


was sampled twice, once after exposure to the field for 2 kV/m in the living space of each mouse in the exposure
days and once following a 2-day nonexposure period. assembly; the 60-Hz field in the control assembly was
essentially zero. Except for the fields, the environment of
TABLE 1. Calculated values of electric field and power ~ ©2¢h mouse was identical in all respects. ..
R R ___-]:J_J um‘fn aanapo On dav 1 of each experiment the mice were divided

+0.62  +0.54* 3.7 +3.4* +0.6 +0.7* +15 +1.1 +1.5 +1.2* +27  +1.9*
Female I F — nF (18) 6.41 6.15 37.1 35.4 119 114 57.6 56.9 18.6 18.7 32.3 327
+0.56  +0.72* £3.7 +4.8* +0.9 +0.8* +1.6 +1.5 +2.0 +1.5 +3.6 +3.2
nF — F (18) 6.41 6.00 37.1 34.6 11.6 11.2 57.5 57.2 18.2 18.9 315 330
+0.65 +0.71* +3.9 +5.9* +1.0 +0.6* +1.8 +29 +1.7 +1.9 +3.3 +4.3
Female II F — nF (20) 7.02 6.65 41.8 39.3 11.7 12.1 59.4 58.7 16.8 18.2 28.1 30.9
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TABLE 3. Percent change in hematologic parameters

MARINO ET AL.

Change, %
Experiment Condition
RBC Het Hb MCV MCH MCHC
A
Male control nF — nF 1.7 2.0 —4.5* 1.0 —6.2* —6.3*
Female control nF — nF 3.9* 4.1* -1.7 0.2 -5.0* —-5.1*
B
Male 1 F - nF —4.7* —5.1 NM 0 NM NM
nF - F —5.2* —4.9 NM 0.2 NM NM
Male II F— nF -9.0* —9.1* -3.3* 04 5.7 6.0*
nF - F —6.5* -7.0* —2.4* -0.7 3.9* 6.1*
Female 1 F — nF —4.1* —4.6* —4.2 -1.2 0.5 1.2
nF - F —-6.4* —-6.7* -3.4* —-0.5 3.8 4.8
Female 11 F - nF -5.3* —6.0* 3.4 —1.2*% 8.3* 10.0*
nF > F —7.1* -9.2* 3.5 -2.3* 11.0* 13.6*
A, no change in exposure conditions; B, change in exposure condition as indicated. NM, not measured. * P <0.05.
TABLE 4. Analysis of variance of parameters (@) F->nF
with time
Flinw
RBC Het Hb MCV ~ MCH  MCHC R
Male I 4.00* 3.39 NM 0.05 NM NM
Male II 65.36*  74.96* 13.39* 291  13.01*  17.21*
Female I 6.39* 5.42* 8.38* 2.46 0.94 1.76
Female II 13.25* 19.45* 5.59* 16.60* 21.45* 25.35% L{
Analysis of variance with treatment yielded no significant differ- o
ences. NM, not measured.  * P < 0.05. b= NoF (b) nF—>F
) o
made (1:67,600) for red blood cell concentration (RBC) >
and hematocrit (Hct) measurements. o
For Hb, hemoglobin iron was oxidized by ferricyanide 3 -
to form methemoglobin that was reacted with potassium <
cyanide in Drabkin’s reagent to form cyanomethemoglo- ~
bin. This product was measured optically at 540 nm with o [
a dual beam photometer, and the result was expressed as g
hemoglobin/100 ml blood. RBC and Hct were measured N (c) Both
via the detection of conductivity changes caused by the ° Conditions
nonconducting blood cells in the conducting medium. L
The changes were displayed as number of cells per cubic
millimeter of blood for RBC and percentage of whole
blood volume for Hct. Each parameter was measured L -
three times and the mean value for each animal was used
for all statistical analyses. Electric Fisld
Mean corpuscular volume (MCV) (in p®), mean cor- E ec m: ie
puscular hemoglobin (MCH) (in pg), and mean corpus- I 3 5
cular hemoglobin concentration (MCHC) (in %) were Days

computed. For statistical analysis these parameters were
treated as independent variables.

RESULTS AND DISCUSSION

We chose to obtain blood via the opthalmic vessels
because it was the least traumatic method by which each
mouse could be sampled twice within a 2-day period. But
it was still necessary, before applying the field, to deter-
mine the influence of the first blood collection procedure
on the values measured after the second such procedure.
We measured the blood parameters in two groups of
mice, one male and one female, under conditions that
were identical in all respects to those employed during
the field-exposure portion of the study. The method of

FIG. 1. Analysis of RBC results. a and b, Relationship between
treatment and RBC in each experiment; c, interpretation of results. Ny,
normal value. A similar analysis applies to HCT and computed indices.

blood collection had a tendency to produce higher RBC,
Hct, and MCV values and lower values of Hb, MCH, and
MCHC (Tables 2A and 3A).

The results obtained in connection with the application
of the electric field are shown in Tables 2B and 3B. In
each experiment, RBC on day 5 was significantly less
than on day 3 regardless of whether the interval between
days 3 and 5 was an exposure period or a nonexposure
period. A decline in Hct paralleled the RBC changes, but
Hb showed no consistent changes. MCV showed a tend-
ency to decrease, but the other computed indices both
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increased, since the cell loss overshadowed any decrease
in hemoglobin concentration.

The trends in the computed indices, and especially the
changes in RBC and Hct, were opposite to those induced
by our method of blood collection alone. It follows, there-
fore, that the applied electric field had a physiological
impact. The unique feature of the observed responses is
that, for each parameter, a change in the same direction
occurred with both the F — nF and nF — F groups. An
analysis of variance confirmed that in all four experi-
ments there was an effect associated with time but not
with the order of field application (Table 4). This indi-
cates that the animals responded to the change in their
electrical environment, not to the electric field itself.

A dose-effect relation is sometimes incorporated into
evaluations of specific ELF bioeffects (9). But such an
assumption is inapplicable to our results because the
observed effects were not due to the magnitude of the
field. The stress hypothesis, on the other hand, is con-
sistent with both our results and those of Phillips (10).
Taken together, the studies seem to indicate that field-
related changes in blood parameters are time dependent
and, at least for fields of 5-100 kV/m, that they reach
base line in 15-20 days—the expected result for stressed
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