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ferent from the sharp evanescent fall in blood 
pressure produced by intravenous injection of 
activated Tremorine. 

The fact that SKF-525A. an inhibitor of 
liver microsomal activity, blocks Tremorine 
but does not block activated Tremorine 
serves as a basis for determining the presence 
of the active form. It points, furthermore, 
to the liver microsomes as the site of the ac- 
tivation process. 

Although the pharmacologic properties of 
activated Tremorine from different sources 
(urine of Tremorine-treated mice and rats. 
and incubates of Tremorine with prepara- 
tions of liver from different species) are simi- 
lar, it is clear that their chemical identity 
has not been established. Studies to deter- 
mine the chemical nature of activated Tre- 
morine are in progress. 

Summary. Mouse liver slices converted 
Tremorine to an active form which differed 
from non-incu ha ted Tremorine preparations 
(a )  by its faster onset of action in untreated 
mice and cats, (11) by not hein:: hlocked by 
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S K F-52 5A (diethylaminodiphenylpropylace- 
tate) , an inhibitor of liver microsomal activ- 
ity. (c)  by stimulating rabbit gut in vitro 
and ( d )  by producing an immediate slowing 
of the heart and fall in blood pressure on in- 
travenous injection into anesthetized dogs. 
Material having the biological properties of 
activated Tremorine was also found in the 
urine of rats and mice given Tremorine and 
in solutions of Tremorine incubated with 
hamster liver slices and with hamster and 
rat liver homogenates. 
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The normal myocardium contains about 
1800 pg of manganese per 100 g of dried tis- 
sue; this is roughly 2,000 times the mangan- 
ese concentration present in the blood serum. 
Myocardial injury results in a sharp decrease 
in tissue manganese associated with a pro- 
portional rise in serum manganese content. 
Following myocardial infarction tissue man- 
ganese decreases to approximately 30% of 
its original value. Concomitantly, serum 
manganese increases approximately 2 yi 
times. Thus, after infarction human serum 
contains more than 2.0 pg manganese per 100 
ml, whereas prior to infarction, serum man- 
ganese content is about 1.0 pg manganese per 
100 ml. 

Because tissue manganese is lost very rap- 
idly from the infarcted myocardium follow- 

ing cardiac injury, and a reciprocal rise in 
manganese concentration is observed in the 
serum, determination of serum manganese 
level should be of great value in detection of 
myocardial injury and, in e q u i v d  cases, in 
confirmation of acute myocardial damage. 

In a study at  Los Angeles County Hospi- 
tal, serial measures of serum manganese lev- 
els in 26 patients with unequivocal evidence 
of myocardial infarction were compared with 
serum samples from 25 patients of compar- 
able age, sex and race admitted to the hos- 
pital with complaints other than myocardial 
injury. This report correlates clinical find- 
ings in our patients with serum manganese 
levels, as determined spectrographically 
from 80 blood samples taken from the pa- 
tients with acute myocardial infarction, and 
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FIG. 1. Serum manganese level in myocardial in- 

I nrction. 
FIG. 2. Serum glutamic oxalacetic transaminase 

(SGOT) in myocardial infarction. 
FIG. 3. Serum manganese level in conditions 

other than myocardial infarction. Barred columns 
indicate cases in which SGOT was elevated, giving 
false-positive results. 

38 samples from the control patients. 
In our patients the first sample of blood 

serum is received within 12 to 4 8  hours after 
onset of acute myocardial infarction. Sam- 
ples also are obtained on the third and fifth 
day of the acute episode and, in a few in- 
stances, an additional sample is collected on 
the seventh day. 

Blood samples are refrigerated until sub- 
jected to spectrographic analysis. Serum is 

separated from red blood cells before refrig- 
eration to prevent gross hemolysis. 

Within 8 to 12 hours following myocardial 
injury, manganese level rises; a maximum is 
reached within 24 to 48 hours. Serum man- 
ganese level remains elevated for 5 or 6 days, 
after which manganese level gradually falls 
to normal. Height and duration of serum 
manganese elevation are roughly proportional 
to amount of myocardial necrosis as esti- 
mated on the basis of EGG evidence. Al- 
though a close correlation exists between 
serum manganese level and SGOT value, 
serum manganese concentration is far less 
likely to give false positive values. 

Fig. 1 depicts serum manganese values ob- 
tained in 26 patients with myocardial infarc- 
tion. The shaded portion outlines the range 
of values. Solid dots represent actual values 
obtained; larger circles connected by broken 
lines indicate average values. In all in- 
stances but one, serum manganese level rose 
to above 2.0 pg/100 ml within 48 hours after 
onset of chest pain. 

Secondary elevations in serum manganese 
level, noted in several instances following re- 
current chest pain, apparently indicated ex- 
tension af an existing infarction or develop- 
ment of a fresh infarction. 

Determinations of SGOT values obtained 
simultaneously with our serum manganese 
values are depicted in Fig. 2. Note the si- 
milarity of ranges of values in the 2 mea- 
sures; the averages, too, are rather similar 
in nature; however, myocardial injury is de- 
tected earlier in determinations of serum 
manganese, with the level rising indicatively 
within 8 hours of onset of pain, and remain- 
ing a t  elevated levels for longer periods than 
the serum GOT. 

In 24 of the 25 patients in our control se- 
ries, serum manganese levels were well below 
1.9 &lo0 ml. Simultaneously determined 
SGOT levels in 3 of these patients were ele- 
vated and suggestive of myocardial injury; 
however, the low serum manganese levels in 
the 3 patients afford definite evidence that 
acute myocardial injury had not occurred. 

Fig. 3 depicts the height of serum man- 
ganese in the 25 control patients in our se- 
ries. The barred columns represent 3 pa- 
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TABLE T. C h n 1 p ~ i s o 1 ~  of Tissiw* 2nd SWUIII Mct:ll Concentrationst of Patients with and  
witliout ~ l y o ~ : t r ~ l i ; ~ l  Infarction. 

Tissue metal colic. in nig/100 g clricvl tissue 

(33 determinations) ( 1  00 determinations) (38 determinations) (80 determinations) 

Serum metal cone. in  @g/lOO ml 
Acute M.I. Without M.T. Acute M.I. Without M.I. 

Metal Mean value 2 S.X. Mean value 2 S.H. Mean value Mean value 

* Tissues obtitinccl at  i i i i to] )~y.  

tients (Nos. 5 ,  13, and 21) with infectious 
hepatitis, hepa toma and cholecysti tis, respec- 
tively, whose SGOT level was above 40 units 
and therefore consistent with myocardial in- 
jury. Low serum manganese levels in these 
patients definitely exclude the possibility of 
acute myocardial injury. 

In the 25th patient in our control series. 
serum manganese concentration was 3.2 pg ‘ 

100 nil on the first postoperative day. within 
the range usually indicative of myocardial in- 
farction. This patient had undergone lapa- 
rotomy, gastrostomy. and had had a liver 
biopsy the previous day. i\pparently, fol- 
lowing extensive major surgery. elevation in 
serum manganese concentration may mimic 
levels occurring after myocardial injury. 
Therefore, although a manganese level within 
normal limits definitely precludes the pres- 
ence of acute myocardial injury, an elevated 
manganese level in the postoperative patient 
cannot be accepted as evidence of acute heart 
muscle injury. 

In Table I, tissue aluminum. calcium: and 
manganese values obtained postmortem from 
“normal” patients (i .e. ,  without known car- 
diovascular disease) and patients with myo- 
cardial infarction are compared with serum 
concentrations of “normal” patients and pa- 
tients with fresh myocardial infarcts. Kote 
that concentration of all metals is lowered in 
tissues of the patient with myocardial in- 
farction, and a reciprocal rise is observed in 
blood serum. However, the alterations in 
manganese are much more pronounced both 
in tissue and serum. 

Jn addition to blood samples from patients 
with myocardial infarction and control se- 
ries, serum samples from 3 patients with old 
myocardial infarcts, 4 patients with angina 

t Mean values. 

pectoris or coronary insufficiency, and 4 pa- 
tients with pulmonary infarction were sub- 
jected to spectrographic analysis. 

.4 ngina Pectoris, Coronary Insuf,ficiency, 
or Slight Myocardial Damage. Ordinarily, 
angina pectoris does not cause an elevation 
in serum manganese level. Nevertheless, in 
our series, 2 patients whose ECGs were not 
suggestive of acute myocardial infarction had 
elevations of serum manganese. The first of 
these patients had suffered a myocardial in- 
farction 10 years previously. At hospitaliza- 
tion, she complained of severe chest pain of 
5 days’ duration. An SGOT value of 65 units 
was obtained at this time; her serum man- 
ganese value was 2.5 pg/loO ml. An SGOT 
determination on the second day of hospi- 
talization, the sixth day of chest pain, was 
113 units, which was accepted as definite evi- 
dence that a transmural myocardial infarc- 
tion had occurred, and treatment for acute 
myocardial infarction was instituted despite 
lack of corroborative ECG evidence. 

The second patient had for 12 years had 
angina pectoris relieved by nitroglycerin. 
She was admitted to the hospital because of 
crushing chest pain which radiated down the 
left arm and was not relieved by nitro- 
glycerin. Although ECG confirmation of 
acute myocardial infarction was absent, the 
patient was treated for acute myocardial in- 
farction. The SGOT value rose gradually 
until, on the fourth hospital day, i t  reached 
60 units. A serum manganese determination 
also obtained on the fourth day showed 2.2 
pg manganese per 100 ml. By the fifth day, 
serum manganese value had dropped to 1.5 
pg/lOO ml. Both erythrocyte sedimentation 
rate and white blood count were elevated. 

Old myocardial infarctions. One patient 
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had suffered myocardial infarction 4 months 
previously. Although she complained of 
chest pain, her ECG showed no indication 
of acute infarction and her SGOT value was 
58 units. Serum manganese determinations 
upon 3 separate occasions during her hos- 
pitalization all showed less than 1.5 pg of 
manganese per 100 ml of serum, suggesting 
absence of myocardial infarction. 

Pulmonary infarction. Serum manganese 
levels of 3 of the 4 patients with pulmonary 
infarction were within normal limits. A se- 
rum manganese level compatible with myo- 
cardial infarction occurred in one patient, a 
45-year-old man who complained of severe 
chest pain which radiated to the neck and 
left shoulder. This patient, who had suffered 
a transmural myocardial infarction 18 
months previously, entered the hospital with 
pulmonary edema. An ECG taken at time 
of hospital entry was indicative of acute cor- 
pulmonale with severe right atrial and right 
ventricular hypertrophy. Serial determina- 
tions of SGUT and serum manganese are 
available for this patient: Blood specimens 
drawn on the first day showed an SGOT 
value of 4400 units and a serum manganese 
value of 3.5 pg/lOO ml. On the second day 
of hospitalization, serum manganese level 
was 4.5 pg/100 ml. SGOT levels obtained 
on third and fourth day of hospitalization 
yielded values of 4400 and 2250 units, re- 
spectively. On the sixth day of hospitaliza- 
tion, SGOT concentration was 335 units. At 
autopsy the patient was found to have suf- 
fered massive pulmonary infarction. 

We have found the serum aluminum value 
useful in differential diagnosis of pulmonary 
infarction and myocardial infarction. Fol- 
lowing pulmonary infarction, the tissue alu- 

minum value of the lung is lowered, and a 
4-fold increase occurs in serum aluminum 
value. A comparably elevated serum alu- 
minum value has not been noted in any con- 
dition other than pulmonary infarction. Ad- 
ditional information furnished by the serum 
aluminum value corroborates the diagnosis 
in pulmonary infarction and helps to differ- 
entiate between pulmonary and myocardial 
infarction. From our limited evidence i t  ap- 
pears that a very high serum manganese 
value, above that ordinarily occurring in 
acute myocardial infarction, may indicate 
presence of massive pulmonary infarction, 
and serum aluminum value should be used 
as a check. 

Swnmary. Whereas, in our series, serum 
manganese values in patients with congenital, 
infectious, degenerative, or neoplastic disease 
were below 1.9 pg/lOO ml of serum, serum 
manganese was elevated above 2.0 pg follow- 
ing acute myocardial infarction in every in- 
stance. Massive pulmonary infarction, which 
also may be accompanied by high serum man- 
ganese levels, can be differentiated from myo- 
cardial infarction by additional information 
supplied by serum aluminum values, which 
are elevated following pulmonary injury but 
not following myocardial damage. In pa- 
tients with myocardial infarction, height of 
the serum manganese level provides an in- 
dex to extent and severity of cardiac dam- 
age as estimated on the basis of SGOT level 
and the ECG. Although a close correlation 
exists between SGOT and serum manganese 
values, our data indicate that serum man- 
ganese concentrations are less likely to yield 
false positive indications of myocardial dam- 
age. 
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