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Abstract—Previous comparative studies of ultrasound-induced pulmonary hemorrhage in mice and rabbits
sugrested that sensitivity to damage was species dependent ( OVHrien and Zachary 1994b). In order to
understand better these differences in species more analogous to the human, 74 pigs and 75 rabhbits were
each exposed for 10 min al 1 of 6 acouvstic pressure levels (0, 145, 290, 340 [rabhits only ], 460 and 49
[pigs only] kPa) al an oltrasenic fregueney of CW 3 kHe, Eighteen mice were wsed as posilive controls
(T0-min durstion al 145 kPa). Becapse pig long has oumerous. physiological and anatomical similarities Lo
hiurman lung, it was selected as the appropriate animal model for these studies. Pig lung data were compared
to rabhbit lung data; rabbit lung data have already been compared with mouse long data (()’Brien and
Zachary 1Yo ). Comparative analyses ond extrapolation of these experimental data are intended (o provide
a better scientific basis for understanding the potential biological effects of ulirasound on human luongs
since such studies will probably never be conducted with humans. Under the same exposure conditions and
lung assessment criteris, mouse lung was determined to be more sensitive to ultrasound-induced damage
than that of the rabibil by @ Cacior of 3%, the rabhil Tong was more sensitive (o olirasonnd-indoced damage
thun that of the pig by g Pacior of 3.7, and the moose Tung was miore sensitive o olbrasound-indoeed darmage
thun that of the pig by a factor of 14.4.
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INTRODUCTION

The purpose of this study was 1o lest further, with
rabbits and pigs, the hypothesis that there 1% a species
dependency in the degree of sensilivity 10 ultrascund-
induced lung damage at an ultrasonic frequency of 3
EHz under continunous-wave axposure condinons, In a
previous study with 270 mice. acoustic pressurc thresh-
old levels tfor producing lung damage in mice were
determined from cxposurcs to continuous-wave 30-
kHz ulrrasound { O Brien and Xachary 1994a). Based
on this previews study, cxtrapolation of the frequency
dependency of the acoustic pressure threshald ap-
pearcd o be consistent with that of the mechanical
index [ AIUM/NEMA 1992 ) althoug b the mechanical
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index is a pulsed wave, not 4 continuous wave concept.
Ir was demonstrated thar the lung damage in mice could
be cavsed by relatively low acoustc pressure levels 1o
the range of 65 k"a. Howcver, the mousc may not be
an acceplable or suitable animal model for studies that
exarmne the cffects of ullmasound on lone lissue for
purposes of cxtrapolating or estimating the degree of
potential damage in other species, and particularly hu-
muns, beeause 10 was also demonstrated in another con-
tinoous-wave ultrasound study at 30 kHz that the
mouse lung was more sensitive o ultrasound-induced
damage than thal ol the rabbil by a [actor of belween
2.8 and 3.6 {(’Brien and Zachary 1994b). These sen

sitivity factors were estimated from the slopes of expo-
sure—effect curves, not from cthreshold data, and lead
Lo the suggestion that there 15 no experimentally sup-
portable evidence that ultrasound-induced lung dam-
age at 30 kHz could occur in humans unless the acous-
tic pressure levels were much higher, Since there was
i suggestion abuoul species depemdency betwesn mive
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dand rubbits, albeil with only 24 mice and 16 rabbirs
LY Brien and Zachary 19494h ), and since it 1s not possi-
ble w test this on humans, the pig lung was selecied
hecause 1t has many morphaological features more simi
lar (o bwman Jung than o woose and bt lungs.
Tharefore, the hypothesis that there 15 a species depen-
dency o ullrasonicaily-induced long damage  from
continuous-wiave 30-kHe olirasound has been tested
wilh 75 rabbils and 74 pigs.

MATERIALS AND METHODS

S1x- (o seven-week-old C3H male mice were oh-
raincd from Harlen Spraguc Dawley Laboratonics (In-
dianapolis, 1N ) and sonications were performed within
I week of the time of cach shipment of mice. Five- w
5 jl-HILHI“‘I—I.lllI (85=0 Ibh; 3.6-4.1 k_gtl Mew Fealand
Whitle male rabbils were oblained from Myrle's Rab-
bitry, Inc. { Thompson Sution. TN) and somcations
were perlormed within 1 week of the time of each
shipment of rabbits. Ten- to 12-week-old crossbred
pigs (60-T0 Iy, 27,2-31.8 kg) were obtained from the
University of [nois College of Yetermary Medicine
swine breeding farm {Urbana, 1) and sonications
woere performed wathin 2 days of the ome ol cach
delivery of pigs,

Ammals were observed o be [Tee of climoeal s1gns
suggestive of respiratory disease by visual inspection
before the start of the studies and were conlicmed (o be
free of respiratory disease at post mortem examination.
Anmimals were provided howsng, [ood and veterinary
care according o University of THinois and NTH guide
linis.

Mice were weighed and then ancsthetized with a
vombination of ketamine hydrochloride ( Ketamine®)
(125 mgfkg) and xylazine {Rompun®) (25 mg/ke)
udministered inlraperitoneally, The skin surrounding
the ribk cage. sternum and vertebral column was clipped
with an eleciric shaver amd the bhair remioved with a
depilatory agent {Neet™ or Nair®) to minimize the
hkehhood of entrapment ool s at the skin—water inter-
face. The anesthetized mouse was then restrained 1noa
spread-eagle posinon in a specially fabricated appara-
tus that permitied the placement of the mouse vertically
in the water bath { distilled, degassed water 1. 'The ven
tral surface of the ummal was wwand the olimsound
source. A pointer attached to the ultrasound source was
used o position undormly (he movuse inthe calibrated
sound field: the pointer was removad during animal
sonication. The individual prepaning each mouse for
sonication { anesthetizing, depilating and placing in ex
posure struclure ) was blinded 1o the exact exposure
condition. These procedures are similar o those used
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in previous sfudies {OBrien and Zachary 1994
1994 h: Zachary and O Brien [995),

Rabbits were weighed and then anesthetized with
a combination of ketamine hydrochlonde { Kelamine™ )
(350 melke )y and xvlazine (Rompun™) (5.0 mgitka)
udmimistered subcutaneously, The skin surrouinding the
ribh cape, sternum and vertehral column was clipped
with an elecric shaver and the hair removed with a
depilatory agent { Nect™ or Nair®) to mimimize the
likelihood ol entrapment of air al the skin—water inler-
tace. 'The anesthetized rabbit was then restraimed 0 a
spread-cagle pusition that permitied the placement of
the rabbit vertically in the water bath { distilled, de
gussedl water ), The ventral surface of the animals was
vwand the ultrasound souree. A pointer altuched o the
ultrasonnd sonrce was nsed o position uniformly the
rabbit in the calibrated sound ficld; the poinler was
rernoved during animal somication, I'he individual pre-
panng cach rubbil lor someation (anestheuzing, Jepi-
lating and placing in exposure soructure ) was hlinded
ler the exact exposure condition, These procedores are
similar to those used in a previous study (O"Brien and
Zachary 1994 ).

Pips wers anestherized with a combination of kat-
amine hydrochlonde {Ketamine®F (5.0 mgfkg). =y-
lazine { Rompun®) (3.0 mg/ke) and Telazol™ [ 10 ma/
kod administered  intramuscularly. The skin sur-
rounding the b cage, sermum and verrebral column
was clipped with an electric shaver and the hair re-
moved with a depilatlory agent (Neet?® or Nur®) Lo
minimize lhe hkelihood of entrapment of air at the
skin—water interface. The anesthetized pig was then
restrned moa spread-cagle posilion that permitted the
placement of the pig vertically in the water bath (dis-
tilled. degassed water}. The ventral surface of the am-
mals was wward the ulrasound sowrce. A pounter
attached to the ultrasound source was used o position
uniformly the pig in the calibrated soumd field; the
pointer waos removed during animal sonication. The
idividual prepaning cach pig for somcation { anesthe-
lsing, depilating and placing in exposure structure)
wis hlinded to the exact exposure condition.

Mice were humanely killed by cervical dislocation
followed by exsangmination and dissection. Mouse
lungs were placed n a petn dish thal contuined stenle
saline and examined { hhnded 1o the specific expnsure
condition ) with a dissecting microscope. The rubbils
wern: humanely killed with an overdose ol carbon dios-
ide (C0,) inhalation, and the lungs were dissected free
trom the ammal. Rubbit lungs were washed Inee ol
blood and 2xamined ( hlinded to the specific exposure
conditiont visaally for hemerrhage, Pigs were hu-
munely killed wilh an wvverdose ol carbon dioxide
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Tahle . Quantitative numerical eriteriz for senring lung,
daneeage following sopication of euch wdowl,

U Poinaal oo, wownsl vikal sigos.

L5 Fapuivaci’ bemomhage, rmal vital signs,

I —Mirimal hemarmagze maelly irvalvine 1o 4 foci -rr-.nl:u"inj_:
gppraximntzly <3 mmoin dismetar, normal videl sizna,

2—Dbld beoonbiage thal was giear op cxtcal aisd sevonly tean
a scwe ol L0, onmal il signs,

A Minkerale berrrbage Pt cwas praster in asclenl ond severiie
than u score af 2.0k nommal vital siane

4—ndarked bomorrhogs that was grenbcr mocxoent and seweniy
Lan 4 acore of 5.0, abnormal vital signs.

S=—Sevore heosormhage thol was greater o exlonl arad severly
L e ol =0k aboormnad ~icd signe, death,

Histolagic =«<aloarion regquired to confirm these gross ineempreca-
LioiLE.

(C0k ) imhalabon, and the lungs wene dissected free
froam the: animal. Pig longs were washed fice of Blood
und exarnined Chlinded w the speeific expasurs condi-
Cionn ) wisually Tor bemorrhagpe.

The: lung damage scoring criteria were adapted
Iromn these wsed in previows studies (P Dren and Za-
chary 1%da, 199400 in order to compare directly the
observations hetwesn mice, rabbits, and pigs, For all
animals evaluated, areas of hemorchage were reconded
im grav scale on diagrams representing dorzal —ventral
and venual—dorsal views oF all long Tobes {mouse:
letr, post caval, right cranial, right middle, right candal,
rabbit: combined lelt apical and middle, lel canlal,
post caval, oehd crandal, rpht ooddle, cpht caudat;
pig: combined left crandal and middle, left candal, post
caval, combined rizht crantal and middle, oght cau-
dall, 'Lhe assignment of the numerical score o each
lung { Table 17 was based om chmeal vanables [ sur-
vival, respiratory patterns. bemothorax, ec.) and mac-
roscopic sssessment of ling for hemomhage. |ung
hemorrhape was evaluated guulitatively vn the bosis
of calar, lecation, and distribution (0 e, there was more
intrupurenchymal lunpg hemorrhame with a higher no-
merical scorel. Lungs with intraparenchymal hemor
rhare were dark red-brown o black snd this color
change was apparent throughour affected lung lobes.
A seore of U was assigned o lungs that had abzolutely
nit hemorrhage; lungs with ony or guestionable (eguiv-
coal 1 toch of intraparenchyvimal hemorrhaoe no matres
hives small were assigned a score of (L5 for consistency
of segiing, animals with miesmal anlrapacenchey ol
hemorrhage were assigned 8 seore of 1, and so forth,

The exposimnelry procedures were wentical o
those reponted in the movse lung study 0" Brien and
Fochary |%98a} and the mouse—rabbit lung study
1 Brien and Zachary 1994b) with the exception that
the former study was conducted at 37°C and che latter

study and this study were conducted at roown tempera-
lure =227 there was no detectable differenes in
the degree of lung damage in mice between the wo
temperatures. Internal body temperatures were not
monitored. The mice, rabbits and pigs were exposed
to acoustic pressure, defined as che otal pressure minns
the ambient pressure { ANUM 1992 ), using one of the
two identical. rectangular {16 = 11 cm) magnetostric-
tive sources driven hy Swen Sonics” Blue Wave ampli-
fier at a freguency of 30 kIle Qacoustic wavelenusth in
water i3 5 em) modulated at 120 Hz ( 1005 modulation
[astor).

The overall acoustic pressure lateral distribution
[rom source [ uctive rectanmular source ares was 16 om
harizeatally = L1 ci vertically b was ol very uniform
at 4 range of 5 cm from the source surface ( see O Brien
and Zachary 19946 ). The mowse"s thoraoc area was
abeat 2 = 2 o, the rabbit’s thoracic arca was abont
10 = 1Y cmowd the pg’s thorucic srea was aboat 22
= Mbeme To assuce that cach animal was posilioned
ul the same fiell location where the acoustic pressurs
wias koown, o removable metal pednter, which could
he placed on the face of the transducer, was desianed
and Tabmcated. The acoustic pressure calibrations and
animal placements were performed relutive Lo the posi-
tion of the tip of the removable metal pointer; e Gp
wts adl a distance of 5 em from the face of the souree
The lateral area chiosen o perfurmm the calibrations, und
henes the animal exposures, Was & 4 o™ square region
bt the pointer's tip location for mice and a 100
oo souare region aboul the pointer's bp location for
rabbits, A two-dimensional lateral bearn plot at a range
of 5 em was performed (20 = 200 cm in 0.5-cm seps)
and the huomeontal and lateral scan relabve w the
painter tip location were also performed [see Tig. |
Y Brien and Zachary 1¥W4b ), Within the mouse’s 4-
o’ square megwm, the hwdrophons’s  rzero-to-peak
aeoustic pressure () rangsd from 99 w 118 kP,
that 5. prp vagied by 19 kPa with a maximoem gy,
within this arca of 118 kPa. Within the rabbit’s 100
cm® sguare regiom, the hydrophone’s  zero-to-poak
acoustic pressure (g0 ranged from 23 w 118 kP,
that is, g, varicd by 95 kPa with a maximum g,
within thix arew of 118 kPa. For the pig cxposune comdi-
oo, the pie's thoracic area Caboul 22 % 30 cm) was
greater that the source’s area (11 > 16 cm).

A cahibrabed NEL Type F4Z1Y hvdrophone [ Bob-
ber 19097 was used as the primary standand in these
ciperiments. The hvdoophone™s sero-lo-pesk vollage
[ Whep ! was converted into the hydrophone’s zero-to
peak pressure (b using the hydrophone's calibrated
voltaze sensitivity of 37 kPa/ a 30 kKHe.

As in the mowsz lung experimants (O Brien and
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Table 2 Summary (mean + slandand deviaiion) of the
resulky of the spot checks for the cxposure inocnsicy
settings employed for the rabhic -pig Tung smidies.

Bla: Wove Aplbe’s L Hedreplasie s Lavo-ba-Peak

Wolage Y., (vl Presmae g, (kFak
(1] 145 + 70
130 2+ 68
L7 M0 L 78
LT il & 95
Tl JH| + =R

Lachary 19944 ) and the mouse—rabbit cxperiments
(VY Brien and Zachary 1994k ) frequent spol checks
of the calibration were conducted dunng rhe smdy and
the resulls were consistent. These spol checks imvolved
lacing the hwdraphene at the cip of the painner, remay-
ing Lhe pointer and recomding the hydrophone's #emo-
to-poak voltags (V.0 for cach of the Blue Wave am-
plifier™s line valtages 0% 0. Tahle 2 lists che mean
and standard Jeviation of py, for each o,

The e valucs reported for these cxperiments
were Lhe mascdrmum oy, valoe within either the 4 or 100
om- square regicn for mice and rabbits, respectively, or
within the entite field tor the pigs, that is, between 145
and 490 kFa { Table 23 In addition, the sham exposurs
conditions were reported at U kPa.

[or compan son, Table 3 summuriees the expisure
conditions for three stdies (those from OFBrisn and
Fuchary 19494a; (' Brien and Zachary 19%4hb; and thoso
from this studv] for sach of the sxposure pressure
levels ([, 1 and cxprsure durations,

Sin eaposwe comdbiticms (s goouslc pressures

Table 3. Swmenary of exposere condiens

volome 23, Nombor 3, 199

levels (] and une exposure duralion ) were wsel in
ordar to aszess the offect due ooy (o exposure pressum
level. Sinty rubhils woere coposed at 145, 290, 3440, and
60 K", amd 15 rabbitz were sham exposed Tor o total
of 73 rabbits, Fitty-cight pigs were expesed at 145,
2040, 460, and 490 kPa, and 16 pigs were sham exposed
for o wral of 74 pgs. Cighleen mice wene exposed af
143 klI'a for positive biological controls. All exposure
clurations wene 10 min,

Munpurametric stalistbeal tests wene wsed becaose
the assumplion bat the population from which the
sample under obsenvation is drawn was normally dis-
tributed was not necessary met. Thes resulted trom
the arbitrary seofing coaterin d Table 11, which was a
quantitative means to indicate the Jdegiee of lung
damage. The Krskal-Wallis analysis of variance
CANCY A Y Lesl 15w monparemeinic method comoected
fow tics wecd to compare the medians of iree or more
unpaired groups. Should the Kroskal - Wallis ANOW A
ekt indicale sipmificance (p = 0L03 ), then the Dunn’s
multiple comparisens test. a vanabon of the Bonlemmom
pesr, was used o compare which means are sianali-
cantly ditferent. The Mann—"Wimoy to8r is 8 nonpara-
metric method wsed W compare the median of baa
v grones. Linear repression aoalyses were wsed
w1 gquantily the hest-fit sraight line borwcen twoe vari
ables and vielded (he correlabion costloent (v, which
describes the amonnt of linear assoviation and slope’s
P value which indicares the slope’'s signincance relative
w1 o odero slope. Statistical significunes was at the (L5
level and all statistical coleolation:. wers periirmed
uzsing InStat¥ Macintosh Wersion 2.0 [ Graphlad Sell-
ware, JSan Mhepo, CAD,

iR USLIG PIESSUTE, Py, 0d saposare duretion)

tor three lung demape studics.

Mane Monse—Rabkhit Movac—Rnbbit—Fig
Doy Mizz [ B Mo S I 1dabd 15 M Raléiis Fig =
i o] N RTH [LARTHTTT] 20 man 1Ll =i D min 1l rin 1 mim ICF =rvimi
i 15 15 15 d g L% G
k4 15 15 15
0 15 L5 ]
a7 15 [ (]
1K} 15 15 15 In 7
115 15 15 15 n v 15 5 Lt
10 16 1]
340 1%
40 4 1
A0 e
| yalls: 9l Lk o 4 | & 1% 15 =

The study donotzd Bouse’ st the cxposare conditisns and ammber of meze feen U7 Bicn and Sachars (1994940 bl
depoted ' hlease-rabbic® lists the caposae comsbitioes and nomber ol mee wod rabbats froen 607 Brien arel Sachary (%403 amid
tbar denowsd  hdouse - pabilut e lidls L esposare coaditicons axd the number ol mize, rubbals gnd piges from chis skhady,
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RESULTS AND DISCUSSTON

Figures 1, 2 and 3 show the indivedua! Inng dam-
age score values (1 based on Table | seoring vriteria)
a5 a toncrion of cxposure pressure level tor each of
the three mammalian species ol mooss. rabbit and pig,
respectively. Since the monse study represented 2 posi
tive biological control {we knew what (o expect from
the resuls of experiments reported in (7 Brien and Za-
chary 1994a, 1994b 3, only the 145-kPa pressure expo
sure level was used, The 1453-kPa acoastic pressure
exposure level was he level at which severe lung dam-
agre: 0of dearh ocourmed in mice from o IO-min X posure,

Table 4 hists the mean and standard deviation of
the lung damugee soores tor Fig. 2 {rahhit resulls) and
Fia. 3 ( pig roswlrs ), respechively, Toble 4 also lists the
mean and standand deviation of the lung damage score
values {based on Table 1 sacoring cntenia) for a 10
min cxposurs duralion al an exposure pressure level
of 1415 kPa Tor each of the three mammalian species
ol mouse, rabbit and pig. This exposure pressure level
represented the highest level for producing severe lung
damape vr death cesultod from a 10-mmin exposune 0

P S B
=

Taprp Mhan

Exlivitlua

- : =- = Eh I:. |5_ wr

Fig. 2 Individoal valuzs of the rabbi lung damage senrs (hased om Table 1 sevring criteriz for
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1
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=
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Ll-rmn exposure diiratinn.

mice wherens 11 was the lowest level used (save for
thi: sham expesure pressure level of U kPa) used [ur
the rabbil and pig CEpOIIRCS, It i clear thal there s a
marked ditference in the degres of lung damage at &
10 min exposure for an expasure pressure level of 1432
kPPa. For the pig resulls, indivicfeo! lung damage scors
valucs were 0, (1.5 and | for the rabbit results, imdivid-
riad lung damnage seore values were O, 1, 2 aml 3: and
for the mowse resules, eegividian long damape scone
values were 2,4 and 5, Thas, not only do the imdivedu!
lung damage soore vahles clearly  demonstrate a
marked differenee between e Qoeee mammalian spe
cies, but also the mean lung damage scorc vahies show
this difference.

As a function of cxposune pressure level for each
of the mwo spocies (rubbits and pigs), the Kroskal
Wallis ANOWA sl indicated significance ar the
0000 level. The Dunn’s Lest comparcd which means
are stgnificantly different at the 0.05 lovel:

Fou e rabbir;

Sham vs, 143 KM

Sham wvu, 290 kPa

L]
Al —
& .

I’

b b B = —
Y B A F

73 rubbis e @

funcrion of aceustis pressure for g 10-min exposure duration
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g, 2 Indivdcoal valuss of the pio luae demace zoore (bazed en lable 1 soomng ooilemi ) lor 74 paes ie o luoslion
nf acostic pressare for a F-min exposare duracicm,

sham vs, 340 kI*a

Sham vs, 460 kPa

L45 kP ws. 460 KPa
For the pig:

Shom vs, 290 kPa

Sham vs, 400 KP'a

Sham vs. 4000 kPa

145 KkPa vs 400 kPa

145 ki*a wa. 4} kPa

Linewr regression analyses of lung damuge score

valucs vs, aconstic pressune levels tor the 190 specics
witldud:

goore = (LO0GY pressure + .26 1 = 5]
P N rabbits, n = 75 (1)
seare = (LO0TE presswe + 0091 ¢ = (157
Pl (L] pigs, n 4 02

Both regressions are highly siznificant wicth a mwch

grcater slope for rabbics comparcd wich pigs by a factor
of 38 (00069000 %1 demonstrating the difference
mdegree of sensitvity W lung damege hetwesn these
L species.

Tucompare the results rom the three miouse siod-
ies, e origingl ecords from the previous mowse ex-
preiments (O Brien and Zachary 198944, 199400 wope
re-cvalunated and scored based on the criteria for the
lung damage score values of chis study @ Lable 1),
Tahle 5 hsts the mesn and standord deviation lung
damape seore values for mice frome all thee eaperi-
menls Cbased on the scomng critenz of Tuable L), wlich
were exposed [or 4 [O-min duration. The individual
Tung damrage score values Too mice Tor the iree sludies
based on the scoring crilecra of Table |) shoew essen-
tially the same distribution of 45 and 35 with one 2.
The distinction berween scores of 4 and 5 is thar the
lupzs are damaged to the same extent bur 3 epresents
the mevse died gwring the IW-min expasurs procedunes,
Compacison of the lung damage score values of the

Tahle =, Mcan L standard deviaticn of the lune damapge score based on the scoring criveria listed in Table 1
fore a [-min exprsies dueation.

Exposus:
e Lin Pak Seane o Tul Seone fos 10 Scoe fue 10 Sl ann - Wy
Pre-simme Win Meuee Min Rahki Mim Pig Kruskal Wallis ARV A
Do VP Frmineire [xnnenre [ixpisnre 2 ¥alue
] O L G iLA) 00 — 2 il i

1-15 4.1 = (1.7 (181" 1.0+ 1.1 {15 3 — (k3 10 A

5| 2.3 + LK 14) 1R — (L7 1R1 (LIHEN

| 2.7 + (K 15)

44 52 023 14) 08 = a0l 0,005

] 1.1 — x4

Murrker in parenthesis irsbicioces The nurnber af smmals Do Tl eaposure comedition.
* I ie mo presible fo analyes becense arse o the pmoap’s samband desiocion i oeemo Gall ol the nhservaions were the saors

valug,

Steabconl at the 002 bovel aa deezioweed by e Do’ s best s deaoted 3y macched supevaccipds fon the 143-EPo exposiuies
because Dhe AMONWA whelded & sigmilica. differeoce {p = (R351 e o,




Table 5. Xean

Buhhit and pig Tunge clunage 8% T P ARIEK and I, T. XacAA=RY

epurndadl deviation of the Tung damege seore values bused on the scoring eriterie hsted in

Talvle 1 fur o 1-min cxpusare JUranen.

Fa¥ o] NUS N b oot W W

Seore Tor 10-20n

Soade for 10-min
lowss Smdy
Ferm (¥ Hrien &

hlouse Suxly
lom 2 Brisn &

Pazp TRl Yachany. 1904 Frchury, 194k
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ticn. 1was not possibile e satistically analyec

a3l

“umber m pucofaesis rdicnes me mumTes ol ouee for t e condi

e soose wilue Cilforences al the same doostc presaare Jevel hecause oo crens standard deviztion ig zero ll ol U

pheervations wers the sans walaed sl eacls level.

three mueuse studics shows considerable agreement Lur
the 145-kPa seoustic pressure leveld it was nul possible
ra statatcally analyze kecause one al the group s suan-
dard deviarion Tor each agousbic pressure level was
2E0D,

Tor compare the results from the twa rahbit stud
ies, the original records from (e proviows Monse—
gahbit experiments (O Brien and Zachary 1994b ) were
re-evalugted and scored basad on the orireria (e the
lung damage score values of Table 1, Table & lists the
meam and srandard deviation long damage score values
for rabbits from both studies dbased on the scoing
criteria of Table 17, which were cxposed for a 10-min
duration. The mdividual long damage score values for
rabhits for the twa smicdes { based an the scoring crireriz
of Table |3 shew essentially the swme distribution of
s, 175, ' and 3's, Comparison of the lung damage
score values of the two tabbit smdies showed consider-
ahle agreement for the 143-kPa exposore prossure level
where the Mann - Whitney s p value was 043,

Al the 145-kPu acoustic pressure level, the three
moeuze smdies « Table 51 ond the twa tabbin smadies
(Tahle &7 thowed considerable agreement and thuy are
comiiinedl,

Tahle 7 lists the mesn and standand deviation for
the combized by species) ling damage seore values
[or mice, rebbits and pigs from all three sludies for an
aeoustic pressure level ol 143 kPa Jor an exposun

duration of 10 min (Fig. 43, These observations sug
cest that ultrascund-induced lung damage I @ SITOmg
tunction of species (mouse vs, rabhil vs. pigh as indi-
cuted by these 145-kFa cxposure pressure level results,
Also, linear regression analyvses of lung damage scone
wulues va, all of the acomstic pressure lovels G the
thuee speeies from all three stedies vielded {based on
Table | scoring criteria):

soure = (LEZG preisore ned r =081

n < D0KH mice, o - 132 (3}
seore = (LO0GH pressure + G40 » = 074
po 00001 rabbits, n = 81 (4)

score  DUOOLE pressure — 00Y1 v = D57

g 00001 pigs,n=T4 (3)
All thres of these tepressions are highly sigmificant
with 2 much grewer slope for mice companed with
wabiits by a factor of 3.9400020/0066 ), with 3 m uch
preaier slope for rabbits compared with pigs by Mactor
of 3.7 (IKEE/0015 1 and with & much grealer slope
for mice comparcd with pigs by e factor of 144
(CLO260 0018 demonstraning Uhe ditference in degree
of scnsitivily w lung demage between these throe spe-

'
[

Table 6. Mean -+ stamdin] deviation of the hang damage seore values based on e sparing criteria listed in
Tanle 1 Loa g 10-min exposise daration
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Tahle 7. Meun + staradind deviaion of the lang damage score valves based nn rhe seoring criteria lisked n
Lable 1 Lo oa (Demin exposore durabion.
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In evaluating the experimentally observed mends

el Tumg damage betwesn mouse, Tabl and pag, il s

supacsted that there is nir expenimentally supportabic

cvidence that such damage could oocwr in humans un-

Tess e ulbrasonic pressane levels are much bigher, thar

is. highor than those crployed hecain
Consider these obscrvations between mause, rab-

bit, pig and man |[soe Tahles ® wnd % e OF Brien and

Zachary (19934 ) and Tuble 4 in (" Brien and Aachary

199 ]

(1) Tond heeg volume: rabbil g about TO0H fimcs
larger, pig is about 3000 times larmer sl human
i5 abour G300 times larger than mouse.

(2] Atvenlar yurface area:; 1abbit iz about H5 Hmes
larser and pig and human are about D500 1mes
larger Hhan mouse.

3y Mean edveoli digenerer: rabbit s aboul 2 (mes
latger, pig is about 2.5 umes lorger and homan
5 aboul 3 nmes laeer than monss.

(4 Copritfeary swrfiice e rabbit 18 gboul BS times
Jarger and huan 3w abaool 2300 timas largsr thin
mowse. Copillery surface arca for pigs does notl
appear to he availahle.

{5) Capillary vedune: rabbil s aboor 95 times langer
and human is about 2RO0 Hmes larger tha
manse. Capillary volume Tor pigs Jocs nat ap-
podar to he available.
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Fir. 4. Mean aod stasdad deviation lung damoge soores

1 hazed on Table | scomng crileria ) af 132 mice, 91 rabbics

aml 74 pigs feom the specics combined dati Tor £ Heicn and

Lachumy 71Uy, 19%4h ) and rhiz study al an seonsiie poes
aure of 145 kPa for o 10mun expaosure daration.

(6) Luny complicice; rabbic 15 aboul 173 (oes
larger ancd humean is about 4000 times larger than
mouse, Lugg complianes tor pigs does nel ap-
pear fe he available,

(71 Pulmonacy plewrc yize: both movss and rabbit
are thin and pig and homan are thick.

181 Pudmorary plevre dlood suppdy: both mouse and
tabbil ure supplicd by the pulmonary artery and
Toth pig and humam are supplied By the bronchial
artery. Pulmenary amery rypically has a hgher
Blood pressurne valus than the hronchial artery.

(9 dereriobulir and seemenial conmeciive fissnes
both mouse and rabbit have Bitle, A7 any, and
both pig and human are exiensive.

{100 Palmenery pleral Daogphalics: both mowse anld
raliit have werv tew and both pig and humin
Are CEtCmsive.

(117 Neowrespiewtory broncftiole; mouse, rabbil, pig
andl human have scveral generalions.,

112} Resmivarary bronchicole: mmouse, rabbit and pig
are absent oz singhe short generation and human
has several peneralion:.

(130 Yerminal rexpiredery bronckinle: mouse, rabbit
and piz end in alveolar ducts or very shiot respi
rarory bromchioles and human cnds in respiratory
bromchioles.

V14 Difirgeond induced fung diomage: o sipnificant
grcater degree of lung damage was induccd in
mitse wnd rubkal comparad to plg usang same
sooring criteria { Table 13, Ratios of lung damage
ACOICS Aare:

miruse Tahbil— 3.9
rabbitpig A7
monse.pig - 14,4,

It iz beyond the scope of these experiments o deder-
mnine which of these lung propertics might be the princ-
pal delernonant atfacting ulrasomicallv-induced  lung
damage. However, the mends of each of these lung prop-
ermies suggest that husman lungs conld be the least sensi-
five o altrascund induced lung darmagne.

Lr. sunmary, this stdy in cimbination with the pre-
vicne smches (O Bren und Zachary 19943, 15%b; Fa-
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chary snd O°Bricn 19903} demamstnate (hat the by pathesis
by been validated, thal is, there i a specics dependoney
in the dearee of scnsidvity to ulmasund-indoced Tung
damagze, However, thers are cerlain caulions o be excor-
cired with these results, The input quantitacive data of
lung damage scores were soyuired be one ugldy-baiocd
abserver blinded 1o the specific exposure conditions. Tt iy
not known 1o what extent another highly-lruned observes
wonld have scomed the lungs using the same scoring
crileria (Table 13, Also, the extensive statisocal evaloa-
ticens ghauld nor he construed wo indicate 2 high degree
ol aceuracy. The staistical evaluations were prancipally
used to astoss differonces among groups ond trends.
Thoerefisme, the aheolue observations have 0ot boen fested,
wnly the wlative obacrvations.
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