
Although we have shown that proline 
can induce a hyperplasia of the bile duct, 
we have not definitely established that 
this is the mechanism by which Fasciola 
establishes itself in its mammalian host. 
Studies with the proline analog, 1-azeti- 
dine-2-carboxylic acid (12), should an- 
swer this question. Should the proline in- 
hibitor fail to interfere with estab- 
lishment of Fasciola in the bile duct or 
with enlargement of the main bile duct 
when the flukes are implanted in the ab- 
dominal cavity, then some other mecha- 
nisms may be operating. However, an in- 
hibitory effect by proline inhibitors 
would strongly support the hypothesis 
that proline is the mediator of the hyper- 
plastic response in fascioliasis. In any 
event, investigations of the effects of 1- 
azetidine-2-carboxylic acid on Fasciola 
infections should be of interest in deter- 
mining a possible therapeutic role for 
this compound. Indeed, Senft (13) sug- 
gested that proline analogs be tested for 
their activity against the human blood 
fluke Schistosoma which is also rich in 
free proline. 

If proline is the agent which induces 
hyperplasia of the bile duct in fascio- 
liasis, it is likely that this mechanism of 
bile duct enlargement occurs in other 
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surements. 

Since the first recording of the magne- 
tocardiogram (MCG) by Baule and 
McFee (1), considerable effort has been 
devoted to theoretical analysis of the 
magnetic field produced by cardiac elec- 
trical activity (2). While such analysis is 
complicated by the inhomogeneous na- 
ture of the human body, some investiga- 
tors have concluded that the MCG con- 
tains information about intracardiac cur- 
rent sources that is unattainable from 
surface potential measurements alone (3, 
4). For instance, mathematical analysis 
shows that the electrocardiogram (ECG) 
is more sensitive than the MCG to car- 
diac current sources that are radial with 
respect to the cardiac center (5), whereas 
the MCG is primarily sensitive to tan- 
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liver fluke diseases since high levels of 
free proline have been found in all trema- 
todes examined thus far. 
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gential sources (6, 7). This finding is ap- 
plicable to a model of cardiac excitation 
that is based on a moving depolarization 
wave front which could be pictured as a 
double layer of charge, or on a model us- 
ing distributed current dipoles (4). 

Several studies have been made to de- 
termine whether such sensitivity dif- 
ferences might provide clinically useful 
MCG data. A-C coupled magnetometers 
with a typical bandwidth of 0.1 to 40 
hertz have been used to record the mag- 
netic field perpendicular to the chest wall 
(B,) at multiple precordial locations (8, 
9). Such "maps" may aid in the analysis 
of local cardiac activation events, partic- 
ularly in the free wall of the right ven- 
tricle and intraventricular septum (9). 
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Mapping of Bn is analogous to detailed 
ECG mapping of body suirface potentials 
(10) and reflects nondipolar as well as 
dipolar components of cardiac activa- 
tion. A systematic analysis of the rela- 
tion beteen maps of Bn and maps of 
ECG surface potentials does not appear 
to have been made. 

A different approach to magneto- 
cardiography suggested by Baule and 
McFee (11) is to measure the magnetic 
heart vector (MHV), which is related to 
the magnetic dipole moment of the heart. 
An ideal MHV lead system would detect 
the magnetic field from the tangential 
components of cardiac current in an ele- 
ment of myocardium with a sensitivity 
proportional to the distance of the active 
element from the cardiac center, and 
would be equally sensitive to cardiac 
events occurring in the anterior and pos- 
terior portions of the heart. The MHV 
obtained with such a lead system would 
have the advantage of being easily com- 
pared with the electric heart vector 
(EHV), such as commonly recorded with 
the Frank lead system for vector elec- 
trocardiography. 

Baule and McFee measured the sagit- 
tal component of the MHV, but did not 
construct a lead system capable of mea- 
suring all three MHV components. Ro- 
sen and Inouye (12) recorded the vector 
magnetic field over the precordium and 
used the data at the instant of maximum 
signal to determine the components of a 
fixed magnetic dipole model. However, 
signal quality was not optimal, the dis- 
tortions produced by the torso bounda- 
ries and inhomogeneities were not dis- 
cussed, and apparently no attempt was 
made to compare these data with the 
vector electrocardiogram. Matelin (13) 
recorded two orthogonal MHV com- 
ponents. Wikswo (14) examined the tem- 
poral and spatial dependence of the vec- 
tor magnetic field around the thorax and 
interpreted the data in terms of a moving 
magnetic dipole model. 

To overcome the practical limitations 
of other MCG recording techniques, we 
have designed a "unipositional" lead 
system employing a SQUID (supercon- 
ducting quantum interference device) 
differential magnetometer system lo- 
cated above the anterior chest wall of a 
supine subject, with the instrument axis 
through the estimated center of the ven- 
tricular chambers (4, 7). Both pickup 
coils of the magnetometer are oriented at 
an angle of 54044' to the instrument axis 

Mapping of Bn is analogous to detailed 
ECG mapping of body suirface potentials 
(10) and reflects nondipolar as well as 
dipolar components of cardiac activa- 
tion. A systematic analysis of the rela- 
tion beteen maps of Bn and maps of 
ECG surface potentials does not appear 
to have been made. 

A different approach to magneto- 
cardiography suggested by Baule and 
McFee (11) is to measure the magnetic 
heart vector (MHV), which is related to 
the magnetic dipole moment of the heart. 
An ideal MHV lead system would detect 
the magnetic field from the tangential 
components of cardiac current in an ele- 
ment of myocardium with a sensitivity 
proportional to the distance of the active 
element from the cardiac center, and 
would be equally sensitive to cardiac 
events occurring in the anterior and pos- 
terior portions of the heart. The MHV 
obtained with such a lead system would 
have the advantage of being easily com- 
pared with the electric heart vector 
(EHV), such as commonly recorded with 
the Frank lead system for vector elec- 
trocardiography. 

Baule and McFee measured the sagit- 
tal component of the MHV, but did not 
construct a lead system capable of mea- 
suring all three MHV components. Ro- 
sen and Inouye (12) recorded the vector 
magnetic field over the precordium and 
used the data at the instant of maximum 
signal to determine the components of a 
fixed magnetic dipole model. However, 
signal quality was not optimal, the dis- 
tortions produced by the torso bounda- 
ries and inhomogeneities were not dis- 
cussed, and apparently no attempt was 
made to compare these data with the 
vector electrocardiogram. Matelin (13) 
recorded two orthogonal MHV com- 
ponents. Wikswo (14) examined the tem- 
poral and spatial dependence of the vec- 
tor magnetic field around the thorax and 
interpreted the data in terms of a moving 
magnetic dipole model. 

To overcome the practical limitations 
of other MCG recording techniques, we 
have designed a "unipositional" lead 
system employing a SQUID (supercon- 
ducting quantum interference device) 
differential magnetometer system lo- 
cated above the anterior chest wall of a 
supine subject, with the instrument axis 
through the estimated center of the ven- 
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an angle of 54044' to the instrument axis 
so that three orthogonal components 
(BA, BB, and Bc) of the magnetic field can 
be recorded with successive 120? rota- 
tions of the magnetometer. A linear 
transformation converts these com- 
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Measurement of the Human Magnetic Heart Vector 

Abstract. A unipositional lead system has been developed to record the halman 
magnetic heart vector and to permit comparison with the electric heart vector re- 
corded with a conventional Frank lead system. Recordings made in five normal sub- 
jects showed a remarkably consistent relation between the electric and magnetic 
heart vectors. However, the angle between electric heart vector R and T waves was 
markedly different from the magnetic heart vector R-T angle. In addition, recordings 
made in two patients with bundle branch block showed a different relation between 
the electric and magnetic heart vectors compared to normal subjects. These data 
support the hypothesis that magnetic measurements have a different sensitivity to 
some components of cardiac activation compared with body suilface potential mea- 
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ponents to orthogonal components Bx, 
By, and B, in an anatomically oriented 
coordinate system. Studies performed in 
an electrolytic tank model of an in- 
homogeneous torso indicate that, to a 
common scale factor, the true MHV (mx, 
my, mz) can be estimated from Bx, By, 
and Bz by correction factors of -2, -2, 
and + 1, respectively (7). This system is 
not equally sensitive to anterior and pos- 
terior cardiac currents, however, and 
lead field studies show that the sensitivi- 
ty of both mx and my to the anterior right 
ventricular free wall are a factor of 2 
greater than the sensitivity to the posteri- 
or left ventricular free wall (7). 

Here we present data obtained with 
the unipositional lead system in five nor- 
mal subjects and in two individuals with 
bundle branch block. The technical de- 
tails of our magnetometer-signal pro- 
cessing system have been described (14, 
15). Recordings were made with the sub- 
jects in a magnetic shield, and signal 
averaging of 15 to 20 beats further in- 
creased the signal-to-noise ratio. An 
EHV was recorded simultaneously with 
the Frank lead system. Figure la shows 
the EHV and MHV for a normal 3 l1-year- 
old male, displayed in the standard EHV 
coordinate system where positive X, Y, 
and Z axes are left, inferior, and posteri- 
or, respectively. In the upper half of the 
figure the MHV and EHV vector loops in 
the left sagittal, frontal, and transverse 
planes are directed posteriorly and left- 
ward, the MHV loop is directed superi- 
orly, and the EHV loop is directed inferi- 
orly. Each arrowhead represents a 4- 
msec real-time interval, with the arrow- 
head indicating the direction of change 
with time. The MHV calibration in mi- 
croamperes-square meters and the EHV 
calibration in millivolts is also shown. In 
the lower half of Fig. la, the MHV magni- 
tude I m and the EHV magnitude |P, 
are plotted as functions of time, with P, 
QRS, and T wave detail clearly visible. 
Not shown, but also available, are the X, 
Y, and Z components of both signals. 
The plots of ml and I pl are particularly 
valuable for identifying phases in the car- 
diac cycle when the MHV and EHV con- 
tain different information. For example, 
this subject shows more ST segment 
shift in the EHV than was seen in the 
MHV. The superimposed loop display in 

Fig. la clearly illustrates that, for this 
typical normal subject, the EHV and 
MHV loops in the sagittal and frontal 
planes are approximately perpendicular, 
while they are almost parallel in the 
transverse plane. The instantaneous 
angle between the EHV and MHV was 
88? at the time of R wave peak and varied 
from 50? to 150? during QRS and T seg- 
ments, with sudden changes at the S 
wave and at the end of the T wave. For 
comparison, the EHV and MHV of a 
point current dipole or a double-layer 
with a circular rim in a spherical con- 
ductor would be separated by a fixed 
angle of 90? (4). 

On the basis of data from five normal 
subjects, the following comparisons be- 
tween the MHV and EHV can be made: 
(i) In each individual the Y component of 
the EHV consistently resembled the Z 
component of the MHV. (ii) The vector 
loops in the left sagittal and frontal 
planes were approximately perpendicu- 
lar, but in the transverse plane they were 
parallel to each other. For the five sub- 
jects, the average angle between the 
EHV and MHV at the R-wave peak was 
94.5? ? 8.8? (standard error). [The per- 
pendicularity of the EHV and MHV has 
been confirmed by Denis and Matelin 
(16).] (iii) The average angle between the 
MHV at the R-wave peak and the MHV 
at the T-wave peak (RT angle for the 
MHV) was 27.9? ? 6.4? and the RT angle 
for the EHV was 85.7? ? 10.3?. (iv) The 
average ratio of MHV magnitude at R 
wave to that at T wave (R/T ratio for the 
MHV) was 3.38 ? 0.48 and the average 
R/T ratio for the EHV was 3.26 ? 0.59. 

Figure lb shows an example of MHV 
and EHV recordings from a subject with 
left bundle branch block (LBBB), a left 
ventricular conduction defect. Figure Ic 
shows the corresponding data from a 
subject with right bundle branch block 
(RBBB). In LBBB, right ventricular acti- 
vation proceeds in a relatively normal 
manner, but the left ventricle is activated 
later than normal and in an aberrant fash- 
ion. In RBBB, the opposite situation oc- 
curs. Thus, the initial portion of the QRS 
complex in classic RBBB reflects septal 
and relatively pure left ventricular acti- 
vation, and the initial portion of the QRS 
in LBBB reflects septal and right ven- 
tricular activation. In both these pa- 

Fig. 1. (a) A computer-generated display of the magnetic heart vector (MHV) and electric 
heart vector (EHV) obtained from a representative normal subject. In the upper section, the 
vector loops in the left sagittal, frontal, and transverse planes are shown. In the lower section, 
the absolute magnitudes of the MHV, ~m 1, and the EHV, I 1, are plotted as functions of time. 
For the loops, each arrowhead indicates a 4-msec interval. See text for details. (b) MHV and 
EHV data obtained from a patient with left bundle branch block. Format as in (a), except QRS 
data only are presented. (c) MHV data from a subject with right bundle branch block. Format as 
in (a). 
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tients, the ratio | ml / p at 25 percent of 
QRS duration was less than that at 75 
percent of QRS duration (LBBB: 0.28 
versus 0.75/a-m2/mv; RBBB: 0.75 ver- 
sus 1.21 /a-m2/mv), suggesting that the 
MHV is more sensitive to cardiac cur- 
rents during aberrant activation of either 
the left ventricle or right ventricle than is 
the EHV. The apparent increased magni- 
tude of the MHV relative to the EHV 
during the later portion of the QRS may 
be due to a relative increase in the tan- 
gential components of current flow in the 
portion of the heart activated in an aber- 
rant fashion. The data of Spach and Barr 
(17) on intramural potential distributions 
during ventricular activation in the dog 
during normal conduction and ectopic 
rhythms are consistent with this hypoth- 
esis. 

These studies demonstrate the feasi- 
bility of clinical recording of the magnet- 
ic heart vector. Our data show that in 
normal subjects the RT angles for the 
MHV and EHV are markedly different, 
whereas the R/T ratios for the MHV and 
EHV are similar. This, and the finding of 
differences in the relations between the 
EHV and MHV in patients with aberrant 
ventricular activation, are consistent 
with theoretical predictions of an en- 
hanced sensitivity of the MHV to certain 
cardiac electrical events, relative to the 
EHV. The observed differences between 
the electric and magnetic data lead us to 
conclude that the EHV-MHV relation- 
ship is not a simple one and may be influ- 
enced by cardiac abnormalities. 
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Psoriasis is a common skin disease 
that is characterized clinically by sharply 
circumscribed, scaly red plaques. The 
epithelium of psoriatic lesions has an in- 
creased mitotic rate (1). One of the very 
early characteristic histological features 
is the presence of small microscopic fo- 
ci of polymorphonuclear leukocytes 
(PMN's) in the stratum corneum (2). Ta- 
gami and Ofuji have shown that psoriatic 
scale contains leukotactic substances 
that may be products of complement ac- 
tivation (3). Proteinases extracted from 
tissue and cells are able to generate 
chemotactic peptides from complement 
(4-6). Several laboratories have demon- 
strated that psoriatic scale has an in- 
creased content of proteolytic enzymes 
(7). The experiments described here 
demonstrate that psoriatic plaque epi- 
dermis contains increased amounts of a 
serine proteinase which activates com- 
plement and induces PMN accumula- 
tion. 

Elliptical biopsies (2.5 by I cm) of the 
rim of clinically active, nonpustular pso- 
riatic plaques and normal appearing sur- 
rounding tissue were obtained under 
sterile conditions from the gluteal or 
thigh area of nine untreated psoriatic pa- 
tients (8). Tissues were also obtained 
from five normal control subjects and 
one patient with pityriasis rubra pilaris. 
Sections of all specimens were removed 
for histological examination. The tissues 
were immediately trimmed of subcutane- 
ous fat and placed in 2M KBr at 37?C for 
30 minutes; the epidermis was easily re- 
moved from the underlying dermis by 
gentle traction (9). The epidermis prepa- 
rations were washed five times in phos- 
phate buffered saline (2 hours, 4?C) and 
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then placed in 50 mM phosphate buffer, 
pH 7.5, containing 1M KC1 and frozen 
and thawed five times. The tissue was 
extracted for 16 hours with gentle shak- 
ing at 4?C. The soluble extract was clari- 
fied by centrifugation (50,000g, 20 min- 
utes, 4?C) and the extracted tissue pellet 
was frozen and assayed for DNA content 
(10). We have used the KBr epidermal 
preparation technique in previous work 
(9) and have documented that proteinase 
recovery is quantitative. 

The clear supernatant solution was as- 
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Fig. 1. Polymorph accumulation induced by 
injection of extracts of involved and unin- 
volved psoriatic skin (1 mg of protein per 
mouse) from nine patients. Results are ex- 
pressed as the mean + 1 standard error 
(P < .01); DFP, diiosopropyl fluorophos- 
phate. 
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sayed for protein (11), the lysosomal pro- 
teinase cathepsin D (9), and neutral pro- 
teinase (9). The extract was then dia- 
lyzed against sterile saline and adjusted 
to a final protein concentration of 0.5 mg/ 
ml. Chemotactic activity of the extracts 
was measured by assaying the accumula- 
tion of PMN's in the peritoneal cavity of 
mice according to the method of Snyder- 
man et al. (12). Samples (2 ml) were in- 
jected into the peritoneal cavities of 
groups of normal and male mice deficient 
in the fifth component of complement, 
C5 (Jackson Laboratory). After 12 hours 
the animals were killed by inhalation of 
CO2, and the peritoneal cavity was 
washed vigorously with 9 ml of Dul- 
becco's modified Eagle's medium with 
10 percent fetal calf serum (Gibco) con- 
taining heparin (10 unit/ml). The perito- 
neal wash was counted for total number 
of white cells and for the percentage of 
PMN's by standard techniques. Results 
are expressed as absolute numbers of 
PMN's. At least two mice were injected 
with extracts of normal and psoriatic tis- 
sue from each of the nine patients. We 
had sufficient tissue in five patients to 
take portions of extract and incubate our 
preparations with 1 mM diisopropyl 
fluorophosphate (DFP) for 2 hours and 
then dialyzed them against three changes 
of physiological saline (12 hours, 4?C) 
before injection into the mice. Psoriatic 
extract was injected into three normal 
and three CS-deficient mice (6, 13) from 
each of three patients. All chemotaxis 
experiments also included the injection 
of three mice with physiological saline, 
and the injection of three mice with pro- 
teose peptone (9 percent) (Difco), a com- 
plement-independent chemotactic agent. 
The chemotactic assay was demon- 
strated to be dose-dependent by injecting 
various dosages of purified proteinase in- 
to groups of three mice on three separate 
occasions (14). 

Extracts of psoriatic plaque induced 
the accumulation of PMN's in the peri- 
toneal cavity of normal mice (Fig. 1). 
This activity could be almost completely 
inhibited by prior incubation of the ex- 
tracts with the serine proteinase inhib- 
itor, DFP. Extracts of involved psoriatic 
skin induced significantly more accu- 
mulation of PMN's than extracts of unin- 
volved tissue (P < .01). Extracts of un- 
involved psoriatic epidermis were slight- 
ly more effective in inducing PMN 
accumulation than extracts of control 
epidermis or epidermis from the patient 
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Polymorphonuclear Leukocytes: Possible Mechanism of 

Accumulation in Psoriasis 

Abstract. Extracts of involved and uninvolved skin from nine patients with un- 
treated psoriasis were studied for chemotactic activity. Psoriatic plaque contains 
increased amounts of a complement-dependent chemotactic factor that is inhibited 
by diisopropyl fluorophosphate. This factor may be human skin serine proteinase. 
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