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Histochemical Determination of Ribose Nucleic Acid in Vertebrate Tissues 
Following Extraction with Perchloric Acid." (17699) 

NORMAN M. SULKIN AND ALBERT KUNTZ. 
From the Departmmt of Anatomy, St. Louis University School of Medicine, S t .  Louis, Mo. 

The standard procedure fwr determining 
histochemically the presence of rhnude ic  
acid in cells consists of treating sections with 
a buffered solution of ribonuclease prior to 
staining. The bascqhilic staining property 
of the ,rhmucleic mid is lost following diges- 
tion with the enzyme. The preparation of 
ribonuclease is beyond the scope af most bio- 
logical laboratories and the cost of the pre- 
pared enzyme is prohibitive for routine inves- 
tigation. Since the determination of the ribo- 
nucleic acid content olf cells has become an 
important adjunct in histochemical and patho- 
logical studies, a more convenient substitute 
for ribonuclease is desirable. Using photo- 
colorimetric estimation, Ogur and Rosen ( 1) 
obtained data which indicate that prolonged 
contact in the cold with perchloric acid ex- 
tracts pentwe nucleic acid from plant tissue 
residues. Seshachar and Flick (2), studying 
Chilodonella, report that prolonged treatment 
with cold perchloric acid extracts PNA from 
this protozoan. This investigation deals with 
the adaptation of a method for sulbstituting 
cold perchloric acid for rihnuclase in the 
determination of ribnudeic acid in verte- 
brate tissues. 

Methods. Treatment od deparaffinized sec- 
tions on slides with cold perchloric acid 
showed no significant effects when compared 
with control sections. The following methods 
were then used: 

-4. Tissues from rats and cats (liver, auto- 
nomic ganglia, sensory ganglia, pancreas, thy- 
roid and parotid glands) were fixed in Zenk- 
er's Fluid ifor 8-15 hours and washed in run- 
ning water for 2 hours. One-half of each 
block of tissue was placed in 10% perchloric 
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acid from 5 to 24 hours a t  5°C. Following 
preliminary study, the 18 hour time interval 
was used exolusively. The other half of each 
block of tissue was placed in water for a 
simiiar length of time at  the same tempera- 
ture to serve as controls. The tissues were 
again washed in running water for 2 hours, 
dehydrated, ismibedded and sectioned in the 
usual manner. Sections from both perchlolric 
acid treated tissues and from controls were 
placed on each slide and stained with Mal- 
lory's phloxine-methylene blue. 

B. Tissues similar to those in section A 
were fixed in Zenker's Fluid for 8-15 hours, 
washed in running water for 2 hours and sec- 
tioned at  15 microns with the freezing micro- 
tome. Half the sections fr'om each block Olf 
tissue were placed in 10% perchloric acid 
fur 18 hours a t  5"C, the other half in water 
at 5°C tor $he same length olf time. The 
sections were rinsed in water, stained with 
1% toluidine blue for 5 minutes, counter- 
stained with 0.5% alcoholic eosin for 15 
seconds, differentiated in 95% alcohol and 
mounted in glycerin. 

In  the 
control sectiuns of autonomic and sensory 
ganglia, the chromidial bodies and nucleoli 
are stained with the brEtsolphilic stains (Fig. 
1 & 3 ) .  The changes induced by treatment 
with cold perchloric acid were very striking. 
The chromidial, bodies and the nucleoli were 
completely unstained by the toluidine blue 
or methylene (blue, whereas the chromatin 
material of the neurological cells was unaf- 
afected. (Fig. 2 & 4).  The nucleolus and the 
nucleolar membrane in the treated sections 
appeared acidophilic. Similar results were 
obtained in ventral root cells by Gash and 
Bdian(3) after treating sections of the 
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FIG. 1. Frozen section of superior cervical ganglion stained with toluidine blue and eosin. 
Ocular lox, obj. 2 mm. 

FIG. 2.  Frozen section of superior cervical ganglion treated with cold 10% per'chloric acid 
and stained with toluidine blue and eosin. Ocular 10  X, obj. 2 mm. 

FIG. 3. Paraff i  section of superior cervical ganglion stained with Xallory 's phloxine- 
methylene blue stain. Ocular lox, obj. 8 mm. 

FIG. 4. P a r a n  section from same slide as above of superior cervical ganglion which had 
been pretreated with cold 10% perchloric acid' and stained with Mallory 's phloxine-methylene 
blue atain. Ocular lox, obj. 8 mm. 

FIG. 5. P a r a n  section of parotid gland stained with Mallory 's phloxine-methylene blue 
stain. Ocular lox, obj. 8 mm. 

FIG. 6. Paraffin section from same slide as above of parotid gland which had been pre- 
treated with cold 10% perchloric acid and stained with Mallory 's phloxine-methylene blue 
stain. Ocular lox, obj. 8 mm. 

Pancreas. The cells of the pancreatic acini 
have a characteristic two-toned appearance 
when stained with basophilic and acidophilic 
stains. The basal zones of the cells, in which 
the nuclei are located, appear striated or 
homogenous and stain bawphilically. The 
apical mnes are acidophik. Following treat- 
ment with cold perchl'oric acid the basal por- 
tions of the cells lose their baqhi l ia ,  except 
for the chromatin material of the nucleus. 
Similar lresults are obtained by treating sec- 
tions with ribonuclease. 

Dempsey and Singer (4) 
reported that the basophilia of the follicular 
thyroid epithelium with the eosin-methylene 
,blue stain is an indicator of the presence of 
ri8bose-nuclqrotein. I n  their preparations, 
the basophilia of the follicular epithelium was 
lost ,follorwing treatment of the sections with 
ribonuclease. Prolonged treatment with cold 
perchloric acid produces identicall results. The 
cytoplasm of the follicular cells becomes 
slightly acidqhilic although the chromatin 
material retains its bawphilic staining prop- 
erties. 

Liver. The intensity and the frequency of 
the ibasophilic staining of the cytoplasm in 
hepatic cells is extremely variable, due to 
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dietary, metalbolic and other kctors. In  the 
normal healthy animal, some hepatic cells al- 
ways show a basphilic staining reaction 
which disappears following treatment of the 
sections with ribonuclease Similar loss of 
b q h i l i a  has also been induced in the liver 
of the rat and the cat following the described 
treatment with perchloric acid. Here, also, 
the nuclear basophilia remains unchanged. 

The Parotid Glasd. The cytoplasm of the 
albuminous secreting cells of the parutid 
gland stains lightly Ihsophilic, appalrently due 
to ribose-nucleolprotein. The basophilia is 
usually most intense in the basal portions of 
the cells (Fig. 5). Following extraction With 
cold perchloric acid, the basophilic staining 
reaction of these cells is completely lost (Fig. 

Conclusions. The data obtained in these 
experiments indicate that perchloric acid may 
.be substituted for ribonuclease in the histo- 
chemical determination of rhnucleic acid. 
The results obtained by the use of perchloric 
acid were identical to those obtained by the 
use o4 ribonuclease as the digestive agent. 
The most consistent results were obtained 
with frozen sections, apparlently because d 
better diff usilbili ty . 
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