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Anaphylactoid Edema Induced in Rats by Nickel and Cobalt Salts (38328) 
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Investigations on the carcinogenicity of metal 
compounds have led us to observe that the injec- 
tion of nickel sulfide into the renal parenchyma 
causes an anaphylactoid edema in rats. The acute 
cutaneous changes consist in an erythema and 
exoserosis involving mainly the ears, paws, and 
snout. Such phenomenon has been ascribed to 
histamine release and is more manifest in tissues 
rich in mast cells (1,2). We have now extended 
these studies by administering intravenously or 
intraperitoneally a variety of divalent metallic 
compounds either related by their physicochem- 
ical properties or their ability of binding his- 
tamine (3,4). Special attention has been given to 
mast cells in nickel- and cobalt-treated animals, 
in view of the fact that these metals allegedly act 
as mast-cell dischargers ( 5 , 6 ) .  Since the topical 
administration of nickel sulfide into the kidney 
also causes a polycythemia (7), bilateral ne- 
phrectomy has been carried out in some animals 
to determine whether some renal factor plays a 
role in the production of the edema reaction. 
Pertinent to this reasoning is the finding that the 
plasma kininogen which serves as a substrate or 
a precursor for the production of erythropoietin 
is significantly elevated after subcutaneous in- 
jection of cobalt(ous) chloride in rats (8). 

Materials and Methods. Female 
Sprague-Dawley rats averaging 100 g body wt 
were used. The animals were housed in cages at 
room temperature having free access to Purina 
Laboratory Chow and tap water. The kidneys 
were removed through a small dorsocostal inci- 
sion under ether anesthesia, 24 hr prior to injec- 
tion of nickel and cobalt sulfates. All metal prep- 
arations were reagent grades supplied by Fisher 
Scientific, Montreal and Platz & Bauer, N. Y. 
These were dissolved or  suspended in 
physiologic saline and injected intraperitoneally 
or intravenously through the jugular vein, under 
ether anesthesia, at a regular dose of 5 mg in a 
volume of 0.5 ml. 

- 

The erythema and exoserosis which are more 
prominent in the snout and in the paws were 
appraised visually after an arbitrary scale of 
0-3+. The readings were made during the first 
30 min and thereafter at the hour during 5 con- 
secutive hr. For a more accurate estimation of 
the exoserosis, some animals were given beside 
the metal preparations 0.2 ml of a 0.5% Evans 
blue solution intravenously. 

Animals were killed with chloroform on the 
6th hr and fresh or formalin-fixed cryostat- 
frozen section of the ear and the tongue were 
stained with a 1 % methyl green aqueous solution 
for demonstration of mast-cell granules. Other 
sections were stained with ammonium sulfide or 
dimethylglyoxime in order to visualize the met- 
als (9) or incubated in the appropriate substrate 
for demonstration of acid phosphatase using 
pararosaniline as indicator (10). 

Results and Discussion. Nickel and cobalt 
were the only metals eliciting both erythema and 
exoserosis (Fig. 1, A, B); relevant data dealing 
with the effect of different salt preparations are 
given in Table I. Several other metals caused 
some degree of erythema but without evident 
exoserosis or a positive blueing reaction. These 
were: magnesium, calcium, strontium, 
chromium, and ferric chlorides; similarly lead 
citrate, zinc sulfate, and cadmium sulfide caused 
a reddening of the skin. No reaction whatsoever 
was demonstrable after administration of ferr- 
ous, zinc, lead, and cupric chlorides. With the 
exception of copper, all metals were well toler- 
ated and the autopsy failed to demonstrate any 
evident macroscopic changes in the lungs, kid- 
ney, liver, and spleen. 

Mast cells were found degranulated in the 
deeper regions of the ear derma. Within their 
cytoplasm there were no demonstrable metallic 
inclusions even after administering minute 
amounts of cobalt or nickel chloride in the lower 
part of the ear lobe. In order to be visualized, 
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FIG. 1. Edema and blueing reaction of the snout, e m  and paws in a nickel-treated rat. A. Control rat injected 
with Evans blue (1 mg iv). B. Nickel chloride-treated rat (5  mg ip) together with Evans blue iv. Note by 
comparison the edema and dark complexion of the extremities. C. Partly degranulated mast cell in the deep layer of 
the edematous ear. There are prominent granules strongly reacting to methyl green staining (X1800). 
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TABLE I. Edema Reaction in Rats Injected ip with Nickel and Cobalt Preparations. 

Route of Number of Readings of erythema Time of 
eruption Duration administration reactors and exoserosis 

Metals (5 mg) (10 rats) (0 to + + +) (min) (hr) 

Nickel metal powder 
Nickel chloride 
Nickel sulfate 
Nickel sulfide 
Cobalt metal powder 
Cobalt chloride 
Cobalt sulfate 
Cobalt sulfide 

10 
9 
9 

10 
10 
9 
8 
0 

+a 

+++ 
++ 
+ 
It 

++ 
+ 
0 

40 2 
10 4 
10 4 

1 2 
60 1 
10 4 
30 2 
0 0 

+ indicates that animals developed only erythema. 

metals most probably should be injected in par- 
ticulate form ( 1 1 ,  12). Interestingly, however, 
the muscle fibers located in the subcutaneous 
tissue of the ear showed affinity for nickel ions as 
evidenced by a positive staining reaction to di- 
methylglyoxime. It should be recalled that nick- 
el sulfide has previously been shown to produce 
rhabdomyosarcoma when injected into the 
skeletal muscle ( 13, 14). When closely examin- 
ing the mast cells, we were struck by the great 
differences in the size of their granules espe- 
cially in the ear sections of animals topically 
treated with nickel chloride. Larger granules 
were found more prominent in partly degranu- 
lated cells; they strongly reacted to methyl green 
staining (Fig. 1C). Attempts to demonstrate acid 
phosphatase activity in these granules were un- 
successful and thus their exact nature or signifi- 
cance remains to be seen. There were no appre- 
ciable differences in the susceptibility of nep- 
hrectomized rats to nickel and cobalt salts as 
compared to intact animals. It may be con- 
cluded, therefore, that the anaphylactoid edema 
induced by the metallic agents quite as much as 
that induced by dextran ( 15, 16) is not mediated 
by a renal factor. 

In recent years much attention has been paid to 
environmental pathology, namely, to manifesta- 
tions resulting from exposure to metallic agents 
( 17, 18). Besides their carcinogenic properties 
which have been recognized in man and experi- 
mental animals, nickel and cobalt are well 
known for eliciting acute toxic reactions. Nickel 
dermatitis has been noted for a long time to be a 
rather common occurrence ( 1  9). Excessive 
cobalt intake in man or in animals on the other 
hand leads to a myocardosis possibly through 
interference with cardiac energy metabolism due 

to its combination with a-lipoic acid (20, 21). 
Their ability in producing anaphylactoid edema 
in rats may prove interesting to further study the 
pathomechanisms underlying histaminergic re- 
actions . 

Summary. Nickel and cobalt, especially in 
form of hydrosoluble compounds, injected 
either intraperitoneally or intravenously in doses 
of 5 mg caused regularly anaphylactoid edema in 
rats. The mast cells in the subcutaneous tissue of 
edematous ear lobes were often degranulated but 
were unreactive to selective metal stains. Un- 
usual large granules with no demonstrable acid 
phosphatase activity were found. The edema 
reaction developed after bilateral nephrectomy 
indicating that it cannot be ascribed to the release 
of a renal erythropoietic factor after the paren- 
teral administration of the cobalt or nickel salts. 
The present observations may provide an in- 
teresting model for further investigating his- 
taminergic reactions in rats. 
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