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16 February 1962 

Bachra and Trautz state: "On theoret- 
ical grounds it is unlikely that the 
catalytic action of the enzyme carbonic 
anhydrase would be required for the 
precipitation of apatite in vitro." Our 
report (1) states quite clearly (in con- 
nection with the experiments in which 
we used synthetic calcifying solutions): 
"First it was discovered that when the 
solutions were saturated with carbon 
dioxide by bubbling the gas through 
them, the enzyme was not required in 
order for a deposit to form" (italics 
added). 

They say, "It is unlikely that car- 
bonate (or bicarbonate) ions are es- 
sential for the precipitation of apatite 
in vitro or in vivo." Inasmuch as the 
carbonate hydroxyapatite (bone min- 
eral) which forms in vivo universally 
contains (2) a small percentage of car- 
bon dioxide (as carbonate), it makes 
no sense whatever to assume that it can 
form in the absence of carbonate (or 
bicarbonate) ions. This statement is 
true regardless of whether or not a pre- 
cursor of bone mineral is involved. 

Since our original results appeared 
(1), we have reduced the period of 
time required to obtain the precipita- 
tions from several days to several hours. 
The fact that Bachra and Trautz obtain 
different results does not appear to be 
justification for their publicly question- 
ing our results, particularly in view of 
the fact that they did not investigate the 
same systems. Our systems were open 
either to laboratory air or to carbon 
dioxide at atmospheric pressure (as 
clearly indicated), whereas theirs were 
in erlenmeyer flasks which were 
"closed with paraffinized cork stoppers." 

If, as they imply, our depositions 
were caused by bacterial or fungal 
growth, we found no visible evidence of 
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our later experiments (those requiring 
merely 6 to 8 hours) would certainly 
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require modification of existing theories 
concerning the proliferation of bacteria 
(or fungi) in environments unfavorable 
to their growth. Under any circum- 
stances the production of carbonic 
anhydrase by microorganisms cannot be 
eliminated as a principal cause of the 
precipitations which Bachra and Trautz 
obtained. 

Furthermore, Bachra and Trautz 
choose to ignore the fact that sulfanila- 
mide was found to function as a specific 
inhibitor of carbonic anhydrase in our 
experiments, both in those involving 
saliva and in those involving synthetic 
calcifying solutions. The presence of 
carbonic anhydrase in bovine sub- 
maxillary gland extract has recently 
been demonstrated (3). Earlier experi- 
ments (4) had demonstrated that this 
extract was capable of initiating de- 
position of synthetic calculus. 

To be sure, the hydration of carbon 
dioxide by carbonic anhydrase is 
virtually instantaneous, but this fact is 
completely irrelevant to our conclusion 
that carbonate (or bicarbonate) ions 
must be present during the formation of 
bone mineral. It is evident that car- 
bonate ions must be available during 
the mineralization process because a 
carbonate-containing substance cannot 
be formed in the absence of carbonate 
ions. As we previously clearly stated: 
"However, when these synthetic solu- 
tions were not initially saturated with 
carbon dioxide and when the apparatus 
was enclosed in an atmosphere of 
carbon dioxide, the results . . . were 
essentially similar to those obtained with 
boiled saliva: that is, no significant 
deposit was obtained unless carbonic 
anhydrase was added, and addition of 
sulfanilamide prevented formation of a 
deposit." 

We note that the report of Bachra 
and Trautz contains one principal point: 
they were unable to duplicate our re- 
sults, and they state that our experi- 
mental conditions "were not specified in 
sufficient detail." There is indeed a 
limitation on the length of reports in 
Science, but it might have been helpful 
had Bachra and Trautz read with com- 
prehension some of the statements that 
we did make. Thus, they could have 
avoided several illogical interpretations, 
and they surely could have obtained 
further information (without resorting 
to publication of their dubious specula- 
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ciation for Dental Research, held from 
23 to 26 March 1961 in Boston (5). 

In summary, it should be quite ap- 
parent that their experiments do not 
present any evidence which vitiates 
either our experimental results or the 
conclusions which we obtained. 

DUNCAN MCCONNELL 

WALTER J. FRAJOLA 

DAVID W. DEAMER 

Health Center, 
Ohio State University, Columbus 
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11 June 1962 

Protective Effects of 
Human Milk in Experimental 
Staphylococcus Infection 

Abstract. Mice were given human milk 
and sublethal doses of virulent Staphylo- 
coccus aureus subcutaneously on 7 to 14 
consecutive days. When mice of this group 
and mice of control groups were later 
challenged through intraperitoneal injec- 
tion of a lethal dose of the same Staphylo- 
coccus aureus, the death rate for the 
experimental group was found to be much 
lower than the death rate for the controls. 

During the last few decades, the pro- 
gressive decline in breast-feeding in 
technically highly developed countries 
has been stimulated by cultural-anthro- 
pological factors and abetted by the 
apparent success of "artificial" feeding 
of infants. The greatest benefit in arti- 
ficial feeding has been achieved by fol- 
lowing proper aseptic rules. In tech- 
nically underdeveloped countries, poor 
hygienic conditions make breast-feeding 
practically essential if young infants are 
to survive. 

The additional claim that breast-fed 
infants have increased resistance to dis- 
ease has been often advanced, even in 
the recent past (1), but this claim has 
not been supported with unequivocal 
scientific evidence. Clinical observations 
on the beneficial effect of human milk 
in the treatment of chronic staphylo- 
coccal infection in the preantibiotic 
era (2) belong possibly in the same 
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sublethal doses of a virulent strain of 
Staphylococcus aureus on the resistance 
of mice to a lethal dose of S. aureus of 
the same strain have been tested. Hu- 
man milk and, as controls, cow's milk 
and saline were given subcutaneously, 
not by the oral route. 

Swiss albino littermates (from Hunt- 
ingdon Farms, Inc.), predominantly 
male, 5 to 6 weeks old, and weighing 
18 to 25 g, were used. The animals 
were given free access to Purina chow 
and water. 

Fresh pooled human milk, obtained 
from the Philadelphia and Delaware 
Milk Banks, was used. The cow's milk 
was pasteurized, pooled, homogenized 
dairy milk. All samples of human and 
cow's milk were autoclaved (at 230?F, 
7 lb pressure) for 10 minutes and then 
stored in the frozen state until used. 

The strain of Staphylococcus aureus 
used was phage type 44A. The inocu- 
lum was prepared according to the 
method of Higginbotham and Dougher- 
ty (3), except that the cells were har- 
vested from the log phase of multiplica- 
tion of the culture at turbidity 60 as 
measured in the Klett-Summerson pho- 
toelectric colorimeter with a No. 66 red 
filter (4). The LD1ot inoculum-1.0 to 
1.3 X 108 cells suspended in 0.25 ml of 
0.85-percent saline solution-was in- 
jected intraperitoneally. 

The mice, in groups of ten, were 
given consecutive daily subcutaneous 
injections of material, at either the 
same or different sites for periods of 
3, 5, 7, and 14 days, respectively. 

Three groups of mice were injected 
daily with either 0.3 ml of human milk, 
0.3 ml of cow's milk, or 0.3 ml of 0.85- 
percent saline. Three other groups were 
injected, respectively, with these ma- 
terials plus a 1/100 dilution (in saline, 
85 percent) of the LD1oo of the virulent 
strain of S. aureus. Two additional 
groups of mice were injected, respec- 
tively, with human milk or cow's milk 
and, at a different site, with 0.01 LD0oo 
of S. aureus in 0.1 ml of 0.85-percent 
saline. In some experiments 0.001 LD0oo 
was also used with and without human 
milk and cow's milk. 

All the mice were given an intraperi- 
toneal injection of S. aureus, LDo00, at 
either 1, 7, or 14 days after completion 
of the subcutaneous injection schedules. 

Twenty experiments were carried out 
over a period of more than 1 year. No 
protection was observed when the pre- 
paratory period did not exceed 5 days. 
In contrast, groups of mice pretreated 
3 AUGUST 1962 

Table 1. Protection of mice, by preliminary injection of human milk or cow's milk and a 
sublethal dose (0.01 or 0.001 LDloo) of staphylococcus suspension, against a lethal dose of 
the same staphylococcus given intraperitoneally 1, 7, or 14 days after the conclusion of the 
pretreatment schedule. 

Deaths after 
Pretreatment injection of LDioo 

No. Percentage 

Normal saline 104/114 91 
Human milk, 0.3 ml 91/109 83 
Cow's milk, 0.3 ml 79/109 72 
Staphylococcus, 0.01 LDioo 78/110 71 
Staphylococcus, 0.001 LDioo 49/61 80 
Human milk and 0.01 LDioo, same site 13/108 12 
Human milk and 0.01 LD,ioo, different sites 32/93 34 
Human milk and 0.001 LDioo, same site 26/54 48 
Human milk and 0.001 LDioo, different sites 26/32 81 
Cow's milk and 0.01 LDioo, same site 55/112 49 
Cow's milk and 0.01 LDioo, different sites 62/94 66 
Cow's milk and 0.001 LDioo, same site 21/39 54 
Cow's milk and 0.001 LDioo, different sites 28/32 87 

with injections, at the same site, of 
human milk and 0.01 LD00oo or even 
0.001 LDoo for 7 or 14 days survived 
a challenge with an LD00oo of virulent 
staphylococci, whether the lethal dose 
was administered 1, 7, or 14 days after 
completion of the pretreatment. Pro- 
tection was also observed when human 
milk and staphylococci were injected in 
the preparatory period at different sites, 
but this was true only with 0.01 LD0oo, 
not with 0.001 LD0oo. Injection of cow's 
milk and 0.01 LD0oo of staphylococci in 
the preparatory period was much less 
effective. 

Table 1 gives the percentage of 
survival for the various groups, sum- 
marizing all experiments in which the 
challenging dose was given after a pre- 
paratory period of 5 days or more. 
Figure 1 portrays graphically the pro- 
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tective effect of pretreatment with 
human milk and 0.01 LD0oo of staphylo- 
cocci in three specific experiments. 

The results clearly indicate that hu- 
man milk given subcutaneously in com- 
bination with sublethal doses of virulent 
staphylococci is effective in giving 
mice significant protection against a 
challenge with a lethal dose of the same 
staphylococci. No protection was ob- 
served within the first days of the ex- 
periment, and none was observed when 
human milk was given alone. The pro- 
tection lasted over 14 days after termi- 
nation of the initial injections, and the 
pretreatment was also effective when 
the human milk and the sublethal dose 
(0.01 LD00oo) of staphylococci were in- 
jected at different sites. These findings 
seem to indicate that the effect of hu- 
man milk is not that of an adjuvant 
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Fig. 1. Effect of prior injection, for 14 consecutive days, of milk and staphylococci on 
the survival of mice receiving a lethal dose of staphylococci. The day of challenge 
with the lethal dose is shown along the abscissa. 
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and is different from the protection 
given by lipopolysaccharides (5). It is 
probably based on some other immu- 
nological reaction, possibly on enhance- 
ment of specific antibody production. 

Whether the slight effect observed by 
cow's milk given in combination with 
sublethal doses of virulent staphylococ- 
ci is based on the same mechanism is 
not known at this time. 

The experimental results reported 
here (6) are not to be considered ap- 
plicable to breast-fed infants without 
appropriate further direct studies. 

PAUL GYORGY 
SAKORN DHANAMITTA 

EDWARD STEERS 
Philadelphia General Hospital and 
William Pepper Laboratory of Clinical 
Medicine, Medical School, University 
of Pennsylvania, Philadelphia 

References and Notes 

1. M. Robinson, Lancet 1951-1, 788 (1951); G. V. 
Sydow and N. Faxen, Acta Paediat. 43, 362 
(1954); 0. Mellander et al., ibid. 48, suppl., 
116 (1959). 

2. P. Gyorgy, Federation Proc. 20, suppl. 7, 
p. 169 (1961). 

3. R. D. Higginbotham and T. F. Dougherty, 
Proc. Soc. Exptl. Biol. Med. 20, 253 (1955). 

4. J. R. Merkel and E. Steers, J. Bacteriol. 66, 
389 (1953). 

5. G. P. Springer, E. Steers, Sakorn Dhanamitta, 
J. Stinnett, P. Gy6rgy, Science 134, 335 (1961). 

6. This research was supported by the National 
Institutes of Health (grant No. A-2671). We 
are grateful to R. D. Higginbotham for a 
culture of his staphylococcus strain. 

29 January 1962 

Electrical Activity in Single 
Myocardial Cells of 
Limulus polyphemus 

Abstract. Single cells of the heart of 
Limulus were examined in situ with con- 
ventional microelectrodes. Resting and ac- 
tion potentials were measured in a total of 
20 animals, with 25 penetrations per heart 
during normal spontaneous activity. Rest- 
ing-potential values averaged 45 millivolts. 
Action potentials showed a rapid upstroke 
and a prolonged plateau. A small, irreg- 
ular burst of electrical activity occurred 
during the plateau phase, a discharge pre- 
sumably associated with the "neurogenic" 
character of the heartbeat. There was no 
significant overshoot, nor was there any 
topographical localization of action-poten- 
tial "types." 

The heart of Limulus polyphemus, 
the king crab, is generally regarded as 
an example of the "neurogenic" type of 
cardiac tissue. This view is based on the 
assumption that the heartbeat does not 
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Limulus were examined in situ with con- 
ventional microelectrodes. Resting and ac- 
tion potentials were measured in a total of 
20 animals, with 25 penetrations per heart 
during normal spontaneous activity. Rest- 
ing-potential values averaged 45 millivolts. 
Action potentials showed a rapid upstroke 
and a prolonged plateau. A small, irreg- 
ular burst of electrical activity occurred 
during the plateau phase, a discharge pre- 
sumably associated with the "neurogenic" 
character of the heartbeat. There was no 
significant overshoot, nor was there any 
topographical localization of action-poten- 
tial "types." 

The heart of Limulus polyphemus, 
the king crab, is generally regarded as 
an example of the "neurogenic" type of 
cardiac tissue. This view is based on the 
assumption that the heartbeat does not 
originate in specialized muscle tissue, as 
is true of the "myogenic" heart but, 
rather, that the initiation of activity is 
relegated to neural elements contained 
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in the ganglionic chain embedded on 
the dorsal surface of the heart. 

The electrocardiogram of Limulus 
has been extensively analyzed, and 
three phases of electrical activity have 
been described-a fast and a slow com- 
ponent associated with the depolariza- 
tion and repolarization, respectively, of 
the myocardium, and a rapid oscillatory 
discharge coincident with neural activ- 
ity from the cardiac ganglia (1). This 
report describes the electrical activity 
associated with the heartbeat as re- 
corded from single cells of the myo- 
cardium of Limulus. 

Specimens of adult Limulus poly- 
phemus measuring approximately 4 in. 
in diameter were used. The dorsal sur- 
face of the exoskeleton covering the 
heart area was carefully dissected free. 
The heart was maintained intact and 
in situ; natural sea water was used to 
bathe the tissue. In several specimens 
the heart was exposed by a ventral dis- 
section to make sure that injury to the 
tissue by a dorsal exposure did not re- 
duce the magnitude of the measured 
potentials. Findings on 20 animals, with 
25 penetrations per heart, are reported. 
Conventional microelectrodes with tips 
of less than 0.5 u outside diameter were 
used. The recordings were photo- 
graphed from the screen of a cathode- 
ray oscilloscope. 

The resting potential of individual 
cells averaged 45 mv. An action poten- 
tial accompanied each beat of the heart, 
as shown in Fig. 1. The contour of the 
action potential resembles that generally 
described for vertebrate myocardia (2), 
being distinguished by a prolonged 
phase of repolarization, or "plateau." 
A distinguishing feature of the action 
potential of Limulus heart is the burst 
of an oscillatory discharge which occurs 
during the plateau phase. The onset of 
this activity can occur at the moment 
the action-potential peak is attained 
(Fig. lB), or it can start just as the 
repolarization phase begins (Fig. 1A). 
The duration of the action potential- 
the time from onset to the point of 90- 
percent return to the original resting 
level-averaged 430 msec. Rise time- 
the time required for the potential to 
rise from 10 to 90 percent of maximum 
amplitude-averaged 14 msec. 

The burst of activity which occurs 
after the rising phase of the action po- 
tential appears to be the neural activity 
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Fig. 1. Single-cell action potentials record- 
ed from the heart of Limulus polyphemus 
(?4 in. on the ordinate equals 10 mv; 3/16 
in. on the abscissa equals 100 msec). The 
ganglionic burst starts at the onset of the 
plateau in A and appears just after the 
peak of depolarization is reached in B. 

may be suppressed until the onset of 
the plateau phase. The frequency of this 
discharge varies as the initial high rate 
decreases toward the end of the plateau. 
As the plateau declines, activity ceases, 
at about 23 mv, but it is followed by 
one last single discharge which has a 
somewhat larger amplitude than those 
comprising the neural burst. 

The electrical activity in single cells 
of the myocardium in Limulus poly- 
phemus is strikingly similar to that 
found in the cardiac ganglion of the 
lobster (3). The initial depolarization 
signaling the onset of the myocardial ac- 
tion potential reflects the synchronous 
discharge of pacemaker neurons within 
the ganglion. The persistent neuronal 
discharge during the plateau phase re- 
sembles the activity of "follower" neu- 
rons, the large motor neurons located in 
the anterior portion of the ganglion. 

Each segment of the heart has been 
examined with an intracellular elec- 
trode, but there is no indication that 
there is a pacemaker component such 
as is found in vertebrate "myogenic" 
hearts. Differences in contour of the 
action potentials indicative of conduct- 
ing or pacemaker tissue were not ob- 
served (4). 

FRANCES V. MCCANN 

Department of Physiology, 
Dartmouth Medical School, 
Hanover, New Hampshire 

SCIENCE, VOL. 137 

Fig. 1. Single-cell action potentials record- 
ed from the heart of Limulus polyphemus 
(?4 in. on the ordinate equals 10 mv; 3/16 
in. on the abscissa equals 100 msec). The 
ganglionic burst starts at the onset of the 
plateau in A and appears just after the 
peak of depolarization is reached in B. 

may be suppressed until the onset of 
the plateau phase. The frequency of this 
discharge varies as the initial high rate 
decreases toward the end of the plateau. 
As the plateau declines, activity ceases, 
at about 23 mv, but it is followed by 
one last single discharge which has a 
somewhat larger amplitude than those 
comprising the neural burst. 

The electrical activity in single cells 
of the myocardium in Limulus poly- 
phemus is strikingly similar to that 
found in the cardiac ganglion of the 
lobster (3). The initial depolarization 
signaling the onset of the myocardial ac- 
tion potential reflects the synchronous 
discharge of pacemaker neurons within 
the ganglion. The persistent neuronal 
discharge during the plateau phase re- 
sembles the activity of "follower" neu- 
rons, the large motor neurons located in 
the anterior portion of the ganglion. 

Each segment of the heart has been 
examined with an intracellular elec- 
trode, but there is no indication that 
there is a pacemaker component such 
as is found in vertebrate "myogenic" 
hearts. Differences in contour of the 
action potentials indicative of conduct- 
ing or pacemaker tissue were not ob- 
served (4). 

FRANCES V. MCCANN 

Department of Physiology, 
Dartmouth Medical School, 
Hanover, New Hampshire 

SCIENCE, VOL. 137 


