
ml) were detected in approximately 0.75 
ml of medium removed from around the 
trophoblastic outgrowths of embryo 1 
between 216 and 288 hours after insemi- 
nation. If we assume that there were 500 
trophoblastic cells in this outgrowth, 
then each cell produced 4 mIU of p-hCG 
per 24 hours during this period; in vivo, 
each human trophoblastic cell produces 
14 mIU on day 10 and 0.7 mIU on day 
16 (7, 8). 

If plasma volume in an average female 
is 1600 ml, then the concentration of 
plasma p-hCG from the outgrowths of 
embryo 1 in vitro at 288 hours would 
have been 3.8 mIUiml, assuming no loss 
in vivo. This concentration is much low- 
er than expected; levels between 10 and 
30 mIUiml have been detected in plasma 
8 days after ovulation (9). Growth obvi- 
ously was arrested during development 
in vitro, affecting metabolism and secre- 
tion. The amount of hCG detected in the 
culture media may be less than the 
amounts secreted. Proteinases are pro- 
duced by mammalian blastocysts (10, 
I I ) ,  and proteinaceous substances se- 
creted by mouse blastocysts can be de- 
stroyed in the presence of embryos (12). 
More frequent sampling of the culture 
medium and the use of radiolabeled pre- 
cursors to study the turnover of secreted 
products are necessary to  accurately de- 
termine the amount of hCG synthesized 
by human embryos. At present, we do 
not know whether hCG is secreted by 
cytotrophoblasts or syncytioblasts in vi- 
tro. 

The secretion of hCG by implanting 
embryos can be delayed during pregnan- 
cy. It was not detected in the urine of 
some patients until 16 or 17 days after 
ovulation (13)-much later than in most 
pregnancies. This delay could arise 
through an arrest a t  implantation or a 
delay in the synthesis of hCG. Several of 
these patients have already delivered 
healthy babies. 
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Time-Varying Magnetic Fields: Effect on DNA Synthesis 

Abstract. Human jibroblasts have exhibited enhanced DNA synthesis when 
exposed to sinusoidally varying magnetic jields for a wide range of frequencies (15 
hertz to 4 kilohertz) and amplitudes (2.3 x to 5.6 x tesla). This effect, 
which is at maximum during the middle of the S phase of the cell cycle, appears to be 
independent of the time derivative of the magnetic field, suggesting an underlying 
mechanism other than Faraday's law. The threshold is estimated to be between 
0.5 x and 2.5 x lov5 tesla per second. These results bring into question the 
allegedly specijic magnetic wave shapes now used in therapeutic devices for bone 
nonunion. The range of magneticjield amplitudes tested encompass the geomagnet- 
ic jield, suggesting the possibility of mutagenic interactions directly arising from 
short-term changes in the earth's field. 

Most studies of the effect of static 
magnetic fields on living systems have 
yielded negative or inconsistent results 
(I);  the exception is studies of species 
that incorporate ferromagnetic materials 
as  geomagnetic sensory elements (2). 
Experiments on time-varying magnetic 
fields have been fewer and more difficult 
to interpret (3). A therapeutic technique 
for accelerating repair in bone nonunions 
that subjects the site to  a time-varying 
magnetic field (4) has achieved a mea- 
sure of acceptance in the clinical com- 
munity (5). However, the mechanism 
underlying this procudure is still largely 
unexplained, in part because the narrow 
and repetitive pulse shape of the wave 

Experiment 

0 Control A 

form, allegedly specific to the therapy, 
makes it difficult to perform and inter- 
pret in vitro cellular experiments (6). 

We sought to determine the effect of 
sinusoidally varying magnetic fields on 
DNA synthesis in cell culture, particu- 
larly the frequency and intensity re- 
sponse, if any. A pair of matched incuba- 
tors were fitted with modified Helmholtz 
coils (0.5 m, inside diameter; 0.25 m 
long), providing a horizontal magnetic 
field with an active field uniformity no 
less than 3 parts out of 17. Either could 
be an experimental o r  control (no field) 
unit. Periodically the roles were 
switched and, a t  other times, both were 
used simultaneously as  controls. An au- 

I I 

0 16 18 20 22 24 26 
lncubation time (hours) 

2,500 Lhi" I I 1 I Fig. 1 (left). ~ r i d a t e d  thymidine uptake (mean 
40 60 l o o  20 counts per minute r standard error) in human 

lncubation time (hours) foreskin fibroblastic cells exposed to a mag- 
netic field of amplitude 2.3  x T oscillating at 76 ? 4 Hz in the horizontal plane 
(experiment) and uptake in unexposed cells (control). Mean levels differ at P = 0.0001, as 
determined from the pooled variances. The ambient 60-Hz magnetic field in the area of the 
incubators was 5 1 x lo-' T,,,. Note that the approximate intensity of the geomagnetic field is 
5 x T. Fig. 2 (right). Mean ratios and standard errors of [3~]thymidine uptake in 
exposed cells to that in control cells for ten different combinations offrequencies and fields. The 
dotted line indicates the expected response if there is no effect due to a magnetic field. The peak 
at 20 hours corresponds to the middle of the S phase of the cell cycle. The dashed lines below 18 
and above 24 hours represent the expected, but inexact trends, in these data. 
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dio amplifier fed by a function generator 
supplied 0 to 1.0 root-mean-square am- 
pere to either coil, enabling us to gener- 
ate magnetic fields up to 1.0 x 
root-mean-square tesla (T,,,) at frequen- 
cies ranging from 15 Hz to 20 kHz. 

Two independent series o f  experi- 
ments were completed, both with human 
embryonic foreskin fibroblasts (7) as the 
test cell line. 

In the first series, one frequency 
(76 * 4 Hz) and one intensity (1.6 
x lo-' T,,,) were used for all runs. 
Cells were seeded into eight 96-well cul- 
ture plates (8) at densities o f  approxi- 
mately 1.0 x lo6 cells per milliliter, and 
the plates equally, but randomly, distrib- 
uted between the control and experimen- 
tal incubators. Following exposures o f  
24, 48, 72, and 96 hours, [3H]thymidine 
(9 )  was added to each well and the plates 
returned to their original incubators for 
18 hours, after which all cells were 
washed twice in isotonic saline and col- 
lected on a filter strip by an automated 
sample harvester (10). The strips were 
dried, and the individual filter disks cor- 
responding to each well were counted in 
a liquid scintillation counter. In 45 out o f  
48 paired plates, the amount o f  incorpo- 
rated thymidine was higher for cells ex- 
posed to the magnetic field (Fig. 1 ) .  

In the second set o f  experiments, the 
cell cultures in the experimental incuba- 
tor were subjected to various frequen- 
cies between 15 Hz and 4 kHz and 
to intensities between 1.6 x and 
4 x T,,,. Tritiated thymidine was 
added to the cell medium at the time o f  
seeding. The initial inoculation density 
was limited to 5 x lo4 cells per milliliter. 
Paired (24-well) plates (11) were re- 
moved from both incubators at various 
times during a 24-hour period. Cell expo- 
sure was limited to 24 hours following 
inoculation to enhance cell synchrony. 
Selection o f  plates was not random as it 
was in the first experiment; seeding and 
harvesting o f  these cells were arranged 
beforehand. Corresponding wells in both 
plates were sequentially seeded, collect- 
ed, and compared. In this manner, a 
fundamental data unit for a given fre- 
quency, intensity, and exposure time 
consisted o f  the ratio o f  thymidine up- 
take in an experimental well to that for a 
matched control. Averages o f  these unzts 
for all such pairs provided uptake ratios. 
Preliminary trials indicated that a peak in 
this ratio occurred after about 20 hours 
o f  exposure. Subsequent data collection 
was then restricted to four exposure 
times: 18, 20, 22, and 24 hours (Fig. 2). 

In separate experiments to determine 
cell growth as a function o f  time, the 
peak in uptake was found to correspond 

Fig. 3. The mean ra- 
3.0 

I 
tios (from Fig. 2) as a 
function of the prod- 
uct of frequency and 

A magnetic field intensi- 
A ty. Exposure times of 

A 20 hours (A) and 24 
A hours (0) are shown. 

A  A Q  
A Note the apparent 

0 n d  lack of variation in re- - - - - - - - - - - sponse for four orders 
of magnitude, indicat- 
ing that this interac- - tion is independent of 
the time derivative of 
magnetic field, aslat. 

o 2 -  The two upper lines 
0.1 1.0 10 l o o  1000 represent the mean 

VB,,, (HZ-T x 10-4) levels for the 20- and 
24-hour exposures, 
respectively. 

to the middle o f  the S phase o f  the cell 
cycle. Although the enhancement o f  thy- 
midine uptake was, on average, no great- 
er than 80 percent (Fig. 2 ) ,  ratios two and 
three times this occasionally resulted in 
individual experiments. Figure 3 shows, 
for two separate exposure times, the 
relative uptake as a function o f  the prod- 
uct o f  frequency v and root-mean-square 
field strength B (B,,,); this product is 
directly proportional to the time deriva- 
tive o f  the magnetic field. As such, the 
slopes o f  the lines plotted will test 
whether Faraday's law is implicated in 
the results. 

These experiments show that there is 
an interaction, albeit a subtle one (the 
results from Fig. 2 represent approxi- 
mately 100 trials), between time-varying 
magnetic fields and DNA synthesis. In- 
asmuch as our fields varied sinusoidally, 
some measure o f  doubt is introduced as 
to whether the particular wave shape 
now used to accelerate bone fusion is 
indeed as necessary as has been claimed. 
An alternative, though not a likely one, 
is that two separate cellular interactions 
occur at low-frequency magnetic fields. 

Although it is reasonable to suggest 
that Faraday's law is involved in induc- 
ing extracellular and intracellular cur- 
rents according to V x E = -aBiat 
(where E is the induced electric field and 
t the time), it should then follow that the 
observed response will scale as IdBi 
dtl = 2avB. The lack o f  such a response 
(Fig. 3) may mean that induced eddy 
currents do not play a role in this phe- 
nomenon, or it may indicate that the 
effect is a saturable phenomenon-for 
example, either a configurational effect 
or a self-limiting shift in the onset o f  the 
S phase. 

Our most interesting result relates to 
the magnitude o f  the magnetic intensities 
that were studied. The lowest level o f  
field strength that we used is at or below 

the intensity o f  the geomagnetic field 
(approximately 5 x lo-' T ) .  In survey- 
ing the experimental area, it was found 
(12) that the 60-Hz ambient field is only 
two orders o f  magnitude lower. W e  esti- 
mate the threshold for this effect to be 
vB,,, - 5 to 25 ~ T l s e c ,  close to the value 
reported (- 10 pTisec) (13) as interfering 
with normal chick embryo development. 
Therefore, care should be taken when 
studying cell culture that there are no 
perturbations from local 60-Hz magnetic 
fields, such as those resulting from fans, 
motors, and fluorescent lights in close 
proximity to the culture. 

Finally, we can also remark on the 
potentially mutagenic response that may 
accompany this phenomenon, i f  indeed 
chromosome replication is affected. This 
would constitute a new type o f  mutation- 
al force and perhaps could be used to 
explain, in a rather direct fashion, the 
interrupted speciation accompanying 
geomagnetic reversals (14). 
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Cardiac Atria of BIO 14.6 Hamsters Are 
Deficient in Natriuretic Factor 

Abstract. The hearts of 220-day-old hamsters of the BIO 14.6 strain are dejcient in 
atrial natriuretic factor; saline extracts of atria produce one-third the natriuretic and 
diuretic effects of extracts of atria from age-matched normal hamsters. BIO 14.6 
hamsters are known to develop congestive heart failure with edema when they are 
about 200 days old, and the venous congestion and edema are preventable by 
parabiosis with normal hamsters. The humoral mediator, the dejciency of which 
causes venous congestion and edema in BIO 14.6 hamsters, may be atrial natriuretic 
factor. 

The BIO 14.6 strain of Syrian ham- 
sters is subject to hereditary cardiomy- 
opathy (1-3). The cardiac degeneration 
results in decreased mechanical myocar- 
dial performance at  all ages (2) .  BIO 14.6 
hamsters develop congestive heart fail- 
ure with cardiac dilation and edema by 
about 200 days of age (1-3). Parabiosis of 
BIO 14.6 hamsters with normal hamsters 
prevents the development of venous 
congestion, heart failure, and edema but 
does not prevent the myocardial degen- 
eration (I). The life-span of the parabiot- 
ic BIO 14.6 hamsters is nearly tripled (I). 
These observations imply that BIO 14.6 
hamsters are deficient in a humoral me- 
diator, which is present in normal ham- 
sters and transmissible to BIO 14.6 ham- 
sters. They also imply that the humoral 

mediator increases the ability of the BIO 
14.6 animals to excrete salt and water; 
that is, the congestive heart failure and 
edema are not the result of cardiomyopa- 
thy per se, but, rather, the result of a 
deficient ability to excrete salt and wa- 
ter. 

Exogenous aldosterone causes in- 
creased renal sodium reabsorption in 
normal human subjects (4). The kidneys 
escape from the influence of aldosterone 
within a few days, however, and sodium 
excretion returns to normal (4). Aldos- 
terone also causes increased sodium re- 
absorption from the tubular fluid in 
sweat glands, but sweat glands d o  not 
escape (4, 5). Thus renal escape is not 
part of a general tachyphylaxis to aldos- 
terone; rather, renal escape seems to 

Fig. 1. Urine flow, sodium ex- 
cretion, and mean arterial 
pressure in one assay rat dur- 
ing administration of BIO 14.6 
and normal atrial extracts 
from pair 3 shown in Table 1. 
Each column represents the 
mean value for a 15-minute 
collection period. All collec- 
tion periods are shown 
through the termination of the 
assay. Abbreviation: MAP, 
mean arterial pressure. The 
extracts (0.2 ml) were injected 
intravenously at times indicat- 
ed by the arrows. E l 0  14.6 Normal 

Time (hours) 

represent activation of another mecha- 
nism that overrides the renal effect of 
aldosterone. The escape phenomenon 
has caused an intense search for a salt- 
losing hormone (6). But renal escape 
from the influence of aldosterone does 
not always occur, particularly not in 
human congestive heart failure (7). Hu- 
man patients with congestive heart fail- 
ure have elevated aldosterone concen- 
trations and retain sodium. It is possible 
that the edema and extracellular fluid 
volume expansion of congestive heart 
failure reflect a deficiency of the normal 
natriuretic-diuretic system, which ac- 
counts for the failure of the kidneys to 
escape from the influence of aldoste- 
rone. 

Since 1961 there has been a quest for a 
natriuretic hormone that could increase 
the renal excretion of salt and water (6). 
Natriuretic material (NM) has been ex- 
tracted from the blood and urine of a 
variety of species under a variety of 
circumstances (6, 8). Typically the con- 
centration of N M  is increased when the 
volume of blood or extracellular fluid is 
expanded experimentally (6, 9). Howev- 
er ,  no known tissue origin or physiologi- 
cal role has been found for this natriuret- 
ic substance in blood and urine (8). 

In 1956 Kisch (10) and in 1964 Jamie- 
son and Palade (11) described specific 
(protein) secretory granules in mammali- 
an cardiac myocytes in the atria, but not 
the ventricles. Twenty-five years passed 
before the observation was made that 
saline extracts of mammalian atria, but 
not ventricles, produce potent natriuret- 
ic and diuretic effects when injected in- 
travenously (12, 13). This material- 
atrial natriuretic factor (ANF) (14, 15)- 
is not identical to NM extracted from 
blood and urine: (i) A N F  has a molecular 
weight of about 5000 (16), and NM may 
be less than 1000 (8); (ii) A N F  is sensi- 
tive to protease (15, 17, la) ,  whereas NM 
may be relatively insensitive (8); and (iii) 
A N F  does not inhibit Na+- and K+- 
dependent adenosine triphosphatase 
(18), but NM does (8). Still, they may be 
part of the same system, much as  renin, 
angiotensin 11, and aldosterone are parts 
of a system for salt and water conserva- 
tion (19). 

We sought to  determine whether BIO 
14.6 hamsters are deficient in ANF. We 
speculated that failure to produce suffi- 
cient A N F  by the degenerating hearts of 
BIO 14.6 hamsters is the cause of inade- 
quate renal sodium and water excretion 
and of the syndrome of congestive heart 
failure. 

Fourteen BIO 14.6 hamsters 220 days 
old were sorted into seven pairs. Each 
pair was then paired with two age- 
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