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STRUCTURE AND FUNCTION OF THE LUNG*
Takao TAKIZAWA, Tamotsu TAKISHIMA and Ryo KATORI

The morphological and physiological studies in the lung were reported with a great emphasis
on the relationships between structure and function.

LUNG STRUCTURE (by Takao TAKIZAWA)

The structure on the respiratory area (lung parenchyma) was chiefly reported.

1) Acinus and lobule : a) The special features of acinal and lobular involvements in lung
diseases were confirmed by giving a definition to the acinus and the lobule as a unit of lung
parenchyma. b) The structural particularity of the respiratory bronchioles of the first order,
contributable to a causing mechanism of the acinal involvements, was studies with introduction
of hydrodynamics.

2) Lung parenchyma in relation to ventilatory function : a) Effect of surface tension on
lung contractivility was experimentally studied. b) Lung parenchyma consists of the canal
system and the alveoli attaching to it. When the movement of the lung parenchyma at resting
ventilation was analysed by the energy theory, it was emphasized that the structural change
in lung parenchyma was not only related to a volume change in the alveoli, but also to that
in the canal system. c¢) The volume of the canal system and the alveoli was quantitated by
the gravimetrical technique of macrosection specimen, in which the specimen was projected on
a photographic paper and the paper was cut off along the margin of the canal system and the
alveolus. d) By the above method, an increase in the volume of the canal system and a relative
decrease in the alveoli were evident in senile lung. e) Also, the biochemical study of senile
lung showed the findings of elastosis in the lung tissue. Such an elastosis was compared with
structural change in the lung. f) Experimental emphysema was successfully established in
rabbits with our original technique.

3) Relation of diffusion capacity and alveolar structure : a) The alveolar septal changes
produced by recurrent intravenous injections of a minute amount of adrenalin was compared
with arterial oxygen saturation in rabbits. b) The total capillary surface area and total
capillary volume were calculated by Weibel’s method, in which Indian ink was injected into
the pulmonary artery of autopsied human lung and dimensions of alveolar capillaries were
mathematically treated.

PULMONARY VENTILATION (by Tamotsu TAKISHIMA)

1) Uneven distribution of the pathological change within the lung, and its physiological
study : Based on the “black box theory” the outputs from the lungs ; that is, Tiffeneau curve
or the complex compliance vs. ventilatory frequency characteristics in the mechanical function
and He or Kr® clearance characteristics in ventilation-perfusion relationships, were mathema-
tically analyzed. With some assumptions it was demonstrated that these curves could be
expressed in the integral equation of the distribution function. This function gives a distribu-
tion law of various characteristics to the system whose behavior was analogous to that of the

lungs. The distribution function was obtained by a inversion of the integral equation, and

* From the Ist Department of Internal Medicine, Tohoku University School of Medicine,
Sendai, Japan.



316 R OBAOE KT

using this function a relationship between the analogous model and the lungs was discussed.

2) Localization of both the narrowing and check valve through the airway : According to the
recent report by Weibel and Suwa, the dichotomy model of airway in the lungs was studied
to make a calculation of airway resistance and its localization. The results gived the unexpected
increase of airway resistance in the portion between the segmental bronchi and small bronchi
proximal to the terminal bronchiole. The physiological facts corresponding to this structural
finding were found, and the occurance of check valve phenomenon was supposed to exist at
the proximal portion of the airway.

3) Viscoelastic properties of the lung tissue : The stress relaxation phenomenon of the
lung tissue was analyzed mathematically, and the distribution function of the relaxation time-
constant was found possibly to give an important information of the viscoelastic properties
of the lung tissue itself.

PULMONARY CIRCULATION (by Ryo KATORI)

1) A role of transmural pressure through the pulmonary vessels in evaluating cardiopul-
monary hemodynamics was presented.

2) The direct and indirect methods for measuring pulmonary blood volume were compared
with each other, and a causing mechanism of pulmonary hypertension was discussed in relation
to pressure-volume relationships.

3) The changes in pulmonary hemodynamics were studied during deep inspiration and deep
expiration by means of the dye dilution method and the left and right heart catheterizations in
man. By inspiration, the pressure gredient between the pulmonary artery and the left atrium
was significantly increased in all cases, the pulmonary blood volume was slightly decreased,
and the cardiac output was not significantly changed, so that the calculated vascular resistance
through the pulmonary circuit distinctly increased. Expiration did not effect on those. It was,
consequently, concluded that lung inflation is more contributable to elevation in the resistance
during the ventilatory drive of the lungs than the changes in intrathoracic pressure are.

4) An acute induced anoxia and hypercapnia made a rise no doubt in pulmonary artery
pressure and resistance, but an acute acidosis did not give any effects on pulmonary circulation.

5) The venous shunt was divided into the anatomical and physiological venous admixtures
in lung diseases. Also, it was revealed that the increased bronchial circulation gave an impor-
tant influence on pulmonary circulation in various lung diseases and in tetralogy of Fallot.

6) In both lung and heart diseases, when the mean pulmonary arterial pressure exceeded
about 40 mmHg, pulmonary vascular resistance increased extraordinarily stronger than the case
with less 40 mmHg did, regardless of its pathogenesis. The pulmonary blood volume and vascular
resistance showed a significant negative correlation with each other both in mitral valve disease
and in congenital heart disease with left-to-right shunt, especially in cases with pulmonary
hypertension. It seems that the evaluation of intravascular capacity is of importance for inves-

tigating circulatory disturbances in the lungs.
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Fig. 1. An Acinus and its Subdivision

TB ! Bronchiolus terminalis

RB, : Bronchiolus respiratorius I Ordnung
RB, : Bronchiolus respiratorius II Ordnung
RB; . Bronchiolus respiratorius Il Ordnung
D ! Ductus alveolaris

S . Sacklus alveolaris

317

# &
HEAERAAE | OR R

T ORI AL BeS T\ %, Husten Ho Rffic—
FHTHH, TRIXREY - ifaRie o Tr R & i
e ORRT T 254, Hayek o@did 2 X 5 sk
KREOMT X 0 X LAREY « MilaReAkET2
Kanalsystem 4:fk& UCOREELE, 37 b blfifaze
EOHBENRE L 725 b Th bo

b) MEMREEZORIICET D HEHSAEST

MIZED % By X 5 WCHAR, BiPNFERZE DR D 32t
BHRTT D & AR BRI 2 7 & o S PEIGER B 277
e L, FREFRICHESL LE2 bR AREERD
FETRASTHE % 2 D F BRI ISR AL T o sk gy R
RITENTE Do H—RPRTE LB O L T 50k
JAREROREHERETh Do bW BRI R EG
DIZRACTPISBEILRS, BEMRE IO R LS o TH
LPOBEEIIIERHTE 50 &5 5 AN B~ & b
T E N R RE R EET S i 3
S[EPRE L THE, HAWIERIh, Fhroifc
DIRERIEER K= LD Dbt Th %2, MilaRERC
TR LcflfE s 7 & A 208, H—Reggms
TR FLE LHIBERA COREHEBESY R LT v
LIZEHZZRETHA ) o FAERMTRERIES AL
RO T 8B HE2 5L &, OO EHLY
75 % W SAE ST RS BB 7R A B s D MUK HEM M D FEAE M
W32, bhvbhuisg HE o e Bl E-o
AP RICIEER LT\ F 2 CRIEEAES, - il
ROEKETHHEE (Kanalsystem) LoZH, 37hb
HfifaZER O HENERNZ RN 55T (UHE» HEA X
NRE) ORI 2D X 5 I iEA 5% kST
ERNCIRIT LI & E 2 T,

B BB DG S IR S S M R DL
BB 0.6x107em, 2 Hlka Bt KEkT 17 (&
FRRILO0 &F) PWFRGETHCHST 52 L, ®iE
PERRE 1 BRI s B ich 1 ERg RS 1 < § 400
cmd rF5E, 1ARDOFRSAEZHICIT 5 NEEHD
SRR R A B

e 400
27 x % (0.3x10-1)2
EHHIN D, Z OISR FIEE T D8 S
LTI of 265, BEEMD 50 v BEh AT Cit o o
W12 ofELicd, WTFRICR L,

Raynold’ Number= i;1=0 2

=1 cm/sec

ThP 2 2 OMEHh 2RI B E /8% 5 o Fig. 21%



318

Fig. 2. Hypothesis on Dust Retention in
Respiratory Bronchiole (Model)
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Pressure-Volume Diagram of Cat Lung
(Right upper lobe, body weight 1.2kg)
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Model of Alveolus and Alveolar Sack

Fig. 6.
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Fig. 8. Relation between Age and Elastin Content of Lung. (HOPr-content)
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Blood Gas of Rabbits after Repeated
Injection of Adrenalin

Fig. 13.
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Fig. 14. Alveolar Capillary Networks as

Visualized by Indian-Ink Infusion

Fig. 15. Distribution of Diameter and Length
of Capillary Segments
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Table 2. Over-all Dimensions of Capillary Network
Case S;xr Vear Alv::el:r(:;%acq Aa!;’ggl?grjgft ;Cal%os.eg. Capillary surface (cm2) Capillary volume (cm3)
/cm3 Total /cm3 Total [ /em?2 Average I/ch{ Total Average ! /cm?2 !Total
-, Q 3001 2045 1409104 | 102.3 [20.45 104|106.4x 10¢| 169.1x10-8 | 1.799 i36.8><1[]4 363.9x 10712 | 3.87x 107% | 79.14*
Bl 2| 60| U2 3TxU0t ) 864 (1735004 1264 10¢) 164X 1078 | 1471 | 255510 | 187110712 | 236 104 | 40.94%
1 | | | |
* lung volume = g’ 388 ggi
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Mathematical analysis of the maximum expiratory

volume curve (Tiffeneau’s curve)

Black

Box

]

F(t)

ok ok ok ok ok ok ok ok kA Kk

FEHBEMDOELD ANy bl Ly (A P=g+RY
DTELNTE, EFVEDNTWZ P=P,U(—y)
ETNEhORERICIET 2 N ¥
DIFREE TR Bo F ISR V(t)=Vye T

- F(t) =3 Ajoet
[vmares s, wnenn ; )
biur V(T) %BEKT 5 s-1
BABIE L Bl e Fieib i F(0=[7f(s)eds =| VO=v@etadr
BISR 5\ 2 7 BEE R R & o580 ‘

S SRS 35
IR AGT PRI R 2= 43 A B
i, HEZCBLTIE T=0.1~

Fig. 2.

Distribution function of the mechanical time-constant of
the normal lung and the lungs with chronic bronchitis,
bronchial asthma and chronic pulmonary emphysema.
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0.2, T=0.3~0.5 0 2 i)l

% D LI ER ) LicH iz md o Fl'((l)0§ T) Normals E‘él(ig ™ Chronic bronchitis
THRL, KET% WA, L ' ‘
A TEERRL, #1001 N
PEERET, H2olUoMk B 05 g 0517 5
K7zt 3 DILDE I BB I H MY < - ANES Y
H%5 (1 2), ‘ AU 7 L,
) AR UCREMRBEEEE 0 01 L0 e, 10 01 B0 see 10
WHBA F(lo r_T) Emphysenla -FO(I_OE T} Asthma
BUWHCAN & LT sine fgo 0 : .
JRHIROBE 2 n 2 7o S o b ‘
CHWBRZDIE, a) fve—x 0.5 0.51 \\\?
YA, b) aVFILT VR, c) \‘,46
EHEBIND 35T, =05 b 2T L MO
0. ) 10 0 0.1 1.0 10

CHRBEDIER VS 54T v RTE 0-1
Do bUbNIEFERM B BRI NE~EAL, EEz v
TAT VAR I OTHHIET % Hik% B basic L
%V%K%M%&%ﬁ%AﬁkLTmzkéb@@%
FYTIAT VAOBGIIE, B D —E b HWikEL
LB w=s 1B\ CABI T2 Y, Suviciko [blis
@<Em%ﬁ?ﬁ,:h%ﬁﬁﬁmiof%o&%%ﬁ
CRATD L 2w 12ied (M 3)o X5 XA
@$%ﬁ®ﬁ%%h%kﬁm5%tﬁ5:kﬁfé,%
RARERREY L T BsHERC L oTHEb LS
B0 AHERIL f(s) D Stieltje ZF#ad 5 \ NI EE 5~
T ALWRE S BRI B T A BB TR B
D ELANCHRL Z L 8 ATHETH B o

D f(s) OYENEZELEL DT He0T, SEL

7477 — RSN e FAREETS &, f(s)
BREMRTCRT 582 v 754 7 vADHEES it
HL, UIehio>TEBRERIC 315 fhlakto RS ik
DICBIRT 2 L b,

C DGRBS T T=0.2 BSmcgive e —
y%%oMﬂ@%ﬁf,%%;%00&&&7@&@@
T, MREZE TS L35 MoRBE LB N
B —BIER SRR L, RO 2 bh
HRERC R DNS WESHMOBHETRT L2 bhie
(X 4,

b) AN ZHH
JRATAZ V7 5 v AR B NTY, FRAEEN DL
B ERVHENDATNEAT v 7 AT LD, HHdEm



326

IR LCHBT 5, LicatoTT 477 —Hl
HrAge, Bt fs) 03 s ALRELTEDL
5% (€ 5)0 kic f(s) DY EH#RE, 120KN
He %l B chiVHT EF AR L2 THELT
2L 5o ZOXVWENFAFRRIIBFHMCEZ 230
T5o HEREML 1 ROBSHEREM T LI/LD,
459y He BATISHBIRIIC TOYA & MBI DM, £
DWFNEFARELD L2 VT T VARER LT A~
Z—rTBEA BRI, LkehoT f(5) vsd
WA FRFI R b D RRCTORES T EEDL T AH
$ He(T) %7 V7 F v ARRERDGABIR & BT 70
Wy A2 V7 5 v AMEY 2, 3 ORE BT S
Fig. 3.
ventilatory frequency chatacteristics

Black
Box
F(w)
P=—-+RV
s? c
F(W=Ao Sarg? P=P,ei

2

Si
F(w)=3 Aio_w

Mathematical analysis of the complex compliance-

N 1
C(jw) —Cs——1 +ij

B OH0E HBEFT

i+, D slow space & L CARERICEER 5 J7ik
1 Fowler Bic ko THTRE D HF bR TWaH

Briscoe b ih_TW 3 X 3 IC, AEEITFHERINCEE
PRI TRHNEN 3 2 DR LR ECFITS S
IR TH S0

He 7 V735 vAREROSMBELU, HEE TR
0.5 3%k LiidiEm@mniiiey L, 104588
Ciote B R bW, BZEMERE TR TR
EE AR R L, B ohkilxfEbikality, % Bl
iz 10 Ll R 2 ok b O HEO A E 2 A D
nice

¢) Fi L &

CO piykhe o WEREE, R
w5 oL 2 BIBCCHRRIfIe CO 7 A%
WAR L, EDHiF CO BDOWHEH
WaERT Sz LMY TS LL
H DB RATRE I 7o, 9K 7 A
v =7 F DA fCir CO A
DA A DIALRETEEIND B & ¥ E
T, bbb OS P ED BRI ER
Thbo

d) #RMFAH

PR AR MR AR & R U CRFAE
hic e bl LIRE Ei
To\ve BIIRILY A RF T o b iR
TAB T 5 Y bbb h R

[ e e e e e e

S
s=-

w 52
Flw)=Ji(s)grrwe ds

PRS-
[}
!

w 1
Ca=[C(D 1 weredr

HE L LT Do, BRI E
52—z =T B EES AT
bBo BAHNCIE, BRMIFLLA 0.5

Fig. 4.

lung disease and pulmonary fibrosis

Distribution function of the mechanical time-constant
in healthy subjects and in patients with chronic obstructive

DGR LEoR % Th o, 1.0, 2.0
DLOWNENRENM % BAD, Th
X BIC A B LT 0ok

HT ETHbo

2.0f Novmas 207 Brooidsthon i) Kat
ARG T X B Lo T
Wl K 2EAFTRL, £OF
LoF . Mor PR ) 2 LCRIBT 5 HETH
%o EECITEHEETIL LD 20 4
. K 1 N o / TN\ He #BAE LD, fifals —ERE
Lor 0.1 1.0 10_02.0 R 0.1 1.0 ' 10.? o He Ttz L, W = Kr8 %
Pulmonary, emphysemal Pulmonary fibrosis 400 pc ZEICHTEL, 30 Bk 1.5
SRR s 20 BRI L, Pul-
LOF /R monalyzer, GM % v v % —TEXh%
f hoy ARERHE L, He, Kr¥ 3
eSSy, / ... Dy V7T VAMHEERDD. £
S0 T 100 B 1k Lo cardioblue 1o X 5T

. 10.0 - .1
Mechanical time-constant (sec.)

ERRiR LR L, OEHERRD
%o



196548 57

B Le Kr® 220 S HES
Bnie®, 1EDOFBERTHE~E
TL, DWTHRR IO THERI K
525, AR D HEE&E LTIER
BIBOBA LRI X o TEP IR,
R LT f(s) #RD 5%, D
WEPERLFAETH ST, &
1=0 TR WTHENE L b2 b
% K8 Rzoffifa~mA$5 1
MEBRIAIL, Lo CTEHER
&3 % Ififao ks B35 4
BB Th B AMNE L B D,

RiCHBZEICES T 5 5B,
X ERBRGEN He 270V 75 v»
B L F—D Ldd A—5the s
D2V7FVARELLLLIZED
Bohs (W 6) F7abb —V/
Ve=—1|Tg Thz0b, BEED
SHBEUL 2 V 7 5 v A AR
LORERTH LIfEL LTE LR
Z)O

Bl ot bhizz v 75 v
ARERE B L35 ke, B
Kk, MR 3 o4 46 B B
R 7), fEEschs R mns
DHTERN L =KL, £hilac
KRB B Ul kT2 & &
ZIRRLTWD, —FIRGDSAT
EHCTh, BEMELDOELL S
WIS OREAER ERT B, TR
RIERTIZ 72 BT\ i D
THE TR D bEET TR TR
REELTRDTWBEDETH S,
78 B SKED A BB RN
BRE, MBS LD 5 E
B oS R (STPD), Mg
MFEED 5 BIEAN S 5 TR O
AHHB YT,

MBI Ty, S8 & my
K WECRZLRBIE b T
<, W3 slow space i 35\
THRRUMBLELD 2 U < B\ il fa s
DEFWHBL, Lo Bz Lo
RKES I HEAME T Lie\ SR B
BEINT,

West SIS % - IR
MOBRZ MG RD, EEEEC ]
WTHEKMTLEDO A ZF VI 5~ L

Fig. 5.

Black

Box

F(t)

Fot) =Aest

F()=3 A,

[ o e e e e e e e et e e e e e

327

Mathematical analysis of the helium clearance time-constant
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Fig. 8. Lung volume against ventilation-
perfusion ratio. Lung volume with very
high and low ratio is neglected
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Fig. 11. Overall laminar resistance in each
bronchial and bronchiolar generation,
based upon the data which was

reported by Weibel
(dyne/cm/sec).
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Fig. 13. Mathematical analysis of the stress

relaxation curve
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Polygraphic recordings of PCG, ECG, oesophageal

Upper panel is a normal and

lower panel is a patient with chronic
pulmonary emphysema

\ —n pressure
“m*szﬁ Blood pressure

NO.969 - 50y. 3 CPE.

I B T IR G S W | 2 "Om"ﬂHfl
o X, T Oesophageal
pressure

Blood pressure

e LU
e s o T P
LlOsec.-I
Fig. 2. Diagrams between Pp,-P;, gradient and
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patient with chronic pulmonary
emphysema (lower panel)
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Fig. 3. Changes in oesophageal pressure (Pog),
pulmonary arterial pressure (Ppa), left atrial
pressure (Pp,), and the gradient between Ppa

and Py, by deep inspiration (I) and deep
expiration (E). R is the value at rest
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Changes in cardiac output, pulmonary vas-
cular resistance (P.V.R.), pulmonary mean
transit time (M.T.T.), and pulmonary
blood volume (P.B.V.) by deep inspiration
(I) and deep expiration (E). R is
the value at rest
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Fig. 5. Diagrams between Pp,-Pp, gradient and
oesophageal pressure (Pog), and between Py, and

oesophageal pressure on deep inspiration and
deep expiration in a normal subject. P, is
left atrial pressure and Pp, is pulmonary
arterial pressure

NO.971 Normal
mmHg

PPAm: 16mmHg

16 -

ur

121

Ppo— Py Gradient

Fig. 6. Diagrams between Pp,-Pp, gradient and

oesophageal pressure (Pog) on deep inspiration
and deep expiration in a patient with chronic
pulmonary emphysema and cor pulmonale
and in a patient with mitral stenosis
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Fig. 9. Relationship between mean pul- Fig. 10. Relationship between mean pulmonary arterial
monary arterial pressure (Pp,) and left pressure (Pp,) and the ratio of pulmonary blood flow
atrial pressure (Pp,) or pulmonary ar- to systemic blood flow (Qp/Qg) in congenital heart

tery wedge pressure (Pyp) in mitral disease with left to right shunt

valve disease. Closed circles are left
atrial pressure and open circules are
pulmonary artery wedge pressure
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