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n a previous report I, it was demonstrated,  by mean 
), that  the change in protein content of cell nuclei 

Feulgen reaction in situ. Since, however, this line 
peared desirable to duplicate the experiment with d 
[ative concentration to desoxypentose nucleic acid 
oped in cell nuclei. 
ffuch difficulty has been encountered in experiment 
~ble for the chemical determination of two nucleic 
ompletely unusable in the case of Feulgen-stained 
alty due to the presence of fuchsin, Feulgen hydrol 3 
tst, acid-soluble *, and the t reatment  with Schiff reag 
.s the desoxypentose moiety non-reactive to Dische 
bly to other reactions characteristic of desoxysugars 
~yde with SO,, a component of the Schiff reagent. Tt 
ER a, nor SCHNEIDER method 4 can be employed for t] 
nt case. Another difficulty emerges now from the 

. . . . . . .  - • • 1 1 • ~e  

.nts oi tills type. ,he  metnot 
acids in fresh animal tissu( 
nuclei; for, apart  from t[ 

:sis renders the DNA, partl 
gent of acid-hydrolyzed DN 

diphenylamine test and pr 
;ars, owing to the reaction of i 
Thus, neither SCHMIDT-THAN~ 

the estimation of DNA in t[ 
situation that  the Feulge 

orbing properties which differ from those of the nati~ 
able to partial  decomposition on exposing to such drast 
~d to release DNA from the protein residue. 
ices, a t tempts  have been made to extract Feulgen-staim 
erchloric acid (PCA), and to measure the absorption dl 
and fuchsin in the extract  at respective absorption maxim 
,n to errors caused by pentose nucleic acid (PNA) remainiI 

and by  variation in degree of the decomposition of tt 
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present 
pigment possesses light-absorbin 
fuchsin dye and is further liable 
t reatment  as may  be required 

Under these circumstances 
tissues or nuclei with hot pert 
to bases of hydrolyzed DNA 
taking appropriate precaution to e 
in cells after the hydrolysis 
Feulgen stain. 
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In Feulgen-stained nuclei, fuchsirr dye is linked to ] 
yde  group unmasked by the release of purines 8. I f  1 
al hydrolysis with hot PCA as in the procedure ( 
EIDER 10 for nucleic acid determination, fuchsin dye 
d, the linkage between fuchsin and DNA either being 
:udy the extent of such a decomposition of the Feu 
e hot PCA extracts  were compared with those of in 
fuchsin. PCA extracts were neutralized with NaOH a1 
adjusted on the same level of NaC104 concentratioi 
nk at pH 2.28 (maximum: 550-560 mtz) and yellow 
,4 o m/,)**. Results of a typical experiment are listed 
[t is seen from this table that  the absorption peak of t 
fly towards longer wavelengths than that  of basic fu 
mric acid. There is further a great difference between 
sity of the colours exhibited at pH 2.28 and in sul I 
atio Es~o/E43 o. Judging from this ratio, and also fro 
(blue with Feulgen pigment and colourless with fuch, 
.rked breakdowfl of the Feulgen pigment to regenera 
rather experiment it was demonstrated that  with 0.7, 
dnutes does not bring about such an extensive decol 
1.5 N PCA. But even under the latter conditions, the 

tt~e v eulgen pigment is Siallt( 
fuchsin either at pH 2.28 or J 

een the two pigments in relati~ 
phuric acid, as evidenced k 

from the colour taken in dilu 
fuchsin), heating with PCA caus, 
enerate the native fuchsin colou 

75 N PCA, heating at IOO ° fi 
omposition as can be attain( 

decomposition of the Feulg( 
te, because faint blue coloration appears in weak acid. 
N, 9 o°, 15 rain) were prepared from formalin-fixed rat  liv 
[ned (control) and from those stained with mixture F 1, ar 
,f 50% H~S04. Absorption maximum of the extract  fro 

to the pyrimidine bases of DNA, was located at the wav 
~. I, A). This agrees quite well with that  of apurinic ac 
[though the latter was measured with neutral solution. Tt 

also showed a peak at the same wavelength, but it he 
., owing to its yellow colour in sulphufic acid (Fig. I, E 
in the same solvent, exhibited a peak at 430-44 ° m/z, bl 

hsin m o i e t y  from the  Feu lgen-s ta ined  nuclei  w i t h o u t  affect ing D~ 

mr of fuchsin dye  in bo th  neu t r a l  and  acidic reac t ions  is not  affect  
N PCA a t  9 ° °  for 15 minutes .  

v 

sulphuric 
intensi 
the ratio 
acid 
a marked 
In an, 
15 minutes 
with I . ,  
pigment may  not be complete, 

Hot  PCA extracts  (I.5 N, 
nuclei hydrolysed but unstained 
mixed with equal volume of 
unstained nuclei, mainly due 
lengths of 268-270 m/~ (Fig. 
reported by TAMM et al. n,  althou 
extract  from stained nuclei 
another one at 430-44 ° m/~, 
Likewise, the basic fuchsin, 

* A t t e m p t s  to  de t ach  the  fuchsin moi 
were unsuccessful .  

* ~ I t  was  p roved  t h a t  the  colour  
by  a p r e l i m i n a r y  h e a t i n g  in i .5 N 
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kTERIAL AND METHODS 

d are e s sen t i a l ly  the  same as in p rev ious  
R S K Y  A N D  P O L L I S T E R  7. His tone-poor  I l l  

i th  o.2 N HC1. F i x a t i o n  w i t h  20 or 50 
m d  i so la ted  nuclei  were carr ied  out  il 
ced ma te r i a l s  were t r e a t ed  ove rn igh t  wi 
Uns ta ined  cont ro ls  were hydro lysed ,  but 
sue homogena te s  were de fa t t ed  wi th  
o r emove  p lasmal .  Aqueous  solut ion of 
p repa red  by  e x t r a c t i n g  Feulgen-s ta inec  
igh t  w i th  d is t i l led  w a t e r  in the  cold. 
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P T I C A L  D E T E R M I N A T I O N  OF F E U L G E N  P I G M E N T ,  B A S I C  FUCH~ 

A C I D  E X T R A C T S  O F  F E U L G E N - S T A I N E D  B E E F  LI~ 

Material 

Feulgen pigment 
Basic fuchsin 
o.75 N PCA extract (IOO °, i min) 

of Feulgen-stained nuclei 
1.5 N PCA extract (IOO °, i i  min) 

of Feulgen-stained nuclei 

11 samples contain PCA in the same concentration, i ml of a 
its was added with 3 ml of either o.i M glycine buffer of pl 
I~SO~ plus t vol. of H20). 

[nder these circumstances,  the rat io 

m-s ta ined  nuclei  mixed with strong 
can be regarded to be inversely 

r t ional  to the react ion in tens i ty  in 
rst approx imat ion :  let / , ~  and  /2es 
: ext inct ions,  at 432 and  268 mtt  re- 
rely,  due to the fuchsin moiety  in 

e x t r a c t  of ,' ', 
j t 

,, / i/~\ ' 

'0 ',! :ill 
nen t  extract ,  c 
58 m ~  contri-  ; 

in the same ~,, 

~ r y s l i g h t a b -  ~ 'i,""",. A i ' d - " . .  ~ 
7 at  432 m~, _ 2 _ ~  A " ' -  

400 
Woveleng/h m# 

Fig. i. Absorption spectra of basic fuchsin an 
of hot PCA extracts of hydrolysed-unstained an 

;umed to be Feulgen-stained nuclei of rat liver, all being i 
strong sulphuric acid. A. Hydrolysed but ul 

, and  d2es//a3a stained nuclei: 2 ml 1.5 N PCA extract (9o 
re of relat ive ~5 rain) of nuclei (density arbitrary) + 2 n 
uchsin. And,  500/0 H2SO 4. B. Feulgen-stained nuclei: treate 

as A. C. Fuchsin: 2 ml o.oo25 % basic fuchs 
I, it may  be in 1. 5 N PCA + 2 ml 50% I-I2SO a. 

Under  

/~ : E26s/N432 of the PCA 
Feulge 
H,SO, 
propor t  
t h e  first 
b e  the 
speet ively,  
a sample of the Feulgen p igment  
a n d  d~ss the ex t inc t ion  at  268 
b u t e d  by  the DNA moie ty  
sample.  If  we neglect the ver, 
so rp t ion  of the DNA moiety  
we  get 

R - -  E 2 s 8  d26S -~- [26S 

E432 /432 

Here,  / 2 6 S / / 4 3 2  could be assumed 
c o n s t a n t  in a given medium,  
m a y  be used as the measure 
.concentrat ion of DNA to fuchsin. 
f rom curves B and C of Fig. 
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260 m/z, its ext inct ion value at 2( 
C). Ex t inc t ion  value at  432 m~ c 
amount ing  to only I - 2 %  of tha t  
ompletely to basic fuchsin by  heal 
ed from the cell by  the Feulgen hy 
fuchsin to DNA in Feulgen-staine 
t~ of the curves A and  C of Fig. 1 
m t  the va l id i ty  of this method  m 
ae Feulgen s ta in  developed in situ 
nuclei  with 1. 5 N PCA. 

TABLE I 

F U C H S I N ,  A N D  1 

rER N U C L E  

Es~,/ E s,, E~,d E 440 
in pH 2.28 b u ~  in strong HsS04 

o.92 o.91 
1.09 1.03 

O.96 O.96 

I.O 4 0.97 
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cate determinations conducted with different concent 
excellent agreement of R values. With the whole 
r R values than the thymus. This, however, cou ld ,  
~NA remained in the stained tissue residue 14. Atter 
bility with extracts of control nuclei. But it was four 

tests could not be applied to our material, owing to 
ng with stronger PCA***. So the sugar reactions were 
~ct nature was introduced. In this, the principle utili~ 
ed again; if the change in R values between liver 
:ein effect", staining mixtures BM and B ~ might gix 
lich one of the two tissues used gives higher R val 
3res gave quite similar results, so that it appeared 
ence was caused by the contamination of PNA. 

R E L A T I V E  I N T E N S I T Y  O F  F E U L G E N  R E A C T I O N S  O F  Ll'v 

F R A T S  A S  E S T I M A T E D  B Y  O P T I C A L  D E T E R M I N A T I O N  OF~ H O T  

O F  T H E  S T A I N E D  M A T E R I A L  I N  S T R O N G  S U L 1  ~ 

solution of extract 

L I V E R S  A N D  T H Y M U S E S  

P E R C H L O R I C  A C I D  E X T R A C T S  

S U L P H U R I C  ACID 

R = E2~s/E~3 s 

to 50 °'o H2SO~ Liver Thymus Liver /Thymus  

6.30 

3.07 

3.48 
3.36 

7.77 

A e x t r a c t  of u n s t a i n e d  cont ro ls  ( to ta l  of 5 ml) mixed  w i t h  equ 
~tal N of the  de fa t t ed  res idue (protein) was  2.02 for l iver and 4.q 

tred in l igh t  grey, and  on neutra l i z ing  the  m e d i u m  the colour  tur. 
microscopical ly  nuclei  l ook  colourless,  so t h a t  the  dye  m u s t  ha, 

~ly b y  th i s  procedure .  
)~ added  results  in enhanc ing  ex t inc t ion  at  432 m #  re l a t ive  to  t h  

d such control  tests  w i t h  PCA of lower concentrat ion  to  get  t] 
d i p h e n y l a m i n e  reaction.  

OF 

Material Sgaining 

Whole  tiss~e BM 

"~Vhole t issue BM 

Whole  t issue BM 
B 

Isok~ted nuclei  * F 

• ]~atio of E26 s of I . s N  loCA 
v o l u m e  of 5 ° ~o H2SOa to  m~ to ta l  
for t h y m u s .  

• The washed  residue is coloured 
in to  fa in t  p ink .  B u t  if observed 
been released near ly  quant i ta t i ve l  

• * Increase  in v o l u m e  of H z S O  
at  268 m/~. 

• ** One should  h a v e  conducted  
rat io  of  u l trav io le t  absorpt ion  to  
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h smaller than d26s//43 ~. So we 
on the variation in the intensity 

determining the  relat ive  concentrat ion  
blished as fol lows: aqueous  suspension 
mixed  wi th  equal  v o l u m e  of 3 N PCA 
s washed  once wi th  1.5 N PCA (2 ml). ( 
5 ° ~o H2SO4"*. Ext inc t ions  are measu  

• 5 N PCA and 5O~o H2SO , ( I : I  or 1:2 

made with thymuses and livers 
] nuclei. Results are listed in T~ 
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could not expect much information from experimen 

7¢hen one attempts to utilize a given histochemical  
ance, as a tool of quantitative cytochemistry in conj 
rain that this reaction proceeds at least relative-qua 
with pure sample of the substance in question but als, 
isting substances, mainly proteins, might interfere 
!erence, due to cellular proteins, of the reaction bet, 
has been demonstrated repeatedly to occur with DI~ 
r questionable that the effect of cellular substance c 
ions can be evaluated correctly with model experim, 
because the cellular system is far from simple and 
:imentally, but also because the effect observed wil 
ion does not necessarily hold with the precipitated s 
kinder these circumstances, it is most desirable to as 
e reactivity of cellular substance with direct chemica 
subjected to the histochemical reaction. This is, ho" 
As outlined in this paper, there are a number of dif 

an attempt" cellular material may be altered by fixati 
red in the reaction procedure, so that it may no 1 

• . . . . . .  • • , • • e 1 1 

J e n i n e n t b  i n  L e b L - L L t U e .  l l l l b  l b  l i t  

hence difficult to reprodu( 
with the reaction developed i 

system such as fixed cells 1,2 
ascertain the (relative) quant 

,mical determinations on the fixe 
however, by no means an eas 
difficulties to be encountered J 

ion and subsequent treatmeI 
longer behave in biochemic 

~stance originating in fresh biological material; colour( 
~ased from the stained cells without affecting, or togeth 
the procedure required to this must or may tend to destr( 
er the introduction of reagents into the reaction syste 
interference to subsequent determination which is diffic~ 
probable that the estimation of the colour yield can n 

ive measure, not to speak of an absolutely quantitative on 
I of the colour yield of the histochemical Feulgen reactio 
mnication, has encountered all such difficulties. We ha' 
t which permits to estimate, in quite an unequivocal wa 
,~en reaction in situ. But as far as the method proposed he 
5ication that the Feulgen reaction of the citric acid-isolat, 
ficantly by the change in their relative abundance of prote 
tot pertinent to generalize the conclusion drawn from t 

experimentall, 
solution 

Under 
tativ, 
cells 
task. 
such 
involw 
analyses like the same substance 
compound must first be released 
with, reactants in cells, but the 
the reaction product; further 
in situ might cause a severe 
to overcome. So, it is quite 
be conducted even in a relative 

Chemical determination 
as submitted in this communicati¢ 
failed to establish a method 
the colour yield of the Feulg 
could show, there was no indicat 
cell nuclei was affected significantly 
to DNA. I t  is, of course, not 
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nuclei was carried out to exclude t 
between the two tissues was rathe 
the nuclei was about 1.6 times t 

m the ratio of E268 of the PCA e 
then, strongly suggest that the d 
in cell nuclei does not necessarily 
ction in silu. 
or nuclei might be ot interest in t 
ked release of DNA from the nucl 
t ref. 5). This may tend to obscure l 
reaction due to the presence in nu 

rots of this 
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) n  a propos4 une  m 4 t h o d e  pou r  4va luer  c h i m i q u e m e n t  l'inte~ 
ulgen. La  t e n e u r  re la t ive  en fuchs ine  et  en acide d4soxypen  
~pp4 in situ est  la m 6 m e  pou r  les n o y a u x  du  foie et  ceux  du  
lx  au t r e s  darts le r a p p o r t  de la prot4ine  ~t I 'ADN.  

Sine Methode  zur  Schi i tzung  der  l n t ens i t / i t  der  h is tochemisc]  
d te t .  Die re la t ive  Menge  yon  F u c h s i n  u n d  D e s o x y p e n t o s e m  
Lten Fa rbs to f f  ver / inder t  s ich zwischen R a t t e n l e b e r -  u n d  -1 
l tn is  yon  P ro t e in  zu D N S  v o n e i n a n d e r  un te r sche iden .  
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