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Table 2 Lysozyme and oxidative metabolic (NBT test) activities in fractionated macrophages from rabbits exposed to

0-6 mg/m?® of Ni** as NiCl,. (Data are given as mean + SD).

Lysozyme activity

1g/10® macrophages

Nitroblue tetrazolium reduction*

Macrophages from fraction 2 09 + 0-4(n = 6)
Macrophages from fraction 3 1:0 + 0-5(n = 6)
Macrophages from fraction 4 17+ 1-0(n = 6)

At rest E coli stimulation

013 + 0-04 (n = 6) 032+ 012(n = 9)
020 + 0-09 (n = 8) 045 + 0-19(n = 8)
027 + 0-11 (n = 8) 0-60 + 0-21 (n = 8)

*Amount of formazan produced by 3 x 10° macrophages during 30 minutes, expressed as

from many of the rabbits exposed to nickel and from
one of the controls had a turbid or opaque appear-
ance. The number of cells lavaged from the lungs of
the control rabbits was 37 + 15 x 10° and from the
exposed rabbits, 95 + 40 x 10° (mean + SD).

After elutriation of the cells from the exposed rab-
bits the largest number of cells were found in fraction
4, fewer cells in fraction 3, and fewer still in fraction 2.
Fraction 1 contained surfactant structures and cell
debris. As the number of cells in fractions 2 and 3 was
often limited, all tests could not be performed for all
rabbits.

MORPHOLOGY
Table 1 shows the distribution of laminated inclu-
sions in the macrophages from the exposed rabbits

optical density.

and the controls. The control rabbit with turbid lung
lavage fluid had macrophages that clearly differed
from the other controls and from the macrophages of
the exposed rabbits. Dead cells and cell debris were
present in the lavage fluid from this rabbit. The per-
centages of macrophages with 0-3, 4-10, and > 10
laminated inclusions/cell profile were 68%, 18%, and
14% for this rabbit. These data are not included in
table 1.

Fraction 2 contained the highest proportion of
small macrophages which were similar in appearance
to the macrophages from the control rabbits. These
cells had 0-3 laminated inclusion profiles/cell profile
and the cell surface had moderate protrusions (fig 1)
(table 1). In fraction 3 there was a small increase in
the proportion of macrophages with a moderate num-

Fig3  Alveolar macrophage from fraction 4. Many lamellated inclusions (arrow) are present in cytoplasm and

surface lacks protrusions, x 5000.
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ber of laminated inclusions, 4-10 profiles/cell profile
(fig2), and in the proportion of macrophages with
many inclusions, 10 profiles/cell profile (fig 3) (table
1). Fraction 4 contained the highest percentage of
macrophages with laminated inclusions. Cells con-
taining a moderate and high number of laminated
inclusions were most frequent in this fraction. Cells
with closely packed laminated inclusions and lipid
droplets were rounded with a smooth surface (fig 3)
(table 1).

LYSOZYME AND NBT ACTIVITIES

Lysozyme activity in the lung lavage fluid and in the
macrophages was 5-5 + 2-3 (mean + SD) and 6-4 +
2-5 for the controls (n = 7), respectively, and 1-4 +
0-8 and 1-2 + 0-7 for the exposed rabbits (n = 8),
respectively. Both activities were significantly lower in
the nickel exposed animals than in the controls (p <
0-01) (table 2). If the control with the morphologically
changed macrophages is included the result is similar
and the level of significance unchanged. For the frac-
tionated macrophages from the exposed rabbits the
lowest activity was found in fraction 2 and the highest
in fraction 4. The activity in these two fractions
differed significantly (p < 0-05) (table 2).

In fractionated macrophages from the exposed rab-
bits the mean value of the NBT activity, both at rest
and during E coli stimulation, increased gradually
with the fraction number—that is, with the amount of
intracellular surfactant (table 2). The activity in the
macrophages from fraction 4 was significantly higher
than that in the macrophages from fraction 2 both at
rest and during E coli stimulation (p < 0-02 and
p < 0-05, respectively).

Discussion

The results show that the elutriation procedure is suit-
able for separating alveolar macrophages from nickel
exposed rabbits with respect to size and content of
surfactant inclusions. Macrophages from control
rabbits are fewer in number, contain few surfactant
inclusions, and are more equal in size.!* '3 In a pilot
study where control macrophages were separated by
elutriation most cells appeared in fractions 2 and 3
(unpublished data). Because of the small number of
cells in the other fractions an investigation, compara-
ble with that performed on macrophages from nickel
exposed rabbits, was not feasible. Earlier studies have
shown that inhalation exposure to nickel increases
NBT activity in macrophages’® 22 and that surfactant
material from nickel exposed rabbits increases the
NBT activity in vitro.!3 In this study the NBT values
correlated positively with the number of laminated
structures in the fractionated cells from the nickel
exposed rabbits. This finding supports the assump-

tion that the different amounts of laminated struc-
tures in the macrophages in the four fractions may be
used to study causal relations between increases in
surfactant material, induced by nickel exposure, and
effects on alveolar macrophages in vivo.

The lysozyme activity in lavage fluid and macro-
phages was greatly decreased in the nickel exposed
rabbits compared with the controls; this agrees with
earlier results.”® The decrease in lysozyme activity in
the fractionated cells was greatest in fraction 2,
whereas fraction 4, which contained the highest per-
centage of cells with many laminated inclusions,
showed the lowest decrease in lysozyme activity. This
indicates that the impairment of lysozyme activity is
not related to increased amounts of surfactant mate-
rial. Thus nickel probably exerts a-direct effect on the .
alveolar macrophages resulting in an impaired
lysozyme activity in the lungs.

We are grateful for skilful technical help from Ms
Kristina Nyberg. This study was supported by grants
from the Swedish Work Environment Foundation
and from the Swedish National Association against
Heart and Chest Diseases.
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