size, so that the blood wonltl 
not spread to  the edges of the corer-slip. A drop that ulti- 
mately covers but one-third of the cover-slip’s surface is 
best suitcd f o r  these studies. The elid of an ordinary mcdicine 
dropper was dra\rii to a loiig capillary pipcttc a s  thin as 
co11ltl he obtained. A drop of stain w a s  deposited into this 
pipctte. The eiitl was then inserted into the groove on thc 
slide hetween corer-slip and slide and, by means of tlie 1-ubber 
1)11111 of tlic dropper, a miiinte droplet of staiii (usually so 



A SURFACE STRUCTURE IN ERYTHROCYTES 367 

small that it was barely visible) was squeezed into the mass 
of the cells. Additional injections of stain were added from 
time to time, as the cells that lay around tlie stain were 
studied. 

A second method used was as follows: A small drop of 
blood is placed on the cover-slip and this inverted and dropped 
onto an ordinary slide. (,4s before, the blood should not 
spread to  the edges of the cover-slip.) The specimen is 
brought urider the microscope and under observation. A 
drop of the brilliant-cresyl-blue solution in 0.85 per cent 
sodium chloride is deposited on the slide near the edge of the 
cover-slip. The stain readily spreads under the cover-slip 
and surrounds the blood. Although the cells a t  the outer rim 
take the stain too readily, one can follow the different stages 
of staining by moving the field from the edge to  the middle 
of the blood-covered area. 

The larger or  first stigma to  appear is best demonstrated 
in the following manner : To a small number of erythrocytes 
suspended in their serum, brilliant-cresyl-blue saturated solu- 
tion in 0.85 per cent sodium chloride is added drop by drop. 
A feu- cells are examined microscopically with every addi- 
tional amount of stain. It will be ohserved that when the 
suspension takes a slightly bluish tinge, the cells exhibit a 
brightly stained blue stigma, while the reticulum and the 
nucleus are as yet wholly unstained. A good result is ob- 
tained when 0.40 cc. of tlie saturated brilliant-cresgrl-blue 
solution is mixed with 2.0 cc. of blood. The number of erytli- 
rocytes present is not important, as the staining capacity 
of the dye was found to he proportional to  the total volume 
of the blood, and not to  the number of cells present. (Figure 
1 is a film from such a suspension of pigeon’s blood. Com- 
pare the brightly stained stigma with the unstained nucleus 
and reticulum.) 
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Figures I and 2 



OBHERVATIOKS 

With these procedures of staining, it was noticed that when 
the stain was present in minute quantities, the cells exhibited 
one brightly stained stigma that, as a rule, lay on the upper 
surface and favored the smaller axis of the cell. When more 
of the dye was injected, there appeared a thread-like line of 
particles that extended from undcriieath this stigma to the 
nucleus. After the reticulum appeared, this line or thread 
could not be separately identified. Occasionally small ‘gran- 
ules’ interrupted the course of this thread. These granules 
were usually slightly smaller and, in contrast t o  the first 
stigma, showed lively brownian movements. The nucleus then 
took the stain. But not until it was completely dyed did the 
reticulum start taking the stain. This process was followed 
and apparently completed hy the appearance of the other 
stigma, which as a rule was smaller and lay on the lower 
surface of the erythrocytic ‘membrane.’ When the cells were 
not too heavily stained, the first stigma was much more deeply 
stained than the rest of the cell (fig. 2). Every single, 
reticulated, nucleated erythrocyte presented these stigmata 
and took the stain in this identical manner, irrespective of 
t.he species of the animal (frog, pigeon, horned toad, o r  
snake). 

In  human blood the small number of the nucleated erythro- 
cytes found in circulation made this kind of study, and hence 
the demonstration of these stigmata, impossible. They could 

Fig. 1 Pigeon’s blood. Dry film. Two cubic centinieters of pigeon’s blood 
were mixed with 0.40 ce. saturated solution of brilliant eresyl blue in  0.85 per 
cent sodium chloride. The stigma is deeply stnincd, while the nucleus has not 
pet taken the stain. 

Fig. 2 Snake’s blood. Wet preparation. ‘ Supravital ’ staining with brilliant 
cresyl blue. The red blood cells a re  completely stained. The nucleus and 
reticulum are not as  heavily stained as the stigma, which appears almost black. 
Owing t o  the fact  t h a t  this was a wet preparation with the cells floating in 
the fluid, the stigmata of all the ct7lls could not he hrouglit into focus a t  one 
time. 

The pliotograplis are not retouched and therefore the pictures show some 
extracellular particles. The stigmata, howe\Ter, can easily be  recognized f roni 
their much deeper color. 

T H E  ANATOJLICAL RECORD, YOL. 46, NO. 4 
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not be demonstrated in reticulated human erythrocytes, but 
their existence was suspected. The human reticulated eryth- 
rocyte when found in circulation is an abnormal cell, in 
contrast to the erythrocyte of amphibian, reptilian, and avian 
origin, where the nucleated and reticulated cell is the adult 
form. When they are present in sufficient numbers to  make 
the observation practicable, as in pernicious anemia during 
early remission, the erythrocytes are largely of pathologic 
shape and this distortion greatly hinders the search for  
similar structures. 

In  pigeons, following an intravenous injection of 5.0 cc. 
of saturated solution of brilliant cresyl blue in 0.85 per cent 
sodium chloride (the birds died during the injection and 
the blood was removed from a large blood vessel or directly 
from the heart), all the red blood cells exhibited one brightly 
stained stigma and not one showed a stained nucleus or  
reticulum. When more stain was added to  these cells, they 
stained in the usual way. 

In  specimens stained supravitally first and then with the 
Wright’s stain, these stigmata are not recognizable. It ap- 
pears that they lose the stain during the process of the 
Wright staining. 

F o r  further study of these findings, some supravitally 
stained wet specimens of blood from a horned toad were 
sealed with petrolatum or Canada balsam and kept in the ice- 
box. Canada balsam was the more practical to  use and it did 
not seem t o  affect the cells differently than the petrolatum, 
for the dry borders of the blood seemed to prevent its mixing 
with the cells that were still in the wet state. On subsequent 
examinations, it was found that some of the cells were laked, 
while the reticulum, the stigmata, and the nucleus were 
preserved in excellent condition. These cells offered an excel- 
lent opportunity for study of the relation of these stigmata 
to  the nucleus and the reticulum. It was plainly apparent 
that the first and brighter and usually upper stigma was con- 
nected with the nucleus by means of a thin thread that seemed 
to be part of the reticulum. 
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The larger size of the cells of the horned toad and the 
clearer arrangement of the meshes of their reticular net per- 
mitted a better study of these stigmata, and it was in these 
cells that the observation was first made. However, all the 
observations upon the erythrocyte of the horned toad were 
readily confirmed in the amphibian and the avian erythro- 
cyte. 

DISCUSSION 

Undoubtedly the first stigma described above has been 
seen by other observers, either alone or together with other 
‘granules’ that were erroneously thought to be of similar 
structure and nature. It appears that the first observer was 
Schultze(l), who put live triton larvae in aqueous methylene- 
blue solutions of from 1 : 100,000 to 1 : 1,000,000. He described 
a blue granule that could also be seen in the unstained blood 
of the same larvae. Similarly, Fischel( 2 )  experimented with 
live amphibian larvae by immersing them in weak aqueous 
solutions of vital stains. In  figure 33 of his paper he shows 
a blood vessel filled with red blood cells each containing a 
small number of stained dots. One of them must of necessity 
be identical with the one here described, but it is not sepa- 
rately recognized by the author. It would not be necessary to 
discuss the nature of the findings described previously by 
Bremer(3) and Dehler(4) if their observations had not been 
misinterpreted by other authors. Bremer used unstained 
preparations of turtle blood, while Dehler made his studies 
on the blood of the chick embryo in paraffin-fixed tissue. 
Since the stigmata do not appear in fixed specimens, and 
the pictures shown by Dehler do not even remotely suggest 
any similarity or resemblance to stigmata, and inasmuch as 
Bremer later (5) identified Dehler ’s findings with his own, 
it is believed that the structures described by these authors 
do not correspond to the ones here described. In  the author’s 
opinion, Bremer ’s findings are exactly identical with Ran- 
vier’s (6) ‘vacuoles spheriques ’ observed in the fresh blood 
of the frog. Both Bremer and Dehler agreed that the struc- 
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tnres they observed represent a form of centrosome. Such 
‘centrosomes ’ ApGthy( 7)  observed in the blood of full-grown 
salamanders in air-dried, fixed, aiid stained spec*imens. 
Weidenreich( 8) considered the granules or  globules observed 
by himself and others as artefacts. Mews(  9) ,  experimeiit- 
ing with the blood of salamanders vitally stained with 
methylene blue, apparently described the larger stigma cor- 
rectly, but stated that “instead of one only, one observes 
frequently two or three and even a greater number of cor- 
responding smaller granules (Kiigelchen). ” He called the 
whole group ‘chromatoid graiiules’ and identified them with 
the structures observed by Apiithy, Schultze, and Fiscliel, 
but disagreed with them and also with Bremer arid Dehler in 
interpreting them as ‘centrosomes.’ He  thought that they 
might represent “rejected and ‘corrupted’ nucleoli.” I n  any 
case, their strong reaction to the supravital stains was for 
him a proof of their being ‘dead elements.’ Even in more 
recent articles this structure has been confused with many 
elements from which it could easily be separated. Schilling 
(10) described ‘small, dark chromatin grains’ found on his 
‘ Kapselkorper ’ in mail and other mammals and associated 
them with the granules or groups of granules described by 
the aforementioned authors. He  believed them all to be 
‘centrosomes.’ Jolly( 11, 12, 13) noted this vitally demon- 
strated stigma in normal nucleated erythrocytes as single 
granules 01- multiple droplets. He  distinguished his struc- 
tures from the ‘brilliant granules ’ of Ranvier, but identified 
them with ApAthg’s and Bremer’s. He suggested that they 
represented a form of centrosomc or Ihat they were formed 
by transformation of a chromosome. Isaacs ’( 14) ‘refractive 
granule’ as found in non-nucleated erythrocytes is of dif- 
ferent nature, whether demonstrated in the fresh state or 
after the preparation is fixed and stained. Jordan( l5) ’  after 
staining erythrocytes of the frog with neutral red, observed 
“ a  variable number of small red-stained spherical granules 
and globules, some of which exhibited brownian movements.” 
Tmvis and Lewis (16)’ who observed supravitally staiiietl 
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granules in the blood of fish, amphibians, and reptiles, dis- 
tinguished between ‘granules ’ and ‘vacuoles in their speci- 
mens. Chlopin( 17) identified the ‘few enclosures’ that he 
obtained after placing live axolotls in a weak solution of 
neutral red over a long period of time with the ‘vacuole- 
like shapes (formations)’ that he observed in fixed and 
stained preparations, as well as with the different structures 
observed by other authors. Dawson(l8, 19) thinks that the 
pre-existing granules of what he calls “segregation appa- 
ratus of the red blood cells” are typically grouped as bipolar 
clusters which may be seen in fresh blood and are readily 
demonstrated as basophilic bodies in smears stained with 
Wright’s or Giemsa’s stains. Although he) makes distinction 
between the pre-existing and the induced granules aiid 
globules, he fails to recognize separately the stigmata here 
described and which cannot be stained or counterstained with 
the Wright’s stain. 

The separate identity of the stigma here described to ap- 
pear first is shown from the following facts: It is single and 
apparently commoii to all circulating, mature, nucleated 
erythrocytes. When more than one was observed, before the 
nucleus reacted to the stain, the rest were of a different nature 
as not found uniformly in all cells. It is either on the surface 
or  very near it, as proved by the focusing of the microscope. 
It never shows brownian movements. Whenever such move- 
ments were described, they ought to belong to the granules 
that lie within the cytoplasm and, according to our observa- 
tions, within the meshes of the reticulum. Whenever the 
single stigma was observed moving, the movements were not 
independent of the whole cell. 

In  commenting on these findings, it might be more expedient 
to consider separately the larger stigma. For, unlike the 
smaller stigma, it cannot be confused with any other element 
of the erythrocyte. I t s  property of taking the stain before 
all other stainable elements and the fact that it can be stained 
and demonstrated separately and alone prove conclusively 
and unmistakably its separate identity. 
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Its affinity for supravital stains would show that it is related 
to the nucleus or the reticulum. However, unlike those struc- 
tures, it stains deeply when the stain is present in a solution 
so weak that it cannot stain the nucleus or the reticular 
substance. It could be supposed that it reacts to the stain 
before all other elements because it dies first. Apparently 
this cannot be the case, for if the specimen is sealed and left 
over a period of time, it continues to show only these stigmata 
stained, and no other element. Further evidence pointing in 
the same direction is the fact that this stigma cannot be 
demonstrated in specimens counterstained with the Wright’s 
stain. 

It could not be proved whether this stigma is on the mem- 
brane or  immediately below it. If it is on the membrane, it 
might indicate a hollow cavity where the stain accumulates, 
or an anomalous surface, possibly the point of separation 
of the erythrocyte from the mother or sister cell. It is diffi- 
cult to explain why this particular spot of the membrane 
reacts to weak solutions of vital stains while the remainder 
does not. 

The observation that this stigma is connected by a thread, 
probably ‘reticular,’ with the nucleus and the fact that the 
nucleus takes up the stain before the reticulum reacts to 
the stain at all permit one to suppose, from a purely specu- 
lative point of view, that a microcanalicular system leads 
from the surface (membrane) of the cell to the nucleus first, 
then through the reticular meshes (if the reticulum is a pre- 
existing structure) to the opposite surface of the membrane. 
This theory could support also the existence of the smaller 
stigma observed after nucleus and reticulum have been 
stained. If this be true, one might assume the existence of a 
minute circulatory system within the erythrocyte, extending 
from the first and larger stigma (the stoma) to the second 
and smaller stigma (the anus of the cell) : perhaps something 
of the nature of a Golgi apparatus, but quite dissimilar to  
the one Schilling( 10) suggests. Thus the stain, or the nutri- 
tional substances, during life, may enter the cell and be 
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eliminated through a definite route. Then the permeability 
of the cell ‘membrane’ would not be a required condition f o r  
the explanation of the different physiological phenomena of 
the erythrocytic cell. Certainly these theories are compatible 
with the fact that the stained reticulum may be washed free 
of stain with serum and restained many times, as proved in 
this laboratory (20). 

SUMMARY 

A ‘structure’ in nucleated erythrocytes is here described 
that stains only supravitally, appearing as a deeply stained 
stigma that lies on the surface or ‘membrane’ of the cells. 
It is found in all the red blood cells of those animals in which 
nuclei are characteristic of the adult form. It is absolutely 
distinctive in its identity and is not to be confused with any 
other ‘granules’ or ‘vacuoles.’ 

A second stigma is suspected to  appear after the staining 
of the cell is apparently completed. This lies on the opposite 
side of the cell and is slightly smaller than the first. 

The author wishes to express his appreciation to Dr. Cyrus 
C. Sturgis for supplying facilities and to Dr. Raphael Isaacs 
f o r  valuable suggestions. 
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