
ognized. Analysis of human serums from 
150 individuals in contact with cattle ei- 
ther as a result of working in slaughter- 
houses, or on dairy farms, has revealed 
no detectable antibody to BLV p24. 

The incidence of bovine lymphosar- 
coma is currently estimated as around 20 
per 100,000 for dairy cattle, and some- 
what lower for beef cattle (6). Several 
countries have undertaken leukosis erad- 
ication campaigns or have attempted to 
eliminate the importation of cattle and se- 
men from any but leukosis-free herds (7). 
This is primarily because of evidence 
that BLV can be spread horizontally (6, 
17) and because epidemiologic studies in- 
dicate that in certain situations the in- 
cidence of bovine lymphosarcoma may 
be increasing (18). While the potential 
hazard of this virus to humans has not 
been fully evaluated, one recent report 
has indicated the development of leuke- 
mia in chimpanzees fed milk from clini- 
cally diseased cattle (19). 

Serologic techniques, including immu- 
nodiffusion, complement fixation (9), 
and fluorescent antibody techniques (8) 
for the detection of BLV infection have 
offered important adjuncts to current 
clinical methods of disease detection 
which rely primarily upon hematological 
tests for persistent lymphocytosis. Com- 
parison of existing immunologic methods 
with those described here are currently 
in progress. However, radioimmunoas- 
says have in the past invariably proved 
to be more sensitive and specific for anti- 
body detection than other immunologic 
procedures. The radioimmunoassay for 
BLV described herein should be useful 
in future epidemiologic studies in which 
the magnitude of BLV infection in cattle 
must be ascertained. Moreover, it should 
now be possible to estimate more thor- 
oughly the potential hazard of this virus 
to humans through radioimmunologic 
analysis of serums from humans most 
likely to be at risk. 
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onstrated its utility in vivo by detecting a 
tumor on the tail of a live mouse (3). The 
method of Damadian, originally con- 
ceived for the detection of internal neo- 
plasms in humans, achieved its objective 
by focusing the nuclear magnetic reso- 
nance (NMR) signal within the interior of 
the live host. The focused NMR signal 
was thereby externally directed to any in- 
ternal location in the live subject for data 
acquisition. The focusing NMR tech- 
nique (called FONAR) was developed in 
1972 (4). 

FONAR should be distinguished from 
various nonfocusing methods that have 
appeared since. A promising modifica- 
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tion of the projection analysis methods is 
the Fourier transform imaging technique 
by Kumar, Welti, and Ernst (5). Focus- 
ing NMR permits the operator to exter- 
nally direct the NMR spot to the anatom- 
ic site of interest for firsthand inspection 
of the signal characteristics at a suspi- 
cious locus. Furthermore, field focusing 
allows the NMR signal behavior of each 
anatomic region to be continuously moni- 
tored during the data acquisition phase 
of the FONAR imaging process. 

In principle, focusing NMR is 
achieved by field regulation of the spatial 
boundaries of a signal-producing region 
inside a sample. This is accomplished by 
shaping the magnetic fields (Ho and Hi) 
across the entire sample so as to con- 
struct a small resonant window within 
the sample, such that the ratio of the spin 
moment of the nucleus to its gyric mo- 
ment is everywhere satisfied by the static 
and time varying H fields and is every- 
where dissatisfied beyond its bound- 
aries. In practice, both the static Ho field 
and the inductive component of the radio 
frequency (rf) field (H0) are shaped. The 

Fig. 1. Resonance aperture versus coil current. 
The o point shown is the extrapolated nor- 
malized current value for a 1-mm aperture. 
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Visualization of a Tumor in a Live Animal 

Abstract. A nuclear magnetic resonance (NMR) image of a tumor in a live animal 
is reported. The field focusing NMR method or FONAR process that now achieves the 
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Fig. 2. Cross-sectional video FONAR image of a live mouse, obtained 
with a 3-mm exploring spot. At the left is a photograph of the 
anatomical section for comparison. The heart is anterior in the photo, 
and the lungs, seen as collapsed white structures, fill the remainder of 
the thorax. The most intense proton signal in the FONAR image occurs 
in the region of the blood-filled heart. The dark fields in the upper half 
of the photo were generated by the hydrogen-poor air-filled lungs. The 
television raster is seen coursing through the image. Overlap artifacts 
appear in the image as bright, vertical and horizontal lines and are due 
to imperfect positioning of adjacent mapping squares. 

system of field correction coils for shap- 
ing Ho was determined from the series so- 
lution of the Laplace equation in spheri- 
cal coordinates, 
4 (r, 0 ) = 

, ( T)n Pn (cos 0) 
m,n a 

[Amn cos m + B,,, sin m ] 

where 4J is the scalar potential; r, 0, and 
4 are the spherical coordinates, with Pt' 
the associated Legendre polynomials (6). 
The axial magnetic induction B, of the 
coil system is then computed from the 
scalar potential using B = - V4 for the 
case where the curl of B is taken as zero 
outside the surface enclosed by the coils. 
The field Bz can then be expanded in the 
derivatives of 4q. A linear combination of 
terms of the Bz expansion provides the 
H0 field-regulating system that, together 
with H1 shaping, controls the resonating 
volume, or resonance aperture in three 
dimensions (7). 

We estimated the size of the resonance 
aperture achieved by our focusing tech- 
nique as follows. A sample tube 19 mm 
(control) in inside diameter and filled 
with NiCl2-doped water was placed in 
the NMR probe. The height of the free in- 
duction decay (FID) of the hydrogen sig- 
nal after a 90? pulse was determined for a 
series of currents in the focusing coils 
and recorded. Phase adjustment was re- 
quired for a maximum FID at each new 
current setting. The experiment was then 
repeated for a 13.5-mm (inside diameter) 
sample tube (experimental) and a plot 
was made of the ratio of signal intensities 
(FID amplitudes) generated by the con- 
trol and experimental samples at each 
current setting. The current at which this 
intensity ratio attained a value of unity 
was taken as the current at which the di- 
ameter of the signal-producing region 
within the large tube equaled the inside 
diameter of the smaller tube. The coil 
current at the unity point, therefore, 
specified the current needed to produce a 
resonance aperture of diameter equal to 
the inside diameter of the experimental 
24 DECEMBER 1976 

tube. At lesser currents, the resonance 
aperture exceeded the diameter of the 
smaller tube, the larger tube therefore 
generated more signal than the smaller, 
and the intensity ratio exceeded 1. The 
coil current required to achieve a unity 
intensity ratio for an 11- and 6.5-mm tube 
was also determined. A plot of tube diam- 
eters as a function of the normalized coil 
current (Fig. 1) generated an extrapolat- 
ed estimate of the current required to 
achieve the 1-mm resonance aperture 
used in animal imaging. 

The scan for developing the FONAR im- 
age moves the resonance aperture 
through an anatomic cross section, ei- 
ther by moving the animal with respect 
to the aperture or by moving the aper- 
ture, with the animal being held station- 
ary. The method provides visible proton 
signal, without signal processing, from 
scanning apertures that are approximate- 
ly spherical and estimated at slightly less 
than 1 mm. 

The televised output is a stored video 
record of proton signal intensities (FID 
amplitudes) at various xy coordinates, 
generated by the resonance aperture as it 
was swept through a cross section of the 
animal's torso. While it was not so ap- 
plied in this instance, the technique is 
readily adaptable to constructing images 
from TI (spin lattice relaxation) or T2 
(spin-spin relaxation) data taken at each 
of the FONAR loci of the scan. The Free- 
man-Hill method of progressive satura- 
tion (8) for obtaining T, is well suited to 
this purpose. 

Video FONAR images were obtained in 
a CSCC (Canada Superconductor) super- 
conducting magnet with the use of a 
SEIMCO (New Kensington, Pennsylva- 
nia) model RD variable frequency pulse 
spectrometer operating at 10 Mhz. The 
animal was successfully immobilized in 
the probe for 4 hours with 0.2 ml of va- 
lium (5 mg/ml) injected intraperitoneally. 
Figure 2 is a direct televised image of a 
section through the thorax of a live 
mouse at the level of the mediastinum. A 
photo of the postmortem anatomic sec- 

tion at the level of the cross-sectional im- 
age is in the left of the figure for direct 
comparison. The heart is anterior in the 
photo and the lungs, seen as collapsed 
white structures, fill the remainder of the 
thorax. A 3-mm scanning aperture was 
used. The most intense proton signal oc- 
curs in the region of the blood-filled 
heart. The signal-deficient dark fields in 
the upper half of the photo were gener- 
ated by the proton-poor air-filled lungs. 
The television raster is seen coursing 
through the image. Overlap artifacts, 
appearing in the image as bright verti- 
cal and horizontal lines, are due to im- 
perfect positioning of adjacent mapping 
squares. 

Shown on the cover of this issue is a 
color video FONAR image of a cross sec- 
tion through the upper thorax (above the 
mediastinum) of a mouse that had a solid 
Ehrlich ascites tumor surgically im- 
planted in the anterior chest wall. Each 
colored area designates a different range 
of signal amplitude. The anterior orange- 
pink and red region (at the bottom of the 
image), not present in normal control 
mice and indicative of a signal-producing 
mass, corresponds with the location of 
the tumor. The resolving limitation of a 
1-mm scanning aperture in a 13-mm 
sample (thorax diameter) overestimates 
the tumor size partially obscuring the un- 
derlying lung fields. In the normal animal 
(not shown), the anterior half of the tho- 
rax appears as a blue signal-poor region 
representing the lung cavities. Having 
originally introduced the NMR method 
chiefly for the purpose of noninvasively 
detecting internal tumors in humans, we 
have succeeded in obtaining the first im- 
ages of a tumor in a live animal. 
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of peptide and amine hormones, these 
agents typically act at the surface of their 
target cells to alter the level of adenosine 
3',5'-monophosphate (cyclic AMP) (2). 
Recently, guanosine 3',5'-monophos- 
phate (cyclic GMP), has also been im- 
plicated in the action of certain hormones 
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Fig. 1. The ability of A 100 - B 
cyclic nucleotides to 8 0 1 3 

stimulate preeclosion O 10 
behavior when in- > 60- 
jected into isolated ab- 
domens of pharate H. o | 40 - 10 

cecropia moths. (A) . 
Tracings of 'move- 1 , 0 20 - 

ment were recorded + 0 

by attaching the tip of -0 o___o _ - . ..._ 
the abdomen to a le- T+ T 1+T diB T+ 
ver that wrote on a re- 5'-AMP Cyclic diB Cyclic Cyclic AMP Cyclic AMP GMP volving drum (5); the AM P 
upper tracing was obtained after injection of the eclosion hormone (arrow), and the lower 
tracing after injection of theophylline followed by dibutyryl cyclic AMP (arrow). The horizontal 
line equals 0.5 hour; the dot identifies the onset of the peristaltic movements. (B) The per- 
centage of abdomens showing the preeclosion behavior after injection of 1 mg of a nucleotide. 
Theophylline (50 /.g) was injected at T, 5 minutes before nucleotide injection; AMP, adenosine 
monophosphate; diB-cyclic AMP, dibutyryl cyclic AMP. The number gives the size of each 
group. 
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(3). We report here that cyclic nucleo- 
tides play a central role in the hormonal 
mediation of complex behavioral changes 
in a silk moth. 

In the pharate (4) stage of the moth 
Hyalophora cecropia, a brain-derived 
hormone, the eclosion hormone, triggers 
a species-specific sequence of motor acts 
that culminates in the moth's escape 
from the pupal cuticle (eclosion) and the 
activation of its repertoire of adult behav- 
ior (5). The first portion of the emergence 
sequence, the preeclosion behavior (Fig. 
lA) begins about 10 to 15 minutes after 
hormone application. It consists of three 
phases: an initial 0.5-hour period of 
frequent abdominal rotations; a period of 
quiescence of about the same duration; 
and, finally, a second hyperactive period 
during which strong peristaltic con- 
tractions move anteriorly along the abdo- 
men to cause eclosion. Experiments on 
deafferented abdominal nervous systems 
and on isolated abdominal nervous sys- 
tems indicate that the information for the 
pattern of preeclosion behavior is pre- 
programmed in the abdominal ganglia 
and that this behavioral program is trig- 
gered by the direct action of the hormone 
on the abdominal central nervous system 
(CNS) (6). 

Since the eclosion hormone appears to 
be proteinaceous (7), we sought to deter- 
mine whether its effects are exerted by 
way of changes in cyclic nucelotide lev- 
els. To guard against our treatments 
causing a release of endogenous hor- 
mone from the brain, abdomens isolated 
from pharate adults were routinely uti- 
lized (8). The behavior of each abdomen 
was continuously monitored by attach- 
ing the tip of the abdomen to a lever that 
wrote on a revolving drum; preparations 
were also inspected at 10- to 15-minute 
intervals. The preeclosion behavior was 
recognized by the characteristic tempor- 
al pattern of activity coupled with the ap- 
pearance of the distinctive peristaltic 
movements during the final phase. 

The effects of injecting one of four pu- 
rine nucleotides (9) into isolated abdo- 
mens of H. cecropia are summarized in 
Fig. 1. Before the nucleotides were in- 
jected, theophylline [Sigma; 50 jsg in 10 
,ul of Ringer (10) solution] was injected 
to inhibit the high cyclic nucleotide 
phosphodiesterase activity in moth ner- 
vous tissue (11). Dibutyryl cyclic AMP 
[which may enter cells more readily, or 
have greater resistance to phosphodies- 
terase than cyclic AMP (2)] released the 
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Hormonal Release of Programmed Behavior in 

Silk Moths: Probable Mediation by Cyclic AMP 

Abstract. The eclosion hormone triggers a stereotyped preprogrammed pattern of 
behavior in silk moths. The effects of the hormone were duplicated by the injection of 
dibutyryl adenosine 3',5'-monophosphate, adenosine 3',5'-monophosphate (cyclic 
AMP), or guanosine 3',5'-monophosphate (cyclic GMP) into theophylline-treated 
pharate moths. Treatment with theophylline reduced the latency of the response to a 
low dose of hormone, presumably by blocking phosphodiesterase. Endogenous lev- 
els of cyclic AMP, but not cyclic GMP, increased significantly in the central nervous 
system within 10 minutes after hormone injection. We conclude that an early step 
leading to the release of the eclosion motor program is an increase in cyclic AMP in 
target neurons of the central nervous system. 
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