ase). It would appear that activity within
the area of myokinase might allow
digoxin to enhance the contractile re-
sponse of muscle at the expense of re-
laxation by (i) activating the myokinase
reaction (ADP — ATP) and (ii) by
suppressing myokinase inhibition of myo-
sin ATPase.

W. O. Reap

F. E. KELSEY
Department of Physiology and
Pharmacology, University of South
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Spectral Reflectance Applied to
the Study of Heme Pigments

Itis a common practice to make quali-
tative and rough quantitative estimates
of the content of pigmented substances in
materials by the intensity and spectral
distribution of color. It is rather sur-
prising, then, that more use has not been
made of spectral reflectance in qualita-
tive and quantitative analytic chemistry.
It is the intention of this report (1) to
point out the potentialities of the
method, particularly in biochemical an-
alysis, and to illustrate its application
in the investigation of certain heme pig-
ments.

The use of spectral reflectance curves
in the specification of color by the physi-
cist is well known. Lermond and Rogers
(2) have recently pointed out the pos-
sible wider utility of spectral reflectance
measurements in chemical analysis and
have reviewed the limited amount of
work in this field. Applications in bio-
chemistry seem to be particularly rare.

In the course of research on pigment
systems in fish flesh, we investigated the
use of spectral reflection measurements.
A standard reflection attachment to the
Beckman DU spectrophotometer was
used. Samples, either 90-mesh, nonab-
sorbing powders with absorbing solutions
or solids added, or tissue forced through
a 16-mesh, stainless-steel screen, were
packed into 174 by 1/16-in. aluminum
planchets and covered with glass plates.
Comparison was made with a standard
consisting of the nonabsorbing diluent
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powder or with a disk of high-fired
alumina.

Adherence to Beer’s law was tested
by adding different amounts of standard
copper sulfate solution to the crystal-
line alumina diluent and measuring the
absorbancy at 620-mu wavelength. The
law seems to be applicable at this wave-
length and for the range of concentra-
tions indicated (Fig. 1). These results
are at variance with those that Wins-
low and Liebhafsky (3) reported for
reflectance from known concentrations
of metals spot-tested on paper. The dis-
crepancy may be due to the difference
in the thickness of the supporting media
for the samples used in the two experi-
mental situations. Measurements were
attempted with whole blood dispersed
on 90-mesh crystalline alumina. In this
case, adherence to Beer’s law was found
at low concentrations, but oxidative
changes caused deviation in the higher
range.

In transparent, internally absorbing
systems (dielectrics), it can be assumed
that reflection takes place at phase inter-
faces and by diffuse scattering from large
molecules. Adherence to Beer’s law would
signify that, for systems of similar opac-
ity, the average path length of the inci-
dent and emergent beam is the same
and would also justify the use of absorb-
ancy (optical density) in the plotting of
spectral reflectance data. Thus spectral
reflectance can presumably be used for
the comparative quantitative analysis of
stable systems of dielectric materials of
similar general composition. Such meas-
urements have been applied in the pres-
ent work.

The use of the method for the char-
acterization of pigments by their reflec-
tance curves is illustrated in Fig. 2. Var-
ious derivatives of respiratory pigments
can be identified in the reflection spectra
of tuna flesh that is exposed to a variety
of oxidative environments. An advantage
afforded by this technique is the possi-
bility of evaluating the spectral absorb-
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Fig. 1. Beer’s law plot for copper on 90-
mesh crystalline alumina,
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Fig. 2. Spectral reflectance curves a, mixed
oxymyoglobin and metmyoglobin in tuna
flesh; b, metmyoglobin in tuna flesh; ¢,
oxyhemoglobin in whole blood.

ance of opaque concentrated systems
without recourse to the special cells, or
to dilution in solution with its attendant
possibility of alterations, that are em-
ployed in transmission methods. For ex-
ample, the spectrum of whole human
blood can be directly determined using
an inert crystalline alumina diluent (Fig.
2¢).

Spectral reflectance is particularly
suited to in situ studies on pigment sys-
tems where extractive procedures are
difficult or impossible or where such pro-
cedures would cause undesirable changes.
It is characteristically a simple technique
in that a minimum of preparative and
extractive operations is involved. Specifi-
cally, absorbance studies on coagulated
proteins were possible; in addition, the
examination of residues after the extrac-
tion of certain components gave a more
complete picture of extraction efficiency
and relative solubilities. Furthermore,
one is able to follow the course of in-
duced or natural chemical reactions in
such systems. For the heme protein sys-
tems studied, the wavelengths of absorp-

. tion maxima in reflection corresponded

exactly to those found in transmission,
and complete interchangeability of data

‘was noted. Thus the large amount of

data accrued from measurements in

~ transmission would be available to work-

ers in the field of reflectance in systems
where this interrelationship is found to
be true.

The measurement of spectral reflec-
tance offers a method for the study of
dielectric materials that absorb and re-
flect internally, as opposed to surface re-
flectors such as metals. It is felt that this
investigative tool merits the further at-
tention of the biological and analytic
worker.

Joun J. NavcuTON
MicuaeL M. Fropvma
Harry ZeIrLin
Department of Chemistry,
University of Hawaii, Honolulu
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Reactions of Honey Bees

in the Hive to Simple Sounds

Beekeepers have known since before
Aristotle (1) that honey bees (Apis melli-
fera) produce characteristic sounds while
engaged in certain activities. The pos-
sible significance of these sounds for the
bees has been a matter of debate (2, 3).
Indeed, honey bees seem to be insensitive
to air-borne sounds, although they are
able to receive vibrations through the
legs (3, 4). Hansson (3) has reported
that bees in hives stopped normal activi-

Table 1. Effects of sounds on honey bees
in an observation hive: 0, no observable
effects; +, bees move more slowly; ++, the
majority of the bees stop but some still
move slowly ; +++, almost all bees stop and
remain motionless as long as the sound is
on. The sound pressure for frequencies
with +++ effect are minima needed to in-
duce the effect; other sound pressures are
the highest obtainable with the equipment.

Fre- Sound
quency pressure Effect
(cy/sec) (db)
50 106 0
80 115 0
100 120 +
150 125 +
200 122 +
300 119 A+
400 118 A+
500 116 -
600 107 H+
800 108 +H
1000 113 -+
1500 124 +
2000 128 +
3000 127 0
4000 117 0
6000 112 0
8000 113 0
10000 102 0

122

ties when they were subjected to pure
tones at frequencies of 100 to 1500 cy/sec
at rather high intensities (audible at dis-
tances up to 250 m). The insects stopped
moving when the sounds were turned on,
but, if the sounds continued, began to
move slowly within a few seconds.

We have confirmed and extended these
observations by finding that continuous
irradiation of hives with sounds of cer-
tain frequencies and of sufficient intensi-
ties caused an almost total cessation of
movement of workers and drones in the
hives for up to 20 minutes (5). The
quiescence of the bees was so complete
that a beekeeper could safely open the
hive and carry out routine servicing with-
out the usual treatment with smoke.

Sounds of known frequencies were
produced by an audio oscillator that acti-
vated through an amplifier either a loud-
speaker (for frequencies below 400 cy/
sec) or a microphone (for higher fre-
quencies) (6). The behavior of the
honey bees, all of the Italian race, was
observed in an ordinary glass-sided ob-
servation hive. The speakers were usually
placed about 0.5 to 1 m from the hive,
but tests were also made with the speak-
ers in contact with the hive. The results
are given in Table 1.

With sounds of sufficient intensity at
frequencies of 300 to 1000 cy/sec, the
bees stopped moving almost entirely as
long as the sounds continued. The most

‘effective frequencies were between 500

and 800 cy/sec. Below 300 and above
1000 cy/sec, the bees either showed re-
duced activity or were not affected, even
with intensities higher than those that
sufficed at the proper frequencies. The
bees returned almost immediately to nor-
mal activities when the sound was dis-
continued. There were no observable
reactions to these sounds by bees at the
entrance to the hive or by workers in
the field. These observations support the
idea that the sounds are received by the
bees through the legs after the hive was
caused to vibrate by absorption of the
air-borne sound. The most effective fre-
quencies in this case, however, were not
those found by Autrum and Schneider
(4) to be most effective in stimulating
the subgenual organs in the legs of the
honey bee.

The results are like those of Hansson
(3), except that cessation of activity at
the intensities we used was almost com-
plete and persisted as long as the sound
continued. It is impossible to determine

P

from Hansson’s report the actual intensi-
ties he used, but they were probably
lower than those we used.

Bees in standard beehives were tested
with similar results. With the sounds on,
the covers and supers of the hives were
removed and the frames lifted out. The
bees on the frames remained still as long
as sounds of the proper frequencies and
intensities continued. It was possible,
therefore, to work in hives using only
sound. This was done for about 2 months
with three hives, using sound at a fre-
quency of 600 cy/sec at about 120 db,
which was projected from a speaker
alongside the hive. There was no sign of
habituation of bees to this sound.

Certainly the equipment used to pro-
duce these sounds is much more expen-
sive than that needed for smoking hives.
It is possible, however, that inexpensive
vibrators attached to hives could be used.
The high intensities of these sounds make
some form of ear protection necessary,
but free use of both hands in working in
the hive is possible and there is no need
for ventilation of the hive by the bees,
as there is with smoke. Sound may thus,
under special circumstances, have some
use in apiculture.

HusgerT FriNGS
FrankLIN LiTTLE

Department of Zoology and Entomology,
Pennsylvania State University,
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