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TABLE IV. Acetoacetate Produced and Pyruvate Utilized by Liver Slices from Diabetic Rats.t 

Glucose-cyclo- 
acetoacetate ,ul of oxygcn Acetoacetate* Pyruvate dis- 

No. of (hydrolysed) Pyruvate uptake produced appeared in y 
rats .016 M .008 M (-per 100 mg wet wt of tissue in 2 hr-- 

3 128 10 2 4 k  3 260 & 10 
3 Added 162 * 10 1 5 k  4 260 11 
3 Added 174 t 11 6 0 2  7 1970 k 30 
3 Added 139 -1- 7 20 & 10 2155 -+- 50 

- - - -__~_________ . -  

9 ,  

_ _  - . . __ __ - . - . 
’ CO, in p1 produced after decnrbosylation of acetoacetate with aniline citrate. 
t Alloxail diabetic rats (2 wk)-urine sugar 3%. Air was used as gas phase in vessels. 

liver. ( 2 )  These substances cause more utili- 
zation of added pyruvate, both by liver slices 
and diaphragm. ( 3 )  They have no effect on 
in terconversion of acetoacetate and R-hy- 
droxy bu tyrate. 
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Harmonic Analysis of the Ballistocardiogram. (23854) 

CARL K. HONK AND WOLF W. VON WITTERN (Introduced by Wallace 0. Fenn) 
Ikpartntants o f  Physiology and Medicine, University of Rochester School o f  Medicine and Dentistry, 

Rochester, N .  Y., and The riero-Medical Laboratory, Wright-Patterson Air Force Base, 0 .  

The two mass analysis upon which modern 
ballistocardiography is based can only be veri- 
fied for low frequencies( 1 , 2 ) .  Above approxi- 
mately 15 CPS, platform, trunk and limbs no 
longer move in unison, and the influence of 
the coupling between heart and skeleton is 

markedly increased(3,4). On the other hand, 
frequencies up to 35 CPS may be required to 
distinguish sequential physiologic events( 5 ,  
6 ) .  It is therefore important to determine 
the ballistocardiographic frequency spectrum 
undistorted by body resonance. In this report 
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b’ouricr an:tlyses of high. lo\v. and ultra-low 
ireyuency I,~illistocartliogr~itiis are compared. 
and contrasted with Fourier analyses of aortic 
flow pulses( 7.8). Since the ultra-low-fre- 
qiiency system employed has a theoretically 
Hat frequency response to 35 CPS, the data 
indicate the relative magnitude of reaction 
forces between 1 and 20 CPS(2) .  

Met hods . The b a 1 1 is t oca r d i og r a 11 h consists 
of a rigid 16 lb platform suspended with all- 
propriate damping to a natural frequency of 
0.5 CPS. Platform acceleration is measured 
directly, and the band 0.5-2.5 (‘PS selected 
with a Krohn-Hite filter model 330.4: filter 
cut-off slope is proportional to 1 f“2 .5) .  .A 
periodic time function can be represented as 
the sum of sinusoidal waves of various ampli- 
tudes, phase relations and frequencies, in the 
case of the ballistocardio,oram the heart rate 
and its integer multiples. Such a breakdown 
is called a Fourier analysis. Twelve by 20 
inch photographic enlargements of representa- 
tive beats recorded from each of 5 normal 
subjects were examined with a planimetric 
harmonic analyser. and Fourier coefficients 
for harmonics 1-25 were determined. Systolic 
and diastolic deflections are originated by 
separate physiologic events and involve dif- 
ferent anatomic structures( 5 ,6 ) .  Frequency 
spectra were therefore obtained for systole 
and diastole individually as well as for the 
entire cycle. To this end systole, diastole and 

the complete cycle were separately traversed 
with the analyser, retaining the full cycle 
length as the fundamental. Diastole was as- 
sumed to begin with the ballistic deflection 
coinciding with the end of the electrocardio- 
graphic T wave. This approximation has been 
validated by subsequent experiments in which 
the ballistocardiogram and electrocardiogram 
were recorded simultaneously with central 
tlow and pressure pulses ( 5,6) .  The spectrum 
of the entire complex is not the sum of its 
systolic and diastolic components as measured 
hecause of phase conditions. 

Results. Fourier analyses of high and low 
frequency displacement ballistocardiograms 
obtained from references 7 and 8 are replotted 
as Fig. 1A. Both exhibit resonance a t  3 CPS, 
the natural frequency of the unrestrained 
body moving on its panniculus. Even twice 
differentiating these curves does not bring out 
significant components above 10 CPS. Both 
Nickerson and Braunstein appreciated the 
fact that their records were distorted by the 
vibration properties of the body, and Nicker- 
son correctly concluded that forces to at least 
1 1  (‘PS were important to the acceleration 
record ( 7 .S) . 

Fourier analyses of an  ultra-low-frequency 
ballistocardiogram are presented in Fig. lB,  
C, and D, together with the oscillographic 
record from which the data were derived. 
Note that the frequency spectrum of systolic 
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forces, Fig. lC, exhibits no 3-cycle peak. 
Since resonance is independent of the origin 
of the driving forces, such a peak should ap- 
pear in the systolic spectrum if the 3-cycle 
diastolic peak were due to resonance. Sig- 
nificant frequency components exist to a t  least 
20 CPS in recordings from all 5 subjects, a 
finding which would be improbable if reso- 
nance were not eliminated. We therefore con- 
clude that the ultra-low-frequency ballisto- 
cardiogram is indeed free of the vibration 
properties of the subcutaneous tissues, and 
that the band 0.5-20 CPS is the minimum, 
though not necessarily optimum, frequency 
range over which the acceleration ballisto- 
cardiogram must be recorded without phase 
or amplitude distortion. 

Systolic and diastolic spectra are com- 
pletely different and vary independently dur- 
ing hemodynamic change, indicating that dias- 
tolic vibrations represent new forces rather 
than a dying out process. For example, nitro- 
glycerine, 0.3 2 mg sublingually, increases 
heart rate and ballistic amplitude and de- 
creases arterial pressure and the magnitude 
of high frequency reaction forces. Phenyl- 
ephrine hydrochloride, 5 mg intramuscularly, 
decreases ballistic amplitude and heart rate 
but increases arterial pressure and high fre- 
quency components. Parallel change in ar- 
terial pressure and the magnitude of high fre- 
quency early diastolic ballistic forces suggest 
that aortic valve closure contributes to the 
genesis of the diastolic complex. Since bal- 
listic amplitude and Fourier spectrum may 
vary independently, harmonic analysis may 
prove clinically useful as a diagnostic cri- 
terion. 

Evidence from this and other laboratories 
indicates that the ballistocardiogram is 
largely the result of acceleration of a central 
arterial volume (3).  Through the courtesy of 
Dr. E. Wetterer, we obtained canine aortic 
velocity pulses recorded with an electromag- 
netic flowmeter. Fig. 2 compares the fre- 
quency spectrum of such a pulse and of its 
time derivative with spectra of human veIocity 
and acceleration ballistocardiograms. This is 
justified because central flow pulses and ultra- 
low-f requency ballistocardiograms are mor- 
phologically comparable in dog and man (5).  
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FIG. 2. Comparison between frequency spectra of 
caiiiiic blood flow vclocity alid :icceleration pulses 
slid liuiiian vclocity aiid acceleration ballistocardio- 

grains. 

The striking similarity between the frequency 
spectrum of blood and platform motion sup- 
ports the view that the ballistocardiogram is 
related to central blood flow. 

Summary. Ballistocardiograms of the Starr 
and Nickerson type exhibit prominent reso- 
nance peaks, and contain no significant fre- 
quency components above 10 CPS. Ultra-low- 
frequency ballistocardiograms are distorted 
by body resonance to a far lesser degree, and 
exhibit components to a t  least 20 CPS. The 
band 0.5-20 CPS is therefore the minimum 
though not necessarily optimum frequency 
range for force ballistocardiography. The ef- 
fects of respiration and vasoactive drugs sug- 
gest that harmonic analysis may prove useful 
as a diagnostic criterion for clinical ballisto- 
cardiography. Frequency spectra of blood 
velocity and acceleration pulses and of 
velocity and acceleration ballistocardiograms 
are strikingly similar, suggesting a cause and 
effect relationship between these wave forms. 
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Localization of Thyroid and Spinal Cord Autoantibodies by 
Fluorescent Antibody Technic.” (23855) 

Kecen tly production of au toan t ibodies 
against constituent ( s )  of the thyroid gland. 
I)resumably thyroglobulin. has been reported 
from this laboratory( 1-6). Highly specific 
autoantibodies have been observed in several 
experimental animal species. such as rabbits. 
dogs, and guinea pigs. as well as in human be- 
ings suffering from certain t!.pes of chronic 
thyroiditis. C‘oncurrentl!-. characteristic 
changes in thyroid gland were frequentl!. 
found. Demonstration of paralysis by ini- 
munization of esperimental animals with 
brain substance has created considerable in- 
terest (7-9). In many instances brain-specific 
circulating antibodies were found in  serum 
of these animals hy both complement fixation 
rind precipitation tests. However: anti bod!. 
formation against brain substance including 
that of antibody-producin:! aninial has heen 
noted in absence of o1)serval)le paralysis. On 
the other hand. brain lesions have been ob- 
served repeatedly in absence of detectable cir- 
culating antibodies. Therefore, relationship 
of circulating antibodies to what is frequently 
referred to as allergic- cnccphalolnJlclitis is 
still a moot question. The fluorescent anti- 
body technic of (’oons and Kaplan( 10) 
seemed to offer an interesting approach to the 
study of the possible direct combination of 
circulating antibodies and tissue sections. 
This technic might shed some new light 011 

specific localization of tissue-specific anti- 
bodies. Simultaneous studies were therefore 
undertaken of these 2 au toan ti body systems 

*This work was supportcd in F r t  by Grant C- 
2357 from the National Cancer Institute, P.H.S. 

with (‘oons technic since they seem to consti- 
tute perfect controls for each other. 

Sections of quick frozen tissues 
were cut 6 to 8p thick with standard micro- 
tome in a cryostat according to method of 
(‘oons and Kaplan. The air-dried sections 
were fised in formalin or in formalin followed 
I ) > -  acetone. Formalin fixation was carried 
out by immersion in 10% formalin in pH 7.2 
buffered saline solution at  room temperature. 
Thyroid sections could be fixed in formalin 
for 2 to 10 minutes. Formalin fixation fol- 
lowed by 10 min. acetone fixation also gave 
satisfactory results. However, 2-minute for- 
malin fixation was used in most experiments. 
Hrain and spinal cord sections, on the other 
hand. were fixed in formalin for only 2 min- 
utes because they lost their capacity to stain 
by fluorescent antibody technic when fixed in 
formalin for longer than 2 minutes or when 2 
minute formalin fixation was followed by ace- 
tone fixation. Rabbit antisera to homologous 
brain or spinal cord antigens were prepared 
by intracutaneous injection of 20% aqueous 
suspensions in equal volume of Freund adju- 
van t. Aqueous suspensions were prepared by 
homogenizing fresh brain or spinal cord in 
Servall omnimixer for 30 seconds at maximum 
speed and centrifuging 20 seconds. As source 
of thyroid autoantibodies anti-rabbit thyroid 
rabbit sera were used from the same series 
as in previous studies(3,4,5). Complement 
fisation tests for thyroid autoantibodies and 
spinal cord autoantibodies as well as tanned 
cell hemagglutination tests with experimental 
thyroiditis sera were carried out as described 
previously ( 1 , l l )  . Evaluations of histologic 

i l f e fhods .  


