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merged sea lion uses intensity cues to localize under- 
water sound sources, but the results do offer previous- 
ly lacking behavioral evidence that this is a viable 
acoustic cue available to the sea lion underwater. 

Unfortunately, only a limited amount of information 
exists regarding this sensory capability in other marine 
mammals. Evans, n in a review of the literature, re- 
ports comparative discrimination performance, in an 
echolocation task, for the Bottlenose porpoise (T•rsiops 
trueearns) and for the Amazon-River dolphin (lnia geof- 
frenisis) using submerged targets of varying reflective 
signal strengths. Inspection of this data suggests that 
both delphinids could detect (at 70% correct responses) 
a reflective signal difference of about 1.0 dB. One 
should expect both Tursiops and Inia to exhibit a smaller 
DL for intensity than the sea lion since both species are 
known to possess a sophisticated echolocation system. 

*This research was supported by ONR contract N00014-72-C- 
0186. 
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The ultrasonic absorption and rdlection properties of sexually mature, freshly excised mouse, rabbit, cat, 
and dog testes have been investigated at 3T'C in the frequency range 0.5-7 MHz by the transient 
thermoelectric absorption, the pulse-rdlecfioa, and the pulse-transmission methods. The absorption 
coefficient is found to exhibit values considea'ably less than those of other parenchymal tissues and to 
possess a frequency dependence mimicking a simple relaxation process of characteristic frequency 
approximately 0.9 MHz. 

Subject Classification: [43] 80.20; [43] 35.26, [43135.80. 

INTRODUCTION 

An ultrasonic toxicity study, utilizing the reproduct{ve 
system of the mouse, has been undertaken to identify 
exposure conditions potentially hazardous to patients 

and thus to be avoided in clinical practice. • Preg?ant 
females are exposed to 1-MHz cw ultrasound for a 
variety ef conditions of acoustic intensity and exposure, 
at various times during gestation, and the fetuses 
are subsequently examined for abnormal deirelopment 
at autopsy prior to parturition. Also, male and female 
gonads of sexually proven animals are exposed with 
subsequent observations of libido, fertility, and fecun- 
dity of the adults and histological examination of the 
gonadal tissues. An early observation, viz., that rel- 
atively high ultrasonic dosages were required to pro- 
duce functional impairment, or demonstrable lesions, 
in testicular tissue, suggested departure of the ultra- 
sonic propagation properties of this tissue from that of 

other parenchymal tissues, and this note constitutes an 
initial reporting of these results. 

The ultrasonic absorption coefficient per unit path- 
length was determined by the transient thermoelectric 
method, which has been described in detail elsewhere. z 
Briefly, the amplitude absorption coefficient is com- 
puted from 

a = (pC/20(dr/dt)o, 

where pC is the heat capacity per unit volume of the 
tissue, J is the mechanical equivalent of heat, I is the 
acoustic intensity at the junction of the thermocouple 
imbedded in the specimen tissue, and {dT/dt)o is the 
observed initial time rate o/change of temperature at 
the junction associated with the phase of the response 
resulting from acoustic energy converted into heat by 
absorption in the surrounding (embedding) tissue. The 
method yields absotute uncertainties in the absorption 
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FIG. 1, Ultrasonic frequency-free absorption versus frequen- 
cy for testes of mouse, rabbit, cat, and dog. 

coefficient of less than ñ 10% for frequencies in the 
neighborhood of I MHz and below. Insertion of the bu•- 
soldered copper-Constantan thermocouple junctions, 
fabricated from 0. 003-in. diam wire, was facilitated 
bY small (30 gauge) hypodermic needles. The specimen 
organ was suspended in the sound field by a supporting 
fra. me which did not interfere with the 'propagating 
sound beam. The value of 0. 84 cal/cm3øC was used 
for the heat capacity per unit Volume in the calcula- 
tions. 3,4 An average of ten measurements in each testis 
was made. 

The specimens were removed surgically, all sur- 
rounding tissue being dissected away, leaving the tunica 
albuginea intact. The tissue was immersed in degassed 
Ringer's solution, maintained at 37 ø C + 0. 5 ø C, which 
served as the acousUcal coupling medium. All mouse 
and rabbit specimens and one cat specimen were mea- 
sured within one hour of excision. The other speci- 
mens were cooled in Ringer's soluUon immediately 
afte r excision and measured within four hours. 

ABSORPTION AND REFLECTION OBSERVATIONS 

A first consideration was that of substantial reflec - 
tion of energy occurring, possibly at the boundary of 
the organ, which thereby reduces the amplitude of the 
acoustic wave able to penetrate to the interior. The 
fact that the tough outer layer of testis, i.e., the tuni- 
ca albuginea, is comprised largely of connective tis- 
sue, and likely to have acoustic properties significantly 
different than the bounding media, gave credence to this 
view. Two different measuring schemes were em- 
ployed, both utilizing freshly excised mouse and rabbit 
testes. The first method involved a pulse-echo tech- 
nique providing a working range that-would have per- 
mi•ed an amplitude reflection coefficient of 0. 08 to be 
resolved. However, the reflected signals were below 
such level. The acoustical coupling medium was dis- 
tilled water at room temperature, i. e., about 20øC. 
The second scheme consisted of a transmission method 

which yielded the value of less than 0. 1 for the intensity 
reflection coefficient per reflective surface. Here, the 
coupling medium was alegassed Ringer's solution at 
37ø + 0.5 øC. It thus emerged tha• the acoustic im- 
pederice of testis was not unusually different than that 
of other soft tissues• 

Scalering of the incident wave, out of the main beam 
by the testis, was also considered as a possible mech- 

artism limiting the energy entering the organ. How- 
ever, the difference in the acoustic field distribution 
observed with the specimen present, and again with the 
specimen removed, failed to exhibit either significant 
amplitude or geometric disturbance necessary to ac- 
count for the substantial fraction of the incident energy 
needed to be deflected out of the main beam and becom- 

ing unavailable, thereby, to affect the tissue. 

Figure ! shows the frequency-free absorption param- 
eter a/f 3 as a function of frequency for mouse, rabbit, 
cat, and dog testes, though data are available only for 
the mouse testes at each of the exposure frequencies, 
viz., 0. 5, O. 7, 1, 3, and 7 MI-Iz. Table I contains the 
amplitude absorption values for these tissues. Two 
remarkable findings emerge from these data. Firstly, 
it is seen that the magnitude of the absorption coeffi- 
cient of testis is markedly less than that of other paren- 
chymal tissues. For example, brain, liver, and kidney 
have values ranging, approximately, from 0. 1 to 0. 3 
cm '• at 1 lVIHz, 5 while testicular tissue is seen to be in 
range 0. 02-0. 04 cm '*, a factor of approximately ten 
lower. Explanation for this low value of absorption 
may be obtained from water content of testis, which is 
known to be substantially greater than most tissueso 6 
The suggestion that decrease in ultrasonic absorption 
of tissues and organs a•ends increasing water content 7 
may be applicable here. 

The second remarkable finding is associated with the 
frequency dependence of the mouse testicular tissue 
absorption coefficient. The curve through the data of 
Fig. 1 describes a single relaxation process: 

•=A B + 1 + ' (2) 
where the term A represents the classical absorption 
processes which follow quadratic frequency relaUon- 
ships, B represents the strength of the relaxation pro- 
cess, and f, is the relaxation frequency, The data of 
Fig. 1 are seen, particularly for the mouse, to follow 
well the description for whichf• = 0. 88 MHz and B = 4840 
x 10 '7 sec=/cm. For convenience in plotting, it was 
considered that A = 0, and it is seen that serious dis- 
crepancy is not introduced since a/.fa = 15 x 10 't7 seca/cm 
for water. Explanation is presently unavailable for 
this relatively simple frequency behavior. 

TABLE I. Ultrasonic amplitude absorption coefficient of var- 
ious mammalian testes. 

œ(MHz) a (cm '•) No. of specimens Animal 

0.5 0. 010 3 Mouse 
0.? 0.013 6 

i 0. 019 3 
3 0.040 5 

7 0.042 5 

3 0. O32 1 Rabbit 

7 O. 039 

1 0. 034 a 2 Cat 
i 0. 021 1 

1 0.038 a 2 Dog 

aStored in cooled Ringers after excision. 
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Rough values for the transverse-wave specific acoustic impedance Z, = R, +jT•,, transverse velocity of 
sound c,, and transverse absorption coefficient a, have been measured for canine liver, kidney, muscle 
tissues, and for packed red blood cells in the frequency range from 2 to 14 MHz at 25øC. The ranges of 
the results are R, = 700--3000 R•r•h/cm 2, X, = 400-4000 ['•rnech,/C• 2, C, = 900-10000 am/see, and 
a, = 2000-30000 rip/cm. The corresponding results for .shear stiffness p.• and viscosity p.• are p.• < 10 ? 
dyn/ern • and j•2 = 4-30 centipoise. At these frequencies the viscosities are orders of magnitude less than 
those reported at 0.5-5 kHz by Oestreicher (1951). The low impedances (viscosities) correspond to low 
velocities and extremely high absorption coefficients for shear waves in tissue. 

Subject Classification: [43 ] 80.20, [43 ] 80.30; [43 ] 35.26; [43 } 85.20. 

INTRODUCTION 

It has been recognized for many years that trans- 
verse waves may play an important part in the interac- 
tion of ultrasound with tissue (Carstensen, 1960). For 
lack of data, however, only speculations have been pos- 
sible (Schwan and Caxstensen, 1952; Lehmann, 1953; 
Baldes et al., 1958; Taylor and Conholly, 1969; 
O'Brien •t al., 1972). For some insight into these 
phenomena, rough measurements of the shear acoustic 
impedance of several mammalian tissues have been made 
at low megahertz frequencies. Transverse acoustic 
properties of tissue at these frequencies appear to be 
determined primarily by the stiffnesses and viscosities 
of the subcellular constituents. 

I. EXPERIMENTAL METHOD 

A. Equipment 

A pulse superposition technique as developed by 
McSkimin (1961) was used to measure the complex 

shear specific acoustic impedance. The technique in- 
volred measurement of the magnitude and phase angle 
of the reflection coefficient of a shear wave impinging 
on a quar•-sample interface. This was compared with 
total reflection from a quartz-air interface. From a 
knowledge of the impedance of the quartz, one then ob- 
tained the complex impedance of the sample being in- 
vestigated (McSkimin, 1961). From the shear imped- 
ance and density, it was possible to calculate the 
dynamic shear stiffness •, dynamic shear viscosity 
•, shear velocity c•, and shear absorption coefficient 
ot• as shown in the following relationships: 

= - )lp , (1) 
(2) 

c, = + , (3) 

- + x,) , (4) 

where p is the density• o• is the angular frequency, R• 
is the real part of the specific shear acoustic impedance 
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