
IMMUNOLOGIC AND HEMATOPOIETIC 
ALTERATIONS BY 2450 MHz RADIATION 

Previous published work has demonstrated changes in morphology 
(Huang, et al., 1977) and responsiveness of lymphocytes (Wiktor
Jedrzej czak et al., 1977) attributable to t.he electromagnetic radiation 
at 2450 MHz. Data from our laboratory have also revealed an inverted 
U-shaped relationship between the morphologic transformation of 
lymphocytes and po~er densities ranging from .5 to 45 mW/cm2 with no 
significant changes in rectal temperature of the test animals between 
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5 and 15 mW/cm2 (Huang et al., 1977). These findings stimulated further 
investigation in search of corroborative alterations in the immunologic 
system of these animals. 

BALB/c mice were exposed to 2450 MHz microwaves (con,tinuous wave) 
under far-field conditions in a temperature and humidity controlled 
environment. A biphasic modulation of responsiveness of spleen lymphocytes 
to mitogens (phytohemagglutinin, concanavalin A for T- and lipopolysaccharide 
from E. coli for B-lymphocytes) was observ_~d at power densities of 5 -
15 mW/cm2 with exposure for 30 min/day over a period of 1. to 17 days. 
In comparison to sham exposed mice, a depressed response was seen in the 
first 2 days of exposure, followed by normalizing tendency lasting for 
2-3 days. An enhanced response subsequently appeared beb~een 7 an~ 9 days. 
Extended period of radiation beyond 10 days was associated with a lower 
responsiveness to mitogens. An improvement of mitogen re~ponsiveness was 
observed after the removal of macrophages from spleen lymphocyte preparations. 
Addition of peritoneal macrophages from exposed mice suppressed unexposed 
spl~en lymphocyte responsiveness when macrophages from sham exposed mice did 
not. This modulated phenomenom may be due to the interaction of two factors: 
1) suppression of lymphocyte response by activated macrophages which persists 
throughout the entire course of radiation and 2) progressive direct 
stimulation of lymphocytes which culminates on the 9th day of exposure. 

Using methylcellulose as a culture system, colony forming precursor 
B lymphocytes in the spleens of animals exposed for 9 days, 30 min/day 
at 15 mW/cm2 of radiation were stimulated by 55% over B lymphocyte colonies 
from the spleens of sham exposed mice. This finding supports that of mitogen 
study and suggests a proliferative stimulation of lymphocytes by microwave 
radiation. Using the same exposure, the highly proliferative hematopoietic 
marrow cells from femurs of mice were also examined for tl1eir sensitivity 
to microwave radiation. The colony-forming units of myeloid and erythroid 
series from the exposed animals were consistently reduced by 50%. It is 
unclear whether the effect is due to marrow suppression or emigration of 
precursor cells from the marrow. This observation may lead to a new and more 
sensitive assay for studying biological effects of microwave radiation in the 
future. 
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Summary 

Previous published reports of altered lymphocyte morphology 
(Huang et al., 1977) and responsiveness (Wiktor-Jedrzej czak 
et al., 1977) prompted a more in-de:rth study of lymphocyte function. 
BALB/c mice were exposed to 2450 MHz microwaves (continuous wave) 
under far-field conditions in a temperature and humidity controlled 
environment. Lymphocytes were obtained from the spleen of exposed 
and sham exposed mice to determine their mitogen responsiveness. 

When responsiveness of spleen lymphocytes to T cell mitogens 
(phytohemagglutinin, concanavalin A) was examined, lymphocytes from 
irradiated animals demonstrated reduced or enhanced reactivity in 
cellular proliferation in contrasi to their concurrent controls. The 
altered reactivity depended upon ·the duration of radiation. In Fig. 
1 the response index of spleen lymphocytes from irradiated mice was 
expressed relative to that of sham exposed animals (normalized to 
100%) for each experiment and an average value calculated for all 
experiments with identical exposure time and power density. Data 
from all mitogens (phytohemagglutinin, concanavalin A and lipopoly
saccharide) were expressed in an identical manner. In comparison 
to the sham controls, 2 days (p=0.01) and 5 days of radiation at. 
15 mW/cm2 for 30 min. on each day reducedrthe responsiveness. The 
response in animals exposed for 4 and 7 days were not different from 
controls. Further radiation (9 days), on the contrary, caused an 
augmented response (p=0.07)~ In experiments with radiation for 
greater than 10 day durations, a trend toward normalization or even 
a subnormal response was noted at day 17. 

E. coli lipopolysaccharide (LPS) is known as a T cell independent 
mitogen for B cells. The responsiveness of lymphocytes from irradiated 
mice to this mitogen appeared to follow the pattern seen in their 
response to T cellmitogens (Fig. 2). Two days of radiation at 15 mW/cm2 
suppressed the response (p=0.05) while radiation duration from 5 to 9 
days gave an augmented response (p=0.0003) at 9 days. Prolonged 
radiation in a limited number of experiments for 10 and 17 days of 
radiation seemed to reduce the responsiveness. The same trend is seen 
with 5 mW/cm2. 

Since abundant evidence exists that macrophages can affect the 
response of lymphocytes to mitogens, we attempted to examine their 
role in the LPS response in our system. When macrophages were removed 
by carbonyl iron and gradient centrifugation, the response of remaining 
lymphocytes was improved by 66 and 67% for sham and irradiated animals, 
respectively. However, lymphocytes (free of macrophages)from irradiated 
animals continued to give an augmented response over those from sham 
controls. This observation strongly indicates that microwave radiation 
has a direct effect on the lymphocytes per se, and that endogenous 
macrophages in the spleen cell preparations have a suppressive effect on 
the mi.togen response. 

The study was extended to examine the effect of macrophages from 
the peritoneal cavity of sham and irradiated mice. Addition of peritoneal 
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macrophages from animals irradiated for 2 and 9 days at 15 mW/cm 
to spleen cells of unirradiated mice (endogenous macrophages were 
not removed) reduced the B cell response by 50% in comparison to the 
effect from addition of macrophages taken from unirradiated animals. 
We compared the peritoneal macrophages of mice irradiated for 9 days 
at 15 mW/cm2 with those of sham exposed animals and found increased 
spreading on a plastic surface and the ability· to ingest more latex 
particles in macrophages of exposed animals. These observations 
indicate possible activation of peritoneal macrophages in the animals 
studied. 

Since B lymphocytes after 9 days of radiation at 15 mW/cm2 gave 
a significant enh.ancement of response to .LPS, an attempt was made 
to see whether this exposure would have any effect on colony-forming 
B cells in semi-solid culture media (methylcellulose). Following 
exposure at 15 mW/cm2 for 9 days, we observed a higher number 
(52% increase) of B lymphocytes colonies from the spleens of 
irradiated animals. These colonies have be~n previously shown to 
originate from IgW lymphocytes. The findings of unchanged B cell 
differential (data not shown) but increased B cell colony growth 
suggest that microwave may have altered the i~ vitro proliferative 
ability rather than the number of B lymphocytes. · 

Hematopoietic cells are one of the m.9st highly proliferativ~ 
cells in the body of vertebrates. Their anatomical distribution 
is more widespread than the spleen and may reflect a more systemic 
response of the animals to microwave radiation. We examined the 
growth of erythroid and myeloid colonies in methylcellulose media. 
The number of colonies grown in vitro is proµortional to the number 
of progenitor cells present i;-the cultured sample of marrow. The 
technique has been in use since 1965 (Pluznik and Sachs) and subsequent 
modified into a more convenient methylcellulose method (Iscove et al., 
1974). 

We examined the colony growth of BFU-E's for early committed 
progenitors of erythropoiesis, and CFU-C's for colony-forning cells 
of the myeloid series. Nine days of microwave radiation was associated 
with a reduction in in vitro marrow colony growth in both erythroid 
and granulocyte-macrophage series. The reduction appears to be equal 
in both series, as seen in Table. 
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l>AYS Of IRRADIATION AT 2450 MHz, 15 mW/cdi2 x. 30 min. 

Fig. 1 Comparison of PHA and Con A responsiveness of spleen lympho
cytes from exposed (15 mW/cm2 x 30 min. per day) and sham 
exposed mice. 

The ordinate (with response index of sham animals normalized 
to 100%) represents the mean and standard error of relative 
response indices of concurrent exposed mice. 

mean = 

r_ response index of exposed mice of j_ndiv. study 
response index of sham exposed of indiv. study 

number of studies 

Total number of animals in each, duration of exposure is de
picted in Table 1. Four exposed mice and four sham exposed 
mice were used in each study. 
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Fig •. ·2. Comparison of LPS responsiveness of spleen lymphocytes from I 
exposed (15 mW/cm2) and sham exposed mice. 

Number of 
animals 

24 

24 

Exposure 
15 mW/cm2 

sham 

MW 

THE EFFECT OF MW IRRADIATION 
ON IN VITRO MARROW HEMATOPOIESIS 

ff of CFU-C 

· 112 + 8 

67 + 13 

% change 

-40% 
(p=0.01) 

!! of BFU-E 

103 + 3 

46 + 9 

% change 

-55% 
(p=0. 02) 
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