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a) found that CSF [H+] changed as a function of ventilation during nor—
moxia deacclimnatization from chronic hypoxia;

b) established the rat as an animal model for human ventilatory acclima-
tization to chronic hypoxia, and observed the relative insensitivity
of ventilation to alkaline brain perfusion in chronic hypoxia ;

• c) established the near—perfect regulation of brain pHi in short—term
hypoxia and/or hypocapnia and determined the contribution of changes
in brain metabolism to this regulation;

d) established the necessary biochemical and physiologic methods and
then showed a close link between CMS serotonin metabolism and the
control of air—breathing eupnea in the awake rat; and

e) showed the difference in and importance of ventilatory adaptation in
other physiologic states——sleep and exercise.
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ANNUAL PROGRESS REPORT
(Year 02 — February 1, 1978 — December 31, 1978)

This annual report summarizes the work we have completed during the second
year of our research contract (February 1, 1978 to December 31, 1978) and there-
fore supplements our report for year 01. We are generally pleased with our progress
over this second year of the contract, in that the specific objectives outlined at
the initiation of years 01 and 02 have been accomplished. Year 01 was primarily
a “methods development” phase and in year 02 we accomplished many of the proposed
applications of these methods, determined which techniques and/or animal models
were appropriate and which were not, and began new directions in techniques to
provide better solutions to the proposed problems.

General and Specific Aims

The proposed studies have always been aimed at the major questions of: 1) what
mechanisms regulate the intra— and extra—cellular environment of the brain in chronic
hypoxia? and 2) what role do these regulatory processes play in explaining man ’s
acclimatization to chronic hypoxia? Our major interest in “acclimatization processes
has been one of ventilatory control mechanisms; although our studies have always
also emphasized the physiological implications of this adaptive process——particularly
in terms of pulmonary gas exchange and systemic oxygen transport in various physio-
logic states.

1. Role of brain extra—cellular fluid H-f- in ventilatory acclimatization to
chronic hypoxia.

2. Regulation of brain intra—cellular [H-f-] in chronic hypoxia.
3. Role of brain neurotransmitters in ventilatory control and acclimatization.
4. Implications of ventilatory adaptation to 02 transport in various physiologic

states.

PROGRESS TO DATE

I. Role of Brain ECF [11+] in Venti1ator~ Acclimatization.

Three studies were completed in Year 02 on this topic.

A. Anesthetized Dogs. Work dealing with the regulation of brain pHi in short—
term hypoxia and hypocapnia (see Section II of this report) confirmed previous
findings of ourselves and others that CSF pH moves in progressively alkaline
directions over the initial 12 hours of moderate hypoxia and/or hypocapnia——
a time during which these animals (when awake) show increasing ventilatory
drives.

B. Awake Humans During “Deacclimatization”—— i.e. over the first 24 hours in
normoxia following 3—5 days acclimatization to hypoxia (4300 m) show a con—
tinued hyperventilation which slowly dissipates with time in normoxia. CSF
(and plasma) pH in both species changed in a direction incompatible with
ventilatory changes i.e. a) pH was normal (man ) or significantly alkaline
(pony) to sea—level control, while hyperventilation continued during the
first hour return to normoxia; and b) as ventilation slowly declined toward
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normal over 24 hours of normoxia, CSF pH became more and more acid . Thus
both sets of findings speak strongly against a role for CSF pH in ventila—
tory acclimatization or deacclimnatization from chronic hypoxia. These
data were obtained in the middle and final portions of Year 01 and in
Year 02 we analyzed the data, attempted various theoretical and experimental
models to examine the question of how meaningful bulk CSF data relates to
the real question of ventilatory control (see below), presented the data
at FASEB national meetings and submitted a full manuscript to the Jc.urnal
of Clinical Investigation (in October , 1978). We summarize these data in
Figure 1 (attached). A very basic point this work brings up is the relative
significance of brain ECF [H+ ] as a drive to breathe under circumstances
of acute or chronic alterations in background stimuli or inhibitions to
breathe-—in hypoxia or normoxia.

C. Brain ECF Perfusion——The Question of How Meaningful Changes in CSF (11+]
Reflect Those in the Brain Chemoreceptor [H+ ). When we measure an alkaline
CSF as breathing increases in hypoxia or an acid CSF as breathing decreases
during deaccilmatization in normoxia, we can conclude that ECF [11+] is play-
ing no positive role as a causative factor in controlling breathing in these
states. Based on the chronic steady—state nature of most of our data and
that of others,we think our conclusion is correct. However, this crucial
question must be addressed . One way has been to determine if a transependymal flux
occurs between brain ECF and CSF via ventricular cisternal perfusion (as
Fend has done in goats, most recently in chronic hypoxia). Another approach
is to determine if——as our bulk CSF [H-f-I changes indicate——the system actually
changes “sensitivity” or gain to [11+] in acclimatization or deacclimatization.
This has been our intended approach, i.e. to use ventricular—cisternal per-
fusion to determine the changing gain——if any——in the “central” chemoreceptors.
To date, we have accomplished the following:

a) developed the study of ventilation, blood gases and metabolic rate
in the awake rat and tested his pulmonary adaptation to high alti-
tude (4300 in). We have analyzed , presented and published these
data. In essence , the rat shows a unique human—like ventilatory
acclimatization to hypoxia.

b) developed the technique of ventricular perfusion of mock CSF in
the rat and with this technique fully described this animal’s
steady—state ventilatory response to varying acid—base perfusions
in normoxia and on a few occasions in chronic hypoxia. Much of
these normnoxic control data have been analyzed and published .
The long—term (6—8 hrs) perfusion In hypoxia have been very dif 11-
cult to control and carry out although the few successful runs do
confirm the conclusion from the correlative CSF data in man and
pony——that the “central” chemnoreceptor’s response to A [11+] seems
markedly reduced at least on a relative scale when other chronic
stimuli are present——at least chronic hypoxia. Further development
of better ventricular cannalae for perfusion has been recently
completed and we hope this will lead to more successful studies
in this model.



c) to supplement the rat studies we have begun to develop the goat
as a model wherein ventricular—cisternal perfusion can be accom-
plished for the same purposes .is stated above . To date we have
trained 4 goats for study at rest and exercise and have chroni-
call y prepared carotid loops for arterial sampling. (USARIEM
personnel have been invaluable in assisting us with the guide tube
implants and we shall proceed with this surgery next).

These perfusion type studies——although preliminary to date——confirm our
hypothesis that ventilatory acclimatization to and deacelimatization from
chronic hypoxia is mediated by “extra—central chemoreceptor mechanisms.”
More generally, we propose that these kinds of data seriously question many
very basic concepts concerning the relative importance of these chemorecep—
tors in ventilatory contro l in various physiologic states. A d t ’ussicI n o f
these concepts is included in four of our recently published reviews on the
topic of ventil.atory control. An example of some of our perfusion studies is
shown in Fig. 2.

II. Regulation of Brain Intra—Cellular ph in ~~yp~ xia and Re~piratory Acid—Base Dis-
turbances.

This quest ion has been fa i r ly tho roug hl y a t t a c k e d  by US this ~‘ear. The following
have been comp leted :

a) T echnica l ly——in dogs we established three methods for  measuring brain int r a-
cellu la r ph ( to ta l  C~~ , CPK equ i l ibrium , and DM0—weak ac id indicator) and
b rain ECF voi,,~te using vent r icu la r—cis te rn al  pe r fus ion  wi th  labelled sul pha te .
These techn iques for phi were repeatedly modif ied  u n t i l  excellent  agreement
was finally achieved among them; the measurement of pill in ~. different areas
of brain was achieved and the results reported.

h) In vivo f reez ing  techn iques were established for  brain t i ssue and f l u o ro m et r i c
assays for  brain metabol it e s  were completed .

c) Pentobarbi tal  and NoO anesthesia were compared——the former  showing marked
ef f ects  on brain energy metabol i sm , and the resu l t s  reported .

d) Most important , the effects of 5—12 hours of hypoxia (4 300 m~ , ~r hvpocapnia
and their combinat ion was tested. In all conditions , brain pHi in :al1 4 brain
regions showed an in i t ia l  a l k a l i n i t y  and then a re turn  to norma l values at
a time when CSF remained alkaline to control levels (see examp le. Fig. ‘

‘ .

Changes in brain tissue metaholites accounted for some——but not all——of this
excellent regulation of pHi. These data have been reported .

This t ime course of regulation of brain phi correlates with that of ventila—
tory acclimatization——but does not prove a causal association . This possi-
b i l i t y  of a c r i t i ca l  role for  Ap i t i—— etth er  along w i t h  or in p lace o f— —EC F ph
deserves ca re fu l  exploration .
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III. Brain Neurotransmitters_and Ventilato~~~~daptat ion.

This p roblem was invest igated for  two reasons: 1) a log ical candidate in our
search for  an “ex t r a— [H- f ] ”  mediato r of v e n t i l at o ry  dr ive  in the CNS; and
2) molecular 0.) is a subs t i tu te  in the biosynthet ic pathways of the brain
monoatn ine s——no ?ephin ephr in e , dopamine and seroton in , and t h i s  synthes is  is
exquisitely sensitive to hypoxia .

This work began in Year 01 of the contract with technical methods and animal
model development. In the second year we have accomp lished the following :

a) provided a more efficient and accurate assay of brain neurotransmitter
levels and have conducted initial studies on assays of systemic monoamint’s
(in the gastrointestinal tract and carotid bodies of the rat).

b) completed our first extensive series of studies on the role of serotonin
in the control of air—breathing eupnea. These data have been reported at
FASEB and a manuscript has been submitted for publication. The key data
are summarized in Tables 1—3 and describe , in essence, our attemp t to achieve
more and more specificity in the pharmacologic blockade of CNS serotonin
in the awake rat. We postulated from these data that some sero t onin mediat ed
nerve transmissions function under normal conditions to inhibit the inspira—
tory drive to breathe .

c) As a follow—up to these studies in eupnea we have initiated : (1) more ex-
tensive use of intra—ventr icular injections of blocking agents to separate’
their central from peripheral I.e. carotid hody,actions; (2) study of t he’
effects of various forms of seroton in and nor—epinephrine blockade on the
initial and t ime—course of response to hypoxia ; and (3) ana ly s i s  of dopaminc
in ca rotid body t issue and of the various monoamines in several brain reg ions
rather  than just whole’ brain .

We believe that  these f indings open up some new considerat ions concerning the
role of CNS metabolism in the contro l of b rea th ing .  The Impl ica t ion  of sero-
tonergic mechanics relates  closely to concepts of sleep and temperature  regu-
l ation . It is l ikely tha t these serotonin mediated nerve transmissions art’
modulated by other sensory inputs .  It is imperat ive , then , that these pharma-
cological , correlative—type studies be advanced further to discover the role’
of truly physiological changes in neurotransmitter metabolism on the control
of vent ilatory adaptations and to explore the in te ract  ion of these metabolic
ef f ec t s  w i t h  the more classical “chemical”  drives to breathe .

IV. Im~1ications of V en t i l a t ~~ç~ Adaptat ions.

This pr ob l em was not specificall y funded in Year 02 of the contract , i.e. i t
was replaced by a suggest ion of the contract officer (see’ helow,V). None-
theless, we briefly report our progress to date in th i s  area——because we fee l
they are of substantia l prac tical significance to the whole question of pulmonary
adaptation to hypoxia and will form an important phase of our proposed work for
Year 03 of the contract.



We have begun to examine the importance of ventilatory adap ta t ion  in two
physio logic s ta tes  other  t han th e rest ing, air—breathing state——name l y ,
sleep and exercise . Our invest igat ions  of phy siologic’ sleep have p rogressed
in conjunction with Dr. James Skatrud (VA Hospi ta l  — Madison ) : a) an automated
measurement circuit has been constructed and validateel for continuous “non—
invasi ve” measu rements dur ing sleep; b) we have examined the effects of chronic
ven t i la to ry s t imu la t i on  (metabo l ic ac idosis and progest erone) and i n h i b i t i o n
(metabolic alkalosis and hyperoxia) on the sleep and ventilatory pattern and
ac id—base status during sleep (and exercise) in 2 normal subjects  and one
pa t ien t  w i t h  chronic hypox emia and C0 r e t en t ion . It is our i n t en t ion  to
expand th is  series of f i nd ings in normoxia and t hen to continue them dur ing
s leep in acute and chronic  hypoxia for  purpose ’s of determining the  na tu re  of
ven t i l a tory adapta t ions  to t h i s  po t en t i a l ly  c ruc ia l  ph y siolog ic s ta te  in
hypoxia and to determine the effects of various pharmacolog ic interventions.
Our initial findings will he presented at the 197Q FASEB national meeting.

Our exercise studies have concentrated on two t ypes of non—steady—work to which
the pulmonary system shows a less than the idealized response commonl y po r t r ay ed
f o r steady—sta te  exercises. Firs t , in p rolon ged moderate to heavy exe rcise ,
especially in hot environments  in actua l exercise in the field , we showed a
p rogressive tachypne ic hyperven t i l a t ion  coincident  w i t h  a r t e r i a l  alkalos i s  and
a va r ie ty  of sympto ms suggestive of respiratory muscle “fati gue” and dvspnea .
Second ly, and most surprising , we have found a ve r y high incidence of substan-
t ia l  a r t e r i a l  hypoxemia (% 11b01 ~ 9O~ , Pa02 ‘

~~ 55—70 mmlig) dur ing the in i t i a l
phases of shor t—t erm heavy work in normoxia .  We believe th i s  t ransient  “ f a i l u r e”
o f pulmonary gas exchange in th is  type of exercise is ClOse ” lV l i nked w i t h  a lag
of the hyperventi lat ory  response’ behi nd an increasing pulmonary blood f l o w ,
and may he detr imental  to systemic 02 t ranspor t  and thus phys ica l  pe r formance .
Theo re t i ca l ly  this “ f a i l u re” would be even more severe during exercise’ in
ch ron ic hypoxia . These f i ndings have been reported in part  and our work continues
to desc ribe the incidence of Hb0 7 de ’satu r at  ion more thoroughly in healthy
humans working in various types of non—steady—st ate work at sea—level.

V. Summa~ y~ of Incompleted Work and Accomplishments in Year 02.

Two specific studies originally outlined in our app l ication for Year 02 were
not completed and/or discontinued. The effects of carbonic anhydrase inhibition
on brain ECF composition (in rats) (as orig inally suggested by the U SAMRD C Con—
t rac t ing O f f i c e r )  was init iated but not followed up for  several reasons——the
majo r ones being in i t i a l  negative resul ts  and the low success of our ven t r i cu la r
perfusion system in the rat for  long—term p er fus ions .  Our proposed ven t r i cu lar
perfusion and “cross perfusion ” in the awake rat did not advance as fa r  as ori-
ginally perceived because of the unant ic ipa ted  d i f f i c u l t i e s  w i t h  per fus ion
me t hods. We are , however , pleased wi th  the l imited data  we did obtain with this
model , the new directions it did point us in and especial ly  w i t h  the new methods
and models we have initiated because of our progress with this technique .

On the positive side, we are very pleased with the completeness with which our
goals were achieved concerning problems of brain lntra—cellul~.r ph regulat ion,
brain metabolism In hypoxia , CSF [H-f) studies in awake’ man and pony during de—
acclimatization from hypoxia, and with the relation of brain neurotransmitters
to the control of breathing. Our advances in this latter problem arc particularl y

_ _ _ _ _ _ _  
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exciting because of the totally new concepts they offer to this confusing
field of ventilatory control. Our purely correlative—type find ings in the
awake animal provide a sound basis for further detailed site of action—type
neurophysiological investigation . Finally, we are also pleased with the
progress in our application studies concerning the role of vent ilatory adap-
tations in such practical physiologic states as sleep and muscular exercise.
We feel these data are keys to a proper understanding of 02 transport and
its control in these states.

VI. Publications — Contract Year 02 (2/1/78 to 12/31/78)

A. Manuscripts Published or In Press

1. Dempsey , J.A. , H.V. Forster , L.W . Chosy , P.C.  Hanson and W.G.  Reddan .
“Regulation of CSF [HC%] during long—term hypoxic hypocapnia in man .”
J. Appl. Physiol. 44(2):175—182, 1978,

2. Olson, E.B., Jr. and J.A. Dempsey. “Rat as a uodel for humanlike
ventilatory adaptation to chronic hypoxia.” J. Appl. Physiol.
44(5) :763—769 , 1978.

*3~ Dempsey, J.A. et al. “Is bra in ECF [H+~ an important drive to breathe
in man?” Chest 73(2):25l—253 , 1978.

**4 Dempsey, J.A. “Role of the Brain in Exercise Hyperpnea.” (In press).
Proceedings of a Symposium on Exercise Hyperpnea — Science & Med. of
Exercise & Sport.

*5, Forster , H.V. and J.A. Dempsey. “Chronic adaptation of ventilatory
control mechanisms”, (In press). In: Regulation of Breathing. Ed.
T. Hornbein and C. Lenfant.

*6. Dempsey, J.A. et al. “Relative insensitivity of brain ECF [11+] as a
ventilatory drive in awake humans.” (In press). Proceedings of
a Symposium on the Central Neural Control of Breathing. C. Von Euler ,
Editor (Stockholm, 1978).

B. Manuscripts Completed — Submitted for Publication Review (10/78 to 12/78)

1. Olson, E.B., Jr., D. McCrimmon, and J.A. Dempsey. “Role of CNS serotonin
in the control of breathing in awake rats.” Submitted to Science.

2. Musch, T., D. Pelligrino, and J. Dempsey. “Effects of pentobarbital vs.
N20 anesthesia on brain acid—base status and metabolism.” Submitted
to Brain Research.

3. Dempsey, J.A., W.V. Forster, et al. “Role of CSF [H-f] in ventilatory
deacclimatization from chronic hypoxia? Submitted to J. Clin. Invest.

**4, Hanson, P., J.A. Dempsey, and A. claremont. “Hyperventilation during
long—term exercise in the field.” Submitted to J. Appl. Physiol.
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11. Mattus~ r~~ ts~~~~t ’tete ’.t — toilt tnued

* * S . Ska t rud , J - , and J . A. Dempsey . “1’ t t e’~ ’ t ~ o t ~(PA ott Vei t t ii at o t v  con t rot
in pa t ten t s w i t h  chr on ic  CO .. ret ent ton and ohst ruc C lye l ung di sea~:c •

Submitted to J. Cltn . Invest .

~~~
. ~~rer  [men t a l  Wo r k n~~j e t e’d- M4~~~~cr i ,~ t s  tn Pre t r a t i~~n

1. Pell igrin o, P., t. Musch , and J .A .  t)euipsev. “~~ont rot ot hrattt pIli
in hypoxia and/or hvpocapii ia.’

* 2 . Dempsey , J . A. , and H . V.  Fors t e r - “Vent i t  ~ t o t’v adapt at  I otts • 
“ , to be

submi tted to Physiol . Reviews by 9 / t / 7 ~fl.

** t . Dempsey , .1 .A. et at. “Sevete ar t  e’r t a t  hypoxetnia d u r i n g  short  — t e r m
heavy exercise on humans.”

Dempsey , J . A. , E .11. V Idruk and S - Coodinan - “Cent r a t  nervous cent rot
of  exercise hvperpnea .” to Sjyrt Sctene~es Review .

P. N~ t tonal  ~nd tuternat iona I Meet~~~~s — A b s t r acts& Pres~’nt .tt !ens

I - l’)?$ — FASEB Meet tugs , A t lan t ic C i t y , New Jersey . A t o t a l  ot S pap er~.
were presented by our laboratory • S ot  wh i ch  we’te’ dependent in
par t  or t o t  a l ly  on the  cent rac t ‘ s f u n d i n g .  ~~~ se ’ pub It shed
abst rac ts  are not l i s t ed  here , as they hav e sin ce ’ been subm i t  t ed
for publication in manus c r i p t torni .

2 .  1Q79 — a~ Work done under the Year 02 cont  r act  w i l t  he ’ p re sen ted  at
the 197’) FASEB. Feetr abstracts wi l l  he subm itted ~t’v 1/2

* , **h) Invited svmpos tutu present at tens on vent I ta t  or~’ cont tot and
exercise phvs to tog~ w i l l  be’ g iven at FASFII. Apr it I ‘)~~

‘ ‘) and en
adaptat ion to e h r o nt c  hyp ox i a  w i l l  he’ g iven at the Itan t t hypo xi a
Symposium . February 1979 .

3. 197$ — Symposium on “Cent ra 1 Nerv ous Con t r o t  o t Br e ’at it tug ” in St ockho 1 m ,
Sept ember 197$ • Pr • • A. Dempsey presented  work on bra in FCF ( U-+ 1
and contro l of b r ea t h i ng .

* Denotes invited review or “ s ta t  c — o f — t h e — a rt ’’ t y p e ’ invited pr e s e nt a t  (ens , sum-
mar i z ing  our con t ribu t i ons  drawn from experiments  over man ot t h e  v.’ars th e ’
tl S\MR1)C has support e~t he’ wo r k ot  C it is I ahoratorv

** Denotes publ ica t ions  of our r esearch on vent i l a t o ry  adapt at  ion in s teep and
physical exerc ise which is not d i r e c t l y  supported by our tSAMRPC cOn t  t a c t  ~~
hut represents important a p p l i c a t  ions of our basic research t see body et
progress report — Section I V ) .



VU .  M i U t ar ~j 1n t f t c a n c e.

A de ta i led discus sion of t h i s  top ic  Is c o n t a i n e d  in our original gran t applic.i—
t ions (and in our renewa l application for 1979 , Year 03) . Briefly , our results
in contract Year 02 have revealed tht ’ f o l l o w i n g,  relevan t t o  the we 11—he tug and
per fonnance’ of the soldier .it h igh  altitude:

— B~isic Mechanisms . We have learned a g r e at  de’a I more about the bra in ’ s
m e t a b o l i s m  of neurotransmitters , the effect of hypoxia on same , t h e i r
l i n k  w i t h  the  v i t a l  process of vent  i l at or v  c o nt r o l  and t h e i r  m o d i f i c a —
t ion by pharmacolog ic means.  F u r t h e r , we’ have d e t a i l e d  the  hu m an— i ike
pulmonary  response of ra t  to ch ron ic  hvpox i a — — t h u s  est~th l  i shing  a uni que
and import  ant exper ime’nt ~ I anima l mod e l . In man , pony and dog we have
extended prev ious f i n d i n g s  en t ht ’ r eg ul at  ton of brain CSF’ 11+ d u r i n g
act - 1 imat  i.~at ion to  hypox ia  to  the  phase of deacc 1 ima t izat  i o n — — f r o m  hvpox ~~~~
and showed the ’ i m p e r fec t  regu Lit ion of CSF phi in this eriC ical “re—adjust-
men t ” phase. The near—perfect manner in wli ich  m t  ra—cel lu lar ph was
regulated in these’ cond it ions p o i n t s  to the potent Ia 1 import .inee Ot
funet tonal  imp i teat tons of b r a i n  tissue’ me’t ab ol  ism in hy p o x i a .

— Aj~p 1tcat  ions to  th e’ so ld ier  at  h i g h  a l t  i t ud es .  Our work be at - s d i r e c t l y
on t h i s  quest ion in two major  ways. First , we have h~e’n part i cu la r lv
careful t o  conduct  our basic  research w i t h  an ima l s  w h i c h  r ea l ist  ic .tllv
m i m i c  human c o n d i t i o n s .  For examp le’, the severity and durat ion of hvpox La
and/or  hvp ocapn l.a we rout inc 1 v emp 1ev in our anim a l stud ies  is ba sed on
our human observa t ion at a l t  it udes  the  soldie r  is 1 ikc 1~’ t o  encounter
I. L t ’ . 3000—450 0 r~, hours to weeks of exposure ’ , q u i c k  vs .  gr adua l  ascent
e f fe c t s  of sudden descent and then dis sipat ion w i t h  t ime) - Fur the r • we
a re constant  lv aware of the necessity of choosing an ima l moete’ts wit ich
are as “human—like ” as poss ib le  in their physiolog ic adaptat ions and We’
have gone to considerable l eng ths  to  avoid the  real problems of anesthes  hi
and se’dat ion in our exper iments .  Hence , we fee l  our work en brain  met a—
holism and control of acid—base status Is, fo r  the  most pa r t , r e a d i ly
transferable to the human sojourner at hi gh a l t  itudes .  Secondl y ,  more
immediate pr act  ical impl ica t ions  may he seen in our app l t ed wo rk w ith the’
physiologic states of sleep and exercise. It is t he’ b et t er  u n d e r s t a nd i n g
of phys io log ic adap ta t ion  and maladap ta t ion  to these s t a t e s  which  is
cruc liii to the sojourner  at hi gh a l t  t tudes .  F u r t h e r , it is imp erat  lye
tha t we know ways of alleviating the phys io log ic  probl ems and symp t oms
assoc tated with these conditions to promote more opt imum a ce 1 m a t  izat ton ,
0 t ranspor t , and thus performance in the  sojourner .  We be l i eve’ our
i~ it t at  studies are well along the way to achieving these’ pract ical goa l s .  r

VIII. Facilities.

Our research f a c i l i t i e s  are essential ly the same as indicated in our ori g inal
applica tion , wi th the following additions or modifications:

a) Our on—campus hypohar ic  chamber f a c t l i t v  was to have been ready by the’
summ er of 1978 , hu t has en coun t e red numerous delays in const ruct  Ion . As

~ 
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of 12/78 the chamber is now fully constructed and we expect to conduct
research In this  f a c i l i t y  wi th in  the next 2 months .

b) We now have a sleep—ph ysio logy laboratory for  human studies at the Madison
VA Hospital .  We have used some of our equi pment and expertise in helping
establish this facility and work cooperatively with the laboratory director ,
Dr. James Skatrud (Pulmonary Disease Chief — VA) , on all sleep projects.

c) In the fa l l of 1978, we have added a neurophysiological approach to many
of our studies. A neurophysiological laboratory has been established and
is in the earl y stages of development.
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FIGURE 1. Individual subj ect changes in arterial blood p11 and and CSF pH in awake

humans (lumbar CSF) and ponies (cisternal CSF) in normoxia, before and through
24 hours following 3—5 days sojourn to 4300 m.

Conditions: Chronic Normoxia — measurements taken at 250 m normoxia — control.
Following these measurements 3 to 5 days of exposure to 4300 m hypoxia occurred
(no measurements shown). Then the humans and animals were abruptly made normoxic
and measurements of CSF and blood made over the ensuing 1—24 hours of Acute Normoxia.

The question was, “What role does CSF pH play in mediating the continued hyper-
ventilation and its gradual dissipation in normoxia, following acclimatization to
hypoxia?” Our data show no positive role for CSF p11. Note:. a) at 1 hour of acute
norinoxia, hyperventilation persisted, but CSF pH is either no different (in humans)
or significantly alkaline (in ponies) than that in chronic normoxia control; and
b) between +1 and +13 hours acute norutoxia, ventilation gradually fell  and PaCO2
rose; but CSF pH became more acid in all humans and all ponies. We conclude that
CSF pH (and arterial pH) was a function of alveolar ventilation during deacelima—
tization from chronic hypqxia !
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FIGURE 2. In the awake rat, ventilation was continuously measured and arterial blood
sampled periodically in control and during 6 hours of perf usion via the
lateral ventricle with a highly alkaline mock CSF. Note: in norinoxia
(at sea level), the expected hypoventilation is produced and



FIGURE 2. contInued

maintained , but after 2 weeks of hypoxia the alkaline perfusion has no
effect on ventilation . These are very preliminary data in 4 rats and
they must be confirmed with better reproducibility. These data do ,
however, provide a rationale for intensive investigation of the possible
change in gain of “central” chemoreceptors In various conditions where
additional drives to breathe are present.

I
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FIGURE 3. An example of regulation of brain extra— and intra—cellular pH in hypo—
-apnia and hypoxic hypocapnia (mean data on 7 dogs in each of control ,
1 and 5 hours of hypocapnia and hypoxic hypocapnia). Note: 1) CSF and
plasma pH move in an alkaline direction at 2. hour arid stay alkaline
through 5 hours (and up to 12 hours in some additional experiments);
2) pHi is regulated beck to control values by 5 hours; and 3) hypoxia
alone contributed to changes in pHi at 1 but not S hours. This direction
of change in cortical tissue pH was also found in 3 other areas of the
brain, including the floor of the 4th ventricle.
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; ± 95~ CI.

Body ~~ . I ~Iit , g 334 ± 6 (306)

)~ - I c i  Tciip . , 38.0 + 0.1 ( 2 7 1)

F~iO2, Tor r 85 ± 1 (23(t)

F~ CO2 , Torr 39.9 ± 0.3

I~(’~5)a , ia*~~ /1, 26.3 ± 0.2 (23~ )

7 . 435  + 0. OU~ (23 5 )

}It’c~.ctctcrit , Z 42.9 ± 0.5 (2.12)

1, bre~it 1c~;/nin 114 ± 3 (269)

VT/ icci 2.11 ± 0.0/i (249)

VE ,  ml’UJn
1 .IOOC 72 ± 1 (249)

V02, m1’mIn ’].03~ 
1 

2.5 ± 0.1 (192)

VE/V02 30.2 ± 0.8 (l~3)

m~, ~ ‘,/g 793 + 3? (~ i~ :~~)

~~~A , rcg fg L~9l ± 5/ (O~~)

SilT, ng/~ 627 ± 31 (O~t3) 
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