Fig. 4. Three-dimensional Lissajous figure. The input data (in Finkle’s notation) were:
Ti=.5 To=.1, Ty =16,000, a =2 #/12, =4 =/12, a =1, b=1 ¢=10, 6 T=

.25, and total time — 1000 sec.

maps proved very useful, many of the
details concerning the nature and shape
of the functions were not immediately
apparent, even to the trained analyst.
We then found that computer-generated
perspective and stereographic projec-
tions (Fig. 2) were extremely helpful
in understanding and interpreting the
impulse functions. We are now em-
ploying the same basic technique for
numerous other engineering and scien-
tific applications. For instance, we have
recently used it to generate stereo-
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graphic contour maps of simulated
lunar terrain (Fig. 3).

Since reading Finkle’s letter, we have
programmed the equations of motion of
a damped three-dimensional oscillator,
generated by adding a Z component to
Finkle’s equations for X and Y as
follows:

(r, 2., )
b gin | (2T Ve g2 |,
Z_’ce Smi\[(Tg) ,J/] T

where y = damping coefficient, Ty =

" fundamental period of Z component of

motion, ¢ = amplitude, and + = time.
A phase factor g8 was-also added to
the Y component. The result was a
Lissajous figure in three dimensions
(Fig. 4). At the present time we are
extending this procedure to the produc-
tion of “3D” movies.

The total IBM 7094 time required to
produce the projections in Fig. 4 was
34 seconds. A similar amount of time
is required for the generation of stereo
contour maps.

G. A. McCuE

J. D. O’KEEFE
Spaces Sciences Laboratory (AC16),
Space and Information Systems Division,
North American Aviation, Inc.,
Downey, California

8 December 1965

Pain: One Mystery Solved

In the years before 1947 and for at
least a decade after that time, scores
of papers were written on experimen-
tally contrived pain in man (). Im-
plicit in all these studies was the as-
sumption that the more pain endings
were stimulated, both in number and
in intensity, the more pain would be
experienced. Each investigator seemed
bent on developing an ever more in-
genious method of inflicting pain.
Gradually, the Hardy-Wolff-Goodell
method of placing measured amounts
of heat on the skin took precedence
over other methods such as shocks to
teeth, pin pricks of the skin, tourniquet
pain, pain produced by chemical agents
in standardized techniques, and so on.

The Hardy-Wolff-Goodell method
utilized the first perceptible pain pro-
duced, the so-called threshold pain, as
did the other methods. From 1947 to
1949, Denton and I (2) struggled with
this method. We had no doubt that
the method was sound, for so many
investigators had used it and said it
was. The difficulty was that, when a
properly designed experiment was set
up, using the double-blind procedure,
in which placebos were inserted as un-
knowns, and where mathematical vali-
dation of difference was required, a
large dose of morphine (15 mg) could
not be distinguished from a placebo
(1 ml normal saline). Again and again
we came up against this puzzling situa-
tion. Others got beautiful dose-effect
curves; we could not distinguish even
between the extremes. We turned to
an experienced investigator who had
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used the method, successfully, he said,
over a period of years, and found
that as long as he knew what the
subject had received, he could repro-
duce fine dose-effect curves; but when
he was kept in ignorance, he was no
more able than we were to distin-
guish between a large dose of mor-
phine and an inert substance such as
saline.

This observation of 19 years ago
has now been confirmed by 14 other
groups both in Europe and in this
country (/). The curious fact was thus
well established that experimental pain
as then produced in man did not re-
spond dependably to morphine or
other powerful analgesic agents, where-
as pain of pathological origin always
responded in greater or lesser degree.
During this same period it was also
established that modifications of the
Hardy-Wolff-Goodell method when ap-
plied to animals were useful. The situ-
ation was indeed puzzling.

In 1964, Smith, Egbert, Markowitz,
Mosteller, and I (3) decided to take
up once again the problem of tourni-
quet pain. (Previous attacks in our
laboratory and elsewhere had failed.)
We had long thought that possibly one
difficulty with experimental pain meth-
ods was that the pain produced is usu-
ally sudden and fleeting—*“pricks,”
“jabs,” “stabs of pain”—whereas most
clinical pain, aside from some of the
colics, is much more sustained. As a
matter of fact, it is difficult to con-
trol with drugs colicky pain or the
pain aroused by sudden motion of a
wound. There was the suggestion in
these observations that study of slowly
developing and sustained pain might
be of considerable interest for experi-
mental purposes.

Our current method is based on
tourniquet pain which is accented by
a brief period of exercises of the hand
and arm below the tourniquet, fol-
lowed by a rest period during which
the individual focuses on his pain. The
pain is categorized at five levels: 0 =
none, 1 =slight, 2 = moderately dis-
tressing, 3 =very distressing, and
4 = unbearable. In our studies the
pain increased progressively after ces-
sation of exercise of the hand and arm.
The tourniquet was not removed until
the subject reported his pain was “un-
bearable.” The time required to effect
this varied from 3 to 47 minutes. Us-
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ing well-established, properly designed
techniques we found, in comparing
morphine with placebo, that morphine
consistently tended to allay the devel-
opment of pain at each of the four
levels, but satisfactorily significant
(P < .001) alleviation occurred only
at levels 3 and 4. It finally was clear
that really severe pain in man, even
though it is experimentally contrived,
will respond to morphine in a smooth,
dependable fashion.

It then became apparent that the dif-
ficulty with earlier experimental pain
methods was that they focused on
“threshold values.” This concept of the
importance of the threshold seems un-
questionably to have been responsi-
ble for getting the whole experimental
pain study problem off the tracks. At-
tention has now been focused on the
more severe levels of pain and one
now can get satisfactory dose-response
data. (Incidentally, a reexamination of
other kinds of data derived from
“threshold” values might well be car-
ried out in the light of the above.)

This finding, now well established,
is important in two respects: practical-
ly, there is great need for a method
of appraising in man, conveniently and
accurately, the effectiveness of new
pain-relieving agents. There is great
need for a method which will not
require the tedious use of pathological
pain. Thus, the present findings appear
to have wide usefulness to the phar-
maceutical industry.

More interesting, perhaps, are the
philosophic connotations which lead
to a more accurate insight into the
factors involved in pain production and
pain relief. These factors have been dis-
cussed in detail elsewhere (/). The
presence of true anxiety, a state not
readily produced by earlier experimen-
tal methods involving fleeting pain, ap-
pears to be of great importance. What-
ever the reasons, it is evident that
there are qualitative differences be-
tween threshold pain (it does not re-
spond dependably even to large doses
of narcotic) and severe pain.

Henry K. BEECHER
Harvard University Anaesthesia
Laboratory, Massachusetts
General Hospital, Boston
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Visual Excitation of Blood Clotting

In a recent report by George Wald
(1) the main theme is a comparison
of amplification in blood clotting and
in visual excitation, the comparison
being based on the “cascade of pro-
enzyme-enzyme transformation” which
was suggested by Macfarlane (2) and

 Davie and Ratnoff (3) as a possible

mechanism in blood clotting. Wald
makes clear that ‘“such an enzyme
cascade . . . remains only an unsup-
ported suggestion in visual excitation.”
That it has been “to a degree estab-
lished in the mechanism of clotting”
seems to me to attribute stronger foun-
dations to the idea than can now be
claimed for it. In my own view, it
would be better described as the prod-
uct of speculative imagination. The
work did not take into account all
relevant data in the literature. In a
critique (4) on the complicated con-
struct of proenzyme-enzyme cascade
sequence, I have shown that the basic
data on the chemistry of prothrombin
activation are against the generaliza-
tion. The principles involved in pro-
thrombin activation function as auto-
catalytic feedback systems. Autopro-
thrombin C alone is all that is needed
to generate thrombin activity (5), and
all else, such as lipids, Ac-globulin,
and calcium ions is in support of that
reaction.

WALTER H. SEEGERS
Department of Physiology and
Pharmacology, Wayne State University
School of Medicine,
Detroit, Michigan
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