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IN-VITRO RESPONSE OF LYMPHOCYTE CULTURES EXPOSED TO RF RADIATION: 

PROGRESS REPORT ON FEASIBILITY AND DETERMINATION 

OF CRITICAL VARL\BLES 

Richard H. Lovely, Thomas J. Sparks and A.W. Guy 

A number of recent studies have shown that electromagnetic radiation 

in the RF band frequencies, as well as in the microwave range, can 

significantly affect the number of mitotic figures obtained in PHA

stimulated lymphocyte cell cultures whether the radiation exposure per 

se is carried out in-vivo [1][2], or in-vitro [2][3]. T~e in-vitro 

effects, however, have only been obtained with microwave and not RF band 

stimulation. Since only in-vivo effects had been obtained with RF band 

radiation at the time, it seemed highly des;Lrable to examine the effects 

of RF band electromagnetic radiation on in-vitro lymphocyte cell cultures 

and to do so in such a manner that the power deposition in the culture 

vessel could be quantitatively related to the absorbed power that might 

occur in man and laboratory animals. The specification of power deposition 

during in-vitro RF radiation seemed most likely to be achieved by the 

development of a standardized culture vessel with known absorption 

properties. Such a vessel would allow not only for precise quantitation 

of in-vitro power .deposition in our laboratory, but could also be employed 

for similar preparations in other laboratories studying electromagnetic 

radiation effects on lymphocyte (or other cell) cultures as well as 

suspended cells in general. The advantages of a standardized culture 

vessel for comparisons of research findings from different L.. ·atories 

should be obvious. 
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The research and development of the standardized culture vessel 

under the subject contract was the second task of the three major work 

efforts to be conducted and has been reported on to the sponsor elsewhere 
--~ 

[4]. Briefly, it can be indicated here that the research and development 

of the culture ring was a more formidable task than originally anticipated. 

Thus, the originally proposed time necessary to develop such an exposure 

vessel significantly underestimated the effort that finally eventuated. 

Since the completion of the culture ring was not finalized until the end 

of the time period allowed for the subject research contract, there was 

very little opportunity to employ the culture ring in the exposure of 

freshly obtained primate lymphocytes. 

Even though the. unexpected delays in finishing the standardized 

culture ring precluded carrying out the extensive work effort on cultured 

primate lymphocytes exposed to RF radiation, a number of milestones were 

nevertheless achieved which now places our laboratory in an excellent 

position to answer the original questions posed, as well as related 

questions dealing with microwave and RF band radiation effects on 

hematopoiesis. These achievements are described in the following 

paragraphs. 

A biological laboratory technician has been trained in the laboratory 

of Dr. Stanley Gartler (Genetics and Biochemistry) in the techniques of 

lymphocyte cell cultures. In addition, the requisite equipment and 

supplies necessary for lymphocyte culture work have been purchased and a 

base of operations has been established in Dr. Lovely's laboratories. 

Five monkeys (M. mulatta) housed in the Health Sciences vivarium complex 

are now being used as blood donors. 
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The initial work centered largely on growing non-radiated cultures 

so as to establish the best technique for the radiation work to eventually 

be done. For example, various media, mitogens, mitotic blocks, and 

hypotonic solutions have been used in combination with various size 

samples (ranging from micro-cultures to macro-cultures) to determine the 

best set of conditions that reliably produce the· lymphocyte cultures 

with a minimal amount of variance. In addition, whol~ blood as well as 

sedimented "plasma" has been compared to determine which w:i.11 give the 

highest yield. 

These parametric comparisons have yielded a set of values which 

seems most reliable in producing lymphocyte cell cultures with maximum 

replicability. The subset of techniques which seem to work best includes 

the use of 10 cc of whole blood drawn from one of the donor monkeys with 

a heparinizcd cyr:'. .1.gc. The blood is then centrif\lged at 600 RPM for 

2-5 min. periods and the "plasma" is removed. Media is added to the 

cell s~spension in a ratio of 4:1 and PHA-p is then added to the culture 

in a ratio of 50:1 (taken from a 50:1 stock dilution). The semi-open 

culture system is then placed in a co2 environment at 37°C- for 72 hr. 

and 3-4 hr. prior to the culture harvesting, colcemid (1 µg/ml concen

tration) is added (0.2 ml per culturej. Cultures are then harvested 

using a 0.075 molar KCl hypotonic, methanol-acidic acid fixative, and 

stained with giemsa. The baseline mitotic rate obtained from the 

procedure described above ranges from 1.5 to 2%. 

In May, 1975, while Dr. Frazer (USAFSAM) visited our laboratories, 

blood was drawn from two monkeys exposed to., radio frequency radiation 

and was cultured by the techniques described above. The two monkeys 
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were exposed twice to a magnetic field strength of 40 A/m for 30 sec. at 

a frequency of 143 MHz. Rectal temperatures taken before and after each 

of the two radiations indicated a mean increase of 1.2°C in one monkey 

and 0.5°C in the second monkey. In addition to the sample drawn following 

radio frequency radiation, a second 6-8 cc sample of blood was drawn and 

cultured 48 hr. after radiation, as well as a control sample of 6-8 cc 

of blood drawn immediately prior to radiation. Blood samples obtained 

from the two monkeys prior to radiation showed approximately 1.5% rate 

of mitotic activity (which is in agreement with our baselines obtained 

to date) while, on the other hand, samples drawn immediately or 48 hr. 

after radiation showed ·.£2. mitotic activity at all. 

These findings, obtained from the two monkeys described above, are 

interesting findings that have at least two possible explanations for 

their occurrence. The first possibility could l:~ that the effect of RF 

radiation (at the levels reported) was to totally suppress PHA-stimulated 

mitotic activity, which would be diametrically opposed to the findings 

of Prince, et al. [2]. An alternative explanation, and one which would 

accommodate the findings of Prince, et al., is that the effect of these 

particular exposures was to induce a phase-shift [5] in peak mitotic 

activity, i.e., metaphase has undergone a significant temporal shif, and 

to capture the mitotic figure change reported by Prince, et al., one 

must harvest and "colcemid-block" at a different point in time, e.g., 

96 hr., instead of 72 hr., as was done in these samples. 

The second interpretation proposed above was somewhat anticipated 

at the time of the original proposal which is why we proposed to harvest 

~:·- 4 
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all lymphocyte cell cultures on a time-dependent basis. More specific-

·ally, in the original proposal [6] the culture vessel to be developed 

was to consist of an rexo;Lite ring subdivided into several compartments 

from which cultured lymphocytes could be harvested every 8 hr. following 

RF radiation without disturbing the balance of the samples. However, 

the proposed design for the culture ring did not work out as originally 

proposed [6], and the culture vessel actually developed [4] consists of 

a single compartment stainless steel and teflon ring, which is interfaced 

with the RF source. This single compa.tment ring has necess~tated the 

adoption of a completely new experimental design wherein plasma stimulated 

with FHA is placed in the ring only for the duration of RF exposure. It 

is then removed and returned to a standard culture test tube for the 

remainder of the incubating period. 

v-.T11en the latte· (stainless steel) culture ring was finally developed, 

the first requisite for its continuous utilization was that it be compatible 

with lymphocyte cell cultures. Surprisingly, we encountered substantial 

difficulty growing su.ch cultures. After a number of attempts, which 

entailed FHA-stimulated plasma being placed in the culture ring for up 

to one hour before being placed in a standard culture test tube and 

incubated in a co2 environment, we wer~ finally able to determine that 

the culture ring was, in fact, compatible with lymphocytes in culture. 

The problems we had encountered, it turned out, were due to the extra 

time (between 40 min. to 1 hour) that the stainless steel ring's cultured 

cells were exposed to oxygen as were the non-irradiated culture ring 

control (both rings continuously failed to yield viable mitotic figures), 
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wh.en compared to the standard lymphocyte cultures which had been placed 

immediately in a CO2 environment following PHA stimulation. Subsequently, 

it was determined that if the total oxygenation time was reduced to 30 min., 

or less, viable lymphocyte cultures were obtained in the stainless steel 

and teflon ring. However, even these cultures appeared to have undergone 

a phase-shift such that peak mitotic activity occurred at 96 hr., while 

the control cultures (standards) do better at 72 hr. It is entirely 

possible that the ring-compatibility test cultures originally exposed 

for up to an hour (i.e., over-oxygenated) would have yielded mitotic 

figures if harvested at another point in time, e.g., 120-150 hr., since 

these cultures clearly went to metabolism and numerous blast cells were 

seen in these preparations. 

These interpretations were suggested by the following experiment. 

Blood plasma, drav.in from three monkeys, was divided equally into three 

sub-samples. One sample from each monkey was cultured by the standat·d 

cultur.e-tube procedure. A second sample was cultured in the stainless 

steel culture ring but was placed immediately in a CO 2 environment 

rather than going to the RF radiation source, while the third subset of 

samples were placed in a standard culture test tube but left outside the 

co
2 

environment for the period of t:i.me it typically took to irradiate a 

culture in the ring. Thus, the experiment treated one set of standard 

culture test tubes like the culture ring in terms of time out of the 

co
2

, while treating the culture rings like standard culture tubes by 

going directly to the co
2 

incubator. All samples were then harvested at 

97 hr. 

The results of this experiment were that the standard culture 

technique yielded 1.2% mitotic activity and those cells cultured in a 

6 



' co
2 

environment (but in a culture ring) yielded 0.9% mitotic activity, 

while the third set of cultures grown in standard culture tubes but 

allowed to remain outside the co2 environment for approximately ·40 min. 

showed 2.13% mitotic activity. While these mean differences appear to 

be small, an analysis variance indicated that they were marginally 

significant (F = 5.22, df = 2.5, .05 > p < 0.1). Exposure for as little 

as 40 min. to an oxygenated environment induces a significant phase 

shift in peak mitotic activity for cultured lymphocytes harvested at 

97 hr. The probable mechanism for the significant shift is a chan6e in 

Ph, i.e., increased acidity due to over-oxygenation. 

Subsequent studies conducted tangential to verifying the compati

bility of the stainless steel culture ring have by-and-large suggested 

three major parameters which will probably affect the metaphase time, 

i.e., phase-shift for oeak mitotic activity, art~ ti1ese factors are 1) Ph 

(acid-base relationshi.p), 2) environmental temperature during the first 

hour of PUA-stimulation, and 3) PHA itself (not only the amount, but 

that point in time relative to radiation at which the PHA is added). 

Since the standardized stainless steel culture ring has taken so 

much more time than originally anticipated, and since even the ring

lymphocyte interface compatability tests took well over a month, we have 

not been able to generate as much in-vitro data consequent to RF exposure 

as we would have like to. However, with the ring now finished, and with 

a better understanding of the relationship between metaphase time and 

the three critical variables outlined above (Ph,. temperature and PHA), 

we have been able to initiate the first RF exposure trials using the new 
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ring to expose cultured lymphocytes. 

The first such exposures.were conducted while this report was being 

prepared. The cultures were exposed to 30 MHz RF radiation at 5 V/cm 

for 20 min duration. A constant temperature circulator maintain~d the 

culture temperature between 36.1°C and 36.6°C in one sample, while in a 

second sample the temperature reached 41°C within 2 min. and 44°C within 

5 to 10 min. in response to RF exposure. In both cases, each lymphocyte. 

sample had two pair-matched controls - one incubated as the "standard" 

and one that had its access to the incubator (co2 and temperature

controlled environment) delayed the sane length of time as it took to 

process the sample undergoing RF irradiation. During this delay period, 

the co2-delay controls were maintained in a water bath at 37°C. 

The plasma sample exposed with the temperature maintained at 

36.5°C, unfortunately, yielded too few cells to ob+:ain any viable index 

of mitotic activity. The two pair-matched controls, harvested at 

72 hr. , yielded 1. 3% and O .7% mitotic indices. The lower value was for 

the water bath (CO2-delay) control. On the other hand, the sample that 

underwent a 7°C (to 43.8°C) temperature rise in about as many•minutes 

did yield viable cells and a mitotic index of 0.4% consequent to RF 

radiation. The two pair-matched controls yielded mitotic indices of 

0.7% and-0.2% for the standard and wat~r-bath (CO2-delay) control, 

respectively. All of the latter values were obtained following harvesting 

at 96 hr. While all the latter values are low (harvested at 96 hr.) 

relative to the first set of samples and our typical baseline of 1.5% -

2.0%, they do not appear to differ significantly from each other. 
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More importantly, these latter data suggest two obvious conclusions. 

First, that viable lymphocytes can be captured at metaphase when exposed 

to RF radiatio~ in the newly developed stainless steel culture ring 

reported on by Guy [4]. Secondly, it would appear from these data that 

exposure to 5 V/cm at 30 Mhz does not induce any significant change in 

mitotic activity - at least when harvested at 96 hr. It is, of course, 

conceivable that harvesting at some other point in time might yield 

significant differences between samples. 

During the current contract with the U.S. Air Force School of 

Aerospace Medicine, we will be continuing with our evaluation of RF 

exposure parameters on lymphocytes in culture, as well as expanding our 

effort to include RF exposure effects on immune sensitization in the rat 

following chronic (over 800 hours) irradiation. Finally, and as time 

permits, we will be initiating a series of studi~s employing iIIlil1uno

fluorescent techniques to evaluate lymphocyte responses to RF radiation. 

9 
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