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Abstract

Part I.
Fifteen normal subjects and eighteen asthmetic patients were tested by spiro-

graphy and body plethysmography, and changss o1 airway resistance oeforec and after
inhalation of sulfur dioxide in three and six minutes were followed and 2nzlysed.

The mean of variation of airway resistance was 1,85 in normal subjects and
2.03 in asthmatic patients, and S.D., of variation of that was 0.2 in formar and
$1,67 in latter. Airway resistance was higher in mcderate or severe caseg of di-
sease than in mild cases,

Asthmatic patients showed increased sensitivity to sulfur dioxide at 5, 13, 20
ppm in the air during the period of three and six mimites inhalation while no change
was recognized at 13 ppm in the group of normal subjects. A correlation between
daily variation of airway resistance and daily changes of the atmogpheric content
of sulfur dioxide was noted in a asthmatic subject.

Part II,
In experimental asthma, change of mechanical properties cf the lung of guinea

vigs was studied in relation to dose of adndnistered histamine and acetylcholino,
Totzl flow resistance and pulmonary resistance increased abruptly at the time of
shock as muich as twice of the control value, while pulmonary compliance began to
decrease on inbalastion with the concentration around une sixteenth of shock con-
centration and thereafter almost linear relationship was found between pulmonary
compliance and logarythm of histamine or acetylcholine concantration.

According to those results,-the influence of sulfur dioxide exposire to ei-
perimental asthma was studied in guinea pigs, measuring bronchial sensitivity to
histamine by the change of total respiratory resistance, However, no significant
change of bronchial sensitivity to histamine was observed among the groups exnosed.
The results give us an impression that the air-pollution might be one of the sggro-
vating factors of bronchial asthma but have little role in the etiology.




g-@««.g_.;;g:
i o
W -

R TEORL SN, I Sot ot i it

STUDIEC CP RESPIRATORY DISEASES DUE TO AIR POLLUTION IN THE TOKYO-YOKOHAMA AREA

It has been found in the previous reports})2)that the symptoms of bronchial
gsthma and chronic bronchitis incresse with higher concentration of juspended per-
ticles and sulfur dioxide in the air, and moreover, an impression was given that
the inhalation of sulfur dicxide increased bronchial sensitivity to acetylcholine
in guinea pigs in which changes in mecharical properties of the lung such as lung
compliance and airway resistance were measured.

In an attempt to explore the above mentioned results, further inveatigution
has been aimed to clarify, whethear airway resistance of asthmatic patients is in-
fluenced by the presence of air pollutants in Tokyo (1), and whether the mechanical
changes in the lung in guinea pigs induced by histamine inhalation are influenced
by the inhalation of noxious agent as sulfur dioxide (2).

PART I. The Influence of Sulfyur Dioxide to Asthmatic Fatients
measured by the Change of Airway Resistance

Pulmonary obstractive disturbance observed on asthmatic patients was measured
by spirography and body-plethysmography as well. However, airway resistance
measured by body-plethysmography was mainly discussed in this part and also dis-
cussed in relation to other parameters measured by spirography.

Materials and Methods

1, Subjects

Pifteen normal subjects and eighteen asthmatic patients were tested by
spirograrhy end body plethysmography. Normal subjects were healthy labcratory
personels having no respiratory disorder due to specific or non-specific diseases.
The asthmatic patients were chosen from the Cutpatient Clinic of the Department of
Physical Therapy and Medicine, University of Tokyo, Sohcol of Medicine. Their sex
and aga distribution were listed in Table 1 and 2.

2. Methods

1) Spirography was performed using Benedict-Roth Respirometer which capacity was
13.5L and it's recording speed was 44mm/sec. Measured parameters were vital capa-
city (VC), a percentags of vital capacity to the predicted volume (%VC), forced
expiratory vital capacity (FEV), onme second volume of FEV (FEV; o) and & percentage
of FEV} g to the FiV (FEV 1,0%),

2) Airway resistance was neasured by a body-plethysmograph with Mochisuki's method
which was a reformation of DuBois' original method. Applied principle was dosed
on the theory that airway zg,i’tnncc (R) in the ratio of trans-airwsy pressurs (P)
durinz flow to airflow (V).2/4) Measuring -rocedure is stated below.

4 sudject sits and dreaths inside an airtight box, in which pressure of the
box is the mirror image of alveiolar pressurs. (f the ratio of alveoiar pressure
to tox-pressure is xuown, airway resistance will ve calculatsd by measurirg airflow
and box-pressure. Airflow can be. measured directly by pmeumotachograph.
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In DBois! original metied, siroo: ol porwiwwtazhegrash is shut during panting,
80 thai zlveolar prersu.e can be »elated ¢ the plethysmograrhic pressure becanse
of no z2iv/iow at the mouess.  Or tha other Lanc, in Mochizuki's modified method,
an artiliciel esistores, of which value i known, 13 inserted retween the mouth-
pisce and the vooawmotchogronh during panving.,  Alesslingly, resuliant phase
diflerenze bvetwveen pic'vroucgrarbizc piiawe, i.e. nlvnolar pressure, and airflow
is related to the piase difieverce ocvurrea wiheu un artificial resistance is re-
moved, Alve:slar and ple liysmeoraphic jpresswre ¢ e ctleoulated from such para-
meters as phase AliZeroner, vilume, eizflow aud sient pressure.
The wacle apprzates i show iy DPis. 3, ¥odified pointe in tne apparatus was
as follows. :
(1) An artificisl rerisisances was inserted dat-..n the mouth-picce and the pneumota-
chegrepn. onl it wee controiled by n: creraicor from suteide.
(2) 2 smalt »ir-vishi hox —es placed in frunt of the face of a subjects sitiing in
the by, Lir in *ho orw2ll box was connectes “c that of plethysmograph through
a tubin of Som o3, dfomoter 2nd 100ca in leagta, and temperatur of it was kept
at 37°3% wita vepowr cateosticn.,  This omell box vas designed to avoid a devia-
tien ©f meacurcmend due ¢ the ailfurenee of ternlperature and humidity between
exhaled air and air iu the box ¢f pleilysmig-aph.
(3) Measurement of airwuy resistance b3y Mochizuki's method was dons in following
Frinciple. A smhject cat and was asked tc part through the neumotachograph
in the body-vletsyecmograph., Airflow znd the box-prescure were recorded
simultanecusly mu reeording paper itnrovgn the pericd in which artificial ree-
sistance was inczected Letweon 12 mounili-zicce and the naeumotachograph and re-
woved during the fast shallow breathing.
Measurement was cerricd cut a: flow ratc o 1 L/.2c, end a sutject was
instructed to kzep the constant rata of einflaw (f) during the examinction.
Pulzonary amirway resisance (R} is given from the f£sllowing equation.
- ‘7_::’/”3‘\11.‘]-) ‘w .‘.Q...l"l.l,‘....' (1)

Vhere R and i~ axe flow recistarce of the inseried artificiasl resistance and that
of the pnewwiasherraeh respaciively, wud and ere the phase difference bet-~
ween alveclar pr.canre end zioflow et the altuation that the resistance is insert-
ed. T; onlY, can be given by dividiie AV, andd Y, by the same airflow (£) res-
pect vely, whemeAVy wd AV, ds dxflection of Lox pressure. Pic. 2 shous a sample
tracing of the mnasa. . ment,

.
-

3) fthe methnd of the inhmlaiion o sw tur dioxide,

The air constuinirg muljur dioric. war m3ais by miving with sulfur dioxide gas
to the air as saowa in Fig. 1. The ¢outent ¢f Lalfur dicride in the air was mea-
surcd. by Resaniline~formalire method?/ciantitatively juot befove the inhslation,
ard it's querlity weed fo.- this sindy woe 5, 13 and 20 ppm respectively.

The inhelaiion wme carried thweugh the mouth-picce at normal “reathing rate
and mode, when %he contar.nated air wes flowing out from cutizt on291/sec.

4) Measuremont of ihe conient of sulfur dioxide in the &ir in the patient room.

Cor.ter* of ¢nlfra dio~idaz in the air in the patient roou was measured chemi-
cully by Ro.aniliine-¥ormelin method. Jpparatus and principle was as shown in
Fig. 2.

The rocr air wes sucking irto the idsorbing bottle with s flow of 1.21/min,
during 3C wrutes (36 1itre in total). After adsorption of sulfur dioxide in the
solution conteining nercuric chloride 27.25%) and sodium chleride (11.7%), the con-
tent of sulfur liocxide iu the solution was letermined by photometry and the origi-
nal concenira’ on of sulfur dioxide in the air wag calculated and expressed in ppm.
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H20/L/sec) with an averaze o7 2,02 (S.D. £ 1.6

- 5) An air purifier (product of Fujl Electric, Co.) wes equipped in a patient room.
" The principle of the air purifier is that suspended particulate matters are adsorw
 bed by the electric discharging methcd and sulfurized by the electric discharging
method and sulfurized matters are adsorbed by an activated charcoal, with a filtra

ration rate of air 10 litre per rn.inu.,e. 'lhiu apparatus was functiomd onJy in

| pa.rt.icuhr days.

1, Variation of airway resist.am.e ASIg no.-:*al ~ub;jccts

Results of spir':metrv and ueasurcment ~f e.lrway “esistance were llstcd in
Table 1. In the control group, no subjes: had VC of less than €% of the predicted
value nor FEV1,0 of less than 0% of the rredicted value, and the values of airway
resistance (em’ dzo/L/sPc) ranged betwzen 1.5 and 2.4 with a mean of 1.85 (S,

0.2). This variation of airway re<isilancze in normal subjects seemed to have nc
relation with sex, age and FEV], (%, alihough number or cases was small,

2. Airway resistaace in asthmatic retieais

All results of pnlmenary Lurct:.':.. veste oheinet from aamma iz patients were list.
ed in Table.2, in which severl ty of tlis <is ( =ndad as rild, md rate and
severe), ckintest by house dust antigen, latest asthma acta.ck anr‘ other clinical
references were also shown .

The values of airway resisztaqne in

‘JQ*’J

up ranged between 0.4 and 3.8 (cm
. This average value was higher
than the control group.

Zase distribution was presented accerding to airway resistance in different grou
in Table 3. Values in neormal contiol was mostly distrivuted witnin 2.0 (em HZOfp
/sec). Therefor: all cases were divided “nio two groups ol less or over than 2.0,
As dhown in Table J, resistance ¢f 31;.;35" all of mild cases were in the normal
range, while mocderate caser ware mostiy Ia range o cver 2,0,

3., Cfhanpes of airway resistancz afu

er drhalation <L silfur dioxide in asthmatic
patients and normal subjechs '

Megsurements of airway recistoeice hefore and after inhalaticn of the air con-
taining sulfur dioxide were pocfori22 in sixteen asthmutic patients and four
normal subjects., All subjects innaled the air containing sulfur dioxide of 5, 13
or 20 ppm during three miiut~os, and spirometry and alrway resicbance measurement
were followed immediztly aft<r, arnd thei. tisy inhaled 2gain the same air further
in three minmites and weve test2d agzin in the sate way., The remults were presentec
in Table 4, and in Fig. 3. ‘ el

Airway resistance in the groups ¢. &cthmotic patients increased partly when 5
ppr of sulfur dioxide was Inhaled thre: ninntes, and this tendency was marked when
inhaled six mimutes (sum of tw> succr ;sive inhalations with 3~5 minutes interval
with inhelation of higher jose of *hirieen and twenty ppm of sulfur dioxide all
agsthmatic patierts chowed marked ! nc”a"se of aimy resistance,

On the otherrend, normal subjeci. showed 19 increcase of airway resistance by
inhalation of 13 ppm of suliur dixids fcr' cix n.iruteq and of 20 ppm for three
mimites,

4
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4. Changes of FEV] oA afver inhaleticon of wnlfur dioride in istheaatic patients
end rormal sabjects ‘

Change of the parcentage of FEV; o to the FEV (FFVy ¢y ;) afser inhalition of
sulfur di:xide in acthimatic patients and in normal mb;ﬂcb., were shown ir Table 4
and in Flg. 4. Tn same casec astimilic grovp decrease in FoVy o and in FEV1,0%
after innzlation of mu"r‘ Aloxics wers s2en,  There was o appearent correlaticn
between the magaitade M Lhe deoraage nad the ermcantrition 28 wulfur Jdicxide nor
the decrreize and Lhe dursslon of the drfhal.tion. Ko aubjcet in the rourrol group
showed decrease in FiVp % eftes inlalation of mifur dicxice

5. Daily variation ~f airway risistarce in asthaatic nebicws cenparing with 4oi-
* changeaz of coutent of sulfur dioxide in the oir,

Daily charges of airway resistance and FEV1 o® verc follewed - in four
patients hospitalized in the clinic {.r 9 to 13 days, and data v.'ez'u compared with
daily changes of sulfur dioxd-de in the air of tho patient room bhesults were pre-
sented in Table 5. Alrvay vesist:ncz in theue subjecte wan noo tnfluencec by the
difference of weather, Therefore the rel-tionshir befwsen the airway resistunce
and the contant of sulfur dicxddz in the air shail Le anzlysad simply.

Three of four patients i this st ,.‘;/.wd shedtr airey resichince valuas 'no"r.ly
in nornal range, (under 2.0 en HaOil/see). Cunsaquentl, a comsarisorn hetween air-
way x-esi.,tanc" and conbsant of -u;:‘w diexide might ncet be adsomaice,

However, pations ¥, W, {ral:, 35 of agu, slight sevar: ca: n) siowed meriked
V'-z'ict),' of the airway registatse value, a1 ther: wmsg a vosilive corselstion osb-

we2n nis alrwowr pogsichonce ralve end gillar Adiocida o L"'l- irn \.he air s chown in
Fig. o, Cerrelation coerficicnt barneen “hom was Q.42

Dizzus-ion

The a irway resiscance wadng moimEl 91232055 vas mostly undor 2.0 (em HC/L/
ey - \

Voda
sec) with small varisticn swrenctins the o "_', raguiratory Lract,  On the cther-

ante maong astlhimatic potlients distrilibed in wi"n range.

hand, the airway re=ict
The number of cases with alrway vzsizionce of more tean 2.0ma HU was 2 L G of
mild cases in scverity and 6 in 9 of s’vcm cases suggesting & £o0d co :"-elhtion

tetwoen the airwar vroed ctance and T.h ~evexrils of bthe disecse.

fnanas« of pdray resfshrrnaz befarn and alter dnhieabion of gulfur dicxide in
chott reriwd were morked i nhe sroln of as-W-atic ol :'.::1::. av, £, 13 and 20 pen in
the air roonechin aLr wizle warmad avhicets whowes nmoe eage s with 13 pp1. This
sugzests thai an asihurails 'ni,n A zenzitive to vu’!. er dioaide by inhalation as
to acetylcuol"w or hicitauire

Suifur dioxide in the u...c spheric air was Lauglt wo aaflucice zn
patient even with the zsusil ecovtint ac expourse wnesicen ie Jong, :

The airwav resisvance varied every Jay in teur patients auring tae peried cf
this study. Three of them were mostly remalning in nomal renge hooev:ir. Only one
patient showed marked variaticn duving the r\ariod reflecting the coctent of sulfur
dioxide in the air., This patient shcow:d a positive cerrelation Letween his airway
resistance and atmospherir sulfur dio:~de content, Thizc is a good svidence that
sulfur dic.dde in the atmospheric air _.nfluences to the obstraciive disturbance in

an asthmatic pztient.

arblhimabin

4e In the in halau..c'. tesh of svl:. dioxide in shnrt pe—r""d airwey resistancze of
asthmatic ratients increased ,..3.1"!\9.".JJ, while FLVy «% ¢t same patients suowed no
slpniflizart chenge. Tids is poobably due to the fact that the mmasuoment of alrwe

way resisience 15 move gercitive then che pmeamursmit of STV whish reauicrs the

coopa.q,kiol of tae ;’JDU.LLo
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Summary

1, Fifteen normal subjects and eightuen asthmatic patients were testsd by spire-
graphy as well as body plethysmography, and changes of airway resistance before
and aft;r inhalation of sulfur dioxide in three and six minutes were followed and
analysed.
_Variation of airway resistance among normal subjects ranged between 1,5 and
2.4 (cm Ho0/L/sec) with a mean of 1,85 * 0.2 (S.D,), while in asthmatic patients
-4t ranged between 0.9 and 3,8 with an average of 2.03 * 1.67 (S.D,). Airway re-
si.tance was higher in moderate or severe cases of disease than in mild cases,
Asthmatic patients showed increased sensitivity to sulfur dioxide at 5, 13

and 20 ppm in the air during the period of three and six minutes inhalation while
no change was recognized at 13 pm in the group of normal subjects. FEVLO% asthe
tic patients showed no change when airway resistance varied markedly.

2. A correlation between daily variation of airway resistance and daily changes
of the atmospheric sontent of sulfur dioxide was noted in a mild asthmatic subject,

References

1) Oshima, Y., Ishizaki, T., Miyamoto, T., Shimizu, T., Shida, T. and Ktbe, T.:
Air pollution and Respiratory Diseases in the Tokyu-Yokohama Area, The Amer,
HOV. Resp. Dis-, 90, l&, 572"581’ 196&0 ’

O 2) Oshima, Y., Ishizaki, T., Miyamoto, T., Kabe, T. and Makino, 5.: A Study of
Tokyo~-Yokohama Asthma Among Japanese, The Amer, Rev, Resp, Dis., 70, &4, 632~
634, 1964.

3) Mochizuki, M.: On the time relation of airflow and alveolar pressure, Kokyu
to junkan (Respiration & Circulation), 9, 149, 1961.

L) Mochizuki, M,: A method for measuring airway resistance in man, Kokyu to
Junkan, 9, 157, 1961, ’

5) Comroe, J. H. JR., Botelho, S, Y. and DuBois, A, B: Design of a Body Plethysmo-
graph for 3tudying Cardiopulmonary Physiology, J. Appl. Physiol, 14, 439-444,
1959.

6) Kanagaws Pref. Report: Rosanilin-Firmalin Mcthod, Anmual Report ¢f Air Pollu=-
tion Su:rvey (1957-1962), 3-4=1, 19¢2,

7) Makino, S.: Bronchial Sencitivity to Aéetylcholinc and Histamine, J. Allergy,
38, 3, 127, 19%6.

R R




_ e

i r yawr e .,
ianates JJRTNEY b i L R 13 "
O e - o

Ple. 1 Apparatus for Measurement of Airway Resistance
A subject sits inside & body-plethysmograph with its plastie

domd::;n. The body-plesthysmograph can be meds airtight by cloaing
the .
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Pic, 2 Simultaneous Recording of Airflsv and Box-rresmre

During recording on the left sirfe of the arrow an ami-luu, raslstine
was removed, and during recording on the right side iie resistaic: inme ire
serted. Airway resistance can be calculrted frem the »atio of V. to V5, in
case f7 is equal to f, and the valves of from resistansc of -8 ~a artificisl
resistance and achograph are known.
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Fig. I The mixing mechanism of sulfur dioxide into \ke air and inhalation
technigue of mix the air to man,
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Fig, II The measurement of the concentration of sulfur dioxide i, the air
tnc ataospheric air of a patient-room.
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Fig. IV Changes of FEVLO{ after Inhalation of Sulfur Dicxide
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Table 1, Results of lung Function Tests on Normal Subjects
Sex Aga v.C, FVC FEV 1,0 | £ FEV 1,0 !Airway
(ce) (ec) (ec) Resistance

S.I. ¥ 16 4150 4,000 3680 97.5 1.8

| Y.A, M 16 4400 4320 3880 89.5 2.4
P SRS S

Y.8. - M 17 3810 3680 3440 94,0 1.3

M.N, M 17 4150 3960 3650 92,0 1.6

£.5. M 19 3950 4180 3820 91,0 1,9

M. H. M 26 2,0
%3 M 29 4120 | 3860 | 3480 % 1.8
ir"
bR, M 29 4,000 3950 3360 85 1.5
JEERS M 29 4380 4,280 3540 82,5 1.8

s.N. »: 30 1.5

7.1, M 50 3770 3630 3040 4.0 1.8
L
L8, F 22 34,10 3440 3060 9.2 1.9

[}
i XN, F 23 ; 2.0
- F 30 2.1
;: R.Y, F 12 1.8
Avera_‘;;e /,&5‘ o2
+ 8D = GiEb
13
. """_;;";‘ O Tmeem——— T i Al .‘"w‘ﬂll‘ilﬂ
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Table 3, Case Distridution of Airway Resistance between Different Groups
of Severity ;
Lan) ' LY
§
> Severity >f Ciscase ’
K
g Mild Cases Moderate Cases
]
o less Than
g 6 3
.a‘ 2.0
-]
g Over Than
3 &
po 2.9
Notes One of Severs Case wa: inciunded in the Column cf Moderate Cases,
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PART II.
CHANGES IN MECHANICAL +~OERTIES OF GUINEA PIG IN EXPERIMENTAL ASTHMA INDUCED
BY ACETYLCHOLINE OR HISTAMLu:

Since the shock organ of guinea pigs is lung and inhalation of aerosols of
histamine or acetylcholine csuses respiratory change, mesembling to the human
agthmatic attack. Guinea pigs hus been uses to investigate the effecta of various
drugs for bronchial asthma. Changes of uwecharical properties of the lung in ex-
perimental asthma was reported almost identical to tuusc 3n huran asthmatic
attacks.? However, the chunges in relation to doses of almind~tner.2 ~-catl 2zl
not been well studied. :

The aims of this study are (1) to krnow how mechznical propertien of the lung
of guinea pigs change in relation to doses of administered histamine or acetyl-
choline, (2) to know which of measurement will be appropriate to represent experi-
mental asthma,

METHODS

Guinea pigs was snesthetized with ether and a polyethylen catheter 1.2mm D.M.
was introduced into the right middle intrapleural apace, and placed in the tody-
plethysmograph according to Amdurs methodl) as shown in Fig. I. Intrapleural
pressure was transmitted to a pressurs transducer (Sanborn Heoicl 2683) th-ough
the intrapleural catheter which was filled with saline solution. Aivflew wasg
netsured Tith ¢ mesh flowmetex attached with plastio facemask =nd Siothem differ-
entiel strain gaige (Model PM 97). Volume was calculated by electical integra-
tion of the flow signal with integratcr (Sanborn Model 350-27CC4i). Prcssure in
the bodyplethysmograph, i.e., pressure applied around the ches% of ¢ guinea jig,
was measured with Statham differential strain gaige (Model PM :0.5). Bolyple-
thysmograph was connected to a oscillating pump whioh can supply sinewave pressure
change of 18 C/S. These signals were amplified with Sanborn Carrier Ampiifiers
(Model 350-1100B) and recorded on direct recording sistems (Sanborn Mcdel 9€41) or
displayed on C.R.0. (Sanborn 569B Visoscope). Pulmonary complisnece ani p:locnary
registance were calculated on recorded tracings following Neergard and Wiri's
me thod. Total flow resistance wae read by loops of flow and bodyplethysmograch
pressure displayed on C.R.0. which were photographed *-- Sanborn cazer~ following
Mead's oscillating method modified by Swann, et. al.,- as descrited this semi-
annual report.

Minute volume, work of respiration, frequency of respiration and ratio of
expirium to inspirium were calculated on the recorded tracings. In some experi-
ments we measured approximate changes in chest volume using a pneumogreph cround
the lower thorax.

After recovered from e«ther ansthesia, aerosols of histamine or acetylcholine
solutions was inhaled to a guinea pig for 3 miiutes. The concentration of inhaled
solutions were doubled serially, ranging from 0.16 to 20.0mg/ml c¢f histamire and
from 2.5 to 80.0 mg/ml of acetylcholine. Measurements were carried out immediate-
ly after the inhalation. In case pulmonary compliance deorevesed after ea inhals-
tion, the next inhalation was postponed untill compliance value returned %o the
standaxd value.
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EESULTS AND DISCUSSION

. "Pig. II shows changes in pulmonary Oomplilncﬁ,(c'-)pulmn&ry resistance, (Ru)
total rospiratory rniotmoe,( T/work of hreathing, respiratory frequency, minute
volume. ratio of exvirim tc expirium for various concentration of ‘inhaled hista-
mine. " R_end Ry
increased aha:upuly dth hista.mino inhalation at the time of shock as mch as twice
the eontrol value, while they presented no definite tendency irimange, fluctuating
around the control values, until shock cccured., Though erimels presented dyspneic
appearance by increasing dose of inhaled histauine, there was dound frequently no
definite increase of resistance, both pulmonary and total. Guinea pige died some-
times in shock when the resistances increased as to double of control value.
Pulmonary compliance began to decrease on inhalation of histamine with the soncan-
tration around one sixteenth of shock concentration. Beyound this concentration
almost linear relationship was found between Cu. and logarythm of histamine concen-
tration. Since compliance beran to decrease earlier than other measures, it is
considered to be giod measurement to represent pulmonary sensitivity to inhaled
histamine,

Work of reapiration increased gradually in proportion to decrease of Cu. and
increase of Ri. Though minute volume was kept constant in spite of increasing con-
oéptration of inhaled histamine, it began to decrease at the inhalation of shock

of that. It is considered that decrezse of minute volume or increase of work
of respiration is appropriate to represent dyspnea of experimental asthma, though

* further comparative work will be needed to clarify the relation between dyspnea

and changes of pulmonary functions during the asthmatic attacks of human.

Frequency of respiration changed in preportion to the changes of time con-
stant, e.i., product of ¢, and R;. It was maximem at the concentration of &
of shoock dose, and began to decreease in accordance to the abrupt increase o? RL.
Ratio Exp/Insp increased remarkably at shock, which has been used as a index »f
experimental asthma,

Though among the measures observed, pulmonary compliance showed the most con-
eistent change for increasing dose of inhaled histamine, its measurement needs to
measure the intrapleural pressure the procedure of which hurtsanimals and conss-
quently on long-term experiments C_ with this method can not adopted for succesive
measureme;:t ?1%21 relative long intervals. 1In this respect total flow resistance
measurement is considered to most appropriate to express experimental asthma,
since it increases at shock as definitely as easy to detect and is suitable to be
used on long-term follow-up study because it dose not hurts animals. While R
present the same change as R_, it can not be used because of the same reason in C.L.
Other rceasures such as respiraton frequency and Exp/Insp ratioc changed at the near
shock, but tneir changes did not appear difinite enough to be the index of experi-
mental asthma comparing ta those of Rr.

Pig. II1 shows the change of mechanical rroperties by acetylcholine inhala-
tion. The methods and presentations are identical to those on histamine inhala-
tion. The results obtained on acetylcholine inhalation were almost similar to
those on histamine, though an impression was given that resistance began to in-
orease earlier than in histamine inhalations. Resistance degan to increase on
acetylcholine inhalation with half of oconcentration at shock. This result might
suggest that in experimental asthma of guinea pigs acetyloholine cause comttraction
of the bronchi more easily than histamine dogt.

The concentration at shock ranged from|fomg toSymg with the mean of 133 in
Ach and ranged from20 mg to 5 mg with the mean of /4 in histamine. The ratio of
mean ach concentration to the mean histamine concentration was about 10:l, This
ratio was icentical to that observed in asthzatic patients which bronchial sensi-
tivity was measured with the minimal 8osis to osuse 10 percent decrease of FEV 1.0.
This finding was interesting to suggest that pharmacological effects of histamine
and ach might be similar in the lung of human and guines pig.




Fig. 1V shows changes in chest volume, compliance and reasistance in relation
to the concentration of inhaled ach. Sometimes resistance decreased temporarily
on inhalation at a or § of the concentration at shock during the course of in-
creasing concentration. In order to understand this phenomenon, as speculation
was proposed that this decrease in resistunce might come from oompensaﬁsry in-
crease in lung volume since resistance decreases in large lung volume, Contrary
to the speoulation, no increase in chest volume was obeerved on the inhalation in
whioh resistance decreased. In this connection Nedel stated in experiment with
cats with histamine i..jection that the inoresse in pleural pressure and decrease
in compliancs will tend to dilate airway and this may eccount for the decreemse in
resistance.?) Purther study will be needed to clarify these problems.

¥ig. V showed correiation between pulmonary conductance(1l/R.)and total con-
ductor (1/Py'. Correlation coefficients were 0.64 in hist.and 0.69 in ach. both
were statistically | significant at the level of 1%. This results sugyest that
measurement of Ry could be used for that of R..

SUMMARY

Change of mechanical properties of the lung of guinea pigs was studied in re-
lation to dose of administered histamine and acetylcholine., Total flow resistance
and pulmonary resistance increased abruptly at the time of shock as much as twice
of the control value, while pulmonary compliance began to decrease on inhalation
with the concentration around one sixteenth of shock concentration and thdresfter
almost linear relationship was found between pulmonary compliance and logarythm
of histamine or acetyloholine concentration. Since the measurement of pulmonary
resistance and compliance required intrapleural pressure and this procedure hurts
animals, measurement of total respiratory resistance is considered to be appropri-
ate ¢o express experimental asthma in long-term studies.
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Fig, I . Photograph of Apparatus.
A guinea pig was placed in the dodyplethysmosrarh. A poiyethylen
catheter was inserted in the pleural space and connected to a prissure
transducer. Airflow was measured by a plasiic masch-flowmeter. Box
pressure was picked up through front tubding, Oscillating prescur: waa
supplied from a pump through a rear rusber tube.
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Pig. II
Change of Pulmonary compliance, Pulmonary Resistance, Total Respiratory Re-
sistance, Minute Volume, Work of breathing, Frequency of Respiration. Ratio of
Expirium to Inspirium in Relaticn to Vurious concentration of Histamine Solution
Measures were expressed as percent of the control values., ~he concentration
of Histamine was expressed as the ratio of concentration where a guinea pig pre-
sented shock, '
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Fig., IV Change of Chest Volume, Pulmonary Resistance and Pulmonary Compli-

ance in Relation to Concentration of Acetylcholine Solutionm,
Approximate Change in chesd volume was measured by pneumograph
1 . attached around the lower chest. In inhalation of 4dmg/ml of acetyl-
| choline whers resistance decressed by 30% of control value, no
\ incresse of chest volume was odserved. '
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PAR? III,
INFLUENCE OF SULFUR DIOXIDE EXPOSURE TO EXFERIMENTAL ASTHMA IN GUINEA PIGS

Sulfure dioxide in the atmosphers of urban area has deen ocnsidered to de
related with incressing frequency of sathmatic attacks. In o~der to investigate
" this relation, influence of sulfure dioxide exposure has deen studied in various
. 'enimals. In our previous report sensitivity of the bronchi to acetylcholine was
investigated in guines pigs exposcd to sulfure dioxide and not exposed;’/ Though
there was found no significant difference of bronchial sensitivity to acetylaholine
between them, conoclusion has deen wegerved since experimental asthmatic attack
was obeerved only by the change of alveolar pressure pattern and this method was
not quantitative enough.
In this study experimental asthma was quantitativaly checked by the inorease
of total flow resistance. This paper was aimed at knowing whether, in guinea pigs,
O the exposure to sulfure dioxide accelerates the experimental athma induced by the
inhalation of histamine, o

MATERTALS AND METHODS

MATERIALS
Male guinea pigs, weighing 250 to 300 g, were used.

~&ETBODS '

1) Measurement of total respiratory resistance

. Total mpintoqsfeaiatmce was measured by mead's osoillation method modi-
"+, £10d by Swamn ot, al.. The details in measuremsnt-was reported in Semisnual

Report of 1965.3) The principle is as follows: An snimal was placed in body-

plethysmograph in which sinewave pressure of 18 oyole per second was applied

around its chest. Total respiratory resistance wes calculated from the ratio of

pressure change to resultant flow change. .

O - 11) Measurement of Wronchial sensitivity to his :

- As desorided in Semianmual yeport of 1965,3) bromchial sensitivity to hista-
mine was expressed as h—}, i.0., the dose of histamine to cause the increase of
tt:m respiratory u;irhaoo doudle of the control value. An animal was allowed

inhale serosols of histumine inquesasing their conoentration until apparent shock
vas observed, was caloulated from the dose-response curve.

111)hpolmhuucoﬁeddo :
m:upmwwmqu ponoentrations of 20 and 200

"ppro:th'poriodotc‘mhour. Measurement of seneitivity to histamine
mmidml)uhhlydmtuﬁrdcp one day after the last
exposure of ‘3w six daily oonsective exposures. Sulfer Ao was supplied from
I.Op-::at mmummmuumumwmm




RESULTS ARD DISCUSSION

Fig II and III show dronchial sensitivity to histamine *efore and after sulfur
dioxide exposure., The mean Hb of £ » guirea pigs was: 332ng/ml before the oxposure
and after the first one hour exrosure the mean Ed was LG4mc/m) and after the six
daily consecutive exposures the mean HJ‘- was 10mg/ml, whareas the mean Hé of fuus
controls wereiOL,&44 , and %0 mg/ml at each coresponding occasions. The change of
Bx after sulfur dioxide exrosure was not stetistically significant coaparing %o
tfat of control group. The mean H} of e/~ guines pigs was 3,15mg/r>. before the ex-
posure and after the first one hour exposure the mean H)was 2.46mg/mland after the
six daily consecutive exposures itze mean HE was 7.62mg/ml xhereas the mean H) of
ei 24 controls were 3.1, 3.22 mqg. b6mg/ml at each corresponding occasions. The
change of Ha after the exposure was not statistically significait comparing to that
of control group.

These results showed that exposure of sulfur dioxide did not influence dbron-
chial sensitivity to histamine in guinea pigs, teking th: apparent increase of
total respiratory resistance as a index of experimental asthme. They ooincided the
zeaul*s reported in our previous report.2 As described in our previous report,
the pclluted atmosrhere of the Tokyo-Yokohama area increesez the incilence of re-~
spiratory asynptoms such as coughing, apatum production, thooat irritation and
pulmonary function disturbances, while there was no increesed incidence of airway
obstructive discases.l)4) It is considercd from the rosults obtained in this study
that airpollution including sulfur dioxide might have little part in the ethiclogy
of bronchial asthma, though it causes symptoms in asthmatic patients 28 shown in
the following section of this report, .

SUMMARY

The influence of sulfur dioxide exrosure to experimentel asthoa was stulied
in guinea pigs, meesuring bronchiel sonsitivity to histarine by the change of total
vespiratory rosistancs. No significznt change of Lronohial gensitivity %o nista-
mine was observed among the groups exposed to sulfur diozide, compering to that
not exposed. Thre results give us £n irpreesinn that the air-pollution wiht be one
of the aggravating faotors of bronchiui ssthma but have little role in the etiolo-

Y.
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Fg. 1. Change of Total Respiratory Resistance in Relation
to Concentration of Histamine Solution Inhaled.

Bronchial sensitivity to histamine was repressnted by Hi, the
concentration of histamine solution whish was assumed to be required
to canse 200 percent increass of total respiratory resistance on
the dose - response relation curve, .
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‘ Acoording to those results, the influencs of sulfur dioxide exposure
to experimental asthma was studisd in guinea’pigs, measuring bronchial sernsitivity
1 to histamine by the change of total respiratory resistance. However, no significant
change of bronchial sensitivity to histamine was observed among the groups exposed,
The results give us an impression that the air-pollution might be one of the aggra-
vating factors of bronchial asthma but have little role in the etiology. (Author)
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15. ABSYRALY N , -
Beyk-JI+ Fifteen normal subjects and eight.en astlratic patients were tested
by spirography and body plethysmegraphy, and changes of airway resistance before
'and after 1nhalation of aulfur dioxide in three and six ninutes were followed and

analysed. 2. o kel (O

""ﬁfe nean of varia’cion of airway resistance was 1,85 in nomﬂ/l ’
Jects and’ 2, 3 in asthmatic patients, and S.D. of variation of that was®0.2 in
foraar and 67 in latter. Airway resistance was higher in moderate or severe
cases of disease than in mild cases.

Asthmatic patients showed increased sensitivity to sulfur dioxide at

S, 13, 20 ppm in the air during the period of three and six minutes inhalation
while no change wse rezxormized =+ 13 ppw in the group of normal subjects, A
- correlation between daily variation of airway resistance and daily changes of the
atmospheric content of sulfur dioxide was noted in masthnmatic subject.

Pasb-?I. Ip experimental asthma, change of mechanical properties of the lung
of guinea pigs was studied in relation to dose of administered histarmine and
_acetylcholine. Total flow resistance and pulmonary resistance increased abruptly
L the time of shock as much as twice of the control value, while pulmonary com- :
liance began to decreasse on inhalation with the concentration arvund ome sixteenth ;
of shock concentration and therjafter alrost linsar relationship wasz found betwsen 4
pulzonary compliance and logarithm of histamine or acetylcholine concentration. ( ZK
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Atmogphers pollution
Respiratory dissases
Sulfur dioxide
Asthma
Acetyloholine
Spirography
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