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Blastogenesis of human petipheral blood Iymphoeyies stimulated i viere by non-specific mivogens (PHA.

CrnaA, PWM] upon exposare te extremzly low frequency HME has been studied, Lifferent frequencics

of square waveforms have been wsed. PHA-stimulation resulted in strong inhibitions as measured by

|I’H[thymidine incarporation. A frequency window {35} Hz) within which ConA-induced blastogencsis

wis significantly inhibited has been individuated, The mitogenic effact of PYWM was significantly aftected
only at 3 Hz. ’

Lymphocyte blastogenesiz

1. INTRODULCTION

Several invesligators have reported effects, hoth
inhibitory and stimulatory, produced by exposure
to EMFE on various parameters of cultured cells
[1,2]. PH]Noradrenaline release from PC12 cells is
stimulated by an inductively coupled 500-Hz EMF
with a magnitude comparable with certain
cholinergic stimuli in this system [3], Effects of low
EMF in cultures have been studied to test the
Lheonics on EMF electrochemical action [4], Their
main experimental model has been the frog red
blogd cell. Waveform and frequency-dependent
effects have been observed including a window
fromm 40-70 Hz  within  which cell de
differentiation was enhanced and owiside which it
was inhibited, In [5], the responses were examined
of cultured bone and bone cell;_‘to hormones thar
gither do or do not appear to act primarily via
plasma memhbrane receptors in the presence of
EMF. The specific inhibition of collagen symthesis
by parathyroid hormone was blocked by treatment

Abbrevigtions: PHA, phytohaemagehtinin; ConA,
concanavalin A; PWM, pokewesd mitogen; EMF, clee-
iromegnetic feld

Mitpgeric wctivity

Electromaguetic fiefd

of these ceHs cultured in vilro with an EMF.
However, the fields did nat block the effects on
collagen synthesis of 1,25-dihvdroxy vitamin Dy, a
hormone that apparently acts via a ¢yteplasmic
rather than & membrane reeeptar. The effects of
60-Hz electric figld on specific humoral and
cellular components of the immune system in yivo
exhibited ne significant difference from controls
[&].

Stimulated by these findings and the wide varie-
ty of effacts reported in other biological systems
[7,10], we have tried to establish a model system
for studving the effects of low EMFi. Assuming
IME effects on ionic fluxes [8], and Lunsldenng
the prominent rale of caloingrin 1
liferation, we have stydietl flae influence of EMF at
different freguencies on blastogenesis of buman
peripheral hlood lymphocytes stimulated in virro
by mitogenle plant lectins.

2, MATERTATLSE AND METHODS

2.1, Prepargtion of [ymphocyte cuftures

Humean peripberal blood lymphocytes were
purified frerm heparinized venous blood of healthy
young adult donors 1aking no medications for at
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least 2 weeks, by depsity gradisnt centrifugation on
Ficoll-Hypague ax in [9]. The celis were washed 3
times and suspended in RFMI 1540 supplemented
with 2% 1U/ml penicillin, .25 mg/ml  srep-
tomyein, 2 mM  T-glutamine, and 10%  Foctal
bovine serum. The cells were cultured at 2 » 10°
cells/0.2 ml in guinruplicate in microtiter plares
(Faleon) in the presence or absence of mitogen
{PHA-P, Difco, 20 xg/ml; ConA, Calbiochen,
5 pedml; PWM, Calbiochem, 1:258 dilution of
stock solurion).

2.2, Expusure to EMF

The EMF was generated by passing a current
through a pair of coneentric %66-tum coily, 10 em
radius, separated by 2 ¢m. The device in question
was wired in parallel 1o a pulse generaror which
gave train of pulses of variable form and intensity.

In this set of experiments sguere pulses wilh fre-
gueneics of 1, 3, 50 and 200 Hz ware used. The
penerated field had intensilies of 23—65 G. The
wuvcform of current passing in the colls was only
weakly soroothed due (o the inductance of the fwo
coil systern (249 mH). The calculated sddy current
densities were =10 maA ., m™ induclng an electric
field of 0.1-1 ¥.m~!, The magnitude of the EMF
was checked by using a Hall-effect probe and an
associated Qauss ineter. The lemperature between
the coils was measured with a digital thermomerar,
The coils were placed in a tissue cuiture Ineubator
held at 37°C while the pulse generator unit was
outside the incubator. The cells were cxposed o
EMF in the wells of 2 microtiter plate. Only those
wlls were used which showed an EMF homogenei-
ty better than 1% whean placed in the central space
hetween the colls. Some experiments werc con-

Table |

(*H) Thymidine incorporation [(cpm + SD) ¥ 1077 in human lymphoeytes stimulated by PHA, ConA, or PWM after exposure
tir EMF at diffcrent froguencics during the whole incubation time (72 h)

© Exp. Mitogen EMF (] Hz) EMF (3 Hz) EMF (50 Hz) EMF (200 Hz)
ng. — N — N — N — N
1 1.9+ 0.4 174 (L3 1.4+ 0.3 1.2+ 05 1.74 0.8 1.0+ (2 1.3+ 0.7 0.9+ 0.8
2 .22 0.3 16x 0.5 42+ 02 35z 1.5 1.1+ 02 1.1+ @2 e 09 44z 11
k! - 330 1.0 564 09 L5 DR DT4 00 Sldbd: 3 BB+ 1 11+ 11 29+ 11
4 1.5 0.6 06x 0.1 07+ 02 02z 01
5 2.2+ 0.7 i+ LE
1 1537 6.9 Ti44 94 14003+ &7 5051129 10L64 A0 ASE AR 15064 6.6 6104 0%
2 148, 7+£13.7 779154 1324127 4292108 166.7x10.207.3% 7.7 150.0=x14.9 1155 9.2
k| I"Ha 1AT3 0143 8191 &2 1148+t 3.5 4361 6.7 BLAD LD 314 7.0 15424 11.1 112.74:15.2
4 11959159 585185 973110477+ 6.4
5 12000+ 13,5 7244120
1 06,1 +16.5 9044 156 13234197 7224104  H4.%9+ 77439+ 86 603+ 1.2 %645+ 3.4
2 gp0x 6.2 TPOx154 W7.7x 25 602109 122510068590 53 1297+ 53 1191 5.9
1 Cona 182,310 138 17144 142 6.3 1 1.7 5484 109 AR I+ IRT 400+ 31 121.5+15.6 1152+ RBY
4 2.0 93 5551l Bd4dzx 50453z 1.1
b 6l.3+ 7.7 251+ 94
1 Q7% 16T A7T.91 52 10041 4.0 E50414.7 5714 148434 2% TEA1L13,7T 6R2x 9.7
z 1079+ 995 914125 343+ 89 61.3f 23 6691264891122 1008% 5.5 853+ 9.6
3 W 1277 1:12.2 13044 112 13024 164 4154 17.7 5. 74 1R4 485~ 5.2 Hl.6+142 TT.3x 1.7
4 121.6+£13,2 72.4+11.1 524+ 5950,1=- 9.8
5 1097+ 93 774121

—, 1o field; +, field
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ducted by exposing the lymphocytc cultures 1o
EMF during the wheole incubation time (72 h).
Other experiments were instead performed by cx-
poaitg the cells to EMF at different times of the in-
cubation. In all experiments, [*H]thymidine
(25 Ci/mmol) was added to a fingl 2 xCi/ml, 6 h
before the end of the incubaiion. Al the end of the
culture the cell viability was evalvatad by Irypun
blue sxclusion and it was always over 90% both
field off and ficld on. Mo appreciable difference in
rH between the cultures incubsted without or with
field was detectable as measured with a digital pH-
merer, At the end of incubation the cells were
harvested with glass flber filters uwsing a
semiantomatic multiple sample precipitator, air
dried and the radicactivity was determined with a2
F-counter. Significance of the results was analyzed
by Student’s f-test.
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3, RESULTS

3.1, hxposure Yo EAF for 72 A

Table 1 shows the values of thymidine lncor-
poration  into normal  human  lymphocytes
stimulated by PHA, ConA, or PWh after an ex-
pasure for 72 h to EMT at different frequencies.
Mitogenic effect of PHA Is markedly reduced by
exposure to 1 H:-EMF (p < (L.01), while Cona-
and PWM-action is not alfected by this field fre-
quency. Tt appears instead that lymphocyte
blaslogengsis induged by all 3 mitogens is strongly
mhibited after exposure to 3 He-EMF {p < 0,01).
A 50 Hz-EMF 13 abie to decrease the lymphocyte
mitogenesis induced by PIIA or Cond, but not
that induced by FWML, At 200 Hz-EMF only Lhe
stimulating effect of PHA appears significantly in-
hibited (p < 0.01).
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Fig.1. PH]Thymidine incorporation in human lymphocytes stimulated by PHA, Cona, or FW™M after sharrer axpsuTe

to 3 Hz-EMTF.
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