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Hydroxybenzene Coinpounds as Cytoplasmic Fixatives.* 

Because of a renewed interest in cytoplasmic 
components quickened by the development 
of methods for centrifugal fractionation of 
these constituents, this investigation was un- 
dertaken in an effort to develop a simple 
yet effective histological method for the study 
of the cell cytoplasm and, more particularly. 
of such structures as the mitochondria. - i t  
the present time 3 types of agents' are eni- 
ployed in fixation of the cytoplasm: heavy 
metals, osmium tetroxide. and formaldehyde. 
As the protein precipitating properties of 
the heavy metals have been investigated rather 
extensively, further consideration of these 
compounds did not appear to be warranted. 
Osmium tetroxide gives adequate preserva- 
tion of only a small layer of cells within a 
tissue block, its '.fixing" properties possibly 
being due to its action as a strong oxidant. 
The uncontrollable nature of such oxidation. 
however. severely limits the usefulness of this 
reaction in the fixation of tissues. Formalde- 
hyde, on the other hand, is a weak reducilip 
agent, and although in itself it does not yield 
exceptional results, suggests that other reduc- 
ing compounds might be of value in the preser- 
vation of cytoplasmic constituents. 

I n  line with this reasoning, trihydroxyben- 
zene or pyrogallol was considered as it seemed 
to be well suited for our purposes, being a 
relatively strong reducing substance, whvri 
in alkaline solution, as is required for the 
maintenance of cytoplasmic detail. Pre- 
liminary invejtigations revealed that weak 
solutions of pyrogallol preserved the mito- 
chondria but caused excessive alteration of 

other cell structures. -4s hydroxybenzene com- 
pounds combine with formaldehyde, pyro- 
gallol-formol mixtures were then tried and 
found to give more desirable results. In- 
vestigation of the unsubstituted dihydroxy- 
benzenes in combination with formaldehyde 
revealed that hydroquinone and catechol give 
rather poor fixation but that resorcinol ap- 
proximates pyrogallol in effectiveness. 

Yyrogallol-foriizol Mixtures. A s  alkaline 
solutions of pyrogallol and formaldehyde take 
up oxygen readily and acid solutions form 
high polymers on standing, all solutions must 
be made up shortly before use. This is a 
relatively minor disadvantage, however, since 
weighed amounts of pyrogallol can be stored 
in the dry vials in which the tissue is to be 
fixed, and the desired amount of alkalinized 
formaldehyde solution added just prior to 
use. 

For the fixation of tissue pieces, up to 
5mm in thickness, solutions of 3.5 to 77% 
pyrogallol dissolved in 4% formaldehyde al- 
kalinized with 0.1 cc of N. NaOH per 10 cc 
give the best results. Fixation is complete 
in 6 to 8 hours but periods of fixation as long 
as 24 hours do not appear to ,be particularly 
harmful. When small tissue fragments or 
thin layers of cells, such as those obtained in 
tissue culture, are to be fixed, the time of 
fixation must be reduced, 15 to 30 minutes 
sufficing in the latter case if the plasma clot 
has been removed. A4fter fixation, the tissues 
can be immediately dehydrated in varying 
strengths of alcohol and imbedded in paraffin 
or paraffin mixtures. If the tissues are al- 
lowed to stand in 70 to 80% alcohol for 
periods Of weeks Or they darken 'On- 

siderably and harden somewhat, and this has 
been found to interfere, to some extent, with 
certain of the staining reactions. 

Tissue blocks, prepared as outlined, sec- 
tion easily, and may be cut at thicknesses of 
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1 to 2 micra without much difficulty. The 
reaction of various staining procedures fol- 
lowing this fixation is interesting. The iron- 
hematoxylin methods give the best results. 
Mitochondria and other cytoplasmic granules 
stain sharply, and the nuclei show good de- 
tail as do such structures as basement mem- 
branes, terminal bars, and brush borders. The 
Altmann-Bensley staining procedure also gives 
good results if the tissue slices are not treated 
with potassium permanganate and oxalic acid 
or with potassium dichromate. Schleicher’s 
modification of Mallory-Heiden hain connec- 
tive tissue stain2 gives fairly good results 
although the azocarmine overstains to some 
extent, but routine hematoxylin and eosin 
methods must be preceded by treatment with 
potassium permanganate and oxalic acid to 
insure staining with the hematoxylin. After 

2 SicliIeichcr, E. M., Ant. J .  C l i x  Pnth. (Tech. 
Supl.), 1943, 7, 35. 

the tissues have been stored in alcohol for 
some time and have darkened considerably, 
the results obtained with all of the above 
staining procedures, except iron-hematoxylin, 
are less satisfactory. 

Resorrinol- forrnol iVIixturcs. The proce- 
dure for the preparation of resorcinol-formol 
mixtures is the same as that for the pyrogallol- 
formol solutions already outlined. Tissue 
pieces are well fixed in solutions of 4.5 to 
9% resorcinol in 4% alkalinized formalde- 
hyde. The time necessary for fixation and 
the subsequent treatment of the tissue blocks 
are the same as for the pyrogallol-formol 
mixtures, but tissue fixed with resorcinol- 
formol darkens much more slowly when 
stored in alcohol so that storage may be some- 
what longer without altering the staining re- 
act ions. 

Tissue prepared in this manner is some- 
what softer and sections with greater ease 
than when fixed with pyrogallol-formol solu- 
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tions. Their reaction to various staining pro- 
cedures is, however, rather different. The 
-4ltmann-Bensley method gives the best results 
for mitochondria. The tissue slices should 
not be treated with potassiuni pernianganate 
and oxalic acid, and, although good results 
are obtained if potassium dichromate is em- 
ployed, somewhat clearer staining is produced 
by omitting this step. Routine hematoxylin 
and eosin methods. Schleicher's modification 
of Mallory-Heidenhain connective tissue stain, 
and Pappenheim's methyl green-pyronin 
met hod give good results following resorcinol- 
formol fixation. However, although the nuclei 
and cytoplasmic ground substance stain well 
with iron-hematosylin, the mitochondria do 
not show up distinctly even after the tissue 
has k e n  allowed to stand +in alcohol until 
it has darkened. 

Disrzrssion. Some investigation of the action 
of these hydroxybenzene-formol mixtures has 
been carried out, and the results warrant 
terse mention here. ..\lthough the pH of 
any fixative is of utmost importance where 
the cytoplasm is concerned: this aspect is 
easily adjusted in the solutions outlined above, 
for, with the addition of KaOH, the weakly 
acidic pyrogallol and resorcinol form buffer 
systems. The point of greatest buffering 
power of these systems is in the neighborhood 
of pH 9, but with the relatively high concen- 
trations used for fixation, 7% pyrogallol for 
instance, increasing the concentration of 
NaOH from .01 K to .02 X only increases 
the pH from 7.4 to 7.7 and the latter is 
not excessive for tissue fixation. 

The effect of these solutions upon cyto- 
plasmic extracts is also of some interest. Al- 
though neutralized formaldehyde does not 
cause precipitation of the proteins in such 
extracts and even protects them from sub- 
sequent precipitation with alcohol in concen- 
trations of 50% or less, the hydroxybenzene- 
formol mixtures cause an immediate and heavy 
precipitation of the protein components. When 
purified preparations of mitochondria are so 
treated, the particles agglutinate, but micro- 
scopic examination reveals that the individual 
elements are not appreciably altered mor- 
phologically. That they have been chemically 
modified, however, is evidenced by the fact 

that after treatment they are insoluble in 
NaOH even in concentrations of 0.5 N 
whereas untreated mitochondria dissolve 
readily in solutions of NaOH that exceed 0.05 
S. 

The reaction of cells in tissue culture was 
studied by the method of dark-ground il- 
luminatinn as given by Strangeways and 
Canti.;; -4s the fixing solutions were drawn 
acres the cells, the cell boundaries became 
sharply demarcated and, although a few of 
the finer processes were seen to retract, in 
general the original outlines of the cells were 
well maintained. The ground substance of 
the cells becam: much more brilliantly il- 
luminated. but no discrete particles of pre- 
cipitated protein nor obvious precipitation 
patterns appeared. The perinuclear refractile 
bodies. which probably represent the Golgi 
apparatus,4 showed little or no tendency to 
fuse, and apparently were essentially unaltered 
as they dissolved completely when 957% al- 
cohol was drawn through the chamber. The 
mitochondria became less noticeable because 
of the increased density of the illumination 
of the ground substance, but careful inspec- 
tion revealed no evidence of change in their 
size or shape either with fixation or with 
subsequent treatment with alcohol and ether. 
No alteration of size or shape of the nuclei 
or nucleoli was noted, although the same 
general increase in density of illumination 
that was observed in the cytoplasm was also 
seen in these structures. In  general, then, 
direct observations of tissue culture cells 
during fixation and subsequent treatment 
with alcohol and ether substantiated the im- 
pression gained from a study of sectioned 
material that these fixatives distort the cell 
very little and preserve the mitochondria very 
well. 

The results obtained with these fixing solu- 
tions have been especially satisfactory be- 
cause, in addition to the preservation of 
cytoplasmic detail, such structures as brush 
borders, terminal bars, elastic membranes in 
the arterial system, and basement membranes 
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have been well shown in such preparations. 
Red cells, however, appear badly distorted 
in the larger vessels although they are rather 
well preserved in the capillaries and arterioles. 
This deleterious effect is probably not of 
osmotic origin as it occurs when iso-osmotic 
solutions of hydroxybenzene-formol are used 
as well as when .85% NaCl is added to such 
solutions. Another undesirable feature of 
these fixatives is that when tissue blocks 
remain in them sufficiently long to allow 
penetration and fixation throughout the block, 
the cells near the surface are over fixed. 
This over fixed zone is, however, not very 
thick when the tissue has been fixed 6 to 8 
hours and does not, as a rule, interfere with 

the study of the tissue. 
Summary. Methods for the fixation of the 

cell cytoplasm employing pyrogallol or 
resorcinol in neutralized formaldehyde solu- 
tion are outlined. Tissue pieces fixed with 
these solutions have, in general, shown few 
signs of distortion, and the protein cytoplasmic 
elements of the cells have appeared well pre- 
served, such structures as mitochondria, se- 
cretion granules, and some of the specific 
types of granulation being well maintained. 
The advantages of these methods lie in the 
simplicity and rapidity of the procedures, 
the ease with which the tissue can be sec- 
tioned at  a thickness of 1 to 2 micra, and 
the generally satisfactory results obtained. 

15247 

Antipyridoxine Activity of 2, 4-Dimethyl-3-Hydroxy-5-Hydroxymethyl- 
pyridine in the Chick. 

WALTHER H. OTT. (Introduced by H. Molitor.) 
From tlie M ~ n - 1 ;  I,r.sliluic fur 1'licmpcutic Rcsmvclr, Rtrliway, S.J. 

In the course of investigations on the vita- 
min activity of pyridoxine analogs, it was 
discovered that 2,4-dime thyl-3 -hydroxy- 5 -hy- 
droxymethylpyridine had very strong anti- 
pyridoxine properties. Growth and survival 
of pyridoxine-deficient chicks in curative as- 
says were used as the criteria of response. 
This substance, a desoxypyridoxine, had been 
studied in pyridoxine-deficient rats by 
Moller' and associates and by Unna,? both 
of whom found no pyridoxine activity. No 
indication of antipyridoxine activity was re- 
ported by these investigators. 

Day-old female single comb White Leg- 
horn chicks were fed a commercial starting 
ration for 3 days and then were given a 
purified diet (Table I) deficient in pyridoxine. 
After 6 days on this deficient diet, when 
many chicks were ,beginning to lose weight, 

~ M W C Y ,  E. F., Xiti la ,  O.,  Jung, F., and hfoll, Th., 

2 Uniia, K., PROC. SOC. ESP. BIOL. MD MED., 
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1940, 43, 192. 

the chicks were divided into groups of 7 
selected in such a way that all groups were 
as nearly alike as possible in weights of 
the individual chicks. The test substance 
was given in single oral doses to each chick 
on the 11th day of age and on the following 
3 alternate days. Three or more dose levels 
of pyridoxine in the range from 0 to 24 
pLg per dose were given in each assay to 
establish the standard curve of response for 
that assay. Xew standard solutions of pyri- 
doxine and of desoxypyridoxine were pre- 
pared in water for each assay and kept under 
toluene in a refrigerator for the 6-day dosing 
period. The chicks were weighed before each 
dose and on the second day after the last 
dose was given. The pyridoxine-deficient 
diet was fed to all groups during the assay 
period. 

Two 100 pg doses of desoxypyridoxine 
were fatal to pyridoxine-deficient chicks even 
when each dose was preceded by a 16 pg 
dose of pyridoxine (Table 11). Furthermore, 
a level of the analog as low as 16 pug per 


