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Objective 

O u r  objective i s  t o  describe the early e f f ec t s  of low concentpatinns of 
ozone (03) on pulmonary function i n  anesthetized, mechanically ventilated mongrel 
dogs.  The study will  have two parts. In the f i r s t ,  standard functional 
measurements including pulmonary flow resis tance ( R  ) , dynamic compl i ance (Cdyn) , 
vent i la t ion and hyperpnea, the l a t t e r  c o simulate exercise. 
regional vent i la t ion,  perfusion, and diffusion capacity (carbon monoxide) will  be 
studied u s i n g  an Anger positron camera. The regional and standard (overal l )  
functional data will then be compared t o  determine the sequence and possible 
in te r re la t ions  of ear ly  functional changes caused by 03. 

and maximal flow-volume curves (Omax-V ) will be ma b e both during rest ing 
In the second p a r t ,  

% 

Background , Rat i onal e 

Non-Radioactive Techniaues 

Ozone (03) has reached ambient leve ls  of 0.4 par ts  per million (ppm) i n  a 
number of cities; [l] leve ls  as h i g h  as  0.54 ppm have been reported i n  Los Angeles 
[ Z ] .  
properties of the l u n g s .  
concentrations of 03 underscore the need t o  expand and refine knowledge of i t s  
hazards. Evidence suggests t h a t  the peripheral airways a r e  damaged by chronic 
exposure to  03 [3]. 
d i s t r i b u t i o n  of  vent i la t ion i s  generally acknowledged, there i s  d i f f i cu l ty  i n  
assessing t h e i r  functional s t a tus  w i t h  conventional tes t s .  Indeed, the peripheral 
airways have been referred t o  as the "quiet zone" of the l u n g s  [5].  O u r  intention 
i s  t o  assess t h e i r  involvement i n  the early functional response t o  03. \.le a lso 
seek t o  determine the changes tha t  O3 may impose on the dis t r ibut ion of pulmonary 
blood flow. A t  present, v i r tua l ly  n o t h i n g  i s  known about the l a t t e r .  

Such concentrations impair cer ta in  biochemical, s t ructural  , and functional 
The  large numbers of persons exposed t o  these 

i4hile the influence of the peripheral airways1 on the 

The following a r e  among the functional studies performed on man and 
laboratory animals which have shown s igni f icant  a l te ra t ions  i n  one or  more subjects 
d u r i n g  o r  following exposure to  03 i n  the range 0.1 t o  1.0 ppm. 

A. Dynamic Measurements 

1. 
2. 
3. 
4. 

Pulmonary flow resistance ( R  ) i n  man [6,7] and i n  animals [8] 

Dynamic compliance (Cdyn) i n  animals [8] 
Closing volume (CV) i n  man [ I 2 1  

Maximum f l o w  ( h a x )  related 'f o l u n g  volume (VL)  i n  man [6,9,10,11] 

' The  term lacks anatomic, morphometric, o r  functional precision. Macklem and 
Mead [4] par t i t ioned pulmonary flow resistance (R t o t a l )  i n  the dog into central  
(Rc) and peripheral (Rp) components. Their peripheral component included 
airways about 3 mm i n  diameter and smaller. 
10% a t  functional residual capacity (FRC). 

Rp/R to ta l  x 100 averaged about 



B. S t a t i c  (or  Quasi-static) Measurements 

1. Volume pressure (V /P)  behavior i n  animals [8,13] 
2. Maximum s t a t i c  e l a s t i c  recoil  pressure i n  man [6] 
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C. Diffusion Capacity (carbon monoxide) ( D L ~ ~ )  i n  man [6,10,11] and i n  
animals [8J 

A. Dynamic Measurements 

There have been two recent attempts t o  ident i fy  pulmonary functional para- 
meters especial ly  vulnerable t o  03. (Ample evidence ex i s t s  t ha t  "non-respiratory" 
functions such as  the resistance of the 1ungs.to infect ion are  impaired by low 
leve ls  of 03 [14,J5].) One of these s tud ies ,  on healthy volunteers, suggested 
t h a t  vmax a t  50% of v i t a l  capacity ( V C )  was more l i ke ly  to be affected t h a n  e i t he r  
airway flow resis tance (Raw) o r  D L ~  [6]. 
mechanically vent i la ted ca ts ,  showe8 t h a t  pulmonary conductance, the reciprocal 
of RL, decreased more often and more mater ia l ly  than d i d  DLCO (sinq!e breath) [8]. 
How much of the increase i n  RL was owing to  changes i n  ca l iber  of the peripheral 
airways was uncertain. L i g h t  and e lec t ronic  microscopic examination of the same 
lungs  revealed daniage a t  a l l  levels  of the airways [16]. 
t h a t  the peripheral airways were implicated was the finding tha t  the increase i n  
RL had a non-reflexive component; t h a t  i s ,  about one-third of the increase i n  RL 
pers i s ted  a f t e r  atropine. ( In  dogs, vagal innervation stops short  of the smaller 
airways [17]; we have no information about the extent of vagal innervation i n  cats . j  
Some ref lexive narrowing of peripheral airways may be caused by submucosal edema, 
excessive secret ions,  o r  an increase i n  smooth muscle tone following the release 
of agents l i k e  histamine [lo]. 
based on an idealized model of the lungs [ZO] predicts  t ha t  the dosage of inspired 
03 t o  the airways, both central and periphera1,should exceed the alveolar dosage. 

There are  a t  present two pri ncipal "non-invasive" means of adducing evidence 
f o r  damage t o  the small airways; measurement of Cdyn [21] and measurement of CV 
[22-241. is  n o t  s ignif icant ly  

performing these tests on the exposed animal following vagotomy or atropine.) In 
t h e  c a t ,  Cdyn is  not sens i t ive  to respiratory frequency even a f t e r  to ta l  RL i s  , 
elevated s igni f icant ly  [8]; the factors  which ac t .  t o  mit igate  this Cdyn-frequency 
have been discussed by Macklem [XI. The c a t  may be inappropriate f o r  o u r  
experiments f o r  s t i l l  another reason: i t s  l u n g s  a re  probably too small t o  demonstrate 

'the CV phenomenon. The  l a t t e r  requires a r e l a t ive ly  large gradient i n  pleural 
pressure from apex-to-base, which i n  t u r n  implies a long ver t ical  a x i s  of the 
l u n g s  (upright-posi t ion)  [26-27). The dog, because o f  i t s  larger  thorax, i s  a 
more appropriate choice than the cat .  

The other study, on anesthetized, 

- 

Other evidence to suggest 

I t  is  of i n t e r e s t  t h a t  a computer program [19] 

Both measurements a re  useful only i f  the t o t a l  R 
elevated [21]. ( I n  a study on the e f f ec t s  of 03 i t  might t ti erefore be worth 

B. S t a t i c  (or  Quas i - s ta t ic )  Measurements 

For the sake of simplicity,  we will not measure the quasi-s ta t ic  V/P  
behavior of the lungs. 
i n  vivo studies [8] showing t h a t ,  i n  the absence o f  intra-alveolar edema, the 
x f m o n  limb o f  the V/P curve and the VC are  n o t  affected by acute exposure 

\!e t h i n k  the omission i s  j u s t i f i e d  on the basis of e a r l i e r  
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t o  0 . 
as long as one t o  two weeks following the exposure, the quas i - s ta t ic  e l a s t i c  
behavior wil l  then be studied, 
s ign i f icant  changes i n  this functional parameter appear days a f t e r  the exposure. 

C. Diffusion Capacity 

is  evidence to  show t h a t  t h i s  function i s  l e s s  sens i t ive  t o  change 
RL [ 8 ] .  

Radioactive Techniques 

as  ear ly  as  1957 by Knipping  e t  a1 [28]. 
areas  of each l u n g  f i e l d  d u r i e z h a l a t i o n  of a mixture of xenon 1 3 3  (133Xe) and 
a i r .  
areas i n  chonically diseased l u n g s .  
s c i n t i l l a t i o n  counters fo r  the detection of  the pos ron eni t t i n g  radioisotopes, 

[29-361, Dollery [37-431, and Dyson [44-461 -- e t  a1 a t  Hammersmith Hospital, London, 
England. Individual counters allowed the simultaneous assesrment of regional 
vent i la t ion and perfusion i n  four d i s t i n c t  l u n g  zones (upper and lower zones 
i n  each l u n g ) .  
whole l u n g  f i e l d .  
a r e  not practicable with this system. 

In 1958 Anger described a gamma-ray and positron s c i n t i l l a t i o n  camera [47]. 
The camera was bas ica l ly  an improvement on his e a r l i e r  gamma-ray p i n  hole camera 
w i t h  image amplifier [48,49]. Present models of the Anger gama camera make i t  
possible t o  obtain data simultaneously from a f i e l d  having an  approximate diameter 
o f  23 cm [50). The d a t a  may be processed by a computer so tha t  regions as  small 
(vascular) l i q u i d s ,  the  ventilation/perfusion r a t i o  ( V / Q )  may be obtained f o r  
each specified regional area [35,51,52]. I t  i s  a l so  possible to determine with 
an Anger positron camera2 the r e l a t ive  s i t e s  of ptake of any positron emitting 
material such as gas tagged w i t h :  150, l l C ,  or  1314. 

Intra-alveolar edema i s  unlikely a t  the concentrations of 03 t o  be used 
I f  the  study is  enlarged t o  include functional measurements for 

There is evidence obtained i n  rabbi ts  [13] t h a t  

, i n  t i i s  study. 

The overall D ~ c o  (non-radioactive technique) will  not be measured since there 

Regional diffusion capacity (radioactive technique) will be studied. 
from 03 t h a n  i s  

The use of a radioactive gas f o r  assessing regional vent i la t ion was reported 
Count ra tes  were recorded over multiple 

k l i t h  these da ta ,  K n i p p i n g  -- e t  a1 demonstrated the presence of unventilated 
The use of multiple arrays of individual 

nitrogen 13 (13N), carbon 11 ( I l C ) ,  and oxygen 15 ( 15 0) was developed by West 

Later, a system was developed fo r  the sequential scanning of the 
Sinul taneous measurements from m u l t i p l e  regions of the l u n g  

flost Anger cameras a r e  single-headed gama s c i n t i l l a t i o n  cameras. 
positron s c i n t i l l a t i o n  camera consists of two ident ical  camera heads each placed 
exactly opposite the  other  on separate supports. 

. two 0.51 bIEV gama rays a r e  produced which travel i n  opposite directions.  These 
rays must simultaneously h i t  both cameras before a valid positron event i s  

The Anger 

When a positron i s  annihilated,  

the two 
la t ion i n  

f o r  locating the "plane of best focus" between 
b l e  t o  describe the s i t e  of the positron a n n i h  

registered. A method 
cameras makes i t  poss 
three dimensions. 
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Since 03 a f f e c t s  the conducting ainvays a t  a l l  levels  [53-563, one would 
expect a l t e r a t ions  i n  the Q/Q r a t i o  as a consequence.. With the Anger positron 
s c i n t i l l a t i o n  'camera, the approximate s i t e s  of ear ly  V / Q  a l t e ra t ions  with 
exposure to  ozone shoul d be i denti f i ab1 e. 

* 

Exercise 

O3 penetrates the upper airways more completely i f  the flow r a t e  is  
increased o r  i f  breathing i s  oral  ra ther  t h a n  nasal [57]. 
showed tha t  exercise exaggerated the functional response of healthy volunteers 
t o  03, par t icu lar ly  by causing a reduction in Vmax a t  50% of VC. 
observations o f f e r  a bas i s  f o r  the impaired performance of h i g h  school track 
teams in  Los Angeles found in  association w i t h  elevated ambient oxidant levels  
[58]. Children, because they a re  frequently outdoors and exercising, nay be 
especial ly ,vulnerable  t o  comunity a i r  pollution. 
e f fec ts  of increased minute vent i la t ion (controlled with a respiratory pump and 
balanced by the addition of C02 t o  inspired a i r  (hyperpnea)) on a l l  functional 
parameters. 

Bates -- e t  a1 [ 6 ]  

These 

\le plan to  examine the 
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SPECIFIC AIMS 

1. To determine the most sens i t ive  pulmonary functional measurements fo r  the 
detection of the ear ly  e f f e c t s  o f  low leve ls  of 03 ( c  0.5 ppm). 

To determine the e f f ec t  of low leve ls  of 03 ( c  0.5 ppm) on regional O/Q 
r a t io s  and regional diffusion capacity (carbon monoxide) using'an Anger 
positron camera and radioactive positron emitt ing gases. 

2. 

3. To .compare functional e f f ec t s  of low levels  of 03 (. 0.5 PPm) d u r i n g  
res t ing vent i la t ion and d u r i n g  increased vent i la t ion  simulating 
moderate exercise.  

I METHODS OF PROCEDURE 

The s t u d v  wi 11 be divided i n t o  two Darts--non-radioactive techn 

1 i g h t - t o -  
~ 

ques, t o  
be done a t  Uiiversity of \Jashington ( U'of W )  and radioactive techniques, to be 
done a t  Lawrence Livermore Laboratory ( L L L )  . The non-radioactive experiments 
will be completed d u r i n g  the f i r s t  year and a half (January 1974 to  mid-1975). 
The radioactive experiments will begin d u r i n g  the second year (1975) and be 
completed by December of 1976. 

Non-radioacti ve Techniques 

Mongrel dogs of approximately 15 kg will  be used i n  both phases o f  the 
study ( U  of W and L L L ) .  Animals this l a rge  a re  needed t o  f i l l  most of the 
camera's f i e l d  of view (about 10 x 10 inches) w i t h  the respiratory system. 
Prel imi nary experiments wi 11 be done t o  deterni ne whether dogs respond to  1 ow 
concentrations of 0 with changes i n  RL, as do human subjects and other laboratory 
animals. 
t r i ed .  The animals will be anesthetized (sodium pentothal i n i t i a l  dose: 30 mg/kg, 
i . v . ) ,  paralyzed (gallamine HCl) and mechanically vent i la ted w i t h  a Harvard 
Apparatus pump through a s t ee l  tracheal cannula inser ted j u s t  below the larynx. 
The pump will be modified to  minimize the uptake of 03. An infusion of 5% glucose 
i n  s a l ine  w i  11 be administered slowly throughout the experiment. 

I f  n o t ,  o 2 her mediun-sized animals such a s  sheep or monkeys will be 

Pleural pressure will be measured with a d i f f e ren t i a l  inductance transducer 
The catheter  ( P  2688, Hewlett-Packard Co.) through a rubber mushroom catheter.  

will be inserted i n  the r i g h t  anterio-medial fourth - f i f t h  intercostal  space 
a f t e r  i n i t i a t i a n  of a pneumothorax (50 m l )  in tended  t o  prevent injury t o  the 
lung .  Approximately 10 m l  of g3x.wil1 be maintained i n  the pleural space 
throughout the experiment. Flow r a t e  will  be monitored w i t h  a suitably sized 
Fleish pneumotachograph (Instrument Associates, Inc.)  and d i f fe ren t ia l  inductance 
transducer (P270, Hewlett-Packard Co.). 
the pncumotachcgraph flow signal w i t h  a Lexington Model A-123 integrator.  
three signals will  be amplified and recorded on a thermal oscillograph (Hewlett- 
Packard, Co.) and on computer tape through an analog-to-digital 
the School of Public Health's Gen r a l  Automation SPC-16 computer. Blood samples 
will be analyzed f o r  pH, PO2 and 

Volume will  be obtained by integrating 

converter and 

A l l  

F C02 approximately every 3C minutes w i t h  electrodes.  
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The dogs will be supported i n  an  u p r i g h t  posit ion throughout the experiment, 
. s ince  normally gravi ty  appears t o  be the principal determinant b o t h  o f  the uneven 

d is t r ibu t ion  o f  vent i la t ion and perfusion, and of CV [1,2]. 

2 t o  3 frequencies),  Onax vs VL ( l a t e r  measurements such as VC,  FEb ; ,  tIEF, etc. 
will  be computed from these data) , f u n  t ional  residual capacity ( F R C ) ,  -residual 
volume (RVJ  , t o t a l  l u n g  capacity (TLCj ,  and nitrogen (142) washout. 

CV will  be measured using the technique of Green e t  
(Pairway: -5 t o  -7 cm H20) a 75 cc b o l u s  of helium wim be injected i n t o  the 
airways and the l u n g s  inf la ted to 30 cm H20 o r  TLC. The l u n g  will then be 
deflated a t  a constant r a t e  (60-100 rnl/sec). A portion of the a i r  will be 
sampled with a c r i t i c a l  o r i f i c e  helium analyzer (Mead and Col l ier  C41). 

iso-volumes, i n  the range of mid-tidal breathing. 

We intend t o  make the following functional measurements: C V ,  R Cdyn ( a t  

[3]. A t  RV 

RL will  be calculated a s  an average value f o r  inspirat ion and expiration a t  

[O (insp) + t (exp)], l / s ec  

where V = instantaneous flow ra t e s  d u r i n g  insp i ra t ion  and expiration a t  iso-volumes, 
Pa0 = pressure a t  the  airway opening o r  trachea,  and PPI = pleural pressure. 
values f o r  RL will  be obtained 3-4 minutes a f t e r  the application of two deep 
inspirat ions and wi 11 be based on averages of three consecutive breaths. 

i n  transpulmonary pressure a t  the ins tan t  of zero flow: 

The 

Cdyn will  be calculated a s  the r a t i o  of the t i da l  volume (VT)  t o  the change 

VTs 

(Pa0 - p1)s cm H ~ O  
Cdyn .= 

The measurements will be made a t  10, 25, and 50 breaths/min.; a n  average value 
fo r  Cdyn will be calculated from three successive breaths. 
the expiratory tubing will be adjusted t o  minimize s h i f t s  i n  end-expiratory l u n g  
volume over this range o f  breathing frequency. 
s imul  taneously. 

w i t h  the comercial  vacuum cleaner maintaining the peak pressure for  10 seconds, 
and t h e n  connecting the airway through an e l e c t r i c a l l y  operated solenoid valve 
t o  a 40 l i t e r  b o t t l e  evacuated t o  a vacuum of approximately - 20 inches mercury. 
vmax and l u n g  volume ( V L )  will be recorded simultaneously.2a The d a t a  will l a t e r  
be analyzed by computer t o  obtain the values f o r  VC, FEV1 second, MEFR, e tc .  

The resistance of 

Cdyn and RL will be measured 

h a ,  w i l l  he obtained by expanding the lungs  t o  TLC (Pdistending = 30 cm H20) 

RV and VC w i l l  a l so  be determined i n  conjunction with the measurenient of Vmax 
and VL. ( In  these experiments we define VC as  the volume of gas emitted from the 

Reflex bronchoconstriction may be temporarily reduced or abolished by a deep 
breath [SI; consequently, we may a l so  measure h a x  from with FRC . o r  FRC plus VT. . 
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l u n g s  as  the distending pressure i s  lowered from a peak level of 30 crn H20 ( T L C )  
t o  a level a t  which Pail-\Jay i s  subatniospheric (approximately -5 t o  -7 cm H20) and 
no additional gas can be suctioned from the lungs.) . 

The "comunicating" FRC will be determined with the single breath method 
as i s  custohiarily done in the measurement of D L ~ ~ ~ ;  a 500 cc bolus of a gas  
mixture containing 0.6252 neon (ire), 23.87; oxygen (02), and the balance, 
nitrogen (Nz), will be delivered from a la rge  syringe in to  the lungs through the 
tracheal cannula. After a lapse of 10 seconds, 100 m l  of gas will  be withdrawn 
t o  be discarded (dead space volume) and the next 500 m l  will  be quickly withdrawn 
f o r  analysis.  
chromatograph. 

The concentration of the gases wil l  be analyzed with a gas 

i 

:I 
500 

F 
*Ne 

FE+ie 
-1 - 

where 500 = s ize  of t e s t  gas bolus,FI 
gas,  and FE 

= neon concentration i n  injection t e s t  
= neon concentration inNthe expiratory sample. 

Ne 

Imnediately f c l  lowing the measurement, the l u n g s  wil l  be evacuated t o  R V  by 
reducing airway pressure to  a subatmospheric level eairwa -5 t o  -7 cm H20). 
volume of gas rmoved from the l u n g s  w i t h  this maneuver ys analogous t o  the 
expiratory reserve volume ( E R V ) .  

The 

RV will be calculated as FRC-ERV. 

Breath by breath analysis of N2 washout curves will be made t o  t e s t  the even 
d is t r ibu t ion  of inspired a i r .  For this measurement the  animal will be ventilated 
w i t h  02. 
" f a s t "  and "slow" emptying alveolar space, should a ''slow" space appear following 
03. 
measuring the N2 washout a t  more than one pump frequency and d u r i n g  a single 
slow breath [ 6 ] .  

GJe estimate tha t  40-60 consecutive breaths may be needed t o  describe 

In preliminary experiments we will t e s t  the value and f e a s i b i l i t y  of 

The wet/dry lung weight r a t i o  will a lso b e  determined as an index of edema. 

FRC will be measured once every 20 minutes. A l l  o ther  functional measurements 
will be repeated twice a t  20 minute intervals .  The measurements will be 

two-mi nute period of time. 
' staggered so t h a t  the  exposure t o  O3 will only be interrupted for  a maximum 

03 will be generated from f i l t e r e d  a i r  w i t h  an u l t r av io l e t  Orec Model 03U1 
03 generator (Ozone Research and Equipment Corp.). 
continuously monitored w i t h  a pre-cal i brat.ed Dasi b i  Model 8000 ozone analyzer. 
Glass, s t a in l e s s  s t ee l  and tef lon f i t t i n g s  wil l  be used throughout the preparation. 

O3 concentration will be 

We found t h a t  FRC measured t h i s  way i n  c a t s  [7] was almost identical  with FRC 
measured by gas  compression. 
several hundred  precent. Such exaggerated increases i n  RL a re  n o t  expected 2 t  
the low concentrations of 03 t o  be used i n  these experiments. 

The only exception occurred when RL rose a t  l eas t  
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About 0.4 ppm of 0 will be administered. I f  t h i s  concentration evokes a 
. considerable r e ~ p o n s e , ~ a  lower concentration may be subst i tuted.  Previous 

experience suggests t h a t  0.4 ppin i s  close to the threshold f o r  changes i n  RL 
d u r i n g  res t ing vent i la t ion  [7]. 
approximately 1 ppm will  be done on one o r  two animals t o  t e s t  a l l  procedures 
and measurements. 

A one-half hour control period ( a i r )  
w i t h  the animal 08 the  pump wil l  precede the exposure dur ing  which a t  l ea s t  two 
complete s e t s  of  functional measurements will  be made.. Tidal volume ( V T )  and 
respi ratory frequency ( f )  wi 11 be based on the K1 e i  nnan-Radford Nomograph [8]. 

One s e t  o f  animals will be studied w i t h  O3 under conditions of "rest ing 
vent i la t ion a another s e t  during "hyperpnea." Two s e t s  of control animals w i t h  
no 0 exposure wil l  2150 be done ( r e s t  and hyperpnea). To achieve hyperpnea, 
t i d a  s volume ( V T )  a n d  pump frequency ( f )  will be increased so t h a t  minute 
vent i la t ion i s  about three-fold above rest ing levels .  ( In  the experiments on human 
subjects by Bates e t  a1 [9], the average increase i n  minute vent i la t ion d u r i n g  
exercise was aboutTviKfo1d. )  C02 (2-4%) will be added t o  the inspired gas  to  
maintain Paco2 a t  pre-hyperpnea levels.  .The inspired gas  wil l  be htimidified 
periodically.  

A preliminary t e s t  a t  a concentration of 

Exposure to 0 wil l  l a s t  three hours. 

Radioactive Techniques 

The radioactive experiments will be performed a t  the  LLL 100 MEV Linear 
Electron Accelerator (Linac) f a c i l i t y .  T h i s  f a c i l i t y  contains,  i n  addition t o  
the L i  nac a an Anger posi tron sc i  n t i  11 at ion camera system (two 16-i nch cameras) 
and a PDP-15 computer fo r  data col lect ion and analysis.  (See "Fac i l i t i e s  Available".) 

We intend to  use a coincidence detection system w i t h  the Anger camera 
(Appendix I ) .  
best  combination of camera sens i t i v i ty  and resolution. 
be programmed t o  s t o r e  the camera d a t a  i n  sectors  containing a l l  counts detected 
i n  a spec i f ic  period of time (>  - 1/10 sec) o r  fo r  every complete breath. 

T h i s  will allow us to use low ac t iv i ty  gases while retaining the 
The PDP-15 computer can 

Positron emitting isotopes will be obtained by i r rad ia t ing  s tab le  elements 
with X-rays from the 100 MEV Linac (Appendix 111). 
u s i n g  pure N2 ( >  99.999% puri ty)  a s  a t a rge t  gas .  No cgntaminants such as  y l C  
have  been found i n  s ign i f icant  amounts i n  the 13N2 produced. 

i n  the non-radioactive experiments. 0 exposure (about 0.4 ppm) and C02 levels  
will be mainta'ined with the same netho d s as  i n  the 
0 exposure will be three hours with a one-half .hour  control period ( a i r )  preceding 
tile exposure. 

13N will be obtained b 

The animals will be anesthetized, paralyzed, and ventilated mechanically as 

e a r l i e r  experiments. Total 

Three small low level point sources (sodium 22) will be attached to the 
shaved s k i n  of the animal. The point sources will be positioned in a t r iangular  
configuration tha t  i s  outs ide of the Anger camera's view of the lung b u t  s t i l l  
w i t h i n  the camera's f i e l d  of view (10 x 10 inches). Anterior-posterior and la te ra l  
chest  X-rays will  be taken w i t h  the animal supported i n  an upright position. 
X-rays wil l  l a t e r  be used t o  superimpose the anatomic boundaries of the respiratory 
system onto  the scint igraphic  pr intout ,  u s i n g  the basic techniques of b u l m  e t  -- 3 1  

The 

C l O J .  . 
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The i n i t i a l  experiments wil l  include: standard (non-radioactive) pulmonary 
function measurements; regional vent i la t ion ,  dynamic compliance, and  closin 

d i  ssol ved i n  sal i ne. 
I 

* 

volume measurements u s i n g  13N2; and 'regional perfusion measurements using 133Xe 

The choice of standard pulmonary function measurements (non-radioactive 
techniques) wi-11 be based on our experience w i t h  the non-radioactive- experiments. 
We will rely on those t e s t s  t h a t  have proven t o  be most sens i t ive  t o  03. 

Regional vent i la t ion  and closing volume will be measured simul taneously w i t h  
13N 
evaziated t o  RV. The l u n g s  will  then be inf la ted with a mixture of a i r  and 4&2 
from a spirometer a t  a slow steady flow ra t e  (about 75 ml/sec) measured with a 
Fleish phenumotachograph u n t i l  Pairwa i s  30 cm H 0. Peak inspirat ion will be 

to  RV. 
respiratory frequency. A separate external s c i n t i l l a t i o n  counter wil l  be placed 
over the tracheal cannula t o  monitor the ac t iv i ty  of the inspired and expired gases. 

The respiratory pump will  be stopped withthe lungs a t  FRC and the lun 

maintained for  10 seconds before the r urigs a r e  de ? lated a t  the same flow r a t e  
The animal will  then be placed back on the pump s e t  a t  the normal 

Closing volume wi 11 be determined u s i n g  the technique of Greene -- e t  a1 [ l l  J 

t p u t  every second s t a r t i ng  approximately two seco x S before the inspirat ion of 

by monitoring the expired gas from the slow inspiration/expiration maneuver. 
Inspiratory data s t a r t i n g  from RV will  be obtained b sampling the camera's 

. 13N2 washout data will  be obtained from the time the animal is  placed back 
he O3 pump un t i l  ac t iv i ty  has reached background levels.  Each sample of 

camera output will  contain the to t a l  number of  positron events and t h e i r  approximate 
locations t h a t  occur d u r i n g  the one second interval .  

[12] ( inject ion o f  133Xe i n  s a l ine  into the bloodstream). The Anger camera wil l  
again record the to t a l  number and location of a l l  events fo r  each one second 
interval before, d u r i n g ,  and a f t e r  inject ion until  background levels  o f  a c t i v i t y  
have been obtained. 

Regional perfusion will be determined by using the technique of Dugard e t  a1 
-i-- 

An index of regional dynamic vent i la t ion will be sought i n  conjunction with 
the regional perfusion measurements i n  the  following manner: the injected 133Xe 
will be washed out  ( w i t h  the 03 pump) a t  3 d i f fe ren t  frequencies f o r  4-5 breaths 
a t  each frequency (10, 25, 50 breaths/ninute, rotated randomly) and then 
returned t o  the normal operating frequency. 
radioactivity f a l l s  per breath a s  a function o f  frequency may prove to  be a useful 
measure of dynamic vent i la t ion.  

approxi4ately 80% 13142 and 20% 02. Tidal volume will be constant; i n i t i a l l y ,  
the standard pump frequency wi 11 be used (approximately 25 breaths/minute) ; we 
may also t e s t  l3N-2 washin a t  more than one frequency. 

and a l te ra t ions  i n  the V / Q  r a t i o s  will be followed throughout the 0 

non-uniformity [13] before V / Q  r a t i o s  a re  computed. 

ventilation",  another s e t  during "hyperpnea." 
no 03 exposure will a l so  be done ( r e s t  and hyperpnea). 

T h e  r a t e  a t  which the regional 

1314 washin curves w i l l  be obtained by administering by pump a mixture of 

A number o f  individyal lung s i t e s  will be chosen on the basis o f  t h e i r  location 
exposure. The 

data from the vent i la t ion  avd perfusion measurements will be correc ? ed fo r  camera 

One s e t  of animals will  be studied w i t h  O3 under conditions of "rest ing 
Two se t s -of  control animals w i t h  

Preliminary t e s t s  a t  a 
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concentration of approximately 1 ppm will  be done on two t o  fou r  animals t o  t e s t  
a1 7 procedures and nieasurenients. 

be staggered so t h a t  exposure i s  not interrupted f o r  more than two niinutes. 

A 1  1 measurements \vi 11 be done i n  dupl i c a  t e  every 
I * 30 minutes throughout the control and exposure periods. The ineasureinents will 

After the i n i t i a l  radioactive experiments a second ser ies  of regional 
diffusion experiments will be done on two groups  of animals ( r e s t  an-d-  hyperpnea) 
exposed to  03. 
-- e t  - a1 C.141 w i t h  labelled carbon monoxide ( C O * ) .  This technique basically 
involves: inspirat ign of a CO* and  

Regional diffusion will  be measured u s i n g  the techniques of Dollery 

a i r  mixture ( %  500 rnl) a f t e r  a normal 
expi ra t ion , ho 
of the breath. 
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SIGNIFICANCE 

Our hypothesis i s  t h a t  low concentrat ions o f  03 may a l t e r  f unc t i ons  t h a t  a re  
r e l a t e d  t o  the patency o f  the  pe r iphe ra l  a i rways i n  the  absence of s i g n i f i c a n t  
increases i n  res i s tance  o f  t he  c e n t r a l  airtrays ( i . e .  i n  t h e  presence of o n l y  
minor increases i n  RL). To what e x t e n t  reg iona l  3/Q r e l a t i o n s  and ,regional 
d i f f u s i o n  a re  a l t e r e d  by 03 i s  n o t  known. The hypothesis,  if substan t ia ted ,  
may s i g n a l  a d i r e c t i o n  f o r  f u n c t i o n a l  t e s t s  t h a t  a r e  used i n  epidemio log ica l  
s tud ies .  

The pe r iphe ra l  a i rways represent  a c r i t i c a l  anatomic s i t e  i n  the  lungs. Mead 
[l] has suggested t h a t  they a re  probably i m p l i c a t e d  i n  most, o r  a l l  , forms o f  
"bronchi  t i s " .  
l a r g e  measure on t h e  age o f  t he  p a t i e n t  and, consequently, on the  r e l a t i v e  
c o n t r i b u t i o n s  o f  h i s  c e n t r a l  and pe r iphe ra l  a i rways t o  RL. Changes i n  e l a s t i c  
r e c o i l  o f  the lungs associated w i t h  aging and emphysema a l s o  i n f l u e n c e  the  
patency o f  the pe r iphe ra l  airways. 
evidence o f  a reduc t i on  i n  e l a s t i c  r e c o i l  may be an increase i n  RV, o r  CV, and 
t h a t  changes i n  these volumes may i n  t u r n  r e f l e c t  the  co l l apse  of small airways. 

IJhether "bronchi  t i s " ,  o r  " b r o n c h i o l i  t i s " ,  i s  diagnosed depends i n  

I t  i s  poss ib le  t h a t  the  most access ib le  e a r l y  

Acute exposure t o  03 damages the  smal l  a i rway h i s t o l o g i c a l l y  [2-4], and may 
a l s o  a f f e c t  t h e i r  patency [5]. Such damage, i f  repeated many times, cou ld  l e a d  
t o  permanent d i s t o r t i o n .  03 a l s o  a t tacks  t h e  a l v e o l a r - c a p i l l a r y  membranes [6-91: 
f o r  one-two weeks f o l l o w i n g  a s i n g l e  exposure, t he  d i s t e n s i b i l i t y  o f  the  lungs 
may be reduced [ lo].  
may be i s  n o t  known. 
exposed t o  o x i d a n t  a i r  p o l l u t i o n  have been l a r g e l y  i n s e n s i t i v e  t o  e a r l y  
f u n c t i o n a l  changes a t  these lung s i t e s .  

How k indred these events a t  t h e  two s t r u c t u r a l  l e v e l s  
To date, the  techniques employed i n  surveys of populat ions 

The s tudy a l s o  should i n d i c a t e  the  importance o f  increased minute v e n t i l a t i o n  
(analogous t o  exerc ise)  i n  determin ing t h e  f u n c t i o n a l  response t o  03. 
poss ib le  t h a t  t h e  type o f  response, as w e l l  as the magnitude, may change i f  
hyperpnea i s  assoc ia ted  w i t h  a change i n  t h e  s i t e  o f  uptake o f  03. 

I t  i s  

The resources a t  Lawrence Livermore Labora tory  should add considerable 
p r e c i s i o n  and a n a l y t i c  s t reng th  t o  the study. 
i s  successfu l ,  we hope t o  extend the  s tud ies  i n  t i n e  t o  assess the  delayed ef fects  
of 03 and, perhaps, t o  s tudy the  e f f e c t s  of o t h e r  ox idants  such as n i t rogen  
d i  0x1 de. 
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FACILITIES AVAILABLE 

University of Clashington 

of Environmental Health. These well -equipped respiratory physiology 1 aboratories 
contain two Hewlett-Packard six channel oscillographic recorders w i t h  appropriate 
preamp1 i f  i ers and transducers, two Textroni x storage osci 11 oscopes , one Harvard 
Apparatus dog pump, two Orec Corp. ozone generators, one Beckman infrared CO 
analyzer and anci 1 l a ry  equi prtient. A n  analog-to-digi ta l  data storage and ana ys is  
system i s  presently being in s t a l l ed  i n  the School of Public Health a n d  Community 
Medicine's General Automation SPC-16 computer. Cabling to both laboratories 
will  allow up t o  15 separate  instruments ' to  be monitored by the system. Programs 
wil l  be developed w i t h  o ther  f u n d s  t o  compute such measurements as  Cdyn, FRC, 
R V ,  R L ,  FEV,  HMFR, etc.,  from the  incoming raw data. A te le type data terminal 
will  be placed i n  one of the laborator ies  fo r  communication w i t h  the computer. 

The Department has ava i lab le  f o r  our use a biochemistry laboratory,  electron 
microscopy laboratory,  and a fully-equipped industrial  hygiene laboratory 
containing a mass spectrophotometer, X-ray spectrophotometer, infrared 
spectrophotometer, atomic absorption spectrophotometer, and four gas chromatographs. 

The PI and associates  occupy two separate laboratories w i t h i n  the Department 

f 

Lawrence Livermore Laboratory 

We plan t o  u t i l i z e  an Anger positron s c i n t i l l a t i o n  camera and data acquisit ion 
and display systems located a t  the Lawrence Livermore Laboratory 100 MEV Linac 
f a c i l i t y  (see Appendix I ) .  
Anger s c i n t i l l a t i o n  de tec tors ,  each having a close-packed array o f  37 photomultiplier 
tubes. The  camera's output i s  sampled, digi t ized,  and routed through a PDP-15 
computer onto a high-speed drum storage device (capacity 3 x lo6 s c i n t i l l a t i o n  
events). 
the laboratory 's  "Octopus" computer network. 
o f  nine major processors, has a t o t a l  primary (core) storage capacity of 

The camera consists o f  two identical  16'' diameter 

All data a r e  s tored on magnetic tape which may l a t e r -  be analyzed u s i n g  
This computer network, consisting 

2 3 0 4 8 0 1  
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approximately 144 inill ion b i t s  and a secondary ( ro ta t ing)  storage capacity of 
approximately 45 b i l l i on  b i t s  [ l ]  and will permit a var ie ty  of  iiiethods of data 
analysis and presentation. 
preliminary 0 uptake work o f  November, 1972, ( A p p e n d i x  11) which allow three 

more standard data presentations (Appendix I ) .  
avai lable  programs for  iso-act ivi ty  contour plots  of the data [ Z ]  and methods 
of determining V / Q  r a t io s  fo ra s  many as 300 1 cm2, o r  larger ,  s i t e s  within 
the lung. 

T h e  tagged 1 3 N 2  will  be produced using the laborator ' s  1 0 MEV inac. 
Production of other positron emitting gases, such as C I!? 02, lYCO 2' l k O z ,  . and 03*, 
for  fu ture  experiments, i s  a lso 

* 

Programs have already been developed f o r  the 

dimensional p 7 ots  of the data (corrected fo r  camera eff ic iency) ,  as well as 
By niid-1975 we plan t o  .have 

possible w i t h  the  Linac f a c i l i t y .  

A well-equipped vivarium with f a c i l i t i e s  fo r  animal surgery, as well as 
numerous pieces o f  anci l la ry  equipment (8 channel Grass biomedical recorder, 
s c i n t i l l a t i o n  detectors,  e tc . )  will be avai lable  f o r  the experiments. Technical 
ass is tance from in-house personnel i n  e lectronics ,  health physics, programing, 
and hazards control will a lso be available.  
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COLLA BO RAT I V E ARRANGE t a 1 E  f 4  T S 

Dr. Suetaro Ikitanabe, University of Utah Medical Center, will a s s i s t  rvi t h  
the respiratory functional measurements a t  b o t h  the University o f  Washington and 
Lawrence Livermore Laboratory. During 1970-71, he collaborated with the PI, 
University of I.lashington, on other experiments u t i 1  izing 03. (See !latanabe, F r a n k ,  
and Yokoyama [ l ] ) .  
applied t o  respiratory functional measurements, [2,3]. 

Dr. IJatanabe also has experience w i t h  radioactive techniques 

Mr., Holub, Dr. McJilton, and the PI did preliminary experiments i n  November, 
1972, w i t h  blr. Paul Meyer and Mr. E r v i n  Behrin of LLL.  
experiments was t o  measure the penetration of radioactive O3 into the lower 
airways and parenchyma. The results a re  summarized in Appendix 11. 
LLL indicating their  willingness t o  collaborate on this project i s  included in 
i n  Appendix IV. 

T h e  purpose of these 

A l e t t e r  from 
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. i . ~ 3  . I  

During November of 1972, a s e r i e s  of expbriments'we e completed by Mr. 
Meyer and Mr. Behrin ( L L L ) ,  and Dr. McJilton, Mr. Holub, and the P . I .  (U of 14) 
a t  L L L .  The experimental plan was basical ly  to  expose anesthetized, 
mechanically vent i la ted beagles t o  a l te rna t ing  doses o f  13N2 and 150 tagged O3* 

normal d i s t r ibu t ion  of vent i la t ion  f o r  each dog and by comparison with the 03* 
data,  the r e l a t ive  s i t e s  of O3 uptake should be apparent. 

experiments ould be completed. 
to  produce 1E02 tagged O3* (Appendix 111) and development of data-gathering and  
display programs f o r  the Anger camera system (Appendix I ) .  
were completed, additional time was spent by LLL developing d a t a  analysis and 
display programs f o r  use w i t h  the  L L L  "Octopus" computer system [ l ] .  

shown in  f igures  1 to 6.l The r e su l t s  do indicate  
tha t  the d is t r ibu t ion  o f  '$i2 (vent i la t ion)  is al tered by 03* exposure. 

contour plots  o f  the data [Z] a s  well as superimpose anatomical boundaries on 
the displays. 

i n  a i r  and follow the uptake and washout of the gases. 13N2 should s 6 ow the 

A large amount of preliminary work by LLL was necessary before these 
T h i s  work included: development of a method 

After the experiments 

Preliminary r e su l t s  a 

Later, more advanced computer display programs will enable us t o  produce 
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The f igures  a re  three  dimensional plots  o f  the d a t a  w i t h  the ver t ical  axis  
being the r e l a t ive  a c t i v i t y  a t  each s i t e .  
an 1 /2  x 1 / 2  inch area of the camera's f i e l d  of view. 

Esch square approximately represents 




