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INTRODUCTION

It is known that differentiation of the various forms
of leukemia on a clinical basis is impossible and often, if
not always, difficult evea on blood smear examination (1).
For Wright stained smear examination, uniform, well stained,
thin smears are essential; otherwise, often the predominant
cell types seen may be considered to be simply lymphocytea.
Experienced, learned personnel are a prerequisite to slide
examination, since even with perfect slides nuclear differ-~
ences are not easily recognizable, and cytoplasm is usually
minimal in quantity. It would indeed be valuable if a
method for cell staining were available which gave simple
enough results for unskilled persons to be quickly trained
in examination of such slides. This paper is an evaluation

and presentation of one possible method.



HISTORY OF AO

One possible solution to this problem has arisen in the
past 10 years; namely the metachromatic, nucleic acid, fluor-
escing stain, acridine orange (A40).

Acridine orange and the other acridine dyes are closely
related to quinoline dyes and are isolated from coal tar (2).
The acridines were originally used for bacteriostasis in the
urinary tract since they are excreted through the kidneys.
While studying excretion, nuclear in vivo labeling of frog
liver and kidney was noted (3, 4, 5). Farr (6) was the first
to apply this discovery by supravitally staining leucocytes
with acriflavine HCl and transfusing them in animals to
determine their fate by later sacrificimg and sectioning
the animals. DeBruyn, Robertson, and Farr (7) experimented
again with the acridines in an effort to determine which of
them produced the most stable complex with the nucleus.

Farr (8) utilized the acridines to further investigate the
fate of the lymphocyte. Kosenow (9) used acridine orange
specifically to supravitally demonstrate the basophilie
nucleoproteinoid substance of young erythrocytes. DeBrayn,
Farr, Banks and Morthland (10) continued work on the in vivo
and in vitro affinity of diamino-acridines for nuclei, find-
ing that specimens stained with the acridimes and observed

under the ultraviolet microscope have a similar staining

paftefn to those same cells stained with methyl green-pyronin,



a stain specific for nucleoproteins. From this observation
they concluded that the staining ability of acridines on
nuclei is based on the cellular content of nucleoproteins.
They achieved essentially the same results with the Feulgen
method of staining nucleoproteins as another control. They
concluded that possibly the directing effect for the staining
reaction of the diamino-acridines may be found in their
steric configuration and the placement of amine groups on
this ring structure, since only those acridines with amines
in either the 3 or 6 positions (acridine orange has an amine
in the % position), or both, have good in vivo nuclear

staining reactions.

Acridine Orange

Kosenow (9) and strugger, srebs and Gierlach (11) used
AO in attempts to determine whether or not it was capable of
differentiating between living and dead cells. Strugger
noticed when examining blood stained with this material that
fresh white blood cells fluoresged green, and as the preparae~
tion aged and the cells died, more and more red fluorescent
forms appeared while the green fluorescent forms disappeared.
He, thus, theorized that living cells concentrated the proper

amount of dye to yield green fluorescence when optically



activated, and dead cells concentrated a differént amount,
yielding red fluorescence when optically activated. @Gierlach
again upheld this idea (12).

The suspected '"Strugger Concentration effect" was
refuted by Bertalanffy and Bickis (i3) who concluded that
this effect is not applicable to animal tissues. They
reported having seen green fluorescent nuclei in dead animal
tissues, a color attributed to living tissue according to
Strugger. They also reported that stainiag with AO will
yield an indication of cytoplasmic ribonucleic acid (RNA) by
the prescence of cytoplasmic secondary fiuorescence after
staining. They reported on the appearance of.these colors
in_various tissues. Leucocytes, in particwlar, showed green
nuclei, with occasional red cytoplasmic granules that can be
removed by treating the slides with ribonuclease. Occasion-
ally they observed a faint greyish rim of cytoplasm about
lymphocytes and monocytes. Red blood cells remained unstained
always. Bertalanffy, Masin, Masin (14) with Kaplin (15)
applied this stain to cervical smears and found that malig-
nant cells fron squamous cell carcinoma of the cervix showed
brilliant oramge-red fluorescence of the citoplaam in contrast
to the more subdued rust fluorescence of the nornai cells on
the smears. Nuclei still had green fluorescence £;t this
was overshadowed by the brilliant eytoplasmic coloration.

Slides were restained by the Papanicolaou technique and cells
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