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Since several authors, while engaged in their study of 
mast cells o f various animals, noticed that the granules of 
these cells were destroyed or agglu ttinated  by some o f the 
substances used in comon histological technique such as wa
ter, glicerine, or acetic acid 1 23 4 r' " a number o f workers tried 
to find a suitable fixative for these granules.

They, however, m et w ith  the d ifficu lty, that mast cells 
o f d ifferent species, as well as belonging to d ifferen t organs 
of one animal, did not at all react in the same way to the 
chemicals used.

Thus, the mast cells o f mice, rats, guinea-pigs, show a 
higher degree o f resistance to aqueous solutions, while those 
o f rabbits and certain fish seem to be more easily a ffected5 7 N

D ifferen t authors, therefore, recommend a number of 
fixatives, which they found a ffective  in their experim ents' 9 10 
HOLM G REN and W IL A N D E R "  having established a rela
tionship between heparin contend and mast cell granula tis
sues, were the first to try  an aqueous solution o f lead sub
acetate as a fixative, based on their knowledge that heparin 
is precipitated by this compound.

Their form ula was later m odified by CH EVREM O NT and 
CO M H AIRE  ,:i and by FE R R I and M O T A w h o ,  in their stu-

C )  Departamento de Histologia e Em briologia da Faculdade de 
Medicina da Universidade de São Paulo.



28 Rev. Med. Vet. S. Paulo —  Vol. 6, fase. 1, 1597

dies on this subject used a 50% alcoholic solution o f lead 
subacetate, most successfully.

However a survey o f the literatura shows that there ap
pears to be no systematic study on the variab ility  o f mast 
cell fixation  in the anim al series. Observations on this point 
are isolated and inclined to overlook the fact that mast cells 
from  d ifferen t organs or d ifferen t species require a different 
treatm ent. The present paper proposes to deal w ith the 
problem.

M ATERIAL AND METHODS

The m aterial for this study was collected from  12 oxen, 
3 horses, 8 pigs, 20 dogs, 8 cats, 5 rabbits, 8 guinea-pigs and 
6 rats. The bovine and suilline m ateria l was obtained at the 
local slaughterhouse, just a fter death. A ll other animals were 
bled to death and all but the horses were previously anaes
thetized w ith  nembutal.

Fragm ents o f the fo llow ing organs were taken:

liver, lung and aorta ............ ....oxen, horses and pigs
liver, lung, tongue, skin and

mesentery .............................dogs, rats and guinea-pigs
liver, lung, tongue and skin . cats and rabbits.

Besides the fixatives o f Heily, Zenker, Bouin, Gendre, 
Dubosq Brasil, Susa, Carnoy, 10'/ neutral form alin, Ehrlich 
(50 '/< a lcoho l), Holm gren and W ilander, and the variation 

by Chevrem cnt and Comhaire, several concentrations o f al
coholic lead subacetate solutions (vary ing  from  1% to 10% 
w ith or w ithout form alin (10 '/í) or acetic acid (0,5% to 5%
—  or both ) were tried out, and the fo llow ing selected for the 
further course o f the experiment;:, as being most convenient.

“ A ” 50% alcohol . .......................  100,(1 ml
Lead subacetate ................  4,0 g

“ B”  50% alcohol ......................  100,0 ml
Lead subacetate ..............  4,0 g
Form alin ............................. 10,0 ml
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From  most organs 2 mm thick slices were cut and put 
into the fixative . The mesentery was fixed as a whole, fra g 
ments o f skin were extended on cardboard. Lobes dog livers 
were also prepared by perfusion through branches o f the por
tal vein. Perfusion through the carotid arteries was used in 
some instances for the tongues o f dogs, cats and rats.

The stains used were tolu idine blue or Ehrlich ’s tionnine 
in aqueous solution. The pH was brought to 4,0 by adding 
acetic acid.

Analysing the effects o f various fixatives upon mast cells 
from  several tissues o f d ifferen t animals, a great variability 
o f response was revealed.

W hile in the dog, for instance, a fter form aldeyde fixation, 
a few mast cells were preserved in the skin, all were destroyed 
in both liver and lung tissue. In  rats, mast cells o f all tis
sues were readily preserved by any o f the employed agents. 
Am ong all fixatives used in all the species studied, those con
taining lead subacetate proved the most effective ones. It 
was found, however, that aqueous solutions, such as Holm 
gren and W ilander’s, besides having less penetrating capa
city, cause grannules to agglu ttinate and the m etachrom atic 
substance to appear as pericellu lar halo. These disadvanta
ges are elim inated when alcoholic solutions are used.

I f  there is too high a concentration of the lead salt, the 
granula appear blurred and crowded, they m ay loose their 
metachromasia and even be dissolved when acetic acid con
centration becomes too h igh . The presence o f form alin  cau

RESU LTS

“ C”  50% alcohol ......................  100,0 ml
Lead subacetate ................  4,0 g
Form alin ............................. 1(1,0 ml
Acetic acid ......................... 1,0 ml

“ I ) ”  50% alcohol ....................... 100,0 ml
Lead subacetate ................  1,0 g
Acetic acid ......................... 0,5 ml
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ses agglu ttination  o f granula and diffusion o f the metachro- 
m atic substance. The addition o f 0,5% of acetic acid to a 1%  
alcoholic solution o f lead subacetate appeal'd to be the most 
suitable m ixture not in terferring w ith cell morpholGgy and 
allow ing for a long storage period.

A  prelim inary observations showed that embedding in par

affin , is very dam aging and let us to work only w ith frozen 

sections.

The fo llow ing differences' were found for the various tis
sues and animals:

Cattle and Horses —  Mast cclls o f all tissues were destro
yed by form alin, Zenker’s flu id and Susa, were poorly fixed by 
fluids of Bouin, Dubosq Brasil, Gendre and Carnoy, and 
only fa ir results w ith Ehrlich ’s and H elly ’s solutions. Aqueous 
solutions o f lead subacetate w ill fix  mast cells, but cause gra
nules to agg lu ttinate. O f the alcoholic solutions used, m ix
ture “ D ” yielded the best results.

Swine —  Only compounds o f lead subacetate were found 
suitable for the fixation  o f mast cells in these an im als. Even 
Ehrlich ’s solution did not preserve them  adequately.

Dogs —  Again, best results were obtained w ith lead sub
acetate compounds. In  the skin, some mast cells can be pre
served by Helly, Carnoy, form alin  and picric acid compounds. 
In  the liver, tongue and mesentery, however, all but lead 

subacetate solutions failed to g ive any favourable images. I t  
was observed that the mast cells o f the skin and m esenteiy 
o f dogs are, as a rule, m ore resistant to the action o f fixa
tive agentes than are those o f the liver. The method o f per
fusion, used for the fixation  o f tongue and liver in dogs, was 
found to be most, suitable for the preservation o f mast cells.

In the Cat and Guinea-pig mast cells were preserved only 
by agents contain ing lead subacetate. Solutions containing 
picric acid, mercurium bichloride or form alin  w ill fix  some 
mast cells in the skin, though not satisfactorily.



FIXAT IVES

Bov. Equ.

Formalin .......... + +

Bouin ................. • j - +
Hellv ................. + +
C.arnov . ............. + +
Susa ................... — —

Dubosq Brasil . + +
(icndre ............... + +
E h r l ic h ............... + +
Zenker ...............

Holmgren &
— —

W ilander . . 

C.hevremont &
++ + +

Conihaire .. ++ + +
“])” ............... +++

— no fixation 
+  poor f ixation



TABU-: I

ANIM ALS

Sw in. I)og. Car. G. |>i« Hab. Rat.

_ _ 4- + _ 4-4-4-
+ — 4- T — 4-4-4-
+ - 4- + - 4-4-4-
+ 4- + + - 4-4-4-
— — — — - +  +  -T
+ — + + - +  +  +
+ — 4- + - 4-4-4-
+ 4-4- + + 4- 4-4-4-

— — — 4-4-4-

+ + 4-4- + + +  + 4-4- 4-4- +

+ + +  + 4-4- +  + 4-4- 4-4-4-
r +  + 4-4-4- 4-4-4- +  +  + + + + 4-4-4-

- f+  regulär fixation 
4-4-4- good fixation
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Mast cells o f the Rat, presented a tota lly  d ifferen t res
ponse, namely, they were fixed in all organs examined by 
any o f the fixatives used. They appear, thus, to have a much 
greater resistance than those o f any other species.

Table I compares the action of m ixtude “ D ” w ith that of 
a ll other solutions used in the present experiments.

Th e results described above for frozen sections, are true, 
to a certain  extent, also for paraffin  sections. However, one 
should bear in mind, that cell m orphology is very often not 
preserved satisfactorily by this embedding m ethod. No 
detailed study was made to determ ine the cause o f such unde
sirable in fluence. I t  is probable, however, that temperature 
in the oven m ight be one of the main factors.

DISCUSSION

Th e mast cells o f various animals show a difference of 
behaviour regard ing their solubility and fixab ility  in various 
solutions, strongly suggesting that they should have d if
ferent structures. Th is agrees w ith the fact that there is also 
a certain variation o f response to some cyto-chem ical reactives.

Thus, several au thors711 had already noticed this phe
nomenon, later confirm ed by S IL V fiN s who showed that mast 
cell granules o f rats are extrem ely resistant to aqueous solu
tions, while those o f rabbits are very succeptible. Through 
the present study we m ay extend these data to other animals. 
In  our experiments the granula o f mast cells o f rats, guinea- 
pigs and cats resisted better to the various solutions employed 
than those o f cattle and horses; those o f pigs, dogs and rab
bits were most easily destroyed.

Th is knowledge bears great im portance. Failing to re
cognize this variation several authors 17 reported that no 
mast cells were present in the tissues o f rabbits, which we 
know today is not true. Th ey  are, we know now, destroyed 
by the use o f aqueous fixatives. W hen fixed adequately, mast 
cells can be seen in almost all tissues o f the rabbit. Besides 
there are differences o f fixab ility  according to the tissue of 
orig in . Mast cells found in the skin and m esentery are more
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stable than those from  the liver and tongue. In  addition, 
H O LM G REN  ls observed that age also had its influence; he 
was unable to preserve mast cells from  human embryos with 
any other fixative but these conta in ing lead-subacetate.

That mast cells from  d ifferen t species are not similar 
is also shown by some investigators 1!* 20 who reported that 
the subcutaneous mast cells o f rats react positively to P.A.S. 
(periodic acid S ch iff), while, according to Compton 21 those 
c f the hamster react negatively . Th is behavior could be ex
plained supposing that seme mast cells contain a trisulphuric 
form  o f heparin and others a monosulphuric one, for, accor
ding to certain authors 19 22 trisulphuric heparin is P . A . S . ,  
positive, while the latter reacts negatively, ow ing to three 
c f its cxydrils being sterified.

CO M PTO N 21 working w ith  hamsters, observed that hia- 
lurcnidase did not destroy the m etachrom atic properties of 
mast cells. He concluded therefore, that these cells did 
net ccntain hialuronic acid. Th is opposes the views of 
others -” 24 i-7' 2,! concerning mast cells o f man and ra ts .

Th is diversity o f behaviour in connection w ith d ifferent 
fix ing agents not being, as yet, studied satisfactorily, has in
duced m any erroneous interpretations, not only, as descri
bed above, from  the m orphological point o f view, but also 
w ith regard to mast cell physiology. In  the past, several in

vestigators, observing at times a m etachrom atic halo around 
these cells, .thought they were sieeing a phase o f secretion, 
and E H R LIC H ', and D O W N E Y-7 were the first to suggect that 
these aspects m igh t well be a rtific ia l. W e know now that 
they are frequently observed in the dog, when the mast cells 
have not been properly fixed . In  rats, it  is rare to find such 
artific ia l aspects ow ing to improper fixation ; frequently how
ever, some ce ili are ruptured by rough handling and the 
granules shed, thus appearing to be extracellu lar. D E V IT T  
et a l .28 drew attention to the occurrence o f such phenomena, 
caused by laboratory technique. N et knowing, however, that 
there are substantial differences between the mast cells of
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differen t species, they tried erroneously to extend their fin 
dings in rats to all animals.

A lterations likely to be caused by embedding processes 
should also be kept in mind. M ICH ELS noted that in low
er vertebrates neither paraffin  was nor cellcid in were suita
ble fo r the preservation o f mast cells. The experiments re
ported in this paper allow us to state that this is true also for 
high3r vertebrates. I t  was not attem pted here to determine 
the factor cr factors rendering there process inconvenient.

The results found in the present repo it bring out the 
im pcrtance o f using an adequate fixative when studying the 
m orphology or physiology c f mast cells. There is nc- doubt 
that, should we review  the experiments carried out up to the 
present, em ploying a more suitable fix ing  solution, more light 
would be cast upon this m atter and many a doubtful point 
c larified .

SUMMARY

A fter revision c f the literature, the authors present a 
study about mast cell fixation  in several times o f domestics 
and laboratories animals.

It  was experim ented several fixatives habitually used and 
some m ixture w ith lead subacetate in alcoholic solution.

The authors obtained good results in freezer sections with 
the fo llow ing m ixture:

Alcohol 50* ................................... 100,0 nil
Lead subacetnlc ........................... 1,0 g
Acetic acid ................................... 1,0 ml
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Fig. 1 —  P ig ’s liver. Mast cells have not been preserved. Formalin. Toluidine blue. 400 X. 
Fig. 2 — ■ P ig ’s liver. Granules of the mast cells wore bad fixed. Holmgren-Wilander.

Toluidine blue —  1.000 X .
Fig. 3 —  P ig ’s liver. Good fixation of the mast cells. Mixture “ D ” . Toluidine blue —

1.000 X .
Fig. 4 —  Bovine’s liver. Mast cells were bad fixed. Formalin. Toluidine blue. 400 X .
Fig. 5 ---  Bovine’s liver. Mast cells were bad fixed. Holmgren-Wilander. Toluidine blue.

1 . 000 X  .
Fig. 6 —  Bovine’ s liver. Good fixation of the mast cells. Mixture "D  ’ . Toluidine blue. 

1 .000 X .
Fig. 7 —  Dog’s liver. Mast cells have not been preserved. Formalin. Toluidine blue. 

100 X .
Fig. 8 — • Dog’s liver. Mast cells wore bad fixed. Holmgren-Wilander. Toluidine blue.

1.000 X .
Fig. 9 —  Dog’ s liver. Good fixation of the mast cells. Mixture “ D” . Toluidine blue.

1.000 X .


