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Summary. Histopathological examinations were performed upon groups of
male Fischer rats killed at intervals from 1 h to 18 weeks after unilateral
intrarenal (ir) injection of nickel subsulfide (2.5 or 5 mg of Ni;S,/rat). Consis-
tent with previous findings, erythroid hyperplasia of bone marrow and spleen
occurred from 2 to 18 weeks after Ni;S,-treatment, resulting in pronounced
erythrocytosis. Hitherto unreported effects of Ni;S,-treatment include: (a)
marked glomerulomegaly and hyperplasia of mesangial cells in both kidneys;
(b) hyperplasia of submandibular salivary glands, and (c) widespread arterio-
sclerotic lesions. The present study suggests that mesangial cells of renal
glomeruli produce erythropoietin. Discovery that ir injection of NisS, in-
duces arteriosclerotic lesions in rats furnishes a new experimental model
to investigate the pathogenesis of arteriosclerosis.
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Introduction

Jasmin (1973) discovered that administration of nickel subsulfide (NisS,) to
rats by intrarenal (ir) injection produces intense erythrocytosis after 1 month
and malignant renal neoplasms after 8 months. These observations have been
confirmed and extended in several subsequent studies (Jasmin and Solymoss
1975; Jasmin and Riopelle 1976 ; Jasmin 1978 ; Jasmin et al. 1979; Morse et al.
1977; Hopfer et al. 1978 ; Hopfer and Sunderman 1978 ; Sunderman et al. 1979;
Oskarsson et al. 1981). Erythrocytosis induced by NizS, is apparently mediated
by enhanced production of erythropoietin, since erythropoietin activity is in-
creased in serum of NizS,-treated rats (Solymoss and Jasmin 1978; Hopfer
et al. 1979). Intramuscular or intrahepatic administration of Ni3S, to rats does
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not affect erythropoiesis (Hopfer et al. 1980), although malignant tumors develop
at the injection sites (Sunderman 1981). The present study was performed in
order to identify the pathological reactions that occur in rats after ir administra-
tion of NisS,. In the present investigation, histopathologic examinations were
performed upon groups of rats killed at intervals from 1h to 18 weeks after
unilateral ir injection of Ni;3S,. Glomerulomegaly and mesangial hyperplasia
occurred consistently in both kidneys of Ni;S,-treated rats. The Ni3S,-treated
rats also developed erythroid hyperplasia in bone marrow and spleen, hyperpla-
sia of submandibular salivary glands, and generalized arteriosclerosis.

Materials and Methods

Nickel subsulfide («Ni3S,, median particle diameter <2 pm) was provided by INCO Ltd., Toronto,
Canada. Chemical and physical properties of the Ni;S, and criteria of its purity have been described
previously (Hopfer and Sunderman 1978). The experimental animals were 91 male rats of the
Fischer 344 strain (Charles River Breeding Laboratories, Inc., Wilmington, MA, USA), which
were approximately 2 months old at the time of intrarenal (ir) injection (mean body wt=246 g,
s.d. =27 g). The rats were housed in stainless-steel cages and were fed Purina laboratory rat chow
and water ad libitum. Injections of Ni;S, (2.5 or 5 mg/rat) into the right kidney were performed
as previously described (Morse et al. 1977 ; Hopfer et al. 1978). Control rats received similar injections
of 0.2 ml of the vehicle. Blood samples (<80 ul) were obtained from each rat prior to ir injection
and at biweekly or monthly intervals thereafter. The tip of the tail was incised with a scalpel,
and blood was collected into heparinized capillary tubes for duplicate measurements of blood
haematocrit, as described by Strumia et al. (1954).

Groups of Ni;S,-treated and control rats were killed by inhalation of diethyl ether at 6 intervals
(1h, 1 week, 2-3 weeks, 4 weeks, 8-10 weeks, and 18 weeks) after the ir injection. The brain,
heart, kidneys, liver, and spleen were weighed. Histological sections of adrenal, aorta, bladder,
bone (femur and sternum), brain, colon, duodenum, esophagus, heart, ileum, jejunum, kidneys
(right and left), liver, lungs, lymph nodes (axillary and mesenteric), pancreas, seminal vesicle,
spleen, stomach, submandibular salivary gland, testis, thymus, and trachea were fixed in 10%
neutral buffered formalin. Paraffin-embedded sections were routinely stained with hematoxylin
and eosin (H&E). Selected sections were stained by the periodic acid Schiff (PAS), van Gieson,
Gomori silver reticulin, PAS-methenamine silver, and Prussian blue reactions. Smears of femoral
bone marrow were stained with Wright’s stain, and 100 marrow cells were counted to compute
the myeloid/erythroid ratio.

Blocks of both kidneys of 8 NisS,-treated and 4 control rats, autopsied at 18 weeks after
ir injection, were fixed in cacodylate buffered 4% glutaraldehyde, post-fixed in cacodylate buffered
2% osmium tetroxide, and embedded in epoxy resin for ultrathin sectioning. The sections were
stained with toluidine blue for light microscopy, or with lead citrate and uranyl acetate for examina-
tion with a Phillips 300 electron microscope at 60 kV. Representative glomeruli and tubules in
each kidney were photographed at 3,000 x, 8,000 x, and 17,000 x magnification.

Mean glomerular volumes of kidneys from 69 rats (44 Ni;S,-treated rats and 25 controls)
were computed from measurements of maximum glomerular diameter by means of a calibrated
ocular micrometer. Twenty consecutive glomeruli in each kidney were measured, including subcapsu-
lar, cortical, and juxta-medullary glomeruli, and the mean glomerular volume was calculated, assum-
ing spherical shape, using the equation ¥'=4/3 ar®. The average number of mesangial cells per
glomerulus in both kidneys from 12 rats (8 Ni;S,-treated and 4 controls), autopsied at 18 weeks,
was determined by light microscopy of 6 to 10 glomeruli in each kidney at 1,000 x magnification,
using ultrathin sections stained with toluidine blue. In addition, the average number of mesangial
cells per low power field was determined by electron microscopy of several glomeruli in each
kidney at 3,000 x magnification.

Variances of haematocrits, myeloid/erythroid ratios, glomerular volumes, and mesangial cell
counts were expressed as standard deviations (s.d.); the significance of differences between mean
values in Ni;S,-treated and control rats was determined by Student’s “z”” test (when n>12) and
by the Mann-Whitney “ U™ test (when n < 13). The significance of differences between proportions
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was computed by Fisher’s exact text (when n<70) and by Chi-square test with Yates’s correction
(when n>69). Two-tailed estimates of probability were used for statistical tests; computations
were performed according to Siegel (1956).

Results

In rats killed at 1 h after ir injection of Ni3S,, hematomas containing abundant
NisS, particles are present in the cortex and medulla of the injected right
kidney. Scattered Ni;3S, particles are also seen in the non-injected left kidney,
and in capillaries or sinusoids of the spleen, liver, lymph nodes, bone marrow,
lungs, and adrenals. At 1 week, Ni;S, particles remain along the needle tract
in the injected kidney, and are readily apparent in glomerular mesangial cells
of both kidneys, in splenic red pulp macrophages, in bone marrow macrophages,
in lung capillaries, and in adrenal sinusoids. The quantity of NisS, particles
at these sites diminishes steadily during 10 weeks after the ir injection; by
18 weeks Ni;S, particles are no longer detectable, even at the injection site.

Fibroblastic proliferation is noted along the needle tract in the right kidney
at 1 week after ir injection of NizS,; it increases in intensity until, at 18 weeks,
there is a prominent capsular scar composed of fibrous tissue with abundant
collagen and reticulin fibers. Scattered infiltrates of lymphocytes, macrophages,
and rare giant cells are seen in the parenchyma at the injected kidney at 4
to 18 weeks, as well as foci of fibrosis, calcification and hemosiderin deposition.
Renal glomeruli adjacent to the needle tract are more hypercellular than those
elsewhere in the injected kidney or in the opposite kidney. There is no evidence
of neoplasia in the injected kidneys.

Erythrocytosis begins to develop at 2 weeks and is most pronounced at
8 weeks after ir injection of Ni;S, (Fig. 1). For example, in rats that receive
2.5 mg or 5.0 mg of Ni3S,, the mean haematocrits at 8 weeks are 77% (s.d. =6%)
and 77% (s.d. =1%), respectively, versus a mean haematocrit of 49% (s.d. =1%)
in controls (P<0.001). In rats killed at 18 weeks after ir injection of 2.5 mg
of Ni;S,, the mean haematocrit is 76% (s.d. =2%) (P <0.001 versus 50% (s.d. =
2%) in controls). Erythroid hyperplasia in bone marrow and spleen is evident
at 2 weeks and becomes intense at 4 to 18 weeks. In 16 rats killed at 18
weeks after ir injection of Ni;S, (2.5 mg), the myeloid/erythroid ratio in femoral

Fig. 1. Blood haematocrit values 100

(%) in 12 controls, 16 Ni;S,-treated Tcontrols

rats (2.5 mg/rat), and 6 Ni;S,- - Ni,S, (2.5 mg) .

treated rats (5 mgjrat). The bars ® 75+ 1 Ni,S, (5 mg) sy i!ﬁ%’%
indicate the mean haematocrit = o I i % IIII‘*I%
values at specified intervals after ir g . !,II' II;II / ;II;!{IH;'%
injection of vehicle or Ni;$,. o 207 . ﬁqmq% }II'I/
Vertical lines above the bars & ‘I;H?J% I}!'I%
indicate +1 standard deviation. b= o5 | 'iﬂ!\'m% ﬁﬁ%
Asterisks indicate P<0.01 versus I o / qq'm%
the corresponding value in controls, ‘ﬁ}i{ﬂi}% Iﬂf%
computed by Student’s #-test 0 '!I!“!Iﬁé i

0 2

B
03]

18
WEEKS AFTER INTRARENAL INJECTION



210 K.S. McCully et al.

Table 1. Body weights and organ weights of rats killed at 18 weeks after intrarenal injection of
vehicle or Ni3S, (2.5 mg/rat). Mean values (g) + | standard deviation are given

Parameter Controls Ni,;S,-Treated rats  Student’s
(n=12) (n=16) 1-test
Body weight 356 +26 349 +21 N.S.
Liver weight 1.7 + 0.7 11.3 £ 1.1 N.S.
Brain weight 1.92+ 0.87 1.91+ 0.88 N.S.
Heart weight 1.04+ 0.09 1.13+ 0.14 P<0.05
Spleen weight 0.62-+ 0.05 1.01+ 0.21 P<0.01
Right kidney weight 1.14+ 0.11 1.29+ 0.13 P<0.01
Left kidney weight .16+ 0.11 1.37+ 0.14 P<0.01

bone marrow averages 0.53 (s.d.=0.52) (£<0.001 versus the corresponding
M/E ratio of 3.2 (s.d.=2.2) in 12 controls). Extramedullary haematopoiesis
in the spleen results in splenomegaly. The mean weights of spleen, heart, and
both kidneys are significantly greater in NiyS,-treated rats at 18 weeks than
in the corresponding controls (Table 1).

Glomerular morphology in kidneys of Ni;S,-treated rats is illustrated in
Fig. 2a—d, 3a and b, and 4. Hyperplasia of mesangial cells is prominent in both
kidneys of Ni;S,-treated rats at 1 to 18 weeks after ir injection. Occasional
mesangial cells in mitosis are seen during this period. The mean glomerular
volume becomes significantly increased from 4 to 18 wecks (Table 2). The
number of mesangial cells in glomeruli of rats killed at 18 weeks after ir injection
of Ni;S, is approximately twice the corresponding number in control rats
(Table 3). The mean glomerular volumes and mesangial cell counts are increased
to the same degree in the non-injected left kidneys as in the injected right
kidneys of Ni;S,-treated rats. Hyperplastic mesangial cells occur in clusters
within glomerular lobules and extend to the base of the vascular tuft, where
they surround afferent and efferent arterioles. The hyperplastic mesangial cells
have moderately hyperchromatic oval or indented nuclei, and increased amount
of cytoplasm, which is eosinophilic, PAS-positive, and argyrophilic. Electron
microscopy shows that the mesangial cells contain abundant mesangial matrix,
rough endoplasmic reticulum, free ribosomes, microtubules, microfilaments, and
Golgi apparatus. Glomerular basement membranes, endothelial cells, parietal
epithelial cells, juxtaglomerular cells and tubular lining cells are all normal.

Pronounced hyperplasia of the submandibular salivary gland occurs at 1
week following ir injection of NiyS; and persists throughout the period of
observation (Fig. 3¢ and d). Peri-acinar cells of the salivary gland are increased
in number and are moderately hyperchromatic. The nuclei of acinar cells are
also hyperchromatic and occasionally are doubled. At 4-10 weeks, mitoses
are frequently seen in peri-acinar and acinar cells, and secretory activity of
the salivary gland appears to be diminished.

Widespread arteriosclerotic lesions are found in the aorta and in arteries
and arterioles of the heart, kidneys, brain, lungs, and other organs following
ir injection of NisS, (Table 4 and Fig. 5a-d). Characteristic fibrous intimal
plaques, consisting of hyperplastic smooth muscle cells, deposition of edematous
ground substance, and splitting of elastic fibers are identified. These lesions
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Fig. 2a—d. Photomicrographs of renal glomeruli at specified intervals after ir injection of Ni;S,
(2.5 mg/rat). a Mesangial cell hyperplasia, at 4 weeks. One mesangial cell contains Ni3S, particles
(arrow) (H&E, 300 x). b Glomerular enlargement and congestion with mesangial hyperplasia, at
4 weeks (H&E, 300 x). ¢ Glomerulomegaly with mesangial hyperplasia and abundant deposits
of mesangial matrix, at 18 weeks (PAS, 300 x). d Deposits of argyrophilic mesangial matrix,
at 18 weeks. (PAS-methenamine silver, 300 x)
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Fig. 3a-d. Photonticrographs of renal glomeruli and submandibuiar salivary glands at specified
intervals after ir injection of Ni;S, (2.5 or 5 mg/rat). a Mesangial hyperplasia and deposits of
mesangial matrix in glomerulus, at 18 weeks (2.5 mg Ni;S,/rat). (Ultrathin epoxy section, toluidine
blue, 300 x). b Granular, argyrophilic, mesangial matrix in glomerulus, at 18 weeks (2.5 mg NiS,/
rat). (Gomori reticulin, 300 x). ¢ Submandibular gland, with hyperplasia of acinar and peri-acinar
cells, at 8 weeks (5 mg Ni,S,/rat). (H&E, 50 x). d Submandibular gland with sialyl hyperplasia,
at 8 weeks (5 mg Ni3S,/rat). (H&E, 300 x)
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Fig. 4. Electron micrograph of renal glomerulus at 18 weeks after ir injection of NisS, (2.5 mg/rat).
Hyperplastic mesangial cells contain prominent ribosomes and are surrounded by abundant mesan-
gial matrix. (Lead citrate/uranyl acetate, 13,000 x)
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Table 2. Glomerular volumes of control and Ni;S,-treated rats at specified intervals after intrarenal
injection. Maximum diameters of 40 renal glomeruli of each rat were measured by ocular micrometry
and glomerular volumes were estimated by the equation V=4/3 nr®. Each entry represents the
mean value (um3 x 109) + 1 standard deviation for the number of rats that is listed within parentheses.
No significant differences were observed between the mean glomerular volumes of right kidneys
versus left kidneys in any of the treatment groups at any of the specified intervals

NizS, 1h 1 week 2-3 weeks 4 weeks 8-10 weeks 18 weeks 2-18 weeks

dosage

(mg/rat)

0 0.74+0.12 0.64+0.13 0.85+0.12 0.87+0.12 0.93+0.09 1.01+0.05 0.90+0.11
(3) (5) (5) (5) 3 C)] (17

2.5 0.68+0.09 0.77+0.14 1.10+0.19 1.30+0.26* 1.72+0.33* 1.444+0.24* 1.37+0.34**
(3) (3 (6) (6) (6) G (22)

5 0.69+0.04 0.70+0.04 0.92+0.08 1.12+0.09% 1.29+0.09* LI +0.17**
(3) (3) (3 (3) 4 (10)

* P<0.05 versus corresponding value in controls, computed by Mann-Whitney U-test
** P<0.01 versus corresponding value in controls, computed by Student’s z-test

Table 3. Indices of mesangial cellularity in glomeruli of rats killed at 18 weeks after intrarenal
injection of vehicle or Ni;S, (2.5 mg/rat). Mesangial cell indices are given as mean values+1
standard deviation

Parameter Controls Ni;S,-Treated Mann-Whitney
(n=4) rats U-test
(n=38)

Mesangial cell counts by light microscopy (mesangial cells/glomerulus)

Right kidney 15.4+6.0 353+79 P<0.01
Left kidney 18.5+3.8 37.2+7.7 P<0.0]
Both kidneys 16.7+5.1 355+7.9 P<0.01
Mesangial cell counts by electron microscopy (mesangial cells/field at 3,000 x)

Right kidney 4.3+09 10.0+4.8 P<0.05
Left kidney 4.0+2.1 8.0+3.8 P<0.05
Both kidneys 43+1.6 8.8+4.3 P <0.05

are found in half of the rats killed at 1 week after ir injection of Ni;S,,
and they increase in number and intensity with time, until they are found
in 39 of 43 Ni;S,-treated rats (91%) killed between 2 and 18 weeks, versus
corresponding lesions in 6 of 28 control rats (21%), (£ <0.001, computed by
Chi-square test). Focal necrosis of arterial media adjacent to fibrous plaques
is seen in a few rats at 2 to 4 weeks after ir injection of NizS, and in 6
of 9 rats in the 8-10 week groups. Mural thrombi, partially occluding the
lumen, are associated with fibrous intimal plaques in 2 of these rats. Vacuoliza-
tion and hyperplasia of endothelial cells occur in most NizS,-treated rats from
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Table 4. Arteriosclerotic lesions in control and Ni;S,-treated rats, from light microscopy of heart,
kidneys, brain, aorta, and lungs. Each entry gives the incidence of lesions in rats killed at the
specified intervals after intrarenal injection

Lesion Ni;S, lh Weeks

Dosage

(mg/rat) 1 2-3 4 8-10 18 2-18
Endothelial 0 /3 0/5 2/5 1/5 0/3 0/15 3/28
hyperplasia 2.5 2/3 1/3 6/6 5/6 5/6% 0/16 16/34**
and vacuolization 5 1/3 3/3 3/3 3/3 2/3 8/9**
Subintimal edema 0 2/3 0/5 1/5 1/5 2/3 1/15 5/28
with splitting 2.5 3/3 2/3 5/6%  6/6%  6/6 10/16**  27/34%*
of elastica 5 1/3 1/3 3/3 3/3 3/3 9/9%**
Fibrous intimal 0 0/3  0/5 0/5 0/5 0/3 6/15 6/28
plaques 2.5 0/3  2/3 5/6%  6/6%  5/6* 15/16%* 31/34**

5 1/3 1/3 2/3 3/3*  3/3* 89 **
Focal medial 0 0/3 0/5 0/5 0/5 0/3 0/15 0/28
necrosis next 2.5 0/3 0/3 1/6 1/6 4/6***  0/16 6/34*
to fibrous plaque 5 1/3 0/3 0/3 0/3 2/3 2/9

* P 0.05 versus controls, computed by Fisher’s exact test
** P 0.01 versus controls, computed by Fisher’s exact test
*** Two rats with focal medial necrosis also had mural thrombosis

2 to 10 weeks, and in a few controls (Table 4). Subintimal edema and focal
splitting of the internal elastic membrane, but without smooth muscle cell hyper-
plasia and other characteristic features of fibrous plaques, are observed in most
Ni;S,-treated rats and in a few controls.

No other consistent, significant, or unusual histopathologic lesions are ob-
served in the NizS,-treated and control rats. No benign or malignant neoplasms
are identified in any of the rats.

Discussion

Intrarenal injection of Ni;S, produces widespread embolization of Ni;S, parti-
cles within blood vessels of the major organs. Phagocytic cells of liver, spleen,
bone marrow, kidneys, lymph nodes, and adrenals contain Ni;S, particles in
a pattern similar to that seen after injection of carbon particles (Benacerraf
et al. 1959). Mesangial cells in glomeruli of both kidneys avidly phagocytize
Ni;S, particles in a manner similar to that reported after iv injection of carbon
particles (Grond et al. 1980). Hyperplasia of mesangial cells begins within 1
week after ir injection of NizS, and continues for 18 weeks, not only in the
injected kidney but in the opposite kidney as well. Glomerulomegaly is evident
at 4 weeks, and continues to develop in association with mesangial hyperplasia;
glomerulomegaly is maximal at 8 to 10 weeks. Mesangial cell hyperplasia and
glomerulomegaly parallel the development of erythrocytosis in NizS,-treated
rats.



Fig. 5a~d. Photomicrographs of arteries and arterioles at specified intervals after ir injection of
Ni;S, (2.5 mg/jrat). a Renal arteriole with focal medial necrosis and medial hemorrhage, at 8
weeks. (H&E, 300 x). b Cerebral artery narrowed by fibrous plaque consisting of hyperplasic
smooth muscle cells, deposition of ground substance, and splitting of elastica interna, at 4 weeks.
(H&E, 300 x ). ¢ Renal arteriole narrowed by focal hyperplasia of smooth muscle cells and deposition
of ground substance, with vacuolization of endothelial cells, at 4 weeks. (H&E, 300 x). d Renal
arteriole with focal medial necrosis and mural thrombosis, at 8 weeks. (H&E, 300 x)
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There is controversy over which type of renal cell produces erythropoietin
(Gordon 1973; Fisher and Busuttil 1977). The hormone is apparently derived
from the glomerulus, since anti-erythropoietin antibody stains glomeruli in man
and experimental animals (Fisher et al. 1965; Frenkel et al. 1968; Busuttil et al.
1971 and 1972). The antibody staining of the glomerular tuft occurs within
lobules (Fisher et al. 1965; Busuttil et al. 1971), is most intense at the periphery
of the glomerulus (Busuttil et al. 1972), and ““characteristically involves the
periphery of the glomerulus in a crescent-like pattern” (Frenkel et al. 1968).
This pattern is identical to the distribution of mesangial cells within the glomeru-
lar tuft, as observed in the present study. The parietal epithelial cells, juxtaglo-
merular cells, and renal tubular cells are not stained by anti-erythropoietin
antibody (Busuttil et al. 1971), and these cells are all normal in the present
study. Therefore, we speculate that mesangial cells may be responsible for eryth-
ropoietin production, at least in Ni;S,-treated rats.

The occurrence of mesangial cell hyperplasia and glomerulomegaly in human
subjects with hypoxia and erythrocytosis supports the hypothesis that mesangial
cells produce erythropoietin. Enlarged, hypercellular glomeruli with increased
numbers of mesangial cells have been documented in patients with cyanotic
congenital heart disease (Meesen and Litton 1953; Bauer and Rosenberg 1960;
Spear 1960; Inglefinger et al. 1970). Eosinophilic, PAS-positive material is in-
creased in the intercapillary region of glomeruli in these cases, resembling the
accumulation of PAS-positive material in the present study. Mesangial cell
hyperplasia also occurs in patients with chronic cor pulmonale (Ellis 1961),
cystic fibrosis with hypoxia (Oppenheimer 1972), and chronic pulmonary hyper-
tension (Cadillo 1962; Spear 1964). Moreover, glomerulomegaly and mesangial
cell hyperplasia occur in association with erythrocytosis and increased erythro-
poietin production in experimental animals exposed to hypoxia (Highman and
Altman 1949 ; Spear and Kihara 1972).

The histogenesis of renal neoplasms induced by ir injection of Ni;S, (Jasmin
and Riopelle 1976; Sunderman et al. 1979) may be clarified by comparisons
of the tumor cells with the hyperplastic mesangial cells observed in the present
study. The renal neoplasms appear sarcomatous, but possess certain features
characteristic of epithelial tumors (Jasmin and Riopelle 1976). Further ultrastruc-
tural study is required to document whether or not these tumors may be derived
from hyperplastic mesangial cells.

An original objective of this study was to investigate the microcrystalline
inclusions that were reported by Jasmin (1978) and Jasmin etal. (1979) in
mitochondria of tubular lining cells in the straight portion of the distal nephron
of rats at 2 to 16 weeks after ir injection of Ni3S, (10 mg/rat). In the present
study, failure to find mitochondrial inclusions may be related to the lower
doses of Ni;S, that were used, or, more likely, to differences in the post-fixation
technique for electron microscopy. Jasmin (1978) prepared 2% osmium tetroxide
in barbital buffer solution (pH 7.2) containing 0.22 M sucrose, whereas cacodyl-
ate buffered osmium tetroxide (without sucrose) was employed in this study.

Sialyl hyperplasia was an unanticipated finding in the present study. Catalan-
atto and Sunderman (1977) and Hofsoy et al. (1979) showed that saliva is
a significant excretory route for nickel in humans and rabbits, and Jacobsen
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et al. (1977) reported that human submandibular gland contains secretory pro-
teins with exceptional affinity for nickel. Since salivary gland has been identified
as an extrarenal site of erythropoietin production (Zaugheri et al. 1973; Alvarez-
Ugarte et al. 1976; Fava-de-Moraes et al. 1979), we speculate that erythropoietin
production by peri-acinar cells of the salivary gland may contribute to Ni,S,-
induced erythropoietinemia (Solymoss and Jasmin 1978; Hopfer et al. 1979).

Rats are notably resistant to experimental arteriosclerosis. The present dis-
covery that ir injection of NizS, induces widespread arteriosclerotic lesions
in rats provides a new avenue to investigate the pathogenesis of arteriosclerosis.
Experiments are in progress to ascertain whether or not intravenous injection
of Ni3S; also induces arteriosclerotic lesions in rats. There are few published
studies of the effects of nickel compounds on blood vessels or lipid metabolism.
Kovach et al. (1980) and Rubanyi and Kovach (1980) found that iv administra-
tion of NiCl, to dogs increases coronary artery resistance, reduces coronary
blood flow, and depresses reactive dilatation of coronary vessels following epi-
sodes of myocardial ischemia. Clary (1975) observed that addition of NiCl,
to rats’ drinking water for 4 months produces hypocholesterolemia and hypotri-
glyceridemia. On the other hand, Manthur and Tandon (1979) observed that
parenteral administration of NiSO, to rats, daily for 2 weeks, causes hypercholes-
terolemia and hyperphospholipidemia. The arteriosclerotic lesions that were
induced by Ni;S, in the present study mimic the lesions that follow parenteral
or oral administration of homocysteine to various experimental animals (McCul-
ly and Ragsdale 1970; McCully and Wilson 1975; Harker et al. 1976; Hladovec
1979). Within 24 h, an iv injection of homocysteine produces widespread intimal
damage, endothelemia, increased vascular permeability, platelet sequestration,
and microthromboses. Mesangial cell hyperplasia is associated with arterioscle-
rosis in patients with hereditary enzymatic disorders of homocysteine metabolism
(McCully 1969). Studies are underway in our laboratory to contrast the arterial
lesions induced by Ni3S; and homocysteine in rats, and to explore the interrela-
tionships of nickel, methionine, and homocysteine metabolism that were sug-
gested many years ago by Griffith et al. (1942).
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