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THE CENTER FOR AIR ENVIRONMENT STUDIES

The Center for Air Environment Studies at the Pennsy lvania State Universi ty
was established in 1963 to coordinate research and instruction concerning the
interaction of man and his air environment. An interdisciplinary unit of Inter—
college Resear ch Programs , the Center has a staff with backgrounds in many of the
phys ical , b iological , soc ial, and allied sciences.

A broad , flexible, research program is maintained within the Center. The
direction of this research depends largely upon faculty and student interest. Some
of the current programs are:

The operation of an air pollution information service utilizing computers
and other mechanized sys tems for the collec tion, retrieval, and
dissemination of air environment literature. (See inside back cover).

Research on effec ts of air pollutants on trees , food , and fiber crops;
predisposition to attack by other pathogens ; and economic loss through
damage to plants.

Studies of small part icle behavior , particle detectors , and par ticle
collection devices.

Development of high accuracy, low cost, mobile , analysis equipment for
routine sampling of ambient air.

Research on biological effec ts of pollutants on animals and vegetation .
Studies of combustion processes leading to lower contaminant emissions.
The app lication of Management Science — Operations Research techniques to

the study of the effec ts of pollution control measures on the decis ion
processes of potential polluters.

Development of rapid response , specialized instrumentation for the quanti-
tative measurement of contaminant concentration.

Controlled atmosphere air quality studies for a life—support system .
Fundamental research on the chemistry , photochemistry, and atmospheric

reactions of airborne contaminants.

Basic facilities and services are maintained and provided by the Center. In
addi tion , through the direct participation of all University departments , depart—
mental laboratories and facilities are utilized whenever possible. Collectively,
these provide an extensive resource for research at The Pennsylvania State University.

The Center has also developed air pollution training programs with grant suppor t
from the Office of Air Programs of the Environmental Protection Agency . One, the
Graduate Training Program, is designed to train students from diverse academic back-
grounds for careers in air pollution control. The student conducts thesis research
on an air pollution problem in his major field and takes a minor course sequence of
air pollut ion rela ted topics. The CAES conduc ts the program and organizes the course
sequence in cooperation with the Graduate School and the academic departments.

The Engineering and Administration of Air Pollution Control course, coordinated
by the CAES staff each summer, is designed to give the baccalaureate level student
and the control agency representative the specialized training necessary for an
appreciation of all phases of the air pollution problem . This training includes the
socio—economic , administrative, and enforcement aspec ts as well as related engineer-
ing and scientific principles and techniques. The eight—credit course is devoted to
lectures , d iscussions, laboratory experiments , field work , and public adminis tra tion
simula tion exercises. University faculty members, air pollution specialists , and
government and industrial representatives conduct the ten—week program .

—continued on inside back cover—
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I. ABSTRACI’

Isolated lungs were perfused l .5h  with a medium of washed bovine red

cells resuspended to a 15% Hct with Krebs—Henseleit bicarbonate buffer con-

taining 5g% albumin. Substrate concentrations were 6mM glucose and 1mM pal—

mitate. Lungs were ventilated 100 cycles/mm and controls received 21% 07

5% CO
2 . In the first series of experiments effects of altered CO

2 
tension

were examined. For hypocapn ia , lungs from normal rats were removed , perf used

and ventilated with 21% 0
2 

— 3% CO2 (balance N7) for l.5h. For hypercapnia,

lungs from normal rats and rats exposed to 24h hypercapnia (12% GO
2
) were re-

moved , perfused and ventilated with 21% °2 
— 10% CO

2 
(balance N

2
) f or 1.5h .

Control lungs for all groups were ventilated 21% 0
2 

— 5% CO
2 
(balance N

2
) .

Exposure of normal rats lungs to 1.5h in vitro hypocapnia (PCO
2 

= 22.8 mm l Ig ±

O.3SE) significantly (P < 0.05) increased lactate (42%) and pyruvate (20%)

levels, wi th no e f f e c t on U — 
14

C glucose incorporation into lung lip ids or

oxidation to 
14
C0

2
. Normal rat lungs removed and made hypercapnic in vitro

(PCO
2 

= 6SmmHg ± 1.6SE) did not alter U — 
1’4 C glucose incorporat ion into  lung

lipids , glucose oxidation to ‘4C02, lactate production , but did result  in a

significan t 26% decrease in pyruvate levels. In contrast to normal lungs ,

prior exposure to hypercapnia (12% CO
2
) fo r  24h and subsequent perfusion under

hypercapnic cond itions significantly depressed glucose uptake (47%) labelled

glucose incorpora tion in to phospholipids (29%), glucose oxidation to

(397,), lactate production (34%) and pyruvate levels (48%). These data indicate

that  prior exposure to high CO
2 

tension markedly a l ters  the lung ’ s a b i l i t y  to

mainta in  synthesis of c e l l u l a r  con s t i tuents  f rom glucose.

In a second series of exper iments , acu te  e f f e c t s  ( 2 4 h )  of hyper ox i~ on

lung metabolism were examined. Rats  were f i r s t  exposed to 100% 02 f o r  2411

and then lungs were excised and p laced on the p e r f u s i o n  p r e p a r a t i o n .
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Hyperoxic lungs were vent i la ted  wi th  95% 0
2 

— 5% CO 2 . Lacta te  p roduc t ion

showed a significant (P < 0.05) 27% increase while pyruvate resulted in a

36% decrease. Lipid synthesis , and lung dry/wet  were no t signif ican tly

(P < 0.05) affected .

In a third se t of exper imen ts acute e f f e c ts (24h) of hypox ia on lung

cyclic nucleotides were investigated . Male Long Evans Hooded rats were

exposed to a simulated altitude of 7,193 meters (23,600 fee t :P~~ 2SOmmH~)

for 24h. Control animals were maintained at atmospheric pressure . Both

groups received water ad libitum , but each group was food deprived for the

24h period , since food intake is substantially reduced in rats during hypoxic

exposure . Cyclic nucleotides were also examined in liver tissue to evaluate

comparatively with the lung. Acute 24h hypoxia resulted in a significant 76%

decrease in lung adenosine 3’ , 5’ — monophosp hate (cAMP). Lung guanosinc 3’, 5 t  —

monophosphate (cCMP) was unaltered as well as liver cAMP and cGMP following 24h

hypoxia . In contrast rats fasted for 72h showed a significant 3 fold increase

in lung cAMP (picomoles /mg tissue) and an 8 fold increase in liver cANP.

Tissue cCMP for both tissue was unchanged by a 72h fast. These data indicate

1) that acute hypoxic stress has a selective action on lung cAMP and 2) nutri—

tional stress potentiates a different effect on cAMP in lung and liver than

hypoxic stress.

In a fourth series of experiments the effect of hypoxia on phospholipid

fatty acid synthesis was examined in the isolated perfused lung. The lung

has the ability to esterify exogenous free fatty acid into phospholipicis as

well as to synthesize phospholipid fatty acid (PLFII) endogenously f r o m  glucose.

The effect of hypoxia on the relative contribution of preformed catty ncid

versus endogenous synthesis  of PLFA was assessed by comparing t h e  r a t i o  ~t

9 , lO— H 3—palmi tate to U— 1’4 C—g lucose incorp orated in to  PLFA of p er i u s L d  lungs .  

——-~~~~~~~~
.“
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Pal in it a te  i nco rpo ra ted  i n t o  PLFA avor o~~ d 3562 225 amo l. es/g dry  l un g/ h r

( si:)  compared to 408.3 ‘. 48 .3  nmoles/g dry l u n g/ h r  f o r  g lucose y i e l d i n g  a

p alni i ta te :g lucose  r a t io  of 8 .47 ~t 0 .84 ;  i nd ica t ing  8 moles of f a t ty  ac ids

are converted into  PLFA f o r  every mole of glucose.  h ypoxia  (lungs ventilat ed

w i t h  5% 09 — 5% CO .) compared to lungs v e n t i l a t e d  with 21% 0,, — 5% GO
2
) did

not alter the relative contribution of palmitate and glucose incorporation

into PLF’A (ratio = 8.71 0.47). Cort icosterone (I0 ’
~M in tile perfusion

medium) did not significantly (P>0. 05) change the ratio (9.34 0.8).

These data indicate that 1) lung PLEA are synthesized primarily from esteri—

f i c a t i o n  of preformed fatty acids and endogenous sy n t h e s i s , e i t her  d~ novo

or b y chain e longa t ion , is of minor s ign i f i cance; thus emp has iz ing the in—

p o rt a n ce  of f a t t y  acid uptake  by lung 2) PLEA synthesis is not  immediately

a f f e ct e d  b y hypoxia and cort icos te ron~~.

In the last series of exper iments  the  e f f e c t  of 24h h y p ox i a— l iy p e r c ; i p n i a

(9 % 02 
— 12% Go 2 ) exposure on lung metabolism was examined . i~ats were f i r s t

exposed fo r  24h to the a l t e red  gas mix tu re  and lungs were s u b s e q u e n t l y re-

moved and p laced in an isolated p e r f u s e d  organ p r e p a r a t i o n .  A 24h exposure

to the hypoxic—hypercapn ic  gas mix tu re  s i g n i f i c a n t ly increased lung w i t  and

dry we igh t s .  Glucose uptake (a—v d i f f e r e n c e )  and lac ta te  p r o d u c t i o n  by ~ae

isolated perfused  lung were also markedly accelerated by 67 percen t and

30 percent , respectively.  U~~~
4 C—g lucose oxidat ion to GO 2 was not a l t e red

but incorporation into lipids showed a 90 percen t  increase in the  IP 1.

fol lowing 24h exposure .  9 , iO— ~ H p a lm i t a t e  i nco rpo ra t i on  showed a 57 ~e r c e u t

increase in neut ra l  lip ids p lus f r ee  f a t t y ac id s  but  not  in piio ;pno.l ip  i d~;.

These data indicate  that  a 24 1i acu te  h yp oxic— h y p e r c a p u  I e exposure  d r a s t ic a l ly

a l t e r s  lung weig ht , bod y we igh t , and g lycol y f i s  and l ip id s y n t he s i s  in  the

l u n g .

~ 

.~~~~~~~ 
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In summary, the  isolated perfused lung serves as a p h y s i o l o g i c  mod el

to s tudy q u a n t i t a t i v e  e f f e c t s  of a l ter e d  gaseous env i ronments  on lung

metabol ism and o f f e r s  several d i s t i nc t  advantages:  1) the lung r e m a i n s  an

in tac t  organ which permits  the s tudy of f u n c t i o n a l  p rope r t ie s  as;-;o a i a te d

w i t h  metabolism which may not exist  when isolated components are invest i -

gated.  2) Blood flow , substrate concentration , ventilation and blood

gases can be controlled . 3) Transfer of extracellular nutrients from

p er f u s at e  to lung is phys io log ic , i . e . ,  capil lary c i r c u l a t i o n .

The IPL appara tus  consists of fou r  p e r f u s i o n  f l asks  housed in a

t em I) era tu r e  controlled luc i te  box w i t h  a c i r c u l a t i n g  fan . Lungs a re

ven t i l a t ed  by a posi t ive pressure v e n t i l a t i o n  pump . T h e  ventilation is

arranged so tha t  the lung can be ventilated wi th any des i red gas composition

w i t h  concomitant collection of exp ired gases. The p e r f u s i o n  medium is

c i rcu la ted  at 10 m i / m m  w i t h  a pe r i s t a l t i c  blood pump , and passes t h r o u g h

a specially designed chamber to dampen pulmonary pressure  and r eA:io v e emb ol i .

The pe r fus ion  medium present ly  used in our exper iments  con s i s t s  of washed

bovine red blood cells resuspended to a 15% h e m at o c r it  w i t h  K r e b s— I h e i ; s e l e i t

b icarbonate b u f f e r  conta in ing  6g% dialyzed Pentex bovine serum a lbumin .

Circulat ing substrates include 6 inN g lucose and 0 .4  mM p a l mi t at ~’ . p11 i s

adj us ted to 7 .4  w i t h  0.8 N Na c a rbona te .  Lungs per fused  fo r  1.51i w i t h  t h i s

appara tus maintain viability, show little edema , maintain blood g:;sea , and

show linear Incorpora tion of labeled glucose i n t o  l ung l ip ids . P e r f use d

lungs made hypocapnic show a significant (P’.0.05) rise in l a c t a t e  and

pyruvate whi le  perfused lungs made hypcrcapnic 5110w a s i g n i f i c a n t  s t , , c ;’easc

in p y r u v a t e  w i t h  no change In l a c t a t e .
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B. E f f e c t  of acu te  hyperoxia  (24 1i) on lung me tabo l i sm

The purpose of th is  s tud y was to examine the e f f e c t  of acute  hyperox ia

on subs t ra te  metabo l i sm.  Male Long Evans Hooded ra ts  were exposed to 100% °2

for  24 1i. Following the expos ure , lungs were removed and p laced on an isolated

per fused  organ appara tus  ( f i gure 1). All perfus ions were carr ied out at 37°C.

Lungs were perfused for 1.5 hours w i t h  a medium conta ining  washed bovine  red —

blood cells resuspended to a 15% hematocrit with Krebs Henseleit bicarbonate

b u f f e r  con ta in ing  5g% Pentex bovine serum a lbumin .  Glucose and p a l m i t Ai t s

concentrat ions  were 6mN and 1mM , respectively. p11 was adjusted to 7.4 w i t h

0.~~M sodium carbonate .  Subst ra te  uptake was ca lcula ted  as a p r o d u c t  of in it i , .i

and f ina l  concentrat ion d i f fe rences  and p e r f u s a t e  volume . T h I e  .iIALOuflt of g l usa ;~e

degraded b y blood cells was accounted for  by c i r c u l a t i n g  t h I s ’ A A A s ’ s I i u l D  A A .  OOt ’ - s I -

up (blank) w i t h o u t  a lung and measuring the s u b s t r a t e  c on c i nt r a :  . 5 ; )  s ’ l ; , i : ~~ps ’s

a t t r i b u t e d  to ti IC blood. All lungs were ven t i l a t ed  100 cv c 1 s - s , ’~:: i ui A l t  i i . l : t l

volume of 2 .Oml .  Control  lungs were ven t i l a ted  with 21% 0 , — 5 50 ,. Iivp5 ’r~Ax ic

lungs were vent i la ted with 95% 0
2 

— 5% CO 2 . Ten pCi of g luco se— c— 1 C ( s p e c i f i c

ac t iv i ty  of 15 mCi/mmole) was added as a single pulse. From table 1, 1’C0~
and pH were not significantly different from control lungs . Although glucose

uptake in the perf used lungs was unchanged foll ow ing 24h hyperox ia , lactate

showed a significant (P < 0.05) 17% increase in lactate production and Al 412

decrease in pyruvate levels. Accordingly, lactate/pyruvate ratio showed a

s i g n i f i c a n t  100% increase in the 24h h l y p e l ’ox i : I  exposed lungs. I.ung sI i’v/~s’~~t

we:ight was not  a l t e red  in d ica t ing  no edema f o l l o w i ng  24 1i h l y p e r o x i A l .  As seen

from table 2 , g luco se—U— 1’4 C incorpora t ion  i n to  va r ious  lung li p i ds sos n~~ t

a f f e c t e d  by acute hyperox la  (24 1i) .
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[‘able 1. Influence of acute hyperoxia (241i) on s u b s t r a t e  m e t a b o l i s m  in the  lun g ±

.;easurement Contro l I I v p t _’r o x i a
(N = 6) (N ~~~~7)

i h U a s ’A e  t’p t . IF ’ 1 —l 
52 .2 ,’ 5.1 54.5-’ 3.7

I,, ,moles g dry lung It )

125. 7~~l0 .4
(,.mol~ s ~; dry lung 

. Ii )

Pvr uvatc
a 

12.8’O 6 7.6-0 8*
—l —1 -

no I s ’s g dry lung h )

Lac t at s !I’ v r u v a t e  10. 1 0.9 23.3 34*

Lung slr v/ s ’et  wei ght  0.16 0.1)1 2 O.15’O .008
(Postperfused)

pH 7.3 I ~ 0.01~I 7.36”0.016

0 
i 2~) + 3~ S’35

(mmH g)
P
C0. 

l i i  3 5 2

( mniflg) 
______

1- \ ‘a.lu~ s are  averages ~SE. I lvpe rox I c r o t  , s’~ re : Irs I ~‘ .‘Afl ~0-t’d to 100i 0-, f o r  24h and
then  lungs removed and p e r f u sed  f or  1 . i . A ” I~ -i r a t s ’ i l  t h ; s ’ ps ’ r f u s e d  P T’ s ’ I ) s l  i’: I t  I Ofl

f o r  all lungs was lOln i . 
~~~~~~ . C o u i t , t a l  1 L1n5 ;-. 1’, ’ . 1’.’ V s ’ f l t  I l i t ed  s i t U  2 1% 0 2 

— 5f 50 ,,
and h yperoxic  p e r f u s e d  lungs w e r e  ~‘ s’~; t i l a t v d  s i t u  952 0 , , — 51 C ) ., .

a N et a b ol i t e s  were measured f r o m  ci c’c 111:1 t ilp ;  med i LI[A

* Si g n i f i c a n t  s t a t i s t i c a l l y  from con t ro l s  (P < 0 . 0 5 ) .
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1

Table  2.  I n f luence  of acu te  hyperoxia  (24h )  on glucose —U — 
14

C incorporation
i n to  lung lip idst

Lipid Control .  Il yp erox i a
(N = 6) (N= 7)

Total l ipid 267 1-170 2690~ l70

Neut ra l  l ip id  494 :’,40 48 1’30

Phosphol ipid (PL) - 1793-89 1797’ 119

PL — fatty acid 153!29 149 l4

PL — glyceride glycerol 1566±82 1707-98

t Values are means ±SE and expressed as nmoles g dry lung
1 - U

1
. See

table 1 legend for perfusion details.

I

_ _ _ _ _ _ _ _ _ _  _ _ _ _  .~~~ - , ,_
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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These data Indicate that a l th o u ~ li lipid synthesis is not i ;a::s - s l i  A i l s ’ lv I t  —

f e c t e ’d  by 24h I iyp eroxi a , the components  of cellular activity ar e  a f f e c t e d ,

particularl y increased anert ’bic glyc olysis and changes in pyruvA its’ metabolism.

how t h I O s s ’ changes in cel l u l a r  a c t i v i t y  arc related to suh sequent l un g  in ,j urv

associated with I I ) ’ p e r o x i . A  exposure  i s  not known at this time .

C. Ln t’ I u e u t c e  o t ’  ocu~ ,f,j,~~p cr c a p n ia  (1.51i) out siil,st  r A i l s - rA~ ’ l . I A L ~ , 1 l . U r ;  A A l t i l e r

j~c riu s ed  .Iu.~~~

In th e  next  series of experiments the  effect of 1. Sb L I C U t s ’ Iivpcrcapnia

on lung metabol ism was examined.  S u b s t r a t e  co n cen t r a l i o n  and t he  manner  of

perfusion were the same as descr ibesi  p rev ious ly .  Con t ro l  lungs As’crs ; vs - n t  ilat~ d

s’it lt 2 11 0., — 5% C07, and lungs were made l ivp crc apn ic  b y v e n t i l a t i ng  th em vi  t h i

21 ’, 0~ :iui d 101 CO 2 . P 50 fo r  the h y p e rc apn i c  lungs averaged 64 .6  ± 1.6 d u r i n g

t h e 1. 5h pcirfus ion per iod ( t ab le  3). Acute h yp~’rcapn ia did not a l t e r  glucose

uptake or l a c t a te  p r o d u c t i o n .  Py r u vat e  expres sed  as mo] e s -  g dcv lung
1

lios-;~’verr, showed a significant 26% decrease w i t h  a concomitant 361, ins;reass; in

lactate/pyruvate ratio. Acute hypercapnia did not produce edema AIS Ss’s ’fl f r o m

the dry/wet weight. Acute hypercapnia also did not a l t e r  g lucose ox ida t  ion or

incorporation into lung lipids (table 4). Moreover , the pattern of lipid

synthesis was not affected.

0. Et’ t’ect of acute  hyjlocalmia ~~~~~~~~~~~~~~~~~~~~~~~~~~

Lungs were pe r fused  in the same manner  as above exs ’ept  e x p e r i m e n ta l  lungs

were  made hypocapn ic  by ven t i l a t ing  them w i t h  2 i %  0,, — 31 C0~, . I lvpoc ap n ia

d i d  not  s i g n i f i c a n t ly a f f e c t  g lucose  u p t a k e .  I u l i kc  115 11 50 ,,, i : v p o c : I i a A  A Al Fs ’

suited in a significant change in both I,is’t at e  and pyruvale levels ( t ab~ s’ 5)

without a marked change in b c  ta tc.’ / p\’ r u v i l t e  r;i t I s ) . l ung 3 rv/ s’ s’t vs  I gI’tt se re

not affected by acute h y p o c a p n ia  [r id is ;A It Lug l ittle c-demo . In t ab  Is- I ’ , p- I Als ’,’Os ’

oxidation and incorporation i itto l u n g  I i p id s  : i t ’s not a I Is ’ , ’ t s’ s1 l iv l A \ - p o I ’~ I n A l  lI~i

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Table 3. Effect of acute hypercapnia (1. 51i) on lung substrate I f l O t A l b A l l  l ; A ~~

Measurement Control I1ype-rc~~ A I A I
(N = 7) (1= 7 )

Glucose 
—l —l 48.4 4.9 36.0 6.7

(~ moles g dry lung - U )

Lactate’~ -l —l 96.1+10.0 l02.6~ 6 .7
(pmo les g dry lung - U )

Pyruvate 
-l -l 9.5- 0.5 7.0-0.5*

(lA moles g dry lung . it )

Lac tate/P yruvate 10.2-1.1 l3.9 l.2~’

Lung dry/wet weight 0.l69~ O 0O7 0.l67’0.005

pH 7.33~ 0.O2 7.3( 0.02

P l25 ;~l .5 130 1. 1,

(mffiHg)

33±0.5 6~~- 1 .6

(mm~Hg)

I Values are means ± SE.  Lungs were per fused  fo r  l .5h at a f low r a t e  of i 0m1~ mm
t
.

Control lungs were ventilated with 21% 0
2 

— 5% CO
2 
and hypercapnic lungs were

ventilated with 21% 0
2 

— 10% CO2.
a 

metabolite measured from perfusion medium.

* s ign i f i can t  s t a t i s t i ca l ly from controls  (P < 0.05)
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Table 4.  1- f f c c t  of acute h yp e r c apn i a  I .  Sb on g lucose — U — 
14 C in e o r p o r a c  ion  in

the perfused lung’i

Me Labolite Control H y p s A r c a p a  10

(N = 7) (1= 7 )

50,, 1193±111 l087’239

l u t a l lipid 3886±255 3629-170

N e u t ra l  lipid 926s9l $74 58

i ’hosp . IO  I ipid (PL) 249/A!l57 2310 - 105

I’L — f a t t y  acid 422 ± 39 374 :37

PL - g Lyceride glycerol 2072’13l 1935 93

I V.i l u e r s  ar e  means  ±SE and are exp rs-ssed ;i~~ III:II 1CS - . g d r y  lung 1 - U ’. S~~’~ ’
L A I A ) i e  3 legend fo r  pe r fus ion  detai ls .
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Table 5. I r if lu e n c e  of acute  hypocapnia  (1.5h) un lung substrate AA ;etabolisA:. :

Parame ter Control Hypo capnia
(N = 7) (1= 7 )

Glucose 
—l —l 48.4’4.9 41.3-7 .0

~ imoles 
- g dry lung - l~ )

Lactate
a 

—l — l 96.1±10.0 l36.6 l0.9~’
(pm oles - g dry lung - h )

Pyruvatea 
—l 1 

9.570.5 ll.4’0.4*
(pmoles - g dry lung h

L a c t a t e/ P yruva te  lO. 2~ l. 1 1 2 . 0 - 0 . 8

pH 7.33±0.02 7.32~ 0.Ol

P
0 131.3~ 2.2 134 .2 2.3
2

3 2 .7 -’0 .5  2 2 . 8 0 .3

lung d r y/we t  we igh t  0.169±0.007 0.171-0 .003

I Values are means ±SE . Control lungs wore ventilated with 21%’ °2 
— 

~~ CU ,, and
hypocapn ic lungs were ventilated 21% 0

2 
— 31 Ca,,.

a 
obtained from perfusion medium

* signif icant statistically from controls (P < 0 .05)

5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ - - ‘-5--— —  ~~~~- ‘——-~~~~~~ ‘- —



i’— r’ ’.’ ‘‘‘:‘-‘~~ “'‘
5-’” ‘ “5- -

~
——-’-- ’

~ 
-‘- - -‘ ‘‘_ ...aA...Z.’ ’ ’  ~

‘
~
‘ “ 5- 

—~~~~~~~~~ - -- ~ 
5-

~
5-—5-___5- _

~ 
___

~ 
‘ 

~~~~

. . -_•iuIuI~

Table 6. I n f l u e n c e  of l.51i hypocapni~ u;1 glucose —u — 
1
~ C incorporation i i i  t b 5

perfused lung’I’

1’letabolite Control l ! v p s A s ’ : I : ’ I A  U I

(N 7) (1. =

CO ., 1193. 111 l5l7’ 2O~

Total  lipid 3886±255 1728 158

Neutral lip id 926~9l 798 - 52

Phosphol i pids (PL) 2 4 9 4 : 1 5 7  2 4 3 5 ’ l l r i

PL — fatty acid 422 .39 399-27

PL — glycer ide  glycero l 2 072~~l3l 2063 77

I V A 1 1 ties arc means ±SE and are expressed as nmoles .  g dry  lung 1 
- Il

l
. Suc t a b  I s

S legend fo r  hypocapn ic levels.

I. _ _ _ _ _
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L . In f l u e n c e  of prior exposure to 2L+Ii hypercapnia on perfused lun ~

To examine the in f luence  of pr ior  exposure of hypercapnia on lung rlsitab—

olism , ra ts  were exposed to 12% CO 2 fo r  24h.  Food and water w e r e  supplied

ad libitum. Follow ing 241-i exposure , lungs were removed , perfused and ventilated

with 21% 0
2 

— 10% CO2 for l.Sh. Control lungs were ventilated with 211 0,, —

5% CO
2
. The perfusion medium was essentially the same as in part A. Twenty—

four hour hypercapnia resulted in a significant (P ~: 0.05) 27% increase in

adrenal weight (Table 7). Lungs f ron these animals removed and subsequently

perf used showed a 46% decrease in glucose uptake , 34% decreaso in lactate

prod uction , and a 48% decrease in pyruvate levels. The ability of  these

lungs to incorporate U—
14

C—g lucose into various cellula r components and m e t ab—

olites is shown in Table 8. Prior exposure to 24h hy p e r c a pn ia  s i g I 1 i f i cA ~n i l v

depressed glucose incorporation into phospholipids (29%), and o x I d a t i o n  of

glucose to CO
2 
(39%).

These data indicate prior exposure to high CO
2 

tensions markedly alters

lung phospholipid synthesis and lung glucose oxidation .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table 7. Effect of 24h hypercapnia on lung metabolisml

Measurement Control Hypereapnia
(N=6) (N=6)

Adrenal weight (mg) 52.5 ± 3.4 66.6 3.2*

Plasma glucose (mg/lOOml) 193.8 ± 5.0 200.41:6.3

Glucose uptake
a 

56.1 ± 3.1 2 9 . 9  ± 4 Q *

Lactate production ’1 125.3 ± 11.1 83.3 ± 75*

Pyr uvate 7.1± 0.6 3.7 0.3*

Lung dry:wet 0.165 ± 0.009 0.158 0.007
(Post perfused)

1’ Values are mean !SE. Lungs from normal rats and rats exposed to 241i h y p e r —
capnia (12% C02) were removed , perfused and ventilated with 21% 02—10% CO2
for l.5h. Con trol lungs were ventilated wi th 21% 02—5% Co2.

a 
Val ues demote levels in circulatin g medium from perfused lung, and are

—l —l
expressed as ~moles - g dry lung - U

* Significant statistically from control (P<O.05)

.

~ 
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[

T--~b1e 8. I n f l u e n c e  of 24 1i h i v p e r c a p n i a  on U— 14
C—g lucose in to  lung .

Metabo li  te Con t ro l  h ype rc aI )n ia
- 

(nraoles ~‘4 C—g lucose (N=6)  (N=6)
conver te d/g  dry lun g / h )

- -  
Total l ipids  3318 309 2439 ‘ 278

Neut ral lipid 649 1 59 522 ‘ 56

- 
Phospholipid 2454 ± 219 1737 ‘ 1S6~

1’4C0-, 1727 ‘ 84 1051 ‘ S3~

‘I SA — Soluble fr ac tion 12 ,349 ± 1424 9042

t 

Protein 2185 ! 214 1727 1- 4 5

RNA — DNA 982 ± 56 ±- ‘e d  103

‘I’ Values ar e mean !SE. See Table 7 legend for details .

* Statistically significant from control (P<O.05).

L _  _ _
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F. S uh s i r i t t  e m e t a b o l i s m  in t h e  p e r f u s e d  I 1mg : Inf  I us ’f lCer  of
hyp e r c A A ,pp Ic e n v i r o n men t

The purpose of this study was to examine the effect of acute 241i

hypoxia—h-iypercapnia on substrate metabolism. Male Long Evans Hooded rats

wer e exposed to a 9% 02 — 12% CO2 gas mixture for 24h. Following the

exposur e, lungs were removed and placed on an isolated perf used organ

apparatus (figure 1). All perfusions were carried out at 37’C. Lungs

were perfused for 1.5 hours with a medium containing washed bovine red

blood cells resuspended to a 15% hematocrit with Krebs hieriseleit

bicarbonate buffer containing 6g% dialyzed Pentex bovine serum albumin

and 20 amino ac ids at physiological levels. Glucose and palmitat e

concentrations were 6mM and 0.4mM , respectively . phi was adjusted to 7.4

with O.8M sodium carbonate. Substrate uptake was calculated as Al product

of initial and final concentration differences and perfusate volume . ‘(‘I c

amount  of glucose degraded by blood cells was accounted for by circulating

the medium in one set—up (blank) without a lung and measuring the substrate

concentration changes attributed to the blood . All lungs  were ventilated

50 cycles/mm at tidal volume of 2.Onl . Blood flow was l0ml/n l in .  C o nt r o l

lungs were ventilated with 21% 02 — 5% CO 2 . llyp o x i c — l iy p er c a p n i c  lungs

were ventilated with 9% 02 — 12% CO2. lO~AC i of U— ~~ C— glucose  and 5O~iCi

9, 1O— 3H—palmitate were added as a single pulse.

From table 1, the 24h hypoxic—hypercapnic exposure resulted in

significant changes in lung and body weights. Both t i l e r  control and 4h

exposed group were f ood deprived for the  241i p e r i o d  to sf -p : i r a t c ’  A l n , ’r s ’ d l c

from hypoxic—hypercapnic effects. ‘l’h us , the  changes  in body and or g All

weights appear to be due to the 24h exposure. Lung vt - I ansi dr\’ we i p-I l t

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ‘ — ‘- ~~~~~~~~~ 5-5-.~~~~~~~_ ~~~~~~~~~~~ ‘.~~~. ___“

~~~~~~~~ 
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Table 1. Effect of 24h h y p o x i a— h y p e r c a pn i a  exposure on body
and organ we ights.T

Wei ght Cont rol  h l y p o x i a — h -h y p e r c a p n i A l

Body we ight , g
initial 335.9±8.9 322.1±5.5
final 316.8±9.7 286.3±5.0*

Adrenal weight , g 0.0702±0.0042 0.0598÷0.0040

Lung weight , g
wet 1.3682:0.0607 l.6612’0.0807*

(n 5)
dry 0.2304±0.0119 0.2921~~0.Ol58~’(n 5)
dry/wet 0.168±0.003 0.176~ O .O 05

(n=5)

Values  are nuean±SE with n~~6 / g ro up  unless spec i fled other-
wise . Bot h - i  con t ro l  and experimental groups were fasted
for ti-i c 241i exposure period .

* Statistically significant from control (P’0.05).

L. - — ‘—— “ ' -‘--~~~~~- - - ‘ - -  -, -“--“‘-—.-—--..- - -“
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showed a 2 1% and 27 % increase , r CSI ) ect iV e ] .y .  Ti-ic change in wet and dr y

weight were proportional and yielded a normal lung dry/we t ratio. Prior

24hi exposure also resulted in accelerated glucose uptake (67 percent) and

a 30 percent increase in lactate production in IPL (table 2 ) .  A l t h o u g h

pyruvate was not significantly affected , lactate/pyruvate ratio (L/P)

d id show a 50 percent increase following 24b exposure. in table 3 , U—

glucose incorporation increased in both the neutral lip ids — free f a t t y

A iclds (NL) and phospholipids (PL) fractions w i t h  the  l ar g e s t  p e r c en t

increase appearing in the NL f r a c t i o n  (179 percent). Subsequent h y d r o l y s i s

of the phospholipid fraction revealed that glucose incorporation was

increased more in the phospholipid fatty acid moiety (110 percent) than

in the glyceride—glycerol portion (31%). Therefore the percent distribution

of the total lip~.d radioactivity was affected by 241-i h y p o x i c — b v p e r c a p n i s :

exposure . Glucose oxidation to GO 2, Oil the o t h er  hand , was n o t

si g n i f i c a n t l y  i n f l u e n c e d  by 24h exposure  to h y p o x i c — I i y p e r c a p n i c  e n v i r o n m e n t .

Palmitate incorporation into lung lipids was also affected (table 4 ) ,

a l though , un like glucose incorpora t ion  which increased in a l l  t r A i c t i o ns ,

p a l m i t a te  incorpora tion  only increased s i g n it  i c an t ly in  t u e  n e u t r a l  1 i~~i d —

f r ee  f a t t y  acid f r a c t i o n .  These da ta  i n d i c at e  t h a t  A l  24h h y p o x i e— h y p er c : i p : t  i c

env i ronmen t  marked ly  acce le ra tes  l i p i d  s y n t h e s i s  i n  t u e  l u n g .  I t  i s  no t

known at t h i s  t ime  if these changes in g lucose uj t  I aker  , I or t o  I c  p r o d u c t  i on

and l ip id! syn thes i s  r e f l e c t  a d ap t a t  lye  pr ocesses  t o  p r 5 ’vcIl t I wig I n j u r Y  01’

whe t her  those  changes coils L i  tu  to e a r l y  s I A A i ~~’s o ) l u n g  cs I I U’ 1AAA,i ~~~~‘ -
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Table 2. E f f e c t  of 24h t h y p o x i c — h y p e r c ap n i c  exposure  on g l u c o s e
uptake and lactate and pyruvate production in the
isolated perfused rat lung. T

~1etabolite Control Hypoxia—Hypcrcapnia

Glucose uptake 53.0±4.4 8S.3~ 5.O*
(n=5)

Lactate Production 139.9±10.7 181.8±13.3*

Pyruvate Production 7.7±0.6 6.710.5

Lactate/Pyruvate 18.3±0.8 27.5~ 2.2* A

Values are mcans±SE and expressed as iimolcs - g d r y  lung 1 iu ~~~.
Lungs were perfused for 1.51 -i at a flow rate of lOmi /min and
ventila ted at 50 cycles/mm (controls with 21% 02 — 5% GO2;
exper imental w ith 9% 02 — 12% GO2). N~ 6 unless specified
otherwise. Both control and experimental groups were fasted
foi’ the 24h exposure period .

* Statistically significant from control (P<0.05)
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Table 3. Influence of 24h hypoxic—hypercapnic exposure on
U— 14 C—glucose incorporation in t h e IPL. t

Metabolite Gont rol iivpo xi a— iivpe rcapni a

Glucose Oxidized to GO2 1398 166 164 9
(N=5) ( N = 9 )

Glucose incorporated into:

Total lip ids 2493±116 4237±450*

Neutral lipid + FFA ‘15n’32 (14) 992 94* ( 2 2 )

Phospliolip id (FL) 16721 75 (67) 2542’ 261* (60)

PU fatty—acid 324’l7 (13) 683 83* ( 16)

PU glyceride—glycerol 1258’37 (50) 1641 1 5 6a ( 3 9 )

FL non—saponifiable 45t2 (2) 119’l~~” (3)

t V a l u e s  , A~- i r e  mea n k SE  expressed OS r sOOls’s glucose incorpora tesi - g di’~’
lung — h - N = ô / g r o up  u n les s  sper-c i fled otherwi so. ~. lt:A1 - is ’r in
p o r e n t i i~’s i s  is per (’ernt of total lipid r a d i o A i ct  iv i t y .  ~~L ’s ’ table 2
for perfusion detail s .

St at i st is: A iIlv sign ificant from control (P<O.O5) .
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s . I n f l u s - u s ’ s- s s f  -‘di i i y p~) N i - ’ A — h v 0~ ’ r - A l p I 1 i A l  O I l  9, 10— ~i i ~ A i H i t a l
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t aij Tox a on l u  p j i o I ij ~Jd fatty acid sy n t h e s i s  32

- 
Lung phospholipids are essential constituents of both the alveolar mem-

brane and pulmonary surfactant - the surface-active material that coats the

inner surface of alveoli and serves to lower and stabilize surface forces (1 ,

2). In v itro as well as in vivo studies have shown that the lung actively

participat es in lipid synthesis primarily directed toward the formation of

phosphol ipids (1). Glucose and palr .itatc serve as major circulating substrates

taken up by the perfused lung (3), and both play roles in phospholi pid fatty

acid (PLFA) synthesis. In the lung, circuluting palmitate is preferentially

incorporated over other serum fatty acids and is esterified into PLFA (4)

while glucose can provide acetyl CoA for t h e  synthesis of PLFA ei ther by

de novo synthesis or by chain eloI1~ ,At1ou (5, 6).

The relative importance of the lungs ~n iiity to incorporate palmitate

into PLFA versus ti-ic ability to ~‘nti ~csi:e PLF.-\ front glucose has not

been assess ed. We , therefore , e x a m i A l O d  0 , lu-~ h1-ria 1mjtate incorpora-

tion into PLFA relative to U-
14

C-g lucose in the perfused lung .

METHODS

Male Long Evans hooded rats approximately 350g were given food

(commercia l rat chow ) and wat er ad libitum . Rats were injected intro-

peritoneally (IP) with heparin (1 uni t/g body weight). Fifteen minu tes

later , they were anes thetized wi th  an IP injection of sodium peruit obar-

bita l (6 mg/kg) and bled via a carotid artery . Lungs were kept i f l f l A l~~n’s1

and quickly excised , and pe r fused  for 1.5h at a f low ra te  of 10 m i / m i : ’ .

De ta i l s  of the  pe r fus ion  a p p a r a t u s  and pro tocol  for l u n g  r e mo v a l  :n j  ca:t-

nu l at i o n  as wel l  as pe r fu s ion  medium p r e p a r a t i o n  have been d e s c r i b e d  i n

d e t a i l  e l s e w h e r e  (3 , 7) - The bas ic  p rocedu re  c o n s i s t e d  of pu mp i n g  b l ec , i

through the lung via the p u l m o n a r y  a r t  ~.‘i’y Oflsi a l l o w i n g  t h e  n t e d t t u : : i  t o  d r i p
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from the left atrium into a reservoir flask for recir cult~tion while the

lungs were cyclically inflated-deflated at 100 cycles/aim. Briefly, the

perfusion medium consisted of washed bovine red blood cells resuspended to

a 15% hematocrit with Krebs-Henselcit bicarbonate buffer - 5g% Pentex i e ’ .’Hc

serum albumin (Miles Laboratories). Glucose and pairnitate (Sigma Chemical Co.)

concentrations were 6 r2-! and .7 mM, respectively. The p11 of the medium was

adjusted to 7.4 with O.S M sodium carbonate. Twenty pCi of U-
14

C-gluc ose ~nd 25 21

of 9,l0— 3H—palm itate (specific activity 42.5mCi/mNole) were added to the p c r f u ~~i u A 1  T e s l A u r ,

as a single pulse. The relative contribution of palmitate versus endogenous

synthesis of PLFA from glucose was calculated as nrnoles si-i - Palmitate con-

verted to PLFA/g dry lung/h 
/ 

nmoles ‘4C-Glucose converted to PLFA/g dry lun l-,/h .

The relative incorporation of palaitate and glucose into PLFA was also in-

vestigated during both l.5h hypoxia and with 10~~ M corticosterone (Sign u

Chemical Co.) added to the medium . Hypoxia was acco:nplished by ventil ating

perfused lungs with S°~ 0,. - 5% CO
2 
with the balance N

2
. In another set of

experiments 10~~ M cor t icos terune, which approximates physiologic concentrations

(8), was added to the perfusion media. The solution was prepared by dissolving

in ethanol (2.7 mg/m i).

Lipids were extracted and separated as previously described (9). Phos~ io-

lipids were saponified by refluxing with 3.75% potassium hydroxide in : - A e t h a n o (

for 30 minutes at 67°C. The nonsaponifiable materials wci’e extracted u-.- itb

light petroleum ether (b.p. 30-60°C). The remaining hydrolysate was acidifi ed

with iN UCL and fa tty acids extrac ted wi th  l ig h t  p e t r o l e u m  e the r .  The r e n t a i n i : l p

aqueous portion contained phospholip id glycerol . Scintillat ion fluid for ph-o s-

pholipids , nonsaponifiables and phosp h o l i p id  f a t t y  ac id s  was a t o l u cn e - i m o ’ed

solution containing 4.0 g Omnifiuor (Pilot chemical) per liter solution - ; The

scintil l an t  fo r  phaspholip id glycerol from b y 1r o l y u i s  i- :os Omn i flito r: ‘i ’ r i t  c- ru X — 1(12

(Roh ni h~ hloas) (2:1).
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C-glucose inc orporct t ion  i n t o  u u t g  i i  p i W ;  was  11,- ceo ; ’  o .’er tI -c 1 -

period in the p e r f u s e d  l un g  (1- i g .  1 ) .  A l tho ’a ,i it n u t  si .o’.-.n , over  65 ’, of  t I

am ount  of glucose incorporated into total li pids was utilized i c c  phosj ’- o o 1 ; j - ~~o

synthesis. ‘I’he distribution b e t w e e n  neutral and i nusp- oo1 I ds rencoc o L d

unchanged indicating that the rate of glucose iu1c o c ’j~ -r: t -n tot~~ Ol~ e~~u ;  1—

ib ra ted  and r e m a i n e d  cons t an t  th roug hout the  perfusion pe1’~ od , O t : - ~~ St ;A 0  I

indicate labelled p a l m i t -ate  also r a p i d ly  e qu i l ib r a t e s  be tc- .’ c - o :u t h e  l i ; - i - J

classes (10).

i r A c o l  ai’d t i — ~.. of  labelled p-~A l m it A1te and g lucose  in  t A t ;  - -. c ’: ’, ,~-cP

u n d e r  n o i ; : o l  h - ’ o ax i c  c on d i t i o n s , s c - i l  as 1 l n : .d s  :- ‘,‘c ’i ’c ;seJ c- , t h  10 ~ P

cortioc-ste rc,,s I sho t; te b l~ Hi . ch’ n-r Su ~ of ~ 
l~, -: c lo l  - c - — :,.c: ’t

into 1- icn ’~~’- t u l i ; i d ~ ;-c ,u:~ ’J in ILL~. S o r e  :,~, l , ~ - n : t i ; : t . ’ :,r J in the

T a : :  :‘ :-~~ct i -:-; : ::m : on~~ :r~ ce :c’ ,- :; :ts 0:  ,,~~~~ -
‘ ‘O 0 ,~ I L P  in

t A ’ . ! : - O ’ p i n  g i ’~’cc’ :-o . f t .  t i n : - .. ~~p : - -~~c ~~ely ~~ of ti c’ g :cn~-e con-

v e tt e d  im. ,, - p in 
- 

- l  : 1- : , h ~ -~- c ~r L o  : .\ ~~i ~ L :-~~~. : r , i a ,. - : 0 0  c c  in  t O o

~Ios~ hol ~~ ‘i P ~
‘ 1 ’ . ‘ c o  - On ’ i’ ,.t 0 0: ~ I n c  c_ - t o  at  i i i  :c-i I a I ’ l i \  Se a t  m - s  :s

to 1UC - , uc _ i l i :~ -J i n  i’ Ll - ,’, ‘-‘ as S.5 : :u ~1 c c ~~t i n -  t h a t  c v c u - ~’ c _ o l e  oc ’

glu cose uct il izod i ’  1 1 . 1 -
~ s’-’; the sis , 3 .3  t a l c - s of p ’ c d t ~. -Tn n-c u i i i  :c ’d.

N ~thcr a o - a t C  li’ .’ p a x ia  nor t O n ’ 1;:-eSn :’.cc 01’ 10 ’ P C 0 t’ t 1 C O S t e i’ ~~~~i . ’ S I A ’
, : A :  f i-

cantly effected (i’ > 0.05) the c n c o r ~- a r n t i ~ - :c 0 : ’ A t i  Ce~-~ ’ Ct ’ ; ‘ a H ’ : i t :~t c  i n t o

l u n g  phos~~h o l i p ids  d u r i n g  t h e  1 p c - r l ’c i s i c n  j’ - e c ’ u o d .  P - r A ~ - - ; c t ’ , c _ 1 , e i’n l t  ceo

— coo t r u n t  ior ucose acid p_ u h,u , .~~~ i n t o  h L t ’~’t , , , u c  1 so

1)1 t- e0c-S i — 0

The i c o n  I us- a eec ;;- j J c ’r c u b l  e - nu t - - - : ’ 1 i cc ~- i  c i  ‘ i - ,‘ ,. -,- :  - i t ’ ’ • c - c :

c . c u  :‘ 1- , d i l v  t- ,~. t u ’ - t c t f : t e  :icj-j ;, f :c , : c’l’ -H ’ : .io - - -c ;i~~~ 1 - - ~ P t  . i ’ . i t v  l i : - ~~--

I I t I , At L u: ii (-I an  i eb , ‘. : t . i I v Iii I t A c t— i ’. , - I ~, I c i t  ‘ - - . 1 :  1

—‘ ~~~~~~~~ ‘ -5-- -5-——— ‘— ‘-5----
~~~~ _5- 5-_, , , - 5 - -~~~~~- - - - - -— --

~~~~ r’!’ L~~~~~~~~ - Il1~~~



-~~~ 
5-

~~~~~~~~~~~~~~~~~
••5-—

~~~
’ 

~~~ — “ ~~‘ _c~~’ 5- 5-
~~~

”
~

’5-5- ’5-

~~~~~~
’--

~~
_ ,  _ ,

~
,_ ,, ___, 

~~
__ 5-

~~
5-

9.0 —
0

8.0 —

7.0 —

—

>~
•1-o C’

0”) 5.0 —
-Dci)
ci) . 

—

>

0
0

Cl) 3.0 —
-

~~~~~ -D Y~ .O893~4X -F .23965
E

~ 2.0—

1.0—

_ _ _ _  _-—_L__ -j
0 30 60 90

T~v~E (m in)
‘ - u t ’ - I .  l I t - t ’ l l i \ ’ t - r  , i , — c t  c ’ 

- - - - I n u t  - 0  I t  - o- l e t  i i
I l l  t i ’ - 1 p t ,’ u ’  I - a t - I  i i i :  ‘- - 1 I c - c - - - - a t -  a- cc ,  I a I c d  a I c i

‘ 1 ’  i i , — ,‘‘ 
~~~~~~ 

- I  _ l ’ ,~ 
l _ h _ ’~

I il  
— 

r — ’ i u ’ ’’~c ’ cu  , - c t- - - . t o

— ‘~~~~~~~ - - —  -‘~~~~ 5- ’ ’~~~~~



ppr_ 
—. “—‘ ,r ’~~”r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —‘~~‘-‘ ,.,rt”, -’2-,’r ’ 

~~~~—~~‘-c ct ‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “ —5-—-—. ““  ‘‘ ‘ ‘5-  ‘‘“5-’’’-’ ““5- ‘ ‘ ‘ “5 -”  5-’

.

- 14- . 3
Table ~~j .  Relative iI ,co r ;nu ’atl :i 0c _  i i  - C — glucose ctna 9, 10 — 11 —

palmitatL’ into p e r f u a c - ,i l u g  1 i p i dst

i c r - i cc; of ~- u U a t  rate converted/p dry  l u ng/ h r

Lun g lipid C - cuLr o l Ilypoxia
a 

Corti co :,t cr o : :e b

(~ 9) ( 5 )  (N=7)

Phosp holi p id

I i - p a l m : t a t ’ c  4~~~l ± 2 S 2  42 S8± 25 S  $2 26 ~ 315

“C-glucose 2 7 9 1 ± 1 4 - I  2h58±154 2S23’ bC

Pi :ocm-ho l  i p i d  f a t t y  a -o ld
(PLL\ )

3U - p a l m i t c c t e  3562 21 3530±2 06 327(-~ 235

1 C-gluc osL- 403±19 
- 

409±22 361±35

Rela tive incorporation i n t o

pLh :A C 3 •g :~~ •g:  8 .7± 0 . 1- 1  9 . 3 ;0 . S 0

fV a lucs arc aver agec ;  ± S. E . I,U u t ,~S w e r e  v e n t  i i  at  ed :-:ith il °~ (1 ,, — 5’~- CO
unless otiuc r - .--’iac i~~c’ c i i T t c ~l .

a
h)n)oXiC hrc :cgs W C t O  v en t  i I c u t e d  w i t : -  :~~ o , - s :’  ~~~~~~~~~ P ~~ I t 0 - c  e e I ’ l i : c - n t C

averaged 34.9 ± 0.0 : , c : , c i i c .  P

bpcrf~Isi ucu me ,I i cuc :A c,cc c t a l u c c - .I 1Q~~ P ce:’t  j c o n ;t t ’ r ’ ,c ’ , d1: cSc) i~’cd in ethanol
and added i r,,’,ccd t A t  t e l  V be l o r e  pet- ft:: i

C 3 - -
exprL’c; ~ed as I f - p a  i c _ c u t c i t  e t r u c e  c - c - - - :~ . t ed

1 1
C-g lu c c c c’ i u u c o r ~ -

- - : ’ : t c L l
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glucose is also actively taken up by the  l u n g ,  even in the  ab sence  of in-

sul in (12 , 13) . In the presen t  s t u d y ,  both gl ucose and palun itate arc

readily incorporated into lung phospliolip ids , and in the presence of cir-

culating palmitate , approximately lS°o cf glucose converted into ~;i :ospho-

li pids appeared in PLFA moeity. The remaining portion of gluc ose con-

verted into phohpholipids appeared in the glyceride - glycerol c : c a e i t y .

Recently, I~ang and Meng (1) reported that in the p e r f u s e d  i J r A ~
14 . . - - -20o of C-phosp holipid from glucose was in PLI-A , which is sl cg;t l y

higher ti-ian seen in the present study . However , our circulating ic”.’ e l r;

of palrcitate were also higher , and ti-ic presence of p c u l c _ c i t a t e  is I ,n c ; - ,-:ru t o

markedly affect the amount of glucose incorporated into Pidh\ (15) . in a

previous s tudy w i t h  lung t i s sue  s l i ces , we have  shc ’ccc  t :o t o  4 - 0 °i of T I 1 U C O S C

r a d i o a c t i v i t y  in the  p hosp ho l i  p id appe ared in 1’ l , } - ,-\ c- ic - c : ,  d m 1  t c c

absent  from ti’u e media (9) - - I-hi gh circula ting g1uco:~c Ic ’. elS ,~l c - n ’ ~ r A C t c  ~m’c~I

the ac: coc:n t of g l u c o s e  a p p e a r i n g  in  PLF.~\ (11)  . Fro c i h - c f o r eg o - 0 —

servation circula ting substrate levels :if:’cct t i c e p a t t e r .  of :l,.:~- cc i t t —

corporation i n t o  PLF A . As seen fr a n ,  t a b l e  1 , u-cOon 0. ‘h P  p.; 1 c , ~i t ,:tc ann c - nP

glucose are p r e s e n t  in the  ci r cu i at  it ; :  med c i ::a , t lie r a t  io c f  tat I rca c _ A l t C

utilized to glucose utilized in I7LFA avothes is is S. 5 , i ccdic c c t ing cu:’ ~ t a x i  :: ,,: tc- 1 v

8-9 r.olcs of pai rn i tate are i a c o c ’~ or ’ : t t c d  for ev c :’~’ c:co1c of :tlr:cuc ~e. 1

pressed on a carbon basis , ful oc t h e  ~~~~ c ; i r l c u c c cc ca r e f t - o c t  1’- : l c , i t a t c .

I:ron i t hese  da t , i , it wotuld sCec _ i tha t ~‘•‘tt t h t t ’ s i c ’. t I ’ 1u:cc ~ P L i A  it ;  1 -ni : nc ril Y

f ret ,  cs ter f i  ed ~‘~~1c , i l u t e  a n d  t h e  c ; y u c t h e c - i c  :‘i’ Ln’ c glue c - t ’- t ’ , ‘ithc :’ Pc n o v a

or by chain clu :u . -,c ctur n , is of un i nor ic .:m :’t:uccc ’c- ; that ; c ’ : : j t l A ; S i : 1 c c t ~ t i c - t i p —

n i f i c a n c e  o f,~t tv  a c i d  uj u t a 1 -~c’ fr anc cir cu l cut i n ’  me di c_ c ;,; iii pc’r:’ccac ~i l i cug .

~;e a t t c ’ ; p t  ;- . , u s  ,au,ie i n  t h i s  s t u d ’ t o  tl j te:c ’nt j o l t -  c h i ~ & ‘ i o t : g a  I - ~~~, i  \ t _ - c ’ ’ an

(IC’ nova S ; A I Z I I C S I S .  IL - cover , l—huuud i ’  x ’s ;u cai  I , - , : -  - t c ’ (15) 1 ’ - cciii I ’ ’ a u  c i :  c , , ; - ’ ;

S~ ’t ; Cl  u - c , - :  u - i c  , o , u l v ; , i ; ,  of t i c -  ; ‘~~
‘
~~~-~~ i t : ~ (a of  11 — 

h o C l ; i ~ u s e  u r r c c - c p e r .  A t - r A
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mos t of the  endogenous  syn thes i s  of l u n g  PL FA was f rom de novo s y n th e s i s .

A l t hough the  r e l a t i v e  imp o r t a n c e  of glucose i n c o r p o rat i o n  i n t o  PLF. -\ :;gjce’:cra

to be minor in the per fused  lung under our c o n d i t i o n s , it may be of phvs io -

logical s i g n i f i c a n c e  at d i f f e r e n t  t imes  in the  in tac t  anin -ial where , for in-

stance , short chain fatty acids are more available for elongation or substrate

levels nay vary ( e . g .  hyperg l y c e m i a ) .

Glucose and palmi tate incorporation into lung phospholip ids was not

signi f ica n t l y  a f f e c t e d  in hypoxic  pe r fused  lung (~o~ = ~~~~ ~;r;4- I~t) . This c a y

be due , in part , to tIc fact that the  m a g n i t u d e  of lipid s y n t h e s i s  in t I e

lung is comparatively lower than that  in adipose or l i v e r  t i ssue , and wou ld

not require large c-n ergy e x p e n d i t u r e s  d u r i n g  a hypox ic  stress. Poreot’er 1 .50

hypoxic perfused lungs significan tly increase glycolysis (unpublished obser-

vations) and r e s u l t i n g  reduc ing  e q u i v a l e n t s  nay be sufficient to m c c i c c t a i u l

lipid synthesis at these h>’poxic levels as seen in t a b le  1. I~cn ’ ::can aici  g n i n , : ’a k

observed that pa lmitat e incorporation into rung ph-’as~’I;o1i pids a-ar dec-rea red

in vivo when animals were made h ypox ic  by b r e a t h i n g  9”~ O~ for 1 hr . The

disparity between these findings and the erc,;e:’ut stca -2 ;~’ clc’e chu ’ r:,rure te in vit:’ e

versus in v ivo effects than to diff cc- c aces ~u; c i  t h c : ’  c ,; ~ c , c~c-r  oi’ ex p o s ;u r c ’  or

a to the level of Ilveax ia . li - i vivo hvooxia c il t c ’rs e t h e r  : ,cr ,i:c ,ctc :’s arccli A i S

blood flow and pu which are k n o an  t o  c u f f - c~’t ti c c - icc - r~~, 
~~- “ -e to P . t orcsiocc (17 , l~~).

In the perfcusecl l un g  preparation such c o : c iit  io:ls ar c  c ; u i : , t a i n c -d c i a d  hence

direct effects of hypoxi a alone do not cip~’- ec c r to I c’ r a t  li m it j c , f o r  11 p c d

s y n t he s i s .

The l u,nuc t h i s  b~~e;i :;Iicnc n to  h c i v c - ] , c r ; - e  c c c ; ’  1 t A ’  o t  : 1 c c - c a t  i c e  I , !  c e c e n t  a:’

sites (19 , 20) . ‘I’he ñin ctio ;- u of thic ’; - S i l t - ; ’ ic un ,-t f ’t i h l v -, u c t d c - :’s t , I c : c  t h e

a d u l t  l u n ’ ,:. One a c t i o n  c- f g l t uct uce:c _ icoicla i t ; h ue :’ l i ;’ t tgc :u i c t - r , : A c -  1:. t o

-— - ~~~~~‘-‘ — -— 5-~~~~~~~-5- -- - ~~~~ - “ - - ~~~~~ - ~~~~~~~~~~“ - ‘- ‘- - “5-  -~~~~
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block glucose entry into cells and depress lipid synthesis ( 2 1) .  The addition

of lO~~ M cor ticosteronc to the circulating medium did not significantly af-

fect g lucose incorporat ion into phos p hcolipid in the perfused lung. The lack

of an effect may be due , in par t, to the fact that the l.5b perfusion time

was no t sufficient to demonstrate a hormonal effect (22).
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II. Of fect of acute hypoxia (24h) on LUng cyclic nuc loutide s

L ‘
~

‘ CC A- ~e )’A,  tu taut. - -  ~ - ~~~ u’.e o , c~ 
‘ — .~-n~ nIcoa 1~:.a te ~ :o 1. ’)

.,~~~~~~ , .e  3’ , 2’  — c~a;~~i i,o ,~ c .:~~:c ~e d - i i > ) 1c~ ei;, ~ :
‘o o t c n t ;l~~.’ i: )o:-t,a.t

c c ,  I . e  ~~~~~~~~~~~~ ~if  L:i-.i : , , c t 4 5 0 l i s:a , co;itractiu:u ~ ,i
’ ;cc,,uath c,..~,-c1e ~,c 

c c ’ s ~~~~ ~~~~~~ ~ c’j, ’. t . i .  ~l , 2 , 3 ) .  S in ce  :g,’ c - a x L ~ ~ S hn~ -,~n ~~;

- I a: ’ t ,csc  ~ A ’,.,,,ete:s ~4—0) , we i c i v e s t i p a t c a  th e  a I t e : ’,~t 1oas  I , u

c - ’ c~ ~ c n..c leot ~1e ic’ . e t c .  in  lu n g  f o l l o w i n g  h y g w L i c  expusu;’c . by-d ie a..

t : ~~~ ,‘,, cs -c ’,,c , . I ao  c.L.c.,,l:;L’J in l iver  t i s s u e  to evaluate co,,, aac ’c : t i~.- ’ e~~,’ c-, i , , , ,  1;.. ’, ,

~~~~~~~~ t . . i c t l i a :, :cinc~ c oed intcchc is subst~u .tc::1lv :‘eJ nc-~a,i i c c  ~ts ~ . , . i

A ‘,, c, -. O - , ~ 1’ CA , ( 7 )  -

~-t5 -c1e La:- Ovuas  headed r~ ts t - C i  e~a ’~g 2~~u — .~.J A A- , CA ’C e .\SO5e,. to 21.

li veacuric ~a,’ ;exia ~a an altit ude cia c,, Lc:’ ~~t 7 , ic- S e tc  l’ s ~~~~~ fect.

= , c . , c J i : :) .  b i t e  of ascent  AOAcA dc’dCe:,t was i t h, J  A e c t  
— ‘ 

-

lc~. ci of :. “j coxca A - as chosen to S iA , , A I O t C  clin,:c..c ,u,cJ .It~~t5d,c e,a ,uit. .a,.,-

well as to correlate with j ) i’eV iu ~.s C , -, :  cA ’lc .,c, ts  cc c th e  o :Iccc_ s L- :
’ 

C

ici’ca i’t,tc’J in this l abora t ory  (S) - ~-‘~i1 a :u i . ;a . i s  reeci-:e~. ;‘. a t . L - A ’ .~~~~. I ~ o

~~.u t he hv 1~oxic gi’-~up was food dc’pc’i\ ud ~~~ t I , e  2 - ; : - c c ’  - -

pl’i at e  t, ~~~~ auti;.,. Is were i’ecca~’eJ fc’occ : t Lc ’ Ail t A i J ~~~ c’ ‘ ‘ . 5- ,  ‘1,,~~ 1’ 0

c ,,~ n. 10/ a C c A t j ) l t L i L l o l A .  “ I SS UeS i-cr c L j U i C i - ~I /  i eA ,~~\’o~ , A c’eere e ~,,, -ad i c.

I c~~~ca u ;it r o ge : i  and s tored cit —7 6~ C until ~a:,ac’ed. i - c t -  _ , ,, cc  I - a : ;  S - L

tissue -~ore  iwa.,o 1, cuc ~~~cd in 2c,; l o~ u ’l t c’i c u L c u : ’L- , . ee t  c c  ~.e e,. , ~ c- c t  c c :  a L

I eCu,\ ~~) and th e  s a p e rn u t a c i t  extrac Le d A - . I t h  c ’ t . h v  1 c 1n ca t;: :-  t e a  a i t  h . - .: e

u~~~c ~~~~~~~~~~ pu : I~ un ‘ - ‘as bj’icd u:cuoc ’.ILII -c,’,u.. ~- . . j o  —1’ ~~ 2 A , t C ~~

rususgc’nac’~. LU 2—0 .1 cI 0.05 -1 ac .1CC t_ ~ t e  ( , ,  u . 2 )  . . c ’ ~. , .:, c ~~~ - ,‘ ,. : C - - C

ac I cOt ides  US ~~~ c~~d iOc  , . , A , A u u i o , ~ c, s o , ’ kc - St .. I c t  c c , :  1 . , , . . t  
- ‘ 

, - C S  ,-;e .‘ L

c - c c -c Lc d a;, I ;;g I’ t. ude ;; t ‘ :; t L e s t  c~ -)  -

L - ---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~o differeaec-s in lu n d  dry:wct ;‘aLios were obsec-veb b eti-.e e;i .yja~ c : c

exposed animals and controls , indicating that little edema i--as pcose: ct f 1  -

lowing acut e  hypoxic  stress in rat l un g .  Lung and l i v e r  cy c l i c  u ; a c l e a t  cue

levels are shown in Table I. In con t ras t  to l i ve r  (fed ad 1 ib co;,’.tjt in ;’.~

l un g  contains hi gher endo genous cA,’IP and cbt-0’ levels . Ac ut e hy pox i a

resul ted in a significant (P < 0.025) decrease in cA, -~0 while liver c,-\hP was

Lc:ucilt ered. Cyclic (IMP for both t i ssues  was not  c i f f e e t e d  by h” pcx ia.  ‘ch o s e

J ;u t ~ ind~ eat e  tha t  acute  hvpoxic  s t ress  has a s e l e c t  lye  act ia ; i  u, dcui ’ c- a c i i n . t

lc.uig cAhi .

AltI; ocu ,1i a 24 hr fast did not ccarhcdlv al t-ar cyclic liLciec t cde 1cc - a Is ,

a 72 hr  f a s t  resul ted in a 3 — f o l d  i ;cc ’x’ eas c  i t t  l u ;u 4  c - P - t i ’  wI , c  Ic  1 cv cr  e -:-

i nc rea s e d  S — f o l d .  In  both liver cucAd lung , c4:i S~~~A A i c A S I  t e ; ’Cu  . A ~ t ::~’- u . ’ ;;

not  shuu ’ . c i , lung  gly-cogcn s-as uuiatlec t0-d 52 . ’ t  i.e 72 t i I ~ c , ~, - I , A’ . , L ’ A ’~ ’5S -

show ed a -10—fold decrease in glc’eo en Cot t . e A ; L , C u ; i 5 1  S t o u t .  ‘
~~~~ Is  c . . A ’~~~- t A~~~ ..  c’S

~1 1 , 5) . Ti.osc data eunphasizc tac ’  i A ; poi~t a u u c e  of  t h e  u c u t r i t  c~~cai l o t  -~ t ccc -  0:

t i c e  uuuic:c i l  on eutdogenous cyclic nueleotlic ie ’,eis a ;A C  i ’ , h C A A t e

p r e f e r e n t i a l  decrease in cAM P seen w i t h  hypoxic cxc osuce cA i:.A:ut c o  Ox i , 1  - a,

as c i ; i  effect due to a:-i a rex ic i . lt  is intcl-estiut c; to I c c I c - t;’A.t t e~ ~ i,c ’ : - A c ’ cc ~t-

w ill increase cX-tl’ lev els au-id that any stress , iu : e lu d i  tu b sl;crv~ t CA l ,

increase epincp hri ie and lead to elevated levels of c T-h . ‘
~

‘ h;;;,- , i t

c lea r  at t h i s  t im e if the stress of food deprivcu ’c iOn Is t I e  c r 1  ; c ,u l :

in s t imu l a t  Lu g c~
\.’1P levels. Nevertheless , nutri, t ion; 1 c ; I  roSs l i  A ’ ;, 10

h . i v c  a Se j u r c i t . C  c i c u d  ~~ c~ti.1e L U c’t  ~‘.ui or c T-h th,uti c - c o c A  w’~ h ;  0 ,  : - -~ - ,; ‘‘,c  o .  .

stress .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5-
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-I-I
ihe associatien of decreased c ’

~h, cevel s or decc’ecusc’ d c-TIP — c l-h L.ut  1 uS

w i t h  Vu socons tr i ct i on  LAnd t i s sue  gu ’cs-.’ L c u  in d i c a t e  t hat  a l t c -i - c i t i o c u ; c  01 e c l i c

nu c l eo t i d e  levels  may be of fu c c - c t i u : c~ i signifi clulice cii the ci yroxc c l;::ug .

Constriction of vascu la r  scicoth mu s c l e  associated w i t h  a i ec r e c u ; ; e id  c T-I: !

ethIP ratio has been r epor t ed  by others (12) - ~!yp oxia is hna ” - -’ t c- I-s cc~a c e  p s i  —

u:~euiAury vasueonstrictiouu . ‘iliA c , raises tue c{uestio~u of i s O e t  h er  th e  , Ioci ’esse

in cAMP ob se rved  l t t  occ” h ives  L i  got Ic - i t  .O~~ se rve  as an cu uc - dci - 1 y i ; .g  , e c n c : c A  it;;, :

far the hypoxic pressor r c ’ s i uo .sc’ (increase in ,c;eti:’: puic .unciry c r t c ’~’c u l  :;r ess ’ur  e) -

Sc.lAec-cliat suu ’oris cu; c - a s  tic ,~t c~2-h ’ ‘~ac- nut eie ’,’at.ed c--,i tic i u ’c ’ : : a X i a  S I f l c C

pros tag  l a u c - d i u  ( i’G ) P 
-
~ — ii h - - ~uLs ta : c-cs hav e  been  shu n: to be re I cased

w i t h  : uyp ax i a  t, 3) , and ‘.‘su.;i..~n A i d 2 cc— ’.---n c’ke c’s (14) h av e  S:oc~n t i , ;i t elI -it’

p lays  an iIc p u r t a I ~t r u l e  in re au l a t i n g  I C  s y n t he s i s  and l’elcc isc  -

cU~-h> is linked to PC P i i i  lung 1-ecA cl iu ls to be detcc-i iuc-ed -

An a d d i t i o n a l  ubservatiu :i is t1 ;~t dc’c:’e:ised l e v e l s  of cA’h -cuve

associated w i t h  tissue growth and e lev at i on  of cA~.1P associated wit h ~ts

sLu-,)pression 15) - in iwAg, whore growth is increased u-.itii l iy ~~~ OX  As , Ic - ar e , I

is a decrease in cA,TP, whereas in l iver  in w h i c h  no such g r owt h  00cc:;’ 5 ,

cAS P l eve ls  arc unchanged.

Since the  lung  is a het erogeuc -cous  organ cuic~n-ised oi ’ .:t. l o c u s t  35

different cell t yp es  it should be noted that ch a u i g , ”i in  t i s s u e  c;:c i c c

r iuc l eo t id e  l eve l s  :cua > - not totally reflect the response  of  an;.’ ~~~~ ‘t c cc ;I. :’

f u nct i o n  or any speci f ic  ce l l  type .  A l t h o u ;hi t h e  prcseA c-t. S I , i c t \ ’ Joc.- .; let

delinea te the functional role of h ung cyclic nc:clco tides .i t L ) L’A.

fu ud au u ucn t a  1 in t o  i’c c , c u I IOn con e  e r u i u i g  chcic ugcc; icc - tic -c i r leo el s C,: A ’ 1 ci ,)l I c ’ ccc.

jthys iolog ie sttites -

-. - — - - ‘— -“ ______ - 
Cc.C’T -ACACa’- LA —,acAC’~ 
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In summary , rats , food doprived and exposed to h u y p o b ar i c  hypox ia  (7 , 193

meters or 23,600 feet) for 24 hr , showed a s i g n i f i c a n t  decrease  in lung

adenosine 3’, 5’ — monophosphate (cAM1’). Lung guanosine 3’ , 5’ — monop h os—

phate (cGN,P) was unaltered as well as liver cAM P and cCMP . In contrast ,

ra ts fasted for 72 hr showed a significant 3—fold increase in lung cAM P

and 8—fold increase in liver cAMP . Endogenous cCMP for both tissues was

unchanged by a 72 hr fast. These data indicate that acute Itypox ic stress

has a selective action in decreasing lung cAMP and tha t  t h i s  cf~ect is not

related to anorexia.
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4 .  Rodne y A.  Rho ades , I-’h. U . Pr iu c - c ipc c -l inv c : ;  I A l (  or  I i ’ hv ~~j o h o - - y )

5. >lcu i’o I ; .  Shaw Re search  NI -d c’

6. Scub ah Bc i Ii Gr a d u c i t o  S tud - c u t  Pin’s i

_ _ _ _ _  _ _ _ _ _  _ _ _
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Ui-cc- ‘inn t e Schools  — B. I i .  Cc-nun i uug ha u c - u

B , lu st itute for Science and Eng i u e e r i n ’ , , Ui re ctor — P - J - d u . c  I oh

C. Ccnt or t’or A I r i i n v i  r on u ne n t  Studies , Ne t i n g  1)1 rc- c t o  u’ — F - J . i c -c - ;  i ck

U - A I - O S R  P r o j e c t :  Gran t  No. 27u7 1> rOjc’ct Di rector — IL A.  l iho c odes
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A two year program leading t o  an Assi ’e i , i t  c Degree in Air Pollution Control
Engineering Technology is offer c- -ci :it the  Bt’rks Campus ot t h e  Peunu viv uin ia State
En ive rc--c -it y . The graduate of thu is p r o g r a m  is trained to  be responsibl e for the
calibratio n , installation , and operation ot air sampling and monitoring equipment.

Address requests for more i n f o r m a t i o n  concerning the training programs to
the Director , Center for Air Environment Studies , 226 Fenske Laboratory , The
Pennsylvania State University, Unive rsity Park , Pennsylvania 16802.

Public at ion s Ava ilable
AIR POLLUTION TITLES, a current awareness public ation , is a quick guide to

current literature and has some capacity as a retrc-spective searching tool. Air
Pollution Titles uses a computer—produced , Keyword—in—Context (KWIC), forma t to
p rovide a su rvey of current air pollution and related literature. During the year
over 1,000 journals are scanned for pertinent citations.

Subscriptions to Air Pollution Titles are available on a January—December
subscription basis at a cost of $24.00. The six bi—monthly issues are published
as follows : No. 1, Jan uary—February; No. 2 , March—April; No. 3, Hay—June;
No. 4, July—August; No. 5, September—October; and No. 6, which is the cumulative
issue for the year , includes the November—December citations. In addition to
Air Pollution Ti t les  subscriptions , cumulative issues for past years are available.

INDEX TO AIR POLLUTION RESEARCH was published in July of 1966 , 1967 , and 1 968,
Each Index included government sponsored research in the air pollution field;
results of a survey of air pollution research projects conducted by t h e  i n d u s t r i a l ,
sustaining, and corporate members of the Air Pollution Control Association and
the American Industrial [hygiene Association ; and research supported by other
ind ustries and non—profit organizations.

The Index utilizes the Keyword—in—Context (KWIC) format for rap id scanning of
project titles. In addition , this publication provides a comp lete bibliography
with mailing addresses so additiona l information about the project may be obtained .
Beginning with the 1967 edition , a section containing citations of pap ers resulting
fr om research in progress is included . Copies are available.

A GUIDE TO AIR POLLUTION RESEARCH (PHS Publ . No . 981) was pr epa red in 1969 by
the Center for Air Environment Studies under contract to the National Air Pollution
Control Administration of the U.S .P .H.S. It is available from the Superintendent
of Documents , Government Printing Office , Washington , D . C. 20402 . The 1972
edition of the Gu i de  was pr epared by the Center under contract to the Office of
Air Programs of the Environmental Protection Agency and is also available from the
Superintendent of Document s .

HANDBOOK OF EFFECTS ASSESSMENT : VEGETATION DAMAGE was published in 1969.
It describes in detail the many various sources of pollution and the effect of these

• pollutants on vegetation. Included are color slides dep icting the  c h a r a c t e r i s t i c
symp toms of pla nt damage , This publication went into its second printing In 1974
and is available through the Center for Air Environment Studies.

Further Infor mation regarding n r c - It -r u for the above publications may he
obtained fr om: Inf ormat ion Service s , Center for Air Environment S t u d i e s , The
Penn sylvania State University, 226 Fen ske Laboratory, U n i v e r s i t y Park , Pennsy lvania
16802, LIsts of other Center for Air Environment Studies Publication s art ’ avail-
able upon request.
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