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The limitation of uming Ct (the product of concentration and
oxposure time) as a measure of dosags of gazecup cubsiences is well
recognized. On the other hand, with the dosimetric mm, which
has the merit of taking verious relevant respiratory pavancters
into consideration, difficultios ere encountered in measuring the
ventilatory volumes without impwmg gsevere strain on the experi-
mental animal, and in ccllecting a sample of expired alr containimg |
a gufficient amount of toxicant for anslysis. In this latter %Zechnique
it. is genorally considerad the ;éareeht retention (6l) of a given gas
by the pulmonary aysten; of & given spoeles of snimal is comstent.

The present investigation is to test the validity of this @smptiom
ard to study the intor-relationship between varicus vaatﬂa%rypamv
moters., The ‘progmmm@ of research envisaged requires the development
of imsirunentation for dicplaying the respiratory dypmmics of gnall
animals under relatively normal and physiclogical comditdems. In
additien; the meacurenent of @ roquires om analytical syoten which
will poznit dotection of the differonce in cemcentwration of the agent
in the inspired ard erpived alr of tho aalmal. Fimally, it is
congidered dosirable to obialn tsasinzs of varicus Seasurcncnts
contisuounsly and simltonceusly co ¢that the povecat rotention com

bo caloulated and compared with rezags@e*é % time and at differemd .

lovels of the agond.



LDOTRACT

4n operecirenit, valveless, continuous aire-fiow m@piz'agwaphm
technique has been developed for measuring the tidal volume, mimute
volume, respiratory rate end respiratory eir-flow pattern afsmltens
eously and contimuocusly. Several olectronic devices hawve baem
designed to provide the necessary regolving power in this meaguring

system. The various respiratory perameters of uuanmmthea&,aéa young
zdult rate hava been meegured under experimental cobditions whiech
approaéh normal physiological conditions more nearly then in any
eariier technigues. The correlation betwmeen tidal wolums, mimw
volume and body weight, as expressed in varioue mathematiesl
functions, has been re-examined end diésugaea'a

In sddition, en apalytiesl system capable of recording
contimously and pmctﬂca}.iy msﬁan‘t&mm@lyuhanges in ouiphur
dioxide comsentration dn air has been developed. The method
requires a relatively apall volume of gas 3@1@ for amalysiss
Contaminated air reacts with acidified hydrogen peronide splution
in a cpecially designed counter-current abzorber to forn geipburie
acid. The impedance of the efflunent boars an imverse reladionship
o the emount of sulphur dioxmide beimg abeorbed in ¢tho rango
C-500 popedo

Pinally, thosgs iteochnicues hove heen adapted for dotorminin
sirmltaneously the pulmonary dyneniecs and rotention-of snizplup
dioxide gas by vhonacsthesized rats. Tho effeets of corsentration

of the agent and the duration of the cxposure upsn the pereend



rotenticn, mapim%ry rate, tidal volume and mizmte volume of the
experimental animal heve been exemined. The inter-rolationships
between these parsmeters have been discussed with sone referenses

to histo-pathologleal studies. The most striking finding 1s the
inverse relationship beitween peresnt retention emﬁ the concentrations
of sulphur dioxide, and the duratiom of the imhaslaiion exposure.
Consequently, these results éen'bribute tc a bstler concept of dose-
response phenomena in the £ield of inhaletion toxicology.



rotention, respiratory rato, tidal volume and nimmte volume of ihe
experimental animal have beon exsmined. The inter-roleticnships
botween these paraemeters have héeu discusesd with some mfer_eme_a_ ‘
to histo=pathologicel studies. The most strmmg findlog ls the
inverge relationship betweon perecnt retontion ami the eene;antm;tioné
of sulphur dioxide, and the duration of the imhelation exposure.
Consequently, these results n;entmba‘m to a better concept of dose~
response phenomena in the fleld of inhaletion toxicology.
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CHAPTER OHE

A NEY TECHNIQUE FOR TIDAL VOIDNE MEACURDNENT I
UNANARSTRNTIZED SHALL ANDIALS




In the oritical evaluation of the effect of a gas oF vapour on
en enimal, the use of the dosimetric method is meomenﬁaﬂ(l) v Taia
procedure requires the measuvements of tidal volums, mspirat@rj rate
or mimte volume of the test enimal as well as & knowledge of the
eou@entratﬁ.ém of gas or vapour in the ingpired end m&mﬁ air in
order to caloulato tho dose of the agent being roteined.

Iz,

Various %ehmquas for doternining the required pmﬁ.ﬁ@gﬁ;cjal
_parzmeters me been developed end can be classified imto two
categories.

&

These procedures deduce the tidel volume thvough its |
rolationchips with parameoters such ac oxygen csmmmptia% '
chember barometric proseure, body eloctricel impedamco op
the applied clestronmagnotic £leld strength.

(1)

In this mothod, 1t i3 asoumed that enimals ues up
opproxdpately 5 percent of ozygen from the aln ao mon dens.
tho ozygon comcumpdion in 24 hours in a emeil ondmal gen
thozofore bo estimated frem the hoat producticn and cubsce
Quontly tho averago tidel volums of the cnimal ovor o poriod

of 24 bours can bo caleulated from tho oboozved motohbolic
z‘aﬁamﬂg) o



The offect of rospiratory motion on the copacity of a

eéndéﬁmr in which the bady acts either as one of thééia%m

or as t!w dislectric was noted as aarly as. 1937{"")@ %wrﬁmg
of the respiratory funstion of both mﬁm&ls end mm ma
ezehaw@ﬁ by peaguring Mp@éanea changes b@‘é‘mm almtmaw
enbedded in the subsuteneous %mmg of ithe ehm%<53 » ~Recontly,
inprovemsnts have aleo been made in the technique by eliminating
the interforence of the cardiac action on the impedance end
have 'pmitm the separation of a relatively un;iiaitoﬁ*&_aﬂf and
agcurate regpiratory wave fm(é) . | |

(114)

Thisc technique waa oz'igimlly developed for meorﬁimg
tremors 4n mall endmale’?”), Tt was later edopted for the
studies of reopiratory fumetion in cpall mmwa(g) o In
m@rww whore amésthwimﬁ endmalo wore m@ég a gmall
bay mognot was placed subsutancously on the Mt@?alonﬁml
sido of the thoraxm end abdomem of the ominmal at on angle of
ebout 30° off tho long exis. For exmporinents uwoing
unoncothoeized mico tho mognot was losated so that e good
epposition with the picheup coil vao oblained. Tho volloge
culpnt of the pickeuvp coil bore a direot mla%@ﬁmﬁp with
tho exzcursion of the resg;i&"a‘%m povenenta end provided on
cobimato of the $idel volume e;s"' the cmporimental animal,

(iv) Romerninie Iothed.

The chasbor boremetric mothod wos based upen tho

mempbion that tho prescure in o cloced chamber imercncod



whken hoat and mimm'a wam a&c‘ieﬁ t@ &*.h@ wmem fron @aeh

expiratory t3dal air of the @xperimenm endnel, mmw»”
more, toth the pmssum mﬁ tha temperature @ffeeta am »'
@qnilabra%a to pmaeziating aanﬁitioma afmx- oach mimu
tion and befors w@ther imspﬁxation. commguem;ly, the
obzorved chember pressure variations would be the m@ammm
of the ventilation of the enima1?),

(v) ‘

The plst-hymo@-aph coneiateé esmtﬂally of a glawa
or plastic oylinder :ln which the ami’mal mld 8it comfortably
enough t remain quiet, 4n aMigh% geal eround the neck was
achioved by the use ofrubber. dam or inflatable cuffs 'fb‘gather
with colledion or certain repins. As th@ emﬁml bmathaag the
presgure vardetion within the pysten wag de%aswﬁ by m@am* of &
sensitive pressure mﬂﬁmmwu’oan) or inguctive, eleam»
mechandieal %mmdueewﬁm’w) » The nognitode of the g@mawa
signal is ucually directly proporticnal to that of thca ‘i;iezml
volume, Consequently an estimato of tho rospivatory }vamila-

tlon of the oxmperimemtal animgl moy bo obtained.

Bo. Mizmoct Fathads,

Thosse p"’abuﬁ'u?a sgtimate the tidal volwme and rospivaiory

rate oither by direct meacurement of the volumo of gas rospired

or by ths changes of proscure in tho alresupplying systen e’iuc; o

the variation of the recpiratory alv-flow pattorn of tho wmlo

(1) Tolgo Intheds,

“hic tectnique has boon porhopo the oot froquently



uzed pmmm., The opperatus consioted essenbially of a low
resistance oneamy valve sya‘en delicately mamtmafa& jwﬁ.@z
thin rubber or plastic dises or glass beeds resting over the
tipe éf pollighed :mlét and cutlet ﬁab@m The walve ésyamm
was then conmocted dirsetly to a tight-fitting head plscs,

a face-magk or fracheal cemmlation, The sncuat of air
respired per umit time was measured direstly by neans of

come type of gas volume measuring device such as a spirvemater

or water displacement errangement or soap-film flow
mé’bem‘é 314915916) 8

(14)

The meagurement of the tidel volume was accompliched
by allowing the experimental enimal to breathe into & eloged
tube with a rubbsor diephragnm a@aling the distal end. & m; L

nirror was atiached to the diephragn emd reflected a boem of

1light onte a moving £ilm strip. Tho exoursion of tho boap
wag calibpated to sllew the osbimabion of tidal velume while
the respiratory rate vas also recorded Qmmmwmaly(w”w} °

(353) Hethod s .

4 potable edvance was made when a elosed cystem,
valvelese; eir-flov regpirographic tochnicuo wae ..mtméuecm{m}
The spparatus consl s‘i;oﬁ of a clossd oir cupply circnlt im vhich
air was possed threough the heoed plece ot o rate such that tho
volume was at leagt five times as great as that sogaived for
the normel recpiration of tho animal, arranzenent _
provided f£rach alr at all times aﬁﬁ tho animal breathed against

a negligible repistapce vhich was momy times less than that

-]



i

e 5.

ceussd by the valves, & third tuba led from the hoed plees
o a pmwmré gensitive clectricel condensers Variation im
the olectricsl capacity of the condenser was ealibmméfi for
the sstimation of the tidal volume.

IIX. Comments o

In the firat category of mm—a&;é, the oxygen consumption
mothod is obvicusly difflcnlt to apply simultaneously with Snhalation
studiss. The removal of expired carbon dioxide together with the
possible alteration of the pulmonsry funstion of the animsl by toxic
gages or vapours may couse problems in the accurate deﬁem&n&tﬁ.@m of
the varicus respivatory parameters. Other methods such as the impedance
spiromeier and the magnetic dovice may imvolve annssthesis or surgieal
procedures, The plothysmographic technique, on the other hand, imposes
a govere resiraint on the animal and provides e tracing of the @m of
the thoraecic snd ebdominal components of the respiratory mo'éememﬁza
rathor than the actual aire-flow patiern of the regpiratery system.

The barometric technigue, togethor with some of the above notheds,
roguires that considerable attemtion ba pald i tcoperature rogulabion.
Finelly, the recordings of the respiratory povenents of the animal in
zoot of the procedures cuffor from imterfercnce duc o adverce boldy
movencnto cauged by struggling.

In the gecond catepgory, tho valve molhod moceooitaten ths uso of
tight-£itting faco-nack or trachenl cammmiatdon. In addition the tood
eninele have to breaths againgt considerable resiotance in ozxder to
operato the cneevay valve gysten and the atlashed ges volums meamuping
doviecs. The air=flov methods, on the other hend, have a Limited aly

cupply end requires that the amimel bo eubjested o considerablo rostwalnt.



Tho objective of the presont stadles is to develop a m@%ﬁ Zor

the contimmcus and simultancous determination of tidal velume,

respivatory rate, mimite volume end aireflew pattsrn of mwvﬁm’er

mormal, physiclogical conditlons. & new method must overcome tha

iinitetions of sarlier techniguss and posseas the folleowing f@c;uirw@msa

)

(2)

()

(4)

(5

(6)

The system should "pamﬂt the determimation of the respiratory
perameters of smell animals comtiruously over a period of
sevoral hours. |

There should be oo resistance of anmy kind within the systen
that may affect the pormel jpespiratery function of the
aninal. |

The pressure schping cystem chould respond almosh
ingtantancously with no epprecisble lag or imertia.

The responge ghowld be as nearly lincar as passibla and
should be ascurate to within 5.

Tho appavatus should be readily adaptable for direst
recording.

Small chenges in envirommenmtal temperature mod emcecding

% 3°C, and normal veriation im atmospheric kumidity chould

bave no significant offect on its fencitioninge

Vith the sbove roguiremenits ia mind, & unigue, oponeeclrculb,

valveloos, air-flov respirographic Lechmique haz beon doveloped.



The elestrical system (Fig, 1.1) employed in thie fwem
consisted essentially of e Wheatstons Bridge Circuit, Two of the

armg were shared by the cleglromagneitls transducer section. The
trengducer (Horthwem DP7), which has a froquensy mmnaa of

250 0.peB.p was energized by 7.5 volts fron a beat freqency eudis
genorator {(Gemersl Redio Hodel 1304B) et 2000 Cp.0s The outpat
voltage of the cseilletor was monitored by e commercial voltmetey
(Fisher Recordell). The other two arms of the bridge were
ogoupied by a standard 10,000 ohm msiémr ard & bank of decade
resistore (Cenoral Redio) vespectively. The b&idg@ vas bélam‘z@é
to 0.01% of the ratic arm load by adjusting the resistance end
copacitence, I% wao then offcet 50 millivolis at ﬁh@'omﬂl@mg’h
(Grass Polygraph) end f£inal

1y robalonced ¢o il by a 0.2% change
in pure resistance at the bridge level., Thua, any veriation inm
proscure botween the mack and tho maln ajr tubo would csuse the
dovoloped voltage to add or cubtract £ron this 50 millivolt offsvd.
Fowovars this 6.0» oignol hod to bo coplified bofors dotecdion, 4
cpocial thresestage cethode followor with h&.gh ctablilty vith
rogard to phage chift and anplification was thorefore designed.
Thio amplificr chaonged the impedamea of the 4.0, voltage £xed o
high level to a lov lovel im cach of tho ﬁm% oo stages ond

then ooplified the voltepgo in the interstage audio tzopoformer

(Hormond 00 pories). Thls dovice was peaked ad 2,000 cop.o. and



drev only 10 milliamperes £rem the highly £iltered, rogulated

power supply of 200 volts having a 60-cycle content of

20 microvoliss Tae amplﬁ‘ﬁ,e& Mgnal wae thenm mmtiﬁ@d ‘by a
alode (IN34) and passed into a suitable msmmee imzmﬁam@
network P43ter, baving an m%ematm uf 50 dbey to match tho
asmplifier and the oacillogmph. From the escﬂlogmph a
recording of pressure vari atiom on a tima base wag obmimd,

The area circumscribed by the pressure eurve and the baseline

may be uead to provide an ostimate of the tidel volume. Simule
tavecusly, voltages were drawn froxm the oanmogrépﬁ_ w be
rectified and suzmeted on a time base of 4 secomds. The total
voltage ontput was ‘reacl mmericaily on a microvoltmetler

(11333 fvac MB27D) end recorded on a time base on a DC millivold
rocorder (Varian). The megnitude of t&iia suzmated voltage
mmishea on estinete of the volume of alr deliversd in 4 seconis
and hence tﬁa equivalent mimte volume, as will be disecussed boleow
_ in the s@eﬁion on calibradion. Firnally, the frecuency responge
@f the systen as a vkole was &eﬁermimé by the step functien
technicuo (13) and found to be better than 40 cycles por second
at ¢he upper 1init vhereas the lower 1linlt was es sentially oero.
Conzegquently a pnlsea contonr detail up o the 15th hevmonic of

the respiratory rate of e normal rat could casily bo obisined.



Pigo 1. Schematie dilagran of fhe elsctrical gysten.
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The cysten (Fige 1.2) comsisted of a gas mupplying tube, 4,
being fed at a constant air flow of approximately 400 ml. per.
mimte from a coupressed source. This volume of air is sppromi-
mately 1.5-2 tinos as great as th@zmmal respiratory requires
ments of a 200300 gn. rat. 4 second twbe, B, located opposite
to tho outlet of the face-mask attachment tubs, G, led to tho
sonsitive pressure trangducer for sensing the mimmte pregsure
changes produced in this open-circuit system by the imspiration
and expiration of the rat. The lemgth of this tube, B, was
found to b3 not critiéal and aoﬁld very from a fzactien of an
inch % several inches wi‘ih@ut affecting the measurement of
the changes m PPessura . .On the other hand, 1% was obm@ﬁ
that paxinsl response from the pressure transducer was only ob-
fained when a elight resiotance to air-flow was intveduced on
the discharge side of the air lime. A& 10-inch longth @f,
plastic tubing, D, having en insido diemoter of 0.125 imeh
provided o suiteblo resiptance for this purpose. Under thees
conditions, the building of prescure within the face mask By
wes found o be practically nil (0.3 mn. of water).




At

Pigo 1.2, meék diagren of tho tidal volume m@m
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The responsze of the transducer in the openeeircuit tidel
volume meagurement systen was calibrated by coupling a syringe
onto the face-mack attachment tubs. The plunger of the mimga
was comnected %o a rotaticnaletoehorizontal reoiprocating ﬁiéticm
trenslator which produced simple harmonic motion simulating the
rormel respiretory pattern of memmaels. This mechenicel systenm
was driven by a variablo speed wotor havimg a froquency W fron
30 to0 180 strokes per mimite and wag capeble of providing a sircke
volume variable from 0,5 to 2.5 ml. By adjusting the stwoke volmms
and fregquency, the volume euntzmt per mimite could be edjusted over
the range fron 40 ml, to 380 ml., corresponding to the range of
interest when determining the mimte volume of rats. The celibration
curves (Fig. 1.3) were constructed by plotiing ths ealculam volume
of air delivered per mimuts agaim?f the voltage cutput as ebmeﬁ
in tho BO millivelt recordor at four differemt sensitivities inm the
oscilliogreph level. Ao will bo coem fvonm Fige 1o, the vogponse is
lincar for volume cutputa of 40 to 90, 90 %o 175, 175 to %@ aud
260 to 380 mi. per minmle, at the decreansing consitivities 2, 5
mbmﬁ 20 mvefam., Tespoetively. It wag found that, for any glven
otrolzo volume, regardiess of the rato ot which 1t wan discharged,
the doveloped voltage was consband. | This formed the bagis for
roloting the obsorved developed voltogo produced by tho alr movee
nonts frem a rat mnder tost to volume cuipub per nimuite ap dotor-
nined frenm tho colibration curves. Thoe day-toe-doy voriations in

rosponoe of the vholo syoten in measuring a glven sivoke volume of



Figa 1.3, Calibration curves for the songing system.
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air was found to bo within 4P, However, freguent recalibration:of
the systen ab the beginming of cach ozperiment redused the

veriations in volume meagurement to loss than 1%.

The body of the rat was inserted im e tubuler plastic ﬁ;m
holder (Fige 1.4} & collar and a fece-mack were mounted on the
front of the cege in euch a nemner that each could be adjusted
fore and aft, up and down, and at any inelination. The f&cé-ma@k
was pachined foom plastic into the form of a cone which clagely
fitted the muszle of the rat, 4 reasonably leak~proof aim—mi
was achicved by use of a ring of rubber dental dam, The faccemack

was coupled perpendicmlerly onto the main gas tube of the tidel
volume meaguring syetem. In eddition, en opening was logeted on
top of the cage permitting the adninistration of subcutencous
injecticns, while the head and tall of the animal in the holder
were available for other emperimental procedures.

B, GOholeo of Aninalao,

Iale rats of the Uistor strain vore selecbed. Tho enimals
vere Aivided into four groups of ton end were im ihe vestricted
wolght ronges 50260 gne, 100-120 ghe, 2002220 gn.g ond 290=310 go.s
gorrecponding to approzisately 8, %, 10 and 18 wecks of ego
reopectivoly .

i1l. Bmopinenial Frosednwon.

A% ¥the beginmming of oach tidal volume measurenent, the rat wae
placed in on individual cage. The cvorage respiratory rate of tho
animal ot restizmz condidion vas doterpined wlt o stoprateh. %Tho

rat was thon tranoferred into tho holder in whichk it was porndtied
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to rest comfortably after proper adjustment of the esllar piece aud
fece-magk, The gas supply tube of the tidal wolune neggurensnt sﬁstem
wes ther goupled onto the mask, When the animal settled quietly amd
breathed evenly within a narrow margin of rhythmie varietion, Tacording
of the respiratory function began. The chart épead of the direotw
writing oscillograph was set at 5 mm, per sacond for recording the
respiretory rute and 50 mn. per second for detailed recording of the
air-flow pattern of the respiration of the animal, The tidal volume
of the animal at any period was computed by dividing the obaerved
mimte volume by the corresponding respiratory rate. The aireflow
pattern (Fige 1.5) could aleo be analysed in torma of the relationship
between raspiratory aireflow and time.
11T. Remmit.

The ventilatory data obtaimed from the four groups of tem
animals ore progented in Table 1.1.

The values in tho table imdicete ezxplieitly that the mean
tidsl volume and mimmte volume becenme higher as the body woight of
the animals inemaéea whereas the respiratory rates remain epproxinaeitsly
the same. The tetest for significance of the difference botwoen the
means of tidal wolume, and among the initlal and observed respiratery
rates wao porforned. Tho tevalues obtalned for the varicus comparicons
are entered In the lagt column in Tablo 1.1 and im Table 1.2,

Tha comparicons show that the mean tidal volume for 298.5 gn. (4),
211.3 pne (B)y 10%:8 g, (C) and 52,3 gm, (D) groupe are significantily
ditferont fron cno znother. The mean respivatory rates of the msllor

andmels are alco significently higher than thosze of the larger onimals.




Fige 1.5, Typiecal respiratory pattsrns of rats in four different

veight ranges: 298,5 . (8), 211.3 g=. (B), 109.8 gm.
(€) and 52.3 gn. (p). Recorded at ohart speeds of 5 mn.

(first section) ang 50 m. (second section) per seeond

Tespectively,

e,
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However, the indtial ond 0%%@12’?@& resmmﬁry}i-éma within these gmall
apinal groups do ot &iffer @imfaa&nuy@ {See Table -1@1}9 Sﬁmﬁlwly
thers “is no oignificant differencs ww tmaen \me ms.tial wspimwry ratas
of the 52.3 gm. m:xd 109.8 . groupsg. Enr%hamara, thax‘e ia no ‘signie
fieant difference in rempivatory rates smeng all three lm'ger animal

groupsg.

The vama*kility of this new bmmmue end inatmentat&cn for the
determination of tWe respiratory volume oi‘ Enall anﬂ.mala is mll |
demonstrated by tha data premnteﬂ ,,,,, ‘mm epen-eircaﬁ, vaiﬁéiwa,
continvous alr-flow mspiro.gmph&a %ehn&qne is unigue in that
animals tested under such ezperimental mndit&ons approach nomal
physiological uonﬁitiem more nearly than in any other m@ﬁmém
The animel could broathe = consiant szpply of air or a miwbur
geses In cortain pharpacological of toxicologlcal studies. Tho
dead epase within the faccenask is practically nil ard caamuamly

CauESE NO OFTOTE OF @ozzgalicamqm in dopinetric studies. In addition,
the animal breathes againzt no rogistancs and thus an M@mm diffie
eulty in rnost of the direct methods, ssposially dn the valve mothods,
is evoided. Murthermove, the virtual absonce of backeprosgure vAthin
the mask elinimatos the meed fow & povfecily airetight sonl arcsnd

the wussle of the endmnl. OConmequently, the oxperimental

@ubgected to leos restraink. The whelo emporimontal oysten permits

] %ancouw, sontimsus and direet dotorminmation of the tidal

"f"luue, oMyt m’imm ragpiratory rate apd alr-flow potliorn over

pericd af deveral lours 1P coscsnury.




The ability of tho inotruent to Solthfully reproduce vespiratony

pozometars e revealed by its parferzance in Q?E’C?Ciati@{ﬁ@ﬂg the minuts
varictions dn tidel volumes 4p emell andnale of diffezent wodght ranges. j

It 28 Interosting to cbserve that the meen Tagpizatory vate for

the youngest aniral group wag significently higher than ¢hat of the

older snivel groupe whereas there was mo eignificant difference 4n g

regpiratery rate exomg rats heavier then 100 grans., &lthough 41t 4s

¢enarelly recognized that there 4a aa.zalimi'@m@ reletionship betweasn
sesting respiratory frequency end body sizeti4), .

¢f data derived from the etudy of so few animsls is insufficiont to
establish this relatfonship within this one epecies .

T T N GO D G ARG AR o

The correlation between tidal volume, mimite volume

welght at various mathemetical functions have been re~examined, The

#esults ave shown in Table 1.3. The tidal volume divided by tho S
Eeight of the enimal shows & decline in velus as the animal becomag
iarger. However, whem the tidal volume is divided by the 0.67 pover of

“helr weight, the values remain more constant. Since the surface

i¢es of mammals is proportional to the 067 power of thedr @@ﬂgbtﬁgf} #

e tidal volume may therofore be conslderad to vary closely with the
{16 )

@iy surface in these experiments rather than with the bedy weigh%(l@ ®

Ut %8s other hand, the ventilabion varies accordingly to the 0,73 power

0 as body welpht. The vontilation of lungs in infant rats wore

found o be 1e275 1043 228 1,48 ¥ ,/fgmzc & for rots having en age

of 1=%; 628 znd 16=26 daye rogpectively ™™ ng . this deta
vith our £indings {Teblo 1.3, codumy B); it i wobed that ke

ventilation of tho lung resches o pea e the age of 4-5 wesks P



o 22U o

corresponding to the period of most repid growth in the rate The

ventilotion then declines to about 50% of that value when rats reach
almost constant thereaftey. | v

It is alse interesting to note that the ratio between lung

zeturity and remaing

weight and body weight in rats follows & similer tremd*”’. Bassd
upon this finding, the lung weights of the snimels used in this study
have been astimated, and the tidel volume was found to vary approxi-
zately as the 0.75 power of the estimated lung weight. Determination
of the exmel relationship, however, requires furthor investigation.,
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CHAPTER THO

& NEW ANALYTICAL TECHNIQUE

FOR
SOLPHUR DIOXIDE IN AIR



CHAPTER TWO

A BEW ANALYTICAL TECHNIGUE

FOR
SULPHUR DIOXIDE IN AIR



Sulphur dioxide ia ome of the mogt importent irritant gases
sonirituting to atmoespheric pollution in large cities and 4ncuptrial.
distriets. Various wet chemicel procedurcs or imstrumental detestors

have been developed for determining the concemtration of thism contu~

minant in air,

The verious enalytical methods employed are based on the redusing
properties and acidic nature of the ges or the acldiec chame%r- of its
oxidation product.

The snalytical procedures consist generally of trapping a known
volume of gas sample in a givén quantity of aqueous absorbent of
cortain chemieal corposition. Depending on the nature of the
absorbent and the subseguont chemical reactiom, the rosultent
solutions are analyced with eppropriate reagents er cortain
physical means in order to deotermine the concontration of sulphur
dioride.

(1)

Thaig chomienl recotion wus the seriisst one employed for
apalysis of eulphur diomido in alr pollution mways(gl’) «
Sulplur ddomide in the gas semple was abeorbed end oxidised
by a standard jodime colution. The amount 0¥ iodino vhich had
boen concumed ves determined by mesns of back titration with
otapdardized thicsulphate solution. Starch eolutlon weg used
as indiector. Theo equivalent cuentity of mlphur dioxide

could thuo be coloulated. Beeause of ths volatility of the
J
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jodine solution, veriona modifications of this cboorbont
wore made by adding stabiliser such as iocdide Mutiom(?g},
or by totally replacing lodine solution with potsssium

permanganate aolution(%) °

(31)

in this technique, sulptur dioxide was trapped im
distilled water or alkalil sclution containing one of the
many stabilisers such ae stanmmcus chlorm@(zv’za) s bengyl

(29) ® gl_yeerol(so) or isopropyl aleohol(sl). Hydrogen

alcohol
peroxide was porhaps the most ccmmonly used absorbent and
eulphuric acid was the final produst. These acldic or eulphate
solutions were titrated with standardiszed alkali or analysed by
other physical means.

{111)

clorimotric Methods,

Uost of the previcusly deseribed proceduzes can b2
uged in conjunction with colorimetriec or spectrophotonotzric
tochnioues. Colour reagento such as the blue starch lodine-
10dide solution cen bo reducecd by sulphur dioxide %o colourless
solution&;(s 2433) . On the othor hand, reagents cuch as tho
different types of baslic fuchsoineformaldehyde dye codutions
(34,35536) or codium t@%racﬁlt:amermamg 7) would produco
eolour in presence of the gase. The change in eolour donolty
was dependent on the consentration of the gas and the ¢rane-
nittance of light of certain wave lemgth in those eolutions

wap determined photoeloetrically.




This elesirochemical teochnigque hsa besnm perhaps the nost
froquently employad prosedure for the determinstion ef atvos-
pheric sulphur dioxide. The contaminated gas cevple was
alloved to react with standard hydrogen peroxide solutdon %o
form eulplmric acid. The electrical conductivity of %he
solution bora a dirsct relationship with the hydrogsn fem
concentration and thus provided an estimate of sulphur

dloxide comsentration in the gas asampl'e{s 8,39,40,43) ®

'u:i

Various sutomatic and continuous enalybicsl inst

BneRty

|
|
|
i
|
{

baged upon Aifferent chemical or electrochenicel principles heve bosn
daveloped for the datermination of sulphur dioxide im air.
(1} Semiofutomatic Analyzers,

Sorlier semi-~outomatic instruments were wsuelly based

on iodimetric remetions. These devices consisted susens
tially of o cameoparated poppet valva systen which pesmitied
eliernatsly the sompling of eir snd the discharping of ths
final -solution from the absorber(@) « Gthers apployed a
notor-driven impinger unit to serve a similay rmrg@mg‘ﬁy 3‘@,
The discharged sboorbent solutions were then tdw ""(Xx.if«@«..
ramially with appropriate raagenis in order %o cbtain %he
aguivalent concentration of sulphur ddoxide.

111) fLutemaniic Awalyzers.

Theae seni-autonatic deviess vere repdored corpletsly

sutornatic when thay were nedified Lo colopizmsiric op
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conductonetyric procedures and employed in conjunction with
euitable continuocup recording potentiometers.
The automatic,; contimusus colorimelric amalytical

techniques which involved the colour reacticns of at:éreizu

iodine solutﬁ.oﬂ(u”l*ﬁ’l‘é’ ) or different types of fuchsin
dyea(w’l‘s) » and some of the corduetimetric prceeﬁums(l‘g’f‘o”ﬂ)
belomged to the ®accumulating® type. This type of analyzer
operated by drawing a steady air stream through a measuved

volume of absorbing solution for a defimite period. A% the

end of the desigmated interval, the solution was discharged
and replaced with a fresh solutiom. The change in trensmittance '
or conductivity of the éolution was detected contimuously by -
zeans of a photoelectric cell or a potentiometer. The tracing

produced by the recorder were sawetoothed in appearance and

shoved the total change of tramgmittance or conductivity during
cach sampling period of 30 mimtes, and the average sulphur
dioride comcentration for that imterval of time. Tho
“inptentancous? type of conductometric anslyzers conplsted

of various types of counter cuvrent ebsoorbers. The conducti=-

vity of the offlucnt was contimioucly meacured and the record

i

H

i
5

s
1

reprogentsd a 1=2 mimute average concentration of the gas
(46,52,53,54) o Finally, the recently dovoloped cutcmatie,

Ineluded in this category. The prineiple of operation ig
baged upon the onidation of culphur diozide in the inconing

ges strecm by the olectricallyegenerated bromine in the conlometwie



cell. The magnitude of the electric current required for the
production of an egquivalent amount of bromine is recorded
contimuously and indicates the change in suiphur diozide

congcentration.

811 of the deseribed procedures suffer from the disadventage of
requiring a relatively large volume of gas for amalysis. In ease of
the colorimetric methods, the average sampling rate of gas is
approximately 250 ml. per minute. That of the conguctometric
technique may be as high es 1215 litres per mimmte and that of the
coulometric is around 100 ml. per mimute. Furthermore, the record-
ings from the colorimetric and conductometric techniques are
primarily the average value of short intervals (20-30 mimutes)

In the coulcmotric mothod, the contimmous reeording is merely tho mot
titration lovel and the actmal concentration of the gas is obtaimed
only by m].;'.iplyimg the obseorved valuve by an instrumental factor which
st be separately determired umder identical experimental conditions.
IV. Obiective of Present Stvdies.

The objective of the present studies is the developzent of a
culplmr dioxide amelydical mothod which can be adaptcd to cerialn
toxicological investigations such as dosimetrie inhalation studios.
This procedure requires a chemical analytical systen which will permit
detection of the differcmes in conconiration of the agent im the
ingpired and orpired air of am ondimol. It is alco comoidered desircble

to record this difforence contimucuply and imstauntonecously. The
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ghortcomings of the deseribed technicques, when comsidered in relation

to the present problem, precludes their nse.
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The errangement of the analytical system is shown schematieslly
in Pig. 2.1+ A4ir containing sulphur dioxide is drawn through the
absorber by means of the syphon bottle errangement, The rate of
flow 4s regulated to 35 ml, per mirute with the aid of a Teflon”
needle valve and a rotameter. Absorbent solution (4 x 10°°H B,
5 x 10778 HaS0,) 4o fod by gravity and regulated also by a Teflon®
needle valve to flow at the rate of 5 ml. per mimate into the
abgorber. A congtant pressure head is maintained by comtimocuely
punping the electrolyte to the ovar~flow comstant head pressure
device., In the absorber, the solution rescts with sulpbur dioxide
fronm the air and then drains down the capillary side tube into the
dotector e¢ell where the impedance of the electrolyte is detected.
Figo 2.2 195 a photograph of the glags absorber and the detector
cell which are btuilt into one unit. This counter-current absorbor
has a gas capacity of epproxzimately 5 ml. A medium coarse £ritisd
finger, which is prepavred so that the abeorbont colution cogses
slowly frem tho scide cnly, is rimgegealed within the cylimdrical
body. This arrangerent providos a very offieclient absorptive
curfaco of epprozimately 9.5 square comtimetors im arca. Alr caters
the abgorber through the lover side, flows esgainst the downedripping
abcorbont end leaves through the upper oxit on the opposoito side.
The roacted solution is then drained through the bottom capillary

tube o the dotestor portion of the cell. This bottom cepillary

H
i
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3
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Fig. 2.1. Schematic diagram of the analytical systen.
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Fig. 2,2. Photegraph of the glass ebsorber and detector celi.
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tube cerves not only as drain tube but algo &g the external air
seal and pressure equalising vent. The effluent flows wmtimznua}.&
by gravity through the Veghaped detecior section whore, at any
moment, a conptant volume of effluent is held. The changes in
impedance of the polution are detectad by two parallel platirmum
electrodes (025" long, 0.040" diemeter) mounted 0425" apari

through a plastic plug at the bulbelike portion of tho capilliary
wbs,

The electrical systen employed in this sulphur dloxide
analyticel instrument is essentially a comperison eircuit
{Fig. 2.3) in which the developed voltage from the detector cell
is continuouely compared with a preedetermined reference voltage.
The prinary voliage is gemerated by a standard power supply
employing fullswave rectification, eapacity resistance filtering.
and mercury voltage regulation techmiquem. It 48 then reduced
by cories resistance to 0,25 volts 4n the reference side of the cire
cuit. This magnitude of volitage has been selected after performing
a cories of power dissipation efficiency tests on the absorbent
electrolyte, and waé found to provide a very siable and favorable
senpitivity-to-noise ratio over a peried ef‘ coveral hours, Frono
the ‘came powmer supply, current is drawn o operate two vacuum tubo
triodes {604) In tho dyncmic side of the circuit. The £irst tubo
cerves in a erystalecontrolled oscillator im o conveabiomnl Pierce's
eircuit to produce a 500 kilo-cyele-pere-sscomd (keps) voltage while

the cecond one performs as a tethode follemor to seperate tho




y

Figs 2.3. Schematic diagram of the slectrisal systen,
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oseillator from the detector celle This high frequency voltage has
soon selected by performing frequency-response analysis on absorben®
solution econtaining an equivalent of 1,000 pepeme of sulphur dioxide
g8 sulphuric mid. &fter ascarning through the frequency gpectrun
svom meve to § megacyeles per second, 1t has been cbserved that at
the vegion of 50 kepa, tea response is maximum (rig. 2.4). By

moana of & potenticmeter, this 500 kepa voltage is aepplied across

she detector eoll and = 10 % ohm resistor in series. It is further

adjusted whils the absorbent flows sontimuocusly through the detectr®
eell, 6o that the woltage £eross she 10 k ohm resistor compares with
the 0025 volh reference afier roetification and integratlon. Changes
3n impedence of the sloetrolyte vosuliing from the formation of

sulphuric acid from she regodion of sulphur dioxide and hydrogen

peroxide disturdb &he voltage belsnee. The vollage alteration bears
s direct rolationship to the apount of sulphur ddoxide being
sbsorbed. By recording the aifforential voliages in 2 nilliivold
secopdos (Browm), tho congentration of sulphur dioxide in the air
sapple esn thus be eatimated.

$1. Zxporipental Procedurese

The anslydical eysben was snlibrated by drawing sulphor dloxide-aly

)

es of knows compesition through the absorber. The rates of flow for

gy and ebsorbing selution wers ut operablonal conditions (35 ml. and
5 ml. per minate rospectively. Threo salibration curves (Fige 2.5)

ware pbiained by plotiting +he congentration of sulphur dioxzide inm pPaTLE
sor million against the yoitage outpnh 28 observed in the nillivoli-

meter nt fhyues ssnaitdvities, . % and D, The resulic were confirmed
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Fig. 2.5. Calibration curves for the snalytical system.
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by using a series of hydrogen peroxide-sulphuric acid soclutions
comtaining an equivalent of 5, 50, 100, 206, 300, 500, 750 and

1000 pep.d. of sulpbur dioxids. All procedures were carriad cut at

roon temperature which veried to an extent of 4 3%,

The efficiency of the absorber for sulphur dioxide hes been
deterrined by analyzing simultaneously the equivalent amouni of
the gas in the supplying strear and in the effluent, stream by a
titrimetrit technique. Ths following efficiencies were observed
under operational conditions: 42 p.pae, 10055 167 pepeie; 98.8%;
520 pepee, F8.4%55 856 popa., 98.2E. {Table 2.1). It was also

interesting to note that the presemce of sariton dioxide in the

affluent would change the titratable acldity enormously and yei
the electrical response was amazingly small. This interference

is discussed below.

The sensitivity of the instrument at the thres sensitivity
levels is 1.38, 0.74 snd 0.38 millivolt of output per 1 pepelie
change in sulphur dioxide concentration in the range of
0-500 pop.m. DBoyond this range, the vesponse becomes non-linear
and at 600 p.p.x. the sensitivity falls to helf of the initlal
valne. The full scale deflection for each sensitivity Jevel
corresponds to 160, 320 and &00 pop.rm. respectively. The range
of interest lies between 5 to 500 p.pe.m. and the meapursment of

galphur dioxide concentration within this apsn has been found



to be accurate teii)ﬁﬁ@ Thaoretically, tne limit of detection
may be lowersd or elevaled many fol¢ by altering the ratio cf
alr and liquid volume sppropriately. Since this instrument is
desigred for dosimetric inhalation studies im smsll animals, it

was desmed undesirable to inereasec the sampling rete. Cn the

other hand, the rate of flow of solution (5 xl. per wimte)
gannot be lowered withoud sptrofucing & lag in the response.

c.

The factor governing the rate of response of the system teo

B R S e f it Aoy fo 0

changes in sulpbur dloxide concentration in the &ir is the rate
of sclution displscement or exchange in the V-shapad detector
eell. 1% wes found that the imsertlon of & gless (or platimum)
wire through the cell belwesd the elsctrcdes resulted in &

requction of equilibretion time. Ihis improvement h&s been

shown to be assoclaled with & change in liquid flow pattern im
the cell reselbing in & more rapid conduction of electrolyte to
the vioinity of the electrodes. EZmpirlcal lests for the rate

of respumse of the sysien were csrried out in which a suddenly
interrupied onesnd~o supply of gas was made through a three-way
stopcock al the sample inlet. It was observed that the response
oceurred slmost instantanecusly and reached 95% of the change

ju 20 seconds aund 100% in 1-2 mimutes, regurdless of the sulphur

dioxide conmcentration levels employed (Fige 2+6).

The apalytical system was specifically designed for biological

studies. The only interfering gubstance which might be present in



Fig. 2.6. Rats of response of the enalytical systen.
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the gas strear would be carbon dioxide. 1t was noted that, at
all sulphur dioxide comcentrations, the effect of the presemse of
2% carbon dioxide was negligible. However, the presence of 5%
carbon dioxide altered the recordings by 8% at 42 pop.m., 4% at
167 pepm. and 1% at 520 p.pn. of sulphur dioxide (Table 2,2).
Any gases which react with a suitable fluid medium %o

produce an electrolyte will be detectable. It is anticipated
that the insirumsnt may be adapted for the amalysis of gases
such as hydrogen sulphide, nitrogen dioxide or emmonia provided

they are measured at suitable frequency voltages.
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Table 2.1. &ffieiency of the ebsorber at different sulphur
dioxide concentration levels.

Number of 805 Goncentrationep.p.n. Percent
Dotarminations ’Tmﬁ%ger &bzorber baorptiorn
6 24 8 2% 7 106.7
9 166 ¢ 7 . 1643 3 98.8
9 312 ¢ 7 306 t' 5 98,1
e 521 ¢ 10 5134 9 98.4
8 866 ¢ 20 851 ¢ 12 98,2

Table 2,2 Effect of 002 en 802 determination by the anelyzer.

Cbserved S0, Concentration~p.peam.
Del;:r:nbxi;a zi@m 5 (zg;)(}cncentratégﬁ in 43> %:t_rg:rrm )
6 % 4 39 39 45
9 157 & 5 165 168 168
° 291 ¢ 2 310 315 32
8 489 ¢ 20 492 495 514,
8 §73 & 20 924 L0 90

% Tyo determinations im each trail.




CHAPTEZR THREE

FULENN42Y RETRNTION
oF

SULPHUE DIOXTDE BY THE RAT



I. trodua

The classical method of desoribing quantitatively the magnitude
of an exposure of am animal to a gaseous toxiceni is to state the
proiuct of the conmcentration of the agent times the duration of the
exposure(sg) . The comcentration, C, is usually gives in mg./cu.m.
and the time, t, in mimutes. Thus, the exposure is characterized by
some Ct, in the units mg. min./cu.n. The product, Ct, has been used
extensively to deseribe gas exposures with the assumption that the
same quantitative respomse of the organism might bs expected for
varjous velues of C or t, provided (Ct) is equal to a comstant, K.
It is now known that this assumption is in gemeral, .iaeormt and may
gserve only as an approximation of the effect of a givem Ct over
restricted ranges of C and t(59) o It mst further be emphagized that
the product, i, is mot the actual dose of agont retainmed by the
animal . It may be proportional to the dose only if the fraction
of egent retained im each imspiration remains constant and the various
physioclogicel parameters that constitute the mimutse volume also remain
unchanged throughout the exposure. However, several exmperimemtal
studies have reveslss that individuel enmimels of the same spesies
respond difforently to verious gaseous toxicantc depending on tho
zode of action of the ngont. The inhibi tien(60) or stimlation(6l)
of respiration by the agent may result in wide dissrepancies botwoon
concentration=tino progucts (Ct) and the dose actually retaimed,

Thus, the uge of Ct as a measure of dose in the determimation of




individual and gpecies suseeptibility to imbaled agent has been
proven wneatisfactory. Attempis have been made in larger animals
to obtain an estimate of the actual dose. Tho procedure employed
is called tho dosimetric method. The amount of agent rotained per
unit body weight during an inhalation exposure is givén by the

expressions
Dea (%ﬁ v
where D g dose

¥ @ body weight in gram

¥V @ nizmto volume (tidal volume x respiratory rate)

6l & percentage retontion (the quotiemnt of the amount of
agent retained by the animal divided by the 4otal
empunt to which the animal was exposed).

Thus the true dose of the agent may be determined provided

estimates of & and V ere obtained in addition to the conventional
niaasuremm:ta of C and t. In effect this equation still requires the
assumption that the average mimite volume, V, and the fraction of the
iphaled agant ave congtent for a given species. It is now recognized
that the percent retention, @l , of a given agent may vary among
animal speecies as well as among members of a given speeies,
Conversely, difforent ag,gntﬁ may be absorbed in variable guantiiy by
the some gpecles. This véria%ionmay ba due to physiological or
anstonical factors or the route of iszhala"&iaﬂgéagéa +64) o Fuarthermora,.
the phycical or chemical propertles such ag ealubili%y(é’ﬁ?%) or
maci‘.:lvﬁ.'ty(é?) of an agen% nmay aleo effect the dogree of rotontlion.
Al¢hourh seme information on @ has boen obiainmed from in vitro and

chort term in vwivo oxperiments, very little io kuoim regarding the

changos in @i vith recpeet to concentrations of the agent and the
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duration of the imhalation exposure. Consequently, the present
studies are designed to examine the possible alteration of @

with respect to concentration levels and duration when rats are ex-
posed to one of the most prominent air pollutantse~-cuipbur dioxzide.
II. Sulphur Pioxide, '

Sulphur dioxids is one of the most prominent atmospherie
contaminants in large cities end imdustrisl m(é&,é%'?o). &lthough
it is not as chemically active as ozone and flucrine compounds, yed
it is emitted in much greater gquantity and may reach a high enough
concentration to congtitute a health hazara(7o’71’72). Consequently,
the rise and fall of the level o_i‘ the gas has bsen chosen as ar index
of gaseous pollutanit. The recommended threshold limit value for
sulphur diozide is 5 p.p.m. (13 mg. per cubic me'ber)('B)o Physio=
logically, sulphur dioxzids im clessified &8s sn upper z*esgiratbry

irritant gas which exorts the common property of imdueing inflammation

in the membrance of resplratory trae"ﬁ(u") s

Hany studies have been publighed in which the responses end
pathological changes associated with exposure to sulphur dioxide
have baen related to the irritating ond corropsive properiies of
the ges. Chromic, intormittant inhalation of sulplmr dioxido
below ‘tize cencentration of 5 po.pome. in onimels and man is
believed tc present no appreciable danger i@ health(%’%)o
However, chronic, contimuous exposure o similar low level of

the gas have boen shown to cause disturbanses of the conditioned
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refloxzes 4n rats(W) . Furthermore, when enimals wore exposed
to a moderate level of the gas urder similar prolonged comditions,
general demage to the pulmonary, circulalory and central hervmza
&yst«eme(m) as woll as effeets on carbohydrate and proteiﬁ
metsbolism and alkali reaex've(79) occurred. The sum .of those
reactions would subseguently shorten the life span of the
animala(ao) . In short term experimenis, acute polsoning of
narmal(mPSZ"gB’&)'or "eenaitized“‘ss) animals by high
concentretion of sulphur dioxide led to severs pulmonam"damge
and fallure.

Recently, attention has baen centred on the investigation
of the effescts of sulphur dioxide upen various physiological
parameters such as tracheobronchial rei‘lexes(%’av’ss),
pulmonary compliance and air-flow resistence in aninals (89990) gnq
(91992993) » It haé been concluded that at very low concen-
trations the primary action of sulphur dioxide is to cause
bropcho=constriction and an increase of the pulmonary flow
rosigtance., However, the cxperimental animels or subjects can
usually recover within a few hourse.

Simce a1l body reactions o adverse conditions may
zliimately be traced down to the cellular levsl, the effscis
of sulphtur dioxide upon established cell lines culbivated
in vitro have algo beer the subjeet of im"eamgation{%) .

B. [Fersent Retention Studies,

Attempts to measure the percent retention, €, of an

inhaled toxieant are for in mumber and are deemed to be
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difficult because of the problems imvolved in the eollection
of a sample of expired alr contaiming a suffieient smount of
toxic agent for chemical amalysis., Host of the invostigations

(60) 1i sarin'®5 on

have dealt with war gases such as phosgens
larger anirals. There ie practically no ewperiment designed
gspecislly for the dotermination of the percent retention of
sulphuy dioxide, except a fow reportﬁ(ae”%’%) with a limited
erount of data on this important entity along with pulmonary
dynamic studies in anaesthesiszed dogs. The method employed in all
cages involved the use of a one~way valve system in eonjunction
with a face-mosk or tracheal carmulstion. Ventilation of the
aniral wes maintained by means of & respiration pump which

supplied a constant stroke volume of sulphur dioxide-air

mixture., The inhaled gas was then actively drawm out or
paasively exbuled against atmospheric pressure and dolivered
into a Hyler bag or other types of gas collecting systenms.

The volumes of gas ingpired end exhaled over the experinmental
poericd were meesured. Gao camples fren both sources were
analyzed for sulphur dioxide concentraticn by means of wod
chemical petheds or appropriats dotectors. The average persent
retenticn cver a peried of coveral mirmieg or en hour eould thus
bo calculated.

IV. Gommonts on Percont Rotontidon Stndion

Revicwy of the reported studiec in vhich estimates wopo obtaimed
of the percent retention revenls a mmbor of drawbacks in the

oxperimental procedurss. In the £irst plece, the animals havo. been



subjected to ansesthesis and surgical procedures. The gpplication
of artificial pulmonary veatilation is apt to interfere with normal
physiological respomses and the protective mechanisms such as
glteration of respiratory pattern or mild bronchiceconstriction.
The variatiom of these parameters may, as has been diascussed, affset
the percent retention of a gas by the pulmonary syster of an aenimel.
Secondly, the estimates of percént retention of sulphur dioxide for
those animals were merely the averags velues measured over a period
of several minutes or as long as an hour, Therefore,; any possible
alteration in retention with respset to the duration of exposure
would be macgked. Thirdly, most of the experiments have been carried
out within 2 nerrow range of sulplur dloxide concentrations, making
it gifficult to dotect amy possible change in percent retentiom due
to differences in comcentratiom., Finally, the use of valve systems
edds to the problems of gas apalysis under these circumstances.

Fron the above comments, it is evident that there 1s a need
for a method capsble of measuring varicus respiratory paramoters
undor conditioms as nearly rataral as possible.
Moreover, on elecirochenical cmalytiecal cysterm, which will permil
dotection of tho mimmte differsnces in coacentration of tho agent
in the imspired amd oxpired air of small apimelg, mugt bo employed.
It io algo comsidered desirable to record all these paroameters
inctontenecusly and contimously co that tho poreent retention of
the gas by the animal can be celculated for both limitod periods

and the entire cource of the cxporiment.
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This system ic mede up of the tidal volume measurerent and
sulpbur dioxzide amaiytical components., Both of thesse two now
developnents have been described in detail respectively in
chapters one and two, and in pnblicatiena(%?%). Piguro 3.1
is a photogreph of a simple tap=sysiten which unites the two
gysteme and synchronises their functions to provide the
necessary data for the calculation of the instantaneous percenmt
retention of the gas by an e@@rﬁmﬁm}. enimal. This tap system,
is compstrueted by soldering two Noo. 18 B.D. hypodernic needles
onto the twvo opposite arms of a thrac-way otopcock. %The tipe
of the nocdles ere ampothed ma embedded into the upstrean end
dowvnstresn gides of the min air supplyirg tube. & small serew
of 178" dicmoter is thrended into a topped hole im tho eollar
of the hypcdermic meedls on tho upsirean side. By adjesting
the depth of the scgowy .m.a;’.z’aﬂw pregoure in the upsirean
cazpling inlet is thus egualiszed o that of the downstroan,
This arpangemend ensures thad equal volumes of ges are drewn
for cralysic. The third amm of the tap lends to the sampling
paré of tho countepecurrent absorbsr. Thus, the comcontrzations
of sulpkur dioxmide in tho incpired afr ard dommotream air (a
mixture of oxpired and uminbnled air) can readily bo anmalysed
elternatoly.

The ventilatory porameters are measured in the cone mauner



¥ige 3.1» Photograph of the tap system.



Fig. 3.1
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as previcusly described in chepter one. The cpening; B,
located opposite the outlet of the Facesmagk 1ee:ds to the
prespure semsitive transducer. The changee of presggure
within the tube as the animal breathes in and cut of the systen
ere integrated with respect to time to give tidal volume. The
frequency of fluetuation of pressure provides also a measure
of the respiratory rate. The nimate volume is, however,
obtained by simultanecus gummation of each tidal volume om a
time base. It has been cboerved that the drawing of air
samples from eithér locations on the air supplying tube does
not affect the measurement of the respiratory perameters.
B. Gos Supply.System.

The main tube of the epparatus is fed at a constent
rate vith air containing a known concentration of the tozieant.
For sulphur djoxide, pure air and alr containing about 8000 po.p e
of eulphur diozide are proporiioned through two by-pass flow
regulators and the final mixﬁzre is metered by means of a
third regulator directly into the main gas tuwbe. In this
memmer, a steady, pulseless flovw of sulpm dioxzide in alr in
$he concentration range (-1000 pe.pem. is readily obtalmed
{Figo 302) 0

C. Inothod of Spmlveis.

Baprlier technigues for the doterminziion of the percenb
retontion, @, of a gos or vepour by an erperimental animal

rocuired the use of a valve sycten, Caleulation of this




Fig e Jole

Gae supply systems.
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paremeter was made by using the following aqmtinm(mo) .

D(Vib « Da) 4 a (Vg = D) - Vg !V%b = Da)
d= 1008 {Vg = D) t =P

D(VB° Da) +a (v‘t‘D)
7y - D)

wvhere D o Apparatus dead space (1)
V; o Hesn tidal volume (1)
a o Vapour concentration entering the imhalation
apparatus {(ug/1)
b e Vepour concentration leaving the inhalation
apparatus (yg/l)

This equation is complex in form bacause of the necessity
of including terms for the dead space correction.

The development of the present vélvelesa, opea eircuit,
alr-{low respirographic technique simplifies the whole squation
w the following:

= 100 [ﬁ-—;—ﬁ]

&lthough in the msasurement of b, account must be taken
of the fact thal thers is nixing of uninhaled ges with oxhaled
gas. However, the final equation can easily be derived as
follows:

Let 2 be the initial concentration of the sulphur dioxide-air
mixture which 1s supplied at a constant rate of ¥ ml. per

nimute and let ¥V, bo the volume of gas inhaled by the animal

per minute, This ¥V, must also be equal to the volume of gas
ezhaled by the enimal per mimuta. Let b bo the gas concomtration
leaving the respiratory system of the rat. Then, the fimal
concentration (Cp), which ome would detect at tho downstream

of the gpperatus would bo
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Since V,the ges supply, is a kpown quentity, while Vp and Cp
are measurable parameters, @ cen therefore be readily
caleulated. Fig. 3.3 i3 a sample of the type of tracings
obtained for caleculation. Fige 3.3(1) shows the respiratory
patiern of the animal undergoing an inhalation éxpoaure to
sulphur dioxide and Fig. 3.3(2) shows the equivalent minuto
volume. Pig. 3.3(3) shows the indtial concentraticn of
sulpimr dioxide in the air streem and the corresponding
fluctuations in concentration as the animal breathes in
@ifferent respiratory patterns. Confirmation of the
upotrean concentration is obtained by tho restoration of
the curve %o the initial valme.

D, Statistical Fothod.

Doterminotion of the mezn value of percent reteation of

culphur dioxzide by rats undorgoing inhalotion exposure W




Pig. 3.3(1). Typical respiratory patterns of rats ezposed to
42 ppome of sulpkmr dicxide.

(2). Bquivalent mimite volune.

(3). Alterations of the comcentrations of culphur
dioxzide baforo and during inkalation OXROCHTO o
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different concentrations of the gas wes the form of experimen-
tation employed. Seven groups of 10 animals each were exposed
% different concentrations of the gss ranging from 40750 Pephe
The values for percent retentiom of sulpbur dioxide by indivi-
dual rats at different designated time points were caleculated
acecording to the derived formula. These values together with
the mimate volume, respiralory rate and the calculated tidal
volume (ninate volume divided by respiratery rate) at the
corresponding time points were then subjected to a multiway
analysis of variance and Duncan’s maltiple range test for
significant differences botween treatments end time effect 0L},

Hale albino rats of the Wistar strain were used throughout
the experiments. They %ere young adult rats weighing from
200 to0 220 grans, These anirals were supplied by the
Pnvirormental Health Centre Laboratory in Ottewa. Irmediately

after the arrival of the asnimals, they were housed in standard
cages and provided with water and Purina chow. Three o six days
of accliratization o laboratory conditions were given before
they wero used in the experiments.

F. Histologleal HHothad,

Iungs from all andmels in each trial were prepared as
foll@:m{wg) s  ‘the anterior poritiom of the trachen was ticd
off end the lungs distended to mormal size by injection of
Bonin's fizative, The trachea was then tied again below tho

point of injection. A&fter cubedding ond cubting, the gectioms
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wers gtained with Harris' hematoxylin end eozin, and mounted

slides were prepared according to standasd proeeduros .

£% the begimming of each experiment, the ventilatory meaguring
systen was calibrated by the method previcusly deseribed (page 12),
The sulplur dioxide analytical system was calibrated by supplying
the counter-current absorber-detector with sulphur dio#ide-air
nixtures of kmown compositions. Gas samples were drawn first from
the upstream tap and then from the downstream tep. This procedure
vas carried out to cnevure that the sampling rates through both taps
were identical., Discrepancy in analytical congentraticns between
upstrean and downsiveam samples could be corrected by iturning the
screw, in the collar of the hypodermic needle in the upstream side,
to decreass or increase the sampling rate. When all imstruments
were calibrated, the emperirental animal was then inserted into the
holder with 1ts muzzle projecting through a gas tighd face~mask,
The enimal was allowed o rest for a short periocd before the mask
outlet was coupled onto the main itransverse gas supplying tubs.
During the course of cach experiment, the sulphur dioxide concen-
tration in the gas circuit was checked at 1C-mimute imtervals by
drawving gas semples from the upstrean tap. Immediately after this
inspection, the sampling mechanicm was agaim gwitched back to the
downsirean tap. HRecordings of various physiological and analyticel
data procecded simultancously end comtimuwously for a period of tmo
hours. The reedings from the various tracings were trensposed inte
their exeet values by intrapolation of the appropriate calibradien

curve. The velues for percent retention of sulphur diozide for each




corcentration level wero wlcuiamd according to the formla. &%
the end of the tmoehour exposure, the experimental emimal was
ansesthesized wvith mmbutal and the lungs were removed Cor
hirtological examination.

The immediate response of the comtrol &mé.la to & sudden
chenge of air supply was in general a decrease im respiratory rate
followed by a rapid recovery to the mormal respiratory pattern.

On the other hanmd, the first responss of the experimental amimals
to a sudden change of atmospheric constitueonts was the holding of
breath for a periecd ¢of ten to fifteen seconds. As breathing
resumed, evidence of irritation was indicated by megsmg, soughing
end lachyrymation, together with comgiderable struggling. Thesz
signs of irritation contimmed for 4 to 5 mimutes and the animals
appeared t© adapt themselves to the now situation. Thoy bocane
progresaively ipactive and ]._c»athargice Regpiratory function in
those animals which were exposed to the imtermedinte levels of
sulphur dioxide, from 40-400 pop.ne; recovered quite rapldly.
However, ithe regpiration of animals umdergoing an inhaolation ezposurse
to the high comcentration, 750 ppome, of tho irritant gas bocamo
aerratic and laboured. Tho respirateory pattern wag an intermittent
turgt of quick and deep inspiration and empiration. OComceguently,
the time required for cach respiraticn becamo shorter even though
the mmnber of regpiretions per unit time wao gmall. Resplratery

failure in this group of ecnipelg occurred freguently during thoe




experimental poriod. Finally, most of the endmals undergoing
inhalation emposure to sulphur dioxide salivated profugely while
the control animals remained quite normal.

1V. Regulta.

The persent refention of each of the ton animals was calculated
at one-mimate intervals for the first ter mimmtes and theom at tone
nirute intervals throughout the rest of the experiment (120 mirmtes).
The physiological and analytical parameters at the corresponding
time points were likewise recorded or calculated. However, after a
preliminayry exéminatioa of the date, it was concluded that the
original 21 timeepoints for each curve could be reduced %o seven
points and still provide a full picture of the whole experiment.
This simplifying process greatly facilitated the graphical
presentation of the data snd statistical anslysis.

Table 3.1, 3,3, 3,5 and 3.7 show the meen values of percent
retention, respiratory rate, tidal volume, mimte volums snd their
rospective gtanderd deviatioms. Horizontal rows of values provido
the comparison of each parameter messured at different time-poimts
while the animals were exposed % a single coneentration of tho
irritant gas. Vertical columns of entries glve the comparison of
the valucs obtained at the sewe time=points but at different levels
of sulphur diexide. Figures 3.4, 3.5, 3.6 and 3.7 are tho resgpoctive
graphical presentation of the tables,

Tables 3.2, 3.4y 3.6 end 3.8 are the resulis of statistiecal
analysis of the data of Tables 3.1, 3.3, 3.5 and 3.7, coploying tho

rethods of variance analysis end the Tuncan's mltinle-range test.
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In general, percent rotention, respiratery rate and mimte
volume varied inversely to the concentration of sulphur dioxide
whereas tidal volume varied directly., On the other hard, the

duration of an exposure affectsd svlely the percent retention.
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The most striliing low power microscopic finding in the hig»
tologicel preparaticns was the positive correletion betwesn the
frequency of occurrence of pulmonary damage and the concentra-
tion of smlphur dioxide., For example, 70-807% of the lumgs of
rats exposed respectively to 426 and 751 p.p.n. of sulphur
dioxide chowed various degrees of pulmenary edema, whersas only
10-307 of the specimens from groups of animals exposed to the
lowor levels (60=200 popen.) of the agent dememstyated similar
types of lesicn. On the other band none of the lumgas of the
anirals from the 40 p.p.m. and the comtrol groups had observable
adverse histological changes.

Pore dotalled microscopic study (Fig. 3.8) showed that there
was po correlation betwmeen severity of the injuries and salphur
dioxide comcentration., The common pathologicel feature was tho
existence of moderate amounts of fluid in patshes of alveoli.

The wallo of the alveoli were intact. The bromchioles were quite
patent amd the intect walls were occealonally covered with a thin
leyor of fluids The mucosa of the bronehi were intact but they

vere froguently over-laid with mucous materlel. The blood vescels

in the lumps of all groups of arimels wera mormel. Pinally, the
lungs of tho fev animals thet died during the inhalation oxposuro
to 751 pepeme of pulphur dloxide were alco exanimed. The patho-
logical aleration in the alveoli, bronchioles end bronehi were

escentially tho seme as those of the other groups except that the

puimonary vecsels appeared % be slightly congosted in £0mo0 cased

(Figo 3 cg) °
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Fig. 3.8, Photomicrograph (X125) of lung of a rat that

survived 120 mimites of exposure to 426 p.p.n,
of sulphur dioxide,

Figs 3.9, Protonicrograph (X312
died after 30 mimte
of sulphur dloxide,

5) of lung of a rat that
¢ of emposure to 751 PoPelie
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Tho respiretory system serves ag the principal avemue for

absorption into the body of gaseous agents from the atmosphere,

The rate of respiratory uptake 1s one of the mogt important factors
that deternines the toxicity of an agent. It is neeesaary; thereforo,
to have an understanding of some of the factors such as concentration
Jovels of the ges and regpiratory dynsmics which may influence the
rate of uptaks.

The results of the studies deseribed above irdicated that the
concentration levels of sulphur dioxide in the ingpired air
influenced, to various degrees, the percent retention of the gas
by the respiratory system and also effeeted the pulconary dynsmies.

Emmﬁation of the percent retention, @, (data in Table 3.1)

revealed that the capnclty of retsining sulphur dloxide by the
respiratory trect of the experimental animal was inversely related
to the consentration of the agent. When the velues of the indtdal
percont retention for all seven concentration levels (41 PePelle to i
751 popod.) were examined, the fomms of comcentration-retention

carve (Fig. 3.10) suggested the existence of an oxponential

relatiomchip. £focuming thet the pulmonsry responge of the animgls

would follow the same methematical fumetion, abttempts have beon

nade to congivuct a theoreticel retention=comcontration curve

extending Purther inlo the low gas comeemtration regiom. Fronm

the experimental dota, o non-linear regression line of the

following methenmatical expression was obtaineds ¥ o $3.4 - 215 log X.

This theorotical curve clogoly approxmimated the beot ezperimentgal

curve. Thus, the values for percent retention, ¢ , inm low



Fig. 3.10, Porcent retention of sulphur dioxide by rats during
the first pimte of izhalation exposure to various
congentrations of the agent.

Flg. 3.11, Exponential percent retention of sulplmr dioxide by
rats during the first mimite imhaladion exposure to
various concentrations of the agont,
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consonirations could reasonable be estimated. The pulmonary
rotention of sulphur dioxzide at near sero concentration was found,
by this extrapoletion, to be approximately equal to 9%%. This eatie
mate agreed closely with those reported by others who veatilated
artificially the anaesthesized or surgically operated dog with low
concentrations of sulphur dioxide. The range of sulphur dioxide
concentration in those experiments was 6 = 150 p.p.m. and the
veiues of & were found to vary botween 8.5 to 98.5%.(88'%’9’7);
Howover, each Of value was obtaimed by enclyeising the differences
in eulphur dioxide level in am exhaled gas semple collected over a
period of 40-60 minutes, while the pothod described in this presen-
tation is capable of determining 8 continnously snd praétically
instentancously in a mueh amaeller enimal. The reagon why the
porcent retention is mot 1005 even at the lowest sulphur dioxide
consentration wae ebvicus when regpiration is visunlised as a reeie
procating process. The gec=laden elr eniers the respiratory traet
through tho mose and mouth end traverses the air passages inte tho
lungs. In comscquoence of the intimato contacd im +he alrvey, @
soluble ges cuch as sulplur diomide shomld be extracted almost
completsly by the tissues in tho upper respirzaiory tract. Thug,
the gas comcentration in the air arrivimg in the lumgo would ko
rmach lovor 4n relation to the ingpired concentration. In the lumgs
tho gas concentration would be further lowered by diffasion and
cbeorption. On expiration, & reverce sxtraction of dissolved gao
from the wppor vespiratory tract vould occur. The Wwial cmpired

adr would have an average ges concentration welighted aceording




o 78 «

the relative air volumes frem the lungs and from the resplratoery

tract, their respective gas concentrations and the amount of gas
washed out,

- e

Further ezemination of the({ ~concentration curve revealed the
existence of more tham onme phase of pulmonary response %o the
jnhalation of different coneentratioms of sulphur dioxide. The
initial percent retention was observed to be as high as 60% at a
concentration of 41 p.pau. However, this retention dropped
rapldly to 44% when the gas concentrotion was elevated to 145 p.pa.
On the other hand, O{ decreased slightly to 39 when the level of the

agent was imoreaged to VL pop.n. Further inorease of sulpbur

i
:
i
i
|

dioxide concentration to 751 p.p.B. brought the value ofO{ down
nerely to 34%. Statistical emalysis (Table 3.1) indicated that the
veluos ofOf for low (41, 64 end 83 pop.;m.) and high (145, 231, 426

end 751 popeBe) concentrations wore significantly different
at the 99% level of probability (Table 3.2). Since the genoral
foro of the retention-concentration curve cuggested an ozpomential
function, the daia were replotted on semi=logarithmic co-ordinates,
on vhich exponential fumeciions ghould be limecar. By a procesd
of esuccosoive approxzimation the curve was separated into two
corponents (Fig. 3.11). This suggeoted the oxiotence of &wo
diotinet nechanicne in the puirzonary systen comserning ths
olteration of percent retention with regpect to saiphur diozide
concentration in the ingpired air.

The first mechenism operated omly et lov sulphur dioxide lovel

(0,80 pepem.), and could be doscribed ao & fa8%, physiclogical
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reflex responce. It has been well established that the irmediate
respounses of the pulmonary system to an irritant ges vere am
increase of mon~elastic pulmonaery resistance and a decreage in
the complience of the lungs (103) .- The causes wers comsidered to
ba either a direct, local effect on the bromchiolar smooth muscle
or a stimlation of afferent norve endings with consequent reflex
bronchoe-congtriction. Since the magnitude of retention of a gas
depernds consideratly oa the area of the absorptive surface and the
efficiency of the mixing of gas im the air spaces within the
respiratory tract, it wes, therefore, roasonable to say that the
initiel rapid decrease in & was a result of a rapid modification
of the absorptive copdition within the respira"wry tract, In
addition, it wes reported that the magnitude of modification of

pulmeonery aireflon resistance and complisnce wes generally

associated with the conceniration of swlphur dioxide(%997”l°3) R
Careful ezamination of the date revealed that the alteration of
pulmonsry air flov resistence with respect to the ges concentrations ’
followed a similer trend of regponse, &8 indicated by an initial
rapid phase avd a cabseguent slow phsse. This gpeculation implied
shat the modification of @ nsy infesd be a result of the changes in
the respiratory tract.

Thoe cecond mechanicm, which was operative at high concenltration
of suiplur dioxide, could be ascribed to a slou pathological
response. AL this siages in sddition to the maxirmum physiological
responns, tho intervention of pathological changes becans Doro

promim ‘:m’i’,(ml") . &5 the bronchoesezcretion and pulmonary edema
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progrogsed as sulphur ﬂﬁeﬁda goncentration and duration of expo-
gure increased, thabab@arpt&m pme@sma of gases would be inter
fored vémh to an 'mamam oxtent. Congequently, the percent
rotention of the gas would be lowered correspobdingly.

Ki@t@l@gical studies provided parﬁnent wp;ﬁc‘rt' to the ebove
suggestions. I% was observed that over €0F of the lung specimene
from ;-ata -under@omg inhalation exposure to high concentrations
(426 %o 751 ?.pgm.) of the irritant showed various degrees of
pulmonary edepa (Fig. 3.8). Om ‘the other hand, there was uo
pathologieal condition seen in the lungs of rats exposed to
40 ﬁ.p.m. of the gaa. f

Theee procwaes alse provide an es@lamtian for the mdual
dimimtion of& with rospect to the duration of inhalation CXpOTUTe
-tg e single level of salphuy diﬂﬁde. Statiatical aaalyaia indicated
that O values for the time intervals zero to one mimste, 10 % 30

nirmten and 90=120 nirmtes were significantly differemt from ono
enother at the 998 level of probability (page 63). |

The rvecognition of the alteration of o when the comcemtration
of tho ggent or tho duration of tho exzposure is changed é@&&era %
neoossary to re-czamine the uso of the €t produet or d@giﬁe%ﬁe
expresoions in doseribing the results of imhalation trials.
Doterninetion of the relationchip botweon Ct and nordality
conotitutos a Dasie procedure when comparing the relaotive tomicities
of gaczous agonts. Howover, there is ¢ conslidorgble difforemce
botmeon Gt {mean concontration X time) and the actual doce rotaired

bocouce of the modifieations wvhich have becm ghorn C0 ocour in -



varicus physiclogical paremeters. Congequently, the dosimotric
technique was developed %o imclude a respiratory tern V. (tho
nimte volume) end a fastor ¢{(percenmt rotention). This faster
o{ has been shown to very in aceordance with th@ physiesl and
chemical properiies of the agan%(“’%’m) and amopg variocus
aninal mciw(&’éa 164} . However, 1% has been considered to be
constant for a given chemical and for a given spaams«’o); The
obsezvations of the present investigaticn indicate that corzection
Pectors for concentration levels ard duration of exposure musd he
considered when a wide range of concentration of an agent is
employed in en experiment.

The offect of sulphur dioxzide onm the respiratory rate of the
experinental enimels was examined (Table 3.3). It was noted thad
tho respiratory rates of the experimentsl enimals at all comcene
zration levels were lower than that of the control animal. At
SEYC PoPelie; the average respiratory rate was 102 _ 5 rospiration
per mimto. Thio value dropped prograssively %o ap roximately
50% of the initial velue whon the gas concentration was increaged
0 51 popoe Statistical enclyoio chowed that the respiralory
roto of control enimals, onimals oxposcd to medium (40=426 popomo)
ord high (751 popen.) levels of culphur dloxide wore significontly
d4¢eorent at the 99% level of probabllilty (Tablo 3.4). In oddition,
tho gao coemed Yo ezord a dopresping influcnce on the rospiraltory
rate of all groups of animals during the firot ton mimntes of tho
empogurc. beyond this eritieal poried, the rocpiratory ratos
pocumed their respeetive imitial levels and renained thore until

she Gorminabion of the emperinemts. Howavor, when cach oxperimental




group was oxamined individually, the eralysis showed that the
modifications in respiratory rates were significantly different
only in rats exposed to low levsls of the irritant (41-63 DoPeli)o
The slight reduection in respiratory rate in comtrel animals was
not significant bscause such response was merely an adaptation
reaction of the snimal to the new etmosphere of air eupply. Om
the other hend, the significant depreseicn of this peraneter, which
resulted froa ewposure to low comcentrations of sulphur dioxide,
was probably cauged synergistically by the sudden change of atmoge
phere and the reflex respomse of the relatively undamaged pulmonary
tissues to the highly irritating ges. However, when animels were
exposed to highor comcentrations, they tended to breathe move slowly
gecording to their individual tolerances. Conseguently, tie
dspressing of fect on the already reduced respiratory rate becene
relatively imsignificant.

Thile changee in the concentraiion of sulphur dioxide imflusnced
both perecent rotention and respiratory rate, the raspiratory tidal
volume vas rolatively unaffected (Table 3.5). The respirvaitery
+idel volume of groups of animals exposed t0 402426 popelo of
eulphur diozide did nod diffor significontly from that of the
control aninals, escept when aninmels wero cubjected o very high
evels (751 pepen.) of tho egent did the imorease in tidal ofir
bocome highly sigaificant (Table 3.6). This imerease in tidel air
wag acconpanied by a significant reduction in respiratory rave, as
hes been provicusly deseribed. At this stage the recpiration of a
fou of the animals was obvicusly hecoming very aifficult. Soveral

orperipoutal cnimals died, prokably as a resalt of respizatory




failure., Hictologicel exemination of the lung tiscues revealed that

the two enimals which succunbed eerly in this trial showed no
pathological lesion, while the remaining foux; of the sixz rais which
died later exhibited vericus degrees of pulmonary edema, im no cage
severe empugh to atcount for the death of the animals (Fig. 3.9).
On the other henrd, the presence of mild pulmonary vasculer congestion
suggested that cardiasc insufficiency might also be a fastor contrie
buting to the death of the animals. Based upon cur previcus
exparienee(af‘) s thoge few exceptional animals might bs considered
a8 Ysensitive® individuals.

Resgpiratory minute volume is one of the parameters which
must be employed in the caleulation of O , the percent retention.
There was come evidence of modification of mimute volumes by
differont concentrations of sulphur dloxide (Fig. 3.7). The
average value for control enimals was eppsoximately 170 miliilitres
per mimite whieh was not significantly higher than those of the
oxperimentol enimale (Teble 3.8) at the 99% level of probability.
Howover, ab the 955 level of probability, there were significant
gifforonsos botween the mimite volumes of low (0=231 p.p.m.) and
high (426=751 p.p.n.) gas concentration groups. Uhem respiratesy
nimto volume, recpiratory vate and tidel volume wore eczxemimod
togothor, it was evident that the depresscion of pimte volume wao
comged prinarily by a deoprossion of respiratory rate in cpite of
on oboervable olevation of tidal volume, Further statioctical
epnlysio of tho mimute volune date cenfirmed that duration of
cspocure did not exort en approciable influcnce on thlo parancter

in 21 eagos.




Finally, comparison of the ventilatory data of the comtrol
animale in ths earlier studies (page 21) end the precent investie
gation was made. It was interesting to note that the velus of mean
regpiratory rate of the second group of animals was not significently
lower than that of the former group, whoreas the meanm tidal volune,
on the contrary, was significently higher. The result of the
chenges in the relationship betwsen these two respirateory pave-
meters in tho second group of amimals was an ineremse in the
mimte volume. Eowever, ths increase was not significant ad the
95% level of probebility. The explanation for these dissrepancies
lies in the fact that the ventilatory data of the second group wera
obtained at specified timeepoints irrespective of the state of the
animals, vhereas the same data for the former control animale wors
teken only when the animals were in a sgtate of relazation,

Tius far, wo have ghown '&;e intimate velaticnship bolween
the concentration of sulphur dioxide end the percent retention,@ ,
znd tho pulmonery dynomics of experinmental animals., The alteration
of 6 4o ecused primarily by chenges induced in the condition of
the prlmonesy oyoten. We bave distinguishod two mechaniems of
altoration of the pulmenary rosponges to different concentrations
of culptur diozide. The first mechanism, vhlch operates at lew
culphur dioxide concentrations, is a fast, physiological reflex
recponso of the puimomary tlssues to the irrltant; tho seconrd
mechonicn escunes importence at high lovels of the agent and 1%
ig a combimaiion of the first response and a slovly developing

pathological change. In regard to pulnopary dynemics, we havo




aleo observed two stages of response: the primary reaction of
enimals exposed to increasing concentrations of suiphur dioxide
is a progressive depression of respiratory rate with a relatively
constent tidal volume and a aonsequently lowered mimite volumes
the second sisge 18 an elevation of the tidal volume while the
respiratory rate remains depressed.

In conclusion,mew techniques have been developed which permit
the estimation of the retained dose of an inhaled toxicant emd the
characterization of the respiratory responses of the animal duriang
the course of exposure. In this mamner, & moTe accurate determina-
tion of the relationship botween doss and biological responce has

been rendered possible.
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