
Studies of Starvation 

As referee editors of several physio- 
logical and nutritional journals, we are 
perturbed by the continuing submission 
of mediocre papers dealing with starva- 
tion. Usually the only experimental 
method used consists in starving rats to 
a near-terminal condition and then de- 
termining one of the many parameters 
which can be affected by starvation. 
Sometimes determination of the dura- 
tion of survival on a given diet is the 
only "technique" employed. Previously 
obtained information, available in the 
U.S. and foreign literature-often ad- 
mittedly older literature because of the 
very simplicity of the techniques used 
-is generally ignored. 

The application of the "findings" to 
problems of human survival involves 
questionable extrapolations. What little 
new information, if any, is obtained in 
these studies does not seem to us to be 
commensurate with the suffering in- 
flicted on the animals. There is little 
doubt that we need to know more about 
the physiological mechanisms involved 
in resisting starvation and about the 
pathological consequences of prolonged 
undernutrition, whether continuous or 
intermittent. We would certainly ap- 
prove for publication papers in which 
a great many pertinent correlations are 
studied in order to close the book, at 
least for a while, on death by starva- 
tion. But we find it difficult to approve 
of these piecemeal dissections which 
have resulted, and which will continue 
to result in perhaps dozens of papers, 
none of them definitive. 

JOHN R. BROBECK 
Department of Physiology, 
University of Pennsylvania School 
of Medicine, Philadelphia 

JEAN MAYER 
Department of Nutrition, 
Harvard School of Public Health, 
Boston, Massachusetts 

Electronics and the Life Sciences 

In their article "Biomedical electron- 
ics: potentialities and problems" [Sci- 
ence 135, 198 (1962)], Robert Ledley 
and Lee Lusted argue the need for con- 
ditions which are more favorable to the 
development of "biomedical electron- 
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LABCONCO HOODED KJELDAHLS SAVE UP 

TO 4 TONS OF AIR CONDITIONING CAPACITY 
A 12-unit Kjeldahl produces up to 50,000 Btu's per hour. 
In air conditioned labs this heat loss could require as much 
as 4 tons of additional air conditioning capacity. Not so 
when you install a hooded Kjeldahl unit from Labconco. 
Heat and fumes are immediately exhausted to the outside 
-never affect the temperature of the lab. 

Labconco hooded Kjeldahls are modern, streamline in ap- 
pearance. The hood itself is made of formed metal, heavy 
resistant asbestos, and stainless steel hardware. The finish 
is baked enamel which can be painted in one of four standard 
colors or to your own specifications. 

Labconco hooded Kjeldahls are available in 6- and 12-unit 
models, with or without sash, gas or electric heat, variable heat 
controls, timers, and thermo water controls. For complete 
information on the right size and model to fit your needs, 
contact your dealer or write Labconco, 8805 S. Prospect, 
Kansas City, Mo. 
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the life sciences. It would be most dif- 
ficult to disagree in toto with this pre- 
diction. 

Nevertheless, the totality of what 
these writers would seem to offer to 
medicine and to the biological sciences 
is only in part the subject matter nor- 
mally associated with electronics. Rath- 
er, the entire field of engineering and 
those branches of science now largely 
pursued by those who have engineer- 
ing training (the so-called engineering 
sciences) seem to be involved. Let us 
follow the authors' list, in part. "Meas- 
urement and analysis of small electric 
potentials" is an electrochemical prob- 
lem to which important contributions 
have been made by physical chemists 
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and chemical engineers. "Electronic 
flowmeters" present serious problems in 
non-Newtonian fluid mechanics as well 
as in electronics. Governing the design 
of many "artificial organs" is the ap- 
proach instituted by chemical engineers 
to the problems of interfluid transport 
through membranes and the fluid me- 
chanics of the adjacent liquids-not 
primarily, as Ledley and Lusted state, 
"the extensive use of electronics in medi- 
cine." The investigation of "infrared 
detectors" and "ultrasonic receptors" in 
animals lies in areas of applied physics 
to which engineers of many types have 
contributed. 

No engineer in any of these areas 
hesitates to acknowledge the great as- 

and chemical engineers. "Electronic 
flowmeters" present serious problems in 
non-Newtonian fluid mechanics as well 
as in electronics. Governing the design 
of many "artificial organs" is the ap- 
proach instituted by chemical engineers 
to the problems of interfluid transport 
through membranes and the fluid me- 
chanics of the adjacent liquids-not 
primarily, as Ledley and Lusted state, 
"the extensive use of electronics in medi- 
cine." The investigation of "infrared 
detectors" and "ultrasonic receptors" in 
animals lies in areas of applied physics 
to which engineers of many types have 
contributed. 

No engineer in any of these areas 
hesitates to acknowledge the great as- 

FOR TISSUE CUIJLTURE ANI) VIRA RESEARCH 

HYLAND AGAMMA SERUMS 
Now you can exercise greater coJntrol in tissue culture with these --................. .. 

three exclusive Ilyland serums. Gamma-globulin has been re- QUAL:ITY FIRST 
moved by proven fractionation methods, as illustrated in the lypi- 
cal electrophoretic patterns below, thus climinating a major ..< 
inhibitory factor. These controlled agamnma serums (7%( total pro- 
tein) provide increased concentrations of stimulatory protein ......... 
fractions. 
Suggested trial supplies: Agamma Human Serum, Liquid, 100 cc, 
$18.00; Agamma Horse Serum, Liquid, 100 cc, $7.20; Newborn Agamma Calf Serum, 
Liquid, 100 cc, $8.50. Write for listing of complete Tissue Culture line and quantity prices. 
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sistance he derives from the largely 
electronic instrumentation which he 
uses. Nonetheless, the application of 
this instrumentation to problems in the 
life sciences is a far less worthy objec- 
tive than the application of the whole 
of engineering technique, analysis, and 
science to the goals of biological re- 
search. 

Electronic instrumentation is prima- 
rily a tool, useful to those trained in its 
use and in utilization of the measure- 
ments it produces. Most of the impor- 
tant biological problems arising today 
cannot be solved simply by increasing 
budgets so that more sophisticated in- 
struments can be brought to bear on 
these problems. Before the quantitative 
output can be analyzed-even, given a 
certain instrumentation capability, be- 
fore one can decide what to measure- 
some analysis must be conducted. The 
biological scientist frequently needs as- 
sistance in these analyses, and this 
assistance can often best be obtained 
from a problem-oriented individual with 
training in one of the several branches 
of engineering. 

Alternatively, the life scientist may 
wish to acquire knowledge that is avail- 
able in any of the several branches 
of engineering in which similar prob- 
lems have been attacked quantitatively. 
In either case the primary requirement 
appears to be for a biomedical engi- 
neering function (1) or even for a 
broader, "bioengineering" function (2) 
from which will follow naturally the 
demand for instrumentation. "Biomed- 
ical electronics" is an important but 
subservient function, reflecting the 
broad cooperation which is developing 
between life scientists and engineers. 

Concerning specific proposals made 
or analyzed by Ledley and Lusted, a 
few comments are perhaps in order. I 
agree that a basic deterrent to biomed- 
ical electronics is a lack of financing. 
But in proposing more support for bio- 
medical electronics per se, the authors 
are stressing the means with insufficient 
concern for the end. They attribute the 
reluctance of industry to participate in 
the development of electronic devices 
for medicine to "the prevalent opinion 
that there is a small market." They cite 
three other problems: (i) "finding what 
devices need to be made," (ii) "getting 
the devices tested," and (iii) "selling 
the instruments." All of these are facets 
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knows the subtle morphology of the 
problem, and the engineer, with his 
sometimes naive but often useful ca- 
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pacity to build and analyze tenable 
physicochemical models. 

At the end of their article Ledley and 
Lusted make a more general plea for 
increasing the depth and intensity of 
this dialogue, but even this discussion 
seems to be oriented toward finding 
uses for electronics rather than toward 
finding solutions for pressing problems 
in biology and medicine. They say, for 
example: "Because of the extensive 
mathematical training he has already 
received, it is usually easier for a phys- 
ical scientist or an engineer to become 
a biomedical researcher than for a bio- 
medical researcher to become a physi- 
cist or engineer. Such an electronics 
trainee . . ." (italics mine). 

One is moved by the tremendous ac- 
complishments of electrical engineers 
in this field to a high and unqualified 
admiration of their pioneering efforts. 
That they, as a group, should choose to 
fix the boundaries of this new and ex- 
citing area of cooperative research so 
as to make them in any way coincident 
with the boundaries of their own field 
is unbelievable. 

EDWARD F. LEONARD 
Department of Chemical Engineering, 
Columbia University, New York 

Notes 

1. The term biomedical (without the suffix elec- 
tronics) is a part of the name of Ledley's 
organization. Lusted is listed as a professor 
of "biomedical engineering." The recent Ne- 
braska Conference was on "biomedical engi- 
neering." Johns Hopkins and the universities 
of Rochester and Pennsylvania have programs 
in "biomedical engineering." 

2. Many institutions have been entertaining pro- 
grams involving engineering and the biological 
sciences for many years. Columbia University 
has simply made medical applications a part 
of its long-standing activity in a broad area 
which we call "bioengineering." 

Leonard quite correctly points out 
that .the different engineering disciplines 
can contribute greatly to the advance- 
ment of biomedical research. If he feels 
our article implies that only electrical 
engineering or biomedical electronics 
can contribute to the progress of bio- 
medical research, to the exclusion of 
other areas of engineering, then he has 
misinterpreted our intention. The main 
theme of our article is expressed in the 
first sentence: "The full application of 
electronic engineering technology to 
biomedical science is long overdue." 
We believe that such application, in 
many areas, is necessary (though clear- 
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Stokes automat- 
ic water stills are 
noted for their 
simplicity. Any- 
one can operate them in a mat- 
ter of seconds. With a minimum 
of attention, Stokes Stills will 
deliver distilled water at rated 
capacities of A2 to 100 gallons 
per hour. And they produce the 
purest distillate possible . . . 
completely free of pyrogens, 
bacteria or minerals. What's 
more, all models are effective in 
purifying both soft and hard 
water. 

Your Laboratory Supply House 
stocks Stokes Stills. Next time 
you need one, see them . . . and 
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-not electronic engineering science. 
Leonard's letter is apparently concerned 
more with the engineering scientific 
disciplines themselves than with the 
tools of engineering science. He says 
that "the biological scientist frequently 
needs assistance in these analyses, and 
this assistance can often best be ob- 
tained from a problem-oriented individ- 
ual with training in one of the several 
branches of engineering." In a previous 
article, "Digital electronic computers in 
biomedical science" [Science 130, 1225 
(1959)], one of us (R.S.L.) stated, "I 
strongly believe that 'team' approaches, 
where the biologist has no . . . [engi- 
neering] training and the engineer . . . 
has no biological training, are fore- 
doomed to failure. For the full signifi- 
cance of the extensively detailed and 
often subtle . . . use of . . . [engineering 
science] in biomedical science can be 
understood only by those well grounded 
in both fields." Whether or not any of 
the various engineering sciences-such 
as chemical, hydraulic, and mechanical, 
as well as electronic, engineering-is a 
necessary ingredient in biomedical re- 
search depends upon the particular 
problem being approached. 

However, we believe that electronics 
as a tool is (or should be) in many 
cases a necessary ingredient of research. 
In order to lend weight to this point in 
our recent article, we described such 
use of electronic equipment as a nec- 
essary ingredient (but obviously not 
the only one) in many biomedical re- 
search activities, and we attempted to 
discuss the reason why fuller use of this 
important tool has not yet been made 
in biomedical research. We do place 
this electronic tool in a rather exalted 
position, because it is well known that 
advances in science closely parallel ad- 
vances in instrumentation. However, 
we refute Leonard's accusation that we 
have attempted "to fix the boundaries 
of this new and exciting area of co- 
operative research so as to make them 
in any way coincident with the bound- 
aries of [our] own field [of electronics]." 
As a matter of fact, we would like to 
call attention to a symposium on edu- 
cational frontiers in biomedical engi- 
neering [IRE Trans. on Bio-Medical 
Electronics BME-8, No. 4 (1961)] in 
which the very broad field of biomedi- 
cal engineering is discussed. 

In conclusion, we would like to reit- 
erate the view, stated in our article; that 
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perform better, last longer 

The following performance, assured by individual gauging, has 
made the Ace Trubore? Stirrer the most widely used precision glass 
stirrer in research today: Average leak rate of only 6.4 mm. Hg/Min. 
(unlubricated) at 760 mm. Hg. differential pressure. For lubricated 
stirrers, leakage is less than 0.05 mm. Hg/min. for the same pressure 
differential. A pressure of 1 mm. absolute is attainable with unlubri- 
cated surfaces at speed of less than 100 R.P.M. 

This outstanding performance is lasting-Trubore bearings have 
a smooth unground surface; this means minimum wear on stirring 
rods and longer bearing life. Accuracy of both bearings and rods is 
assured by individual gauging. 

Trubore Stirrers, pioneered by Ace, feature a variety of well 
designed interchangeable bearings and rods. There is a complete line 
of Trubore accessories, connectors, stirring motors, and Stir-Lube? 
Lubricant, the only lubricant especially made for glass bearings. Try 
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_OOFFERFES YOU AN 

ELECTRONIC SQUARE WAVE 

_ 

* FOR EVERY PURPOSE 
* FOR EVERY PRICE RANGE 

Study the brief summaries below of the complete line of quality AEL Electronic 
Square Wave Stimulators designed to meet every requirement of classroom and 
research laboratory use. You will find the Stimulator that will meet both your 
budget and technical requirements. AEL Stimulators come to you with a background 
covering thousands of hours of classroom and laboratory operation. 

model 198 . $95. 
CLASSROOM AND RESEARCH LABORATORY USE 
A many-purpose -. . yet inexpensive unit, designed 
for both classroom and research laboratory use. 
Undergraduate students find it particularly desirable _ . t 
because of its simple-to-operate controls. However, 

' *:* ,. 
the ranges of variable stimulus, output and dura- ... 
tion also make the "198" attractive for research 
laboratory use. Produces recurrent or single stimuli. _ 
Versatility provided through continuously variable 
controls. Offers sync-pulse of 10 volts amplitude 
for use with cathode ray oscilloscopes. 

model 751 ... $145. 
CLASSROOM AND RESEARCH LABORATORY USE 
Performance-proven over years of service, the 
"751" offers stepped controls of frequency and 
duration that permit exact resetting in conducting 
consistent, repeatable experiments. Straightforward 
control operation and a wide range of variables ' ;==' 
make.this unit ideal for both student and research 
laboratory use. Pulse pairs are obtained by com- 
bining two Model 751's with a Model 951 Dual- 
pulse Synchronizer, making it possible to study the 

: 

". S refractory cycle of such tissue as nerve, striated 
muscle and cardiac muscle. A signal magnet output 
is also provided. 

model 404 . . . $400. 
ALL-PURPOSE RESEARCH LABORATORY USE 
Designed for the physiology laboratory, the "404'" 
provides a wide variety of stimuli. The five modes 
of operation include . . . SINGLE SHOCKS ... 
REPETITIVE STIMULATION . - - SINGLE PAIR OF 
STIMULI . . REPETITIVE PAIRS OF STIMULI . . . ! w i % fi 
DIRECT CURRENT STIMULATION. Trains of pulses ;K: '. ! . . 

. 

. 
are produced by coupling two Model 404's. Output: B., '' ^ . . , ~... . 60 ma at 150V or 9 watts. Stimulus Intensity: 1 
millivolt to 150 volts. Stimulus Duration: 10 micro- .. 
seconds to 1 second. Delay: Adjustable from 10 _ 
microseconds to 1 second. Stimulus Frequency: 1 
every second to 10,000/second. 

model 104-A . . .$590.00 THE ULTIMATE IN RESEARCH LABORATORY USE 
An extremely accurate, all-purpose stimulator, the 
"104.A" is designed specifically for the most ex- 
acting research laboratory use. Six modes of opera- MI:,,, 
tion include . . . SINGLE SHOCKS . . . REPETITIVE .* ". 
STIMULATION . . SINGLE PAIRS OF STIMULI . . . 
REPETITIVE PAIRS OF STIMULI . . . SINGLE TRAINS 
OF STIMULI . . .REPETITIVE TRAINS OF STIMULI. 
Utilizing 10-turn linear helipots which are resettable 
to 0.1 percent, the "104-A" is accurate within five 
percent across the dial ... in all ranges. It 
produces trains of pulses, can be externally or 
remotely driven and has a 250 volt output. 

ACCESSORIES FOR USE WITH MODEL '104-A & 404 STIMULATORS 

STIMULUS ISOLATION UNIT . . . PHOTIC STIMULUS ACCESSORY 
model 112 . . . model 127 
Provides the means of isolating Provides a source of short dur- 
a stimulator pulse from ground ation light flashies at three 
5. _ reference to reduce ground loop X differenrit intensities and at rep- 
artifacts. etition rates controlled by the 

stimnulator. 
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result in spectacular advances in medi- 
cal science, which could have a definite 
effect on individual health and longev- 
ity; it might pave the way for the dis- 
covery and development of whole new 
technologies based on intimate knowl- 
edge of biological processes." 

ROBERT S. LEDLEY 
National Biomedical Research 
Foundation, Silver Spring, Maryland 

LEE B. LUSTED 
University of Rochester School of 
Medicine, Rochester, New York 

A Concerted Attempt To Improve 

Relations with the Communists 

Recent commentary concerning what 
scientists can do to help resolve the 
arms race seem to me to overlook one 
unique contribution that scientists as a 
group can make. This is to focus atten- 
tion on treatment of the fundamental 
disease-the almost total ignorance of 
the problems and intentions of the 
"other side" evident on each side-as 
well as the symptoms and their treat- 
ment. 

This is not to say that the symptoms 
can be or should be ignored. But it 
does seem preposterous to budget over 
$50 billion on military defense and a 
pittance, if that, on long-range defense 
measures aimed at resolving the under- 
lying tensions by improving the recip- 
rocal understanding and appreciation 
of strengths, as well as weaknesses, of 
the American and Russian societies. To 
attempt any such program openly will 
be attacked as treasonable by many cit- 
izens who have closed their minds to 
the problem and see issues only in clear- 
cut blacks and whites. Scientific objec- 
tivity certainly needs to be applied here, 
and in generous dosage. 

The risks of such a procedure may 
seem enormous to those among us who 
are strongly and often vehemently 
against communism (and perhaps also 
democracy, or some particular religion, 
and the like) but who more and more 
fail to emphasize the values that they 
feel we should be for-except in what 
appear to be vacuous, emotion-laden 
shibboleths. The corresponding erosion 
of those freedoms for which our coun- 
try has long stood is especially disturb- 
ing and is aggravated most dangerously, 

result in spectacular advances in medi- 
cal science, which could have a definite 
effect on individual health and longev- 
ity; it might pave the way for the dis- 
covery and development of whole new 
technologies based on intimate knowl- 
edge of biological processes." 

ROBERT S. LEDLEY 
National Biomedical Research 
Foundation, Silver Spring, Maryland 

LEE B. LUSTED 
University of Rochester School of 
Medicine, Rochester, New York 

A Concerted Attempt To Improve 

Relations with the Communists 

Recent commentary concerning what 
scientists can do to help resolve the 
arms race seem to me to overlook one 
unique contribution that scientists as a 
group can make. This is to focus atten- 
tion on treatment of the fundamental 
disease-the almost total ignorance of 
the problems and intentions of the 
"other side" evident on each side-as 
well as the symptoms and their treat- 
ment. 

This is not to say that the symptoms 
can be or should be ignored. But it 
does seem preposterous to budget over 
$50 billion on military defense and a 
pittance, if that, on long-range defense 
measures aimed at resolving the under- 
lying tensions by improving the recip- 
rocal understanding and appreciation 
of strengths, as well as weaknesses, of 
the American and Russian societies. To 
attempt any such program openly will 
be attacked as treasonable by many cit- 
izens who have closed their minds to 
the problem and see issues only in clear- 
cut blacks and whites. Scientific objec- 
tivity certainly needs to be applied here, 
and in generous dosage. 

The risks of such a procedure may 
seem enormous to those among us who 
are strongly and often vehemently 
against communism (and perhaps also 
democracy, or some particular religion, 
and the like) but who more and more 
fail to emphasize the values that they 
feel we should be for-except in what 
appear to be vacuous, emotion-laden 
shibboleths. The corresponding erosion 
of those freedoms for which our coun- 
try has long stood is especially disturb- 
ing and is aggravated most dangerously, 

result in spectacular advances in medi- 
cal science, which could have a definite 
effect on individual health and longev- 
ity; it might pave the way for the dis- 
covery and development of whole new 
technologies based on intimate knowl- 
edge of biological processes." 

ROBERT S. LEDLEY 
National Biomedical Research 
Foundation, Silver Spring, Maryland 

LEE B. LUSTED 
University of Rochester School of 
Medicine, Rochester, New York 

A Concerted Attempt To Improve 

Relations with the Communists 

Recent commentary concerning what 
scientists can do to help resolve the 
arms race seem to me to overlook one 
unique contribution that scientists as a 
group can make. This is to focus atten- 
tion on treatment of the fundamental 
disease-the almost total ignorance of 
the problems and intentions of the 
"other side" evident on each side-as 
well as the symptoms and their treat- 
ment. 

This is not to say that the symptoms 
can be or should be ignored. But it 
does seem preposterous to budget over 
$50 billion on military defense and a 
pittance, if that, on long-range defense 
measures aimed at resolving the under- 
lying tensions by improving the recip- 
rocal understanding and appreciation 
of strengths, as well as weaknesses, of 
the American and Russian societies. To 
attempt any such program openly will 
be attacked as treasonable by many cit- 
izens who have closed their minds to 
the problem and see issues only in clear- 
cut blacks and whites. Scientific objec- 
tivity certainly needs to be applied here, 
and in generous dosage. 

The risks of such a procedure may 
seem enormous to those among us who 
are strongly and often vehemently 
against communism (and perhaps also 
democracy, or some particular religion, 
and the like) but who more and more 
fail to emphasize the values that they 
feel we should be for-except in what 
appear to be vacuous, emotion-laden 
shibboleths. The corresponding erosion 
of those freedoms for which our coun- 
try has long stood is especially disturb- 
ing and is aggravated most dangerously, 
if not initiated, by many of these peo- 
ple. Surely it is time for scientists to 
take a more forthright and uncompro- 
mising position in support of our free- 
doms, and to emphasize the strengths 
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