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ABSTRACT

To evaluate the cytotoxicity of cadmium compounds, this study was conducted to measure the in vitro magnetometry,

' LDH release and cellular apoptosis using alveolar macrophages of hamsters. A series of magnetometric measurements
in cadmium-added groups showed a significant dose-dependent decay of the relaxation curves. The LDH release rates
showed a dose-dependently increasing tendency as the dose gradually increased. The positive rates of apoptosis were

significantly higher in cadmium-added groups than the control groups. Conclusively, the cytotoxicity increased in a dose |
dependent way as the concentration of cadmium added increased, which was reflected in the decay of relaxation curve

in magnetometry, and increased LDH release rate and positive rate of apoptosis.
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1. Introduction a wide variety of toxic chemicals are being used, but the

evaluation of their toxicity has not been sufficiently
With increasing developments in the industry of Korea, clarified. Thus, it is acknowledged that the evaluation: of
safety standards of various chemicals used in Workplaces

fCorresponding author : Department of Preventive need to be required. P
Medicine and Public Health, College of Medicine, Most of the chemicals to which we are exposed enter
%;?n()gjlgfgglg?ég)gg ,1 gﬁf%ﬁlzt_ysg}%m the interior of the body through the airways, and these are
E-mail: choyc@cnu.ac.kr very likely to be processed by the alveolar macrophages
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with phagocytic capabilities. Thus, the evaluation of their
effect on the alveolar macrophages is estimated to be one
of effective ways to screen for environmental hazards of
* chemical substances. The cadmium is a noxious heavy
metal which invades the interior of the worker's body
through airways in the form of dust and its compounds,
and causes various symptoms resulting from acute and
chronic poisoning.

The currently attention-getting magnetometry initiated
by Cohen(1973)" is the method to evaluate the influence
of chemicals on the body making use of alveolar
rhacrophages. It allows the magnetic field to be serially
measured and plotted over time after external magnetization
of magnetic particles retained in the lungs.

The phenomenon that the remanent magnetic field
decreases rapidly just at the end of magnetization is
designated as “relaxation” and this is caused by random

rotation of phagocytosed iron oxide particles which have

aligned in response to an external magnetic field in

macrophages. Gehr et al(1983)%, Valberg(1984)Y, and
Brain et al.(1984)” have found that after intratracheal

instillation of iron oxide suspension, consistent magneti-

zation of oxide particles in the lungs was achieved by
application of a 500 G magnetic field and was followed by
relaxation, a rapid decrease of remanent magnetic field.
Valberg et al.(1987)% stated that relaxation is observed as
phagosomes which have engulfed phagocytosed iron
oxide particles by encircling, are randomly rotated by
cytoskeletions. In Japan, Kotani et al.(1981)® first applied
the magnetometry to the evaluation of the amount of dust
retained in the lungs of dust workers and Nakadate et
al.(1996)" evaluated the relation between the magnetometry
and pulmonary function of welders.

While the enzyme release assays or morphological
examinations have classically been used for evaluation of
cytotoxicity, the magnetometry, an epochal method in the
evaluation of alveolar cytotoxicity was developed by
Aizawa et al.(1996)®. To screen for the effects of noxious
chemicals on the body, they exposed alveolar macrophages
obtained from lavage fluid of a smaller animal's airways,
to iron oxide as the in vitro index of cellular magnetometry
and the chemical as the sample of cytotoxicity, and serially
measured the remanent magnetic field after external
magpetization. They, thereby, used the degree of relaxation
as the index for evaluating cytotoxicity and validated its

effectiveness.

The magnetometirc evaluation of cytotoxicity in
alveolar macrophages have been widely tried for other
chemicals such as welding fumes (Yagami et al., 1987)°,
iron dust retained in the lungs (Brain ez al., 1988)19, GaAs
compound (Karube et al., 1996)'", limestone powder
(Okada et al., 1996)'2, and substitue fiber for asbestos
(Karube et al., 1997)", but to date a study focusing on a
heavy metal has not been tried. Thus, to evaluate the
celluar toxicity of alveolar macrophages, this study was
designed to make magnetometry of cadmium compound,
one of noxious heavy metals in various workplaces and to
compare the results with LDH release rates as biochemical
parameters and cellular changes including apoptosis.

II. Materials and Methods

1. Materials

Ferrosoferric oxide (Fe;0,) was used as the index of
cellular magnetometry (Toda Industry Inc., Japan) and
Cadmium chloride (CdCl,) as a sample of the cellular
toxicity (Junsei Chemical Co., Japan), which was finely
pulverized in an agate ball mill and the powder was sieved
manually through a 38 pm mesh microsieve. These
materials werewell mixed with pH 7.4 phosphate buffered
saline (PBS) by a ultrasound generator for 20 minutes and
their supernatants were removed after 10 minutes of
centrifugation at 1,800 rpm. They were mixed up together
with additional PBS and final materials were obtained.

2. Collection of alveolar macrophages

Male Syrian golden hamsters weighing about 100 g
were anesthetized by intraabdominal nembutal injections
(3 mi/kg). The animals were bled to death by incision of
aorta. The lungs were collapsed by incision of diaphragm.
After revealing the trachea, 3 m/ of pH 7.4 PBS with 0.1%
EDTA filtered by Millipore filter, was instilled to each
hamster through the intratracheally inserted silicon catheter
and the lavage fluid was withdrawn. Eagle's minimum
essential medium (MEM, Nissui Pharmaceutical Co.) with
10% fetal bovine serum (FBS, Gibco) was poured into each
well with a cell disk at the bottom. Approximately the
number of alveolar macrophges were 6 millions per
animal as a result of calculation by a blood cell calculator
usingsome part of the above materialafter stained by
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Fig. 1. Magnetometric apparatus. Macrophages adhering to the
disk at the bottom of the glass tube are magnetized at 70
mT for 10 milliseconds by the magnetizer. After the
cessation of external magnetization, the stage rotates by
the motor. The remanent magnetic field strength(RMF)
is measured every six seconds by the fluxgate
magnetometer with the probe and recorded by the pen-
recorder. The temperature inside the shield is kept at
37°C by the heater.

trypan blue.

3. Cellular magnetometry

One m! of minimum essential medium with 10% FBS
containing 10° cells was poured into each well (Nunc.Co.,
Denmark) with a cell disk at the bottom. 60 g of Fe;O, as
the index of cellular magnetometry were added to ail wells
of both experimental and control group ‘in. the
magnetometry. Each 50 ul of 1, 25 and 50 pg/m!/ of CdCl,
were added as experimental group and 50 W of pH 7.4
PBS was added as control group. Then they were
incubated overnight in the 5% CO, incubator at 37°C.and
moved to a glass tube containing one m! of minimum
essential medium with 10% FBS. Macrophages adhered
to the disk at the bottom of the glass tube were magnetized
at 70 mT for 10 msec by the magnetizer (Magnetoscope,
Institute Dr. Foerster, Germany). After the cessation of
external magnetization, the sample stage within the
magnetic shield of the magnetometric apparatus is
designed to rotate by the motor. The remanent magnetic
field strength was measured by a magnetometer every six
seconds for 20 minutes and was simultaneously recorded
by the pen recorder. The temperature inside the shield is
kept at 37°C by the heater (Fig. 1). A two-minute period of
relaxation was fitted to the exponential function B =B,
exp(-At) where B is the remanent field strength at time t,

Bo the field strength at time t =0, and A the relaxatién rate
(decay constant ) for 2 min, and t the time at the end of

magnetization (Brain et al., 1984)".

4. LDHassay

One m/ of minimum essential medium with 10% FBS
containing 10° cells was poured into each well (Nunc Co.,
Denmark) with a cell disk at the bottom and they were
incubated overnight in the 5% CO, incubator at 37°C. The
medium in the well was taken out and they were v%/ashed
two times with pH 7.2 washing fluid. One m/ of minmal
essential medium with 2% bovine serum albumin was
poured into each well. After exposure of alveolar
macrophages to chemicals as previously, the wells were
incubated for 3 hours in the 5% CO, incubator at 37°C,
and they were centrifuged at 1400 rpm for 10 minutes and
50 wl of their supematant solution was applied to' LDH-
UV test kits (Wako Pure Chemical Inc., Japan) to measure
a decrease in absorption for two minutes: by
spectrophotometer (Hitach Co. U-3000, Japaﬁ). To
measure total LDH activity 50 p/ of Triton X-100 were
added to control group with only PBS added and they
were installed at room temperature to allow cell
degeneration. Following Wroblewski-LaDue's method
(1955, LDH activity of alveolar macrophages were
obtained by the following equation. !

LDH release rate (%)=[LDH activity of each
experimental group - LDH activity of control group]/[total
LDH activity - LDH activity of control group] X:100!

!

5. Apoptosis :

The cells with positive signals of apoptosis in cultured
cells were assessed by TUNEL (TdT-mediated :dUTP—
biotin nick end labeling) using Apop Tag Plus In' Situ
Apoptosis Detection Kit (Oncor Co., MD, USA). After
washing with PBS solution cultured alveolar macrophages
exposed to chemicals as previously and those cultured in
control group, they were fixed with 4% paraformaldehyde
for 30 minutes, and they were washed again with PBS
solution. They were processed with 0.1% Triton X-100 in
ice for 2 minutes and installed for 60 minutes in the
incubator at 37 after addition of 50 w of TUNEL mixture.
After taking out TUNEL solution, they were depos;ited‘ in
TBE (Tris/Borate/EDTA) buffer(l X) for 5 minutes to
cease the reaction, and washed with PBS solution three
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times. 50 ul of converter-AP (anti-fluorescein antibody,
conjugated with alkaline phosphatase) was poured into
each well and they were installed for 20 minutes in the
incubator at 37°C. Additionally 100 m! of substrate
solution including Buffer INI(100 mM tris HCI + 100 mM
NaCl + 100 mM MgCl,) and 200 m/ of NBT/X-phosphate
(BCIP) was poured and installed for 10 minutes at room
temperature, and subsequently washed three times. They
were counter-stained with methyl green for light
microscopy( X200). The cells were determined to be
positive when their nuclei were stained to be brown, and
the positive rate was calculated according to the number of
apoptosis per 100 cells.

6. Statistical analysis

The results were expressed as mean £ S.E. from seven
animals in each group. The statistical differences among
group means were determined using one-way or two-way
analysis of variance, and Scheffe's method.

III. Results and Discussions

1. Magnetometry

The serial measurements of the remanent magnetic field
for 20 minutes after the cessation of the external
magnetization revealed that relaxation curves of the
experimental group were significantly delayed compared
to the controls on the basis of setting the remanent
magnetic field strength just at the end of magnetization as
100% (p<0.001). Among the experimental group with
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Fig. 2. Relaxation curves in the alveolar macrophages exposed
in vitro to various doses of CdCl, and PBS as control.
The normalized percent means of the remanent
magnetic field strength(RMF) from seven hamsters are
plotted as the initial RMF as 100%.

3.8

Decay constant 10°/S

0.62¢+

PBS od 1, cd 25 m od 50 mg

Cadmlum Chloride

Fig.3.Decay constant for the first two minutes after
magnetization, Decay constant(A) is an initial relaxation
rate calculated by the equation B=B exp(-At). Asterisks
indicate the significant differences from PBS group as
follows; ***: P<(.001.

CdCl, added, 25 pg- and 50 pg-exposed group showed a
delay of relaxation compared with 1 pg-exposed group but
a dose-dependent delay of relaxation was not observed
between 25 pg-and 50 pg-exposed groups (Fig. 2).

A significant decrease in the decay constant for the first
two minutes of relaxation was observed in 25 pg- and 50
ug-exposed groups compared with the controls (p<0.001),
but not observed between the l-exposed group and the
controls (p>0.05)(Fig. 3).

The magnetometry has been said to be able to be used
as one of experimental methods to screen for cytotoxicity
of noxious chemicals by observing the appearance or
absence of relaxation, which allows us not just to ascertain
whether the cell is dead or not, but to confirm whether
alveolar macrophages maintains their unique ability of
phagocytosis or not. But any direct comparison can't be
made on the results of the present study with those of
other existing reports to date because of few studies
performed on magentometirc evaluation of cytotoxicity
macrophages by cadmium compound. But trial of the
magnetometric method for other various chemicals such
as welding fume(Nakadate et al, 1996)”, iron dust(Brain
et al, 1988)"Y, asbestos(Cohen et al, 1981; Stroink et al,
1981)>'9, silica(Aizawa et al, 19917, and gallium
arsenide(Aizawa ef al, 1993)™® has demonstrated a dose-
dependent delay of relaxation after the cessation of
external magnetization. This study results also showed
that relaxation decreased with a dose-dependent tendency

Korean Journal of Environmental Health Society, Vol. 26(4)



In Vitro Magnetometry, LDH Activity and Apoptosisas Indices of Cytotoxicity in Alveolar Macrophages... 119

PBS cd1m od 25 mg cd 50 i

LDH relase (%}
3

Cadmium Chiloride

Fig. 4. Mean lactic dehydrogenase(LDH) release rates in the
alveolar macrophages exposed in vitro to various doses
of CdCl,, and PBS as control. The LDH releases rate
(%) was calculated by the following equation: [LDH
from each experimental group— LDH from control
(PBS) group)/[total LDH-LDH from control group] X
100.

in the experimental groups in which cadmium was added
compared with the control group. But there was no
significant difference in the relaxation decay between 25
pg- and 50 pg-exposed group. There was a significant
decrease in the decay constant for the first two minutes of
relaxation in the experimental group compared with the
controls, but a significant difference was not found
between 25 Ug- and 50 pg-added group. Thus the addition
of greater than 25 ug of cadmium did not further result in
a dose-dependent decay of relaxation presumably because
they. have already been in the far advanced state of cellular
degeneration and destruction.

2. LDH activity

Each of the experimental groups with various doses of
CdCl, added showed the increase in LDH activity while
the PBS-added control group 0%. The LDH activities in 1
ug-, 25 pg- and 50 pg-added group were 10.71%, 27.21%,
and 42.98%, respectively and showed a dose-dependent
increasing tendency as the dose gradually increased (Fig. 4).

The measurement of LDH release in the cytoplasms of
alveolar macrophages can be a good indication of
cytotoxicity (Raymond et al, 1982)". The destruction of
cell membranes and subsequent changes in their
permeability caused by noxious chemicals including

cadmium account for LDH release and a decay of
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Fig. 5. Mean positive rates of apoptosis in the alveolar
macrophages exposed in vitro to various doses of
CdCl,, and PBS as control. Data are means®
SE.(n=7). ***p<0.001: compared with the apoptotic
cell count in control group. b

relaxation curve by the magnetometry. The more of:LDH
release means the greater cytotoxicity. The LDH release
and a relaxation decrease reflecting the cellular des@cﬁon
and dysfunction of cytoskeleton, have also been observed
in the study with GaAs compound as a sample of
cytotoxicity(Aizawa ef al, 1993)'®. Waseem et al(1993)™
reported that the addition of CdCl, in doses ranging from
0.04 mM to 1.0 mM in alveolar macrophages of in vitro
experiment, markedly increased LDH release compared
with that obtained by the addition of the same amount of
Nickel chloride, and Koizumi et al(1996)2 noticed. the
degeneration of plasma membranes of rat hepatocytes
under theconcentration of 50 microM of cadmium.
Further studies on the cytotoxcity need to be performed
based on the various concentrations of cadmium. ; |

3. Cellular apoptosis C :

The positive rates of apoptosis in 1 pg, 25 pg and 50 pg-
added groups were 15.3%, 62.9% and 69.7%, respectively,
and each of which was higher than that of the control
group (9.1%) with a statistically significant difference
except for 1 pg-added group (p<0.001)(Fig. 5). . |

The ideal method for evaluating cellular apoptosis is the
observation of DNA laddering using electrophoresis but
this has the limitation in the observation of apoptosis
localized to the specific cells of the tissue (Tian et al,
199122, On the other hand, the recently- developed
TUNEL method could overcome this limitation and made
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possible the observation of apoptosis even in the relatively
early stage. In this study, TUNEL staining method
confirming DNA segmentation by DNase has been used.

The positive rates of apoptosis in 1 [g-, 25 ug-and 50
pg-exposed groups were 15.3%, 69.2% and 69.7%,
respectively, in contrast to 9.1% in the control group, and
there was a dose-dependent increasing tendency in the
positive rates of apoptosis. Especially 25 pg- and 50 pig-
exposed groups\ showed significantly high positive rates of
apoptosis compared with the control.

Conclusively, the cadmium-exposed alveolar macrophages
showed statistically significant values in the magnetometry,
LDH release and positive rate of apoptosis compared with
the control group. The cytotoxicity increased in a dose-
dependent way as the concentration of added cadmium
increased and a decay of relaxation curve after external
magnetization was observed especially over 25 ug/ml of
cadmium concentration.

IV. Conclusions

To evaluate the cytotoxicity of Cadmium compounds,
one of noxious chemicals used in various workplaces,
magnetometry, LDH release, and cellular apoptosis of in
vitro alveolar macrophages of hamsters were measured.
By magnetometric evaluation, the relaxation curve decayed
in each of the exposed groups ( 1 pg-, 25 pg- and 50 ug of
cadmium -exposed ) in contrast to the control group.
Among the exposed groups, 25 ug- and 50 pg-exposed
group showed a significant delay of relaxation curve
compared with the 1 pg-exposed but there was no
intergroup difference between 25 ug- and 50 pg-exposed
group, which indicated the loss of a dose-dependent delay
of relaxation curves in the concentration of above 25 ug.
A significant decrease in the decay constant for the first
two minutes of relaxation with a high dose-dependent
tendency was observed in 25 pg- and 50 pg-exposed
groups compared with the controls but a significant
decrease was not observed between the 1-added group and
the control. The LDH release rates in 1 ug-, 25 plg- and 50
ug-added group were 10.71%, 27.21%, and 42.98%,
respectively and showed a dose-dependent increasing
tendency as the dose gradually increased. The positive
rates of apoptosis in 1 ug-, 25 pg- and 50 pg-exposed
group were 15.3%, 69.2% and 69.7%, respectively, in

contrast to 9.1% in the control group, and especially 25
pg- and 50 pg-exposed groups showed a significantly high
positive rate of apoptosis compared with the control.

Conclusively, the cytotoxicity increased in a dose
dependent way as the concentration of cadmium added
increased, which was reflected in the increase in
magnetometry, LDH release rate, positive rate of apoptosis,
and it was suggested that cytotoxicity was very significant
in the concentration of above 25 Ug.
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